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VHSV 감염에 대한 넙치와 EPC cell 의 miRNAs 발현 양상과 miR-146a, miR-155, 

miR-210 의 기능 분석

Najib Abdellaoui 

부경대학교 대학원 수산생명의학과

요약

MicroRNAs (miRNAs) 는 19-25nt 의 small non-coding RNA 로서 인간을 비롯한 다양한

생물체에서 이미 수 천 종류 이상의 miRNA 가 밝혀져 있다. 각각의 miRNA 는 많은 수의 유전자를 조절할 수

있으며, 또한 하나의 유전자는 여러 개 miRNA 의 target 이 될 수 있다. miRNA 는 특정한 방식으로 messenger 

RNA (mRNA)에 결합하여 전사 후 번역을 억제함으로써 유전자 발현을 조절한다. 포유류에서는 miRNA 가

생물학적, 병리학적 과정에 미치는 영향을 기반으로 하여 miRNA 와 miRNA 의 작용기작에 대한 연구가 활발히

이루어지고 있으며, 이러한 연구들을 어류에도 적용하여 miRNA 와 miRNA 의 작용기작에 대한 이해도를 높이는

것은 어류의 질병 제어 방법의 개발에 도움이 될 것으로 여겨진다. 따라서, 본 연구에서는 전 세계적으로

양식어류에 큰 피해를 일으키고 있는 바이러스성 출혈성패혈증(VHS)의 원인체인 바이러스성 출혈성패혈증

바이러스(VHSV)를 이용하여 VHSV 의 감염이 넙치 (Paralichthys olivaceus)와 Epithelioma papulosum 

cyprini (EPC) 세포의 miRNA 의 발현 양상에 미치는 영향을 연구하였다.

넙치 치어를 VHSV 에 감염시킨 후 시간대 (0, 6, 12, 24, 48, 72 시간)마다 Next Generation 

Sequencing (NGS)를 통해 세포내 miRNA 의 발현을 분석하였다. 그 결과, 총 372 개의 mature miRNA 가

확인되었으며, 그 중 63 개의 miRNA 가 VHSV 감염에 의해 차등 발현되었다. 차등 발현된 miRNA 의 발현양이

6, 12 시간 째에 비해 24 시간 째에 크게 증가한 것으로 보아 VHSV 감염에 의한 miRNA 발현 양상의 변화는

질병의 진행과 관련이 있는 것으로 사료된다. 또한, 차등 발현된 63 개의 miRNA 의 표적 유전자 예측, GO 

enrichment 분석 및 KEGG 경로 분석을 통해 VHSV 의 감염에 의한 숙주의 miRNA 발현 양상 변화로 인해

다양한 생물학적 경로가 영향을 받는다는 사실을 알 수 있었다. 그리고 EPC 세포에 VHSV 를 감염 시킨 후

시간대마다 miRNA 의 발현 양상을 분석한 결과 355 개의 conserved miRNA 와 3 개의 새로운 miRNA 가

확인되었다. 그 중 103 개의 miRNA 가 차등 발현되었는데, 이들의 발현양은 3 시간, 12 시간 째에 비해

24 시간째에 크게 증가하였다. 이것은 EPC 세포가 초기 감염기에 적극적으로 반응을 하지 못한 것으로 생각되며, 

이러한 현상은 바이러스가 바이러스의 유전자의 발현과 번역을 통해 감염성을 지닌 바이러스 입자를 생성하기에

충분한 시간이라고 판단된다. 차등 발현된 miRNA 중 2 개의 miRNA (miR-735, miR-738)는 어류에서만

보고가 되어 있으며, 이들의 발현도 크게 증가되었으며, 표적 유전자 예측을 통해 이들이 여러가지 면역 경로를

조절하는 것을 확인하였다. 그리고 본 연구의 결과를 통해 miR-146a, miR-155 및 miR-99 와 같은 대표적인

면역조절 miRNA 의 발현양의 증가도 확인하였다. VHSV 의 감염에 의해 차등 발현되는 miRNA 의 발현 양상의

변화를 보면, 어떠한 한 시점에서의 miRNA 의 분석은 질병의 발생 기작을 해석하기에 불충분하다고 판단된다. 
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본 연구의 결과를 통해서 VHSV 의 감염과 관련된 넙치와 EPC 세포의 miRNA 의 기초적인 정보를 알 수 있게

되었다. 생물학적 변화에 다양한 영향을 미치는 miRNA 의 특성을 고려하였을 때, 본 연구의 결과는 VHSV 의

병원성의 발생 기작에 대한 정보와, VHSV 의 제어 방법에 대한 정보를 제공할 수 있다고 판단된다. 

넙치와 EPC 세포에서 VHSV 의 감염에 의해 발현이 증가한 miRNA 중에서 발현양이 가장 크게

증가한 2 가지 miRNA (miR-146a, miR-155)를 선정하여 본 연구에 사용하였다. 포유류에서 miR-146a 는

Tumor necrosis factor receptor associated factor 6(TRAF6)를 포함한 몇몇 유전자를 표적으로 하여 NF-

kb 의 활성을 조절한다고 알려져 있다. 본 연구에서는 miR-146a 를 발현하는 vector 와 miR-146a 의

mimics 의 형질주입을 통한 miR-146a 의 과발현이 TRAF6 유전자의 발현과 VHSV 의 증식에 미치는 영향을

분석하였다. 또한, 생물정보학적 분석과 분자생물학적 기술을 이용하여 miR-155 의 기능을 분석하였다. 

마지막으로, 본 연구에서는 빈산소 상태에 놓인 넙치의 혈중 miR-210 의 농도가 증가하는 것을 확인했으며, 

빈산소 상태의 정상 EPC 세포와 HIF-1α가 knock-out 된 EPC 세포에서 miR-210 프로모터에 의해 조절되는

luciferase 의 활성을 분석하였다.
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General introduction

The miRNAs (miRNAs) are small non-coding RNAs, first discovered by Lee et 

al. (., 1993). They found a small RNA molecule (Lin-4) with a length of 22 nt capable of 

downregulating the LIN-14 expression in Caenorhabditis elegans through a 

complementary of sequences in the 3’UTR of the gene. Later, several orthologs were found

in other species (Pasquinelli et al., 2000; Lagos-Quintana et al., 2001; Lim et al., 2003). 

Until today, thousands of miRNAs were found in vertebrates, invertebrates, plants, and 

viruses (Kozomara et al., 2014). An online database called miRBase was established to 

collect the discovered miRNAs which contain over 35,000 mature miRNAs from 223 

species (http://www.mirbase.org/). The miRNAs can bind to their targets without perfect 

complementarity, and each miRNA can target several genes (Bartel, 2009; Friedman et al., 

2009). Furthermore, each type of cell expresses different pattern of miRNAs. Based on this

evidence and diversity of miRNAs, miRNAs can be the coordinators of most physiological 

and pathological processes. 

The miRNAs represent 1 % of the genome, and around 50 % of miRNAs are in

intergenic position. The remaining miRNAs have a positions either within introns or exons 

(O'Carroll et al., 2013). Mainly, intergenic miRNAs possess their promoter and enhancer. 

On the other hand, intronic miRNAs and miRNAs embedded in exons are believed to be 

tightly regulated under the control of the transcription of genes (O'Carroll et al., 2013; Ha 

et al., 2014).

Most of the miRNAs are transcribed in the nucleus by RNA polymerase II. This 

transcription generates a long primary transcript with a length ranging from a hundred to 

several kilobases (Lee et al., 2004; Borchert et al., 2006). It contains a local hairpin 

structure in which miRNA is embedded. Typically, primary miRNAs (pri-miRNAs) are 

composed of a 33-35 stem, a terminal loop and flanking single-stranded RNA on 5’ and 3’ 

ends. The pri-miRNAs can encode a single miRNA or several miRNAs. The latter is called 

cluster which forms complex structures containing several hairpin structures (O'Carroll et 

al., 2013). The pri-miRNAs have similar features to mRNA such as a cap at 5’ end and a 

polyadenine tail at 3’ end when transcribed by RNA polymerase II (Cai et al., 2004). The 
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first step of biogenesis of mature miRNA, the pri-miRNA is recognized by a nuclear 

microprocessor that includes two proteins Drosha and DiGeorge syndrome critical region 

8 (DGCR8). The DGCR8 attach to the stem region of pri-miRNA which allows recruitment 

of Drosha that bears an RNase activity and crops the pri-miRNA to release a small hairpin 

RNA called precursor miRNA (pre-miRNA) (Lee et al., 2003). The product is a small RNA 

molecule with a length of 65-100 nt and has a characteristic of a 3’ 2nt overhang and a 5’ 

phosphate group.

Following cleavage, the pre-miRNA is transported from nucleus to cytoplasm by 

a protein called Exportin 5 through binding with its cofactor GTP-binding nuclear protein 

RAN•GTP. Pre-miRNA is released into the cytoplasm through hydrolysis of GTP

(Bohnsack et al., 2004) where it binds to RNase III enzyme called Dicer and its cofactor 

TAR RNA-binding protein (TRBP). The pre-miRNA binds by its 3’ 2n overhangs to the 

PAZ domain of Dicer and is excised at a fixed distance typically 21-25 nt (MacRae et al., 

2006; Park et al., 2011). The cleavage of pre-miRNA releases a duplex RNA which is

loaded into the Ago protein to form the RNA-induced silencing complex (RISC)

(Hammond et al., 2001). The RISC is composed of Ago protein, which contains two 

domains PAZ, and PIWI. The PAZ domains interact with 2nt overhangs of miRNA and 

PIWI have a slicer activity to cleave targets mRNAs using the guide miRNA (Lingel et al., 

2003; Okamura et al., 2004; Wang et al., 2008). Generally, after loading the duplex miRNA 

into the Ago protein, it is unwound to keep one strand to function as mature miRNA and 

releases the remaining one to be degraded (Pasquinelli, 2012). Following the integration 

into the RISC complex, the miRNA will play the role of guide to target mRNA harboring 

complementary.
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Figure 1. Canonical pathway of miRNA processing. Adapted from (Winter et al., 2009). The 

pri-miRNAs are transcribed by RNA polymerase II and processed to pre-miRNA by Drosha 

and its cofactor DGCR8. The pre-miRNA is transported to the cytoplasm by protein Exporting-

5 in GTP dependent manner. In the cytoplasm, the pre-miRNA is cleaved by Dicer and its 

cofactor TRBP. This produces a small RNA duplex of 22 nt in length which integrates the RISC 

complex including Argonaute protein. The guide strand is associated with Argonaute, and the 

passenger is degraded.
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The mature miRNA can bind to the potential target in different positions (5’UTR, 

CDS, and 3’UTR), although almost all miRNAs mainly target the 3’UTR region (Miranda 

et al., 2006; Hafner et al., 2010; Schnall-Levin et al., 2010; Hausser et al., 2013). The 

binding between miRNA and the target region is established through a seed region 

localized between 2-8 nucleotide from 5’end of miRNA (Enright et al., 2003; Lewis et al., 

2003). Once the complex miRNA-RISC bounds the mRNA, it influences its expression 

through different mechanisms such as translation repression or degradation of mRNA 

(Behm-Ansmant et al., 2006; Valencia-Sanchez et al., 2006; Wakiyama et al., 2007).

The miRNAs play various roles in different biological and pathological processes. 

The miRNA can regulate the development (Gao, 2010), the immune system (Androulidaki 

et al., 2009; Curtis et al., 2015), erythropoiesis (Felli et al., 2005; Patrick et al., 2010), and 

so on. For example, miR-451 plays an important role in erythropoiesis (Patrick et al., 2010). 

The miR-155 can regulate the differentiation of T helper cells and the germinal center 

reaction (Thai et al., 2007). The transcription factors (Nanog, Oct4, and Sox2) that are 

responsible for the production of induced pluripotent stem cells (IPSC) are targets for miR-

134, miR-296, and miR-470 (Tay et al., 2008). Several miRNAs have been found to be 

associated with cancer, such as the miR-15 and miR-16 that target B cell lymphoma 2 

(Bcl2) involved into the chronic lymphocytic leukemia (Cimmino et al., 2005). 

Furthermore, miRNAs are the regulators of microbiological processes. MiR-214 

downregulate inflammatory response mediated by NF-κb through targeting Myd88 in 

miiuy croaker during bacterial infection by Vibro harveyi (Chu et al., 2017). MiR-192 

target interleukin I receptor type I during bacterial infection (Chu et al., 2016).

Also, miRNAs have an essential role in viral infection. MiR-155 have multiple 

functions in immunity and hematopoiesis (Masaki et al., 2007). MiR-155 can inhibit 

replication of Japanese encephalitis virus and downregulate NF-κb response (Pareek et al., 

2014). Moreover, miR-155 can target the suppressor of cytokine signaling 1 (SOCS1), 

Which enhances type I interferon response expression leading to the suppression of viral 

replication during vesicular stomatitis virus (VSV) infection (Wang et al., 2010). On the 

other hand, the virus can take advantage of miRNA machinery to enhance its replication 

or inhibit antiviral immunity. VSV induces miR-146a during infection that targets several 
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genes such as IL-1 receptor-associated kinase 1 (IRAK1), IRAK2, and tumor necrosis 

factor (TNF) receptor-associated factor 6 (TRAF6) which suppresses type I interferon 

response, thereby enhance viral replication (Hou et al., 2009). MiR-9041 and miR-9850 

are upregulated during white spot syndrome virus infection which inhibits JAK/STAT 

inducing low expression of interferon response genes (Huang et al., 2016). Besides, miR-

731 enhances viral replication of Megalocytivirus in olive flounder through suppression of 

interferon regulatory factor 7 (IRF7) and tumor antigen p53 by binding to their 

3’untranslated region (Zhang et al., 2016). Furthermore, taking advantage of host miRNA 

machinery, several viruses encode their miRNA in their genomes (Feldman et al., 2014; 

Riaz et al., 2014; Guo et al., 2015). The viral-encoded miRNAs have different roles such 

as human cytomegalovirus that escape CD8+ T cells through targeting aminopeptidase 

endoplasmic reticulum aminopeptidase 1 (ERAP) by producing a miRNA called miR-

US4-1 (Kim et al., 2011).

Viral hemorrhagic septicemia virus (VHSV) is a single negative-stranded RNA 

virus belonging to the genus Novirhabdovirus (King et al., 2012) that includes virus 

causing severe disease in aquatic hosts (Tadashi et al., 2001). The VHSV genome encodes 

several proteins, nucleocapsid protein (N), phosphor-protein (P), matrix protein (M), 

glycoprotein (G), large RNA-dependent RNA polymerase (L), and a non-virion (NV) 

protein. The NV protein is implicated in promoting viral replication through recruitment 

of protein phosphatase, Mg2+/Mn2+-dependent, 1Bb (PPM1Bb) leading to inhibition of

RIG-I- and TBK1-dependent interferon (IFN) and IFN-stimulated gene promoter 

induction (Biacchesi et al., 2017). VHSV causes a disease in at least over 50 species of 

marine and freshwater fish (Skall et al., 2005) and results in high mortality with a 

substantial economic loss (Kim et al., 2009).

In the present study, we aimed to study the effect of VHSV on miRNAs expression 

in olive flounder and EPC cells. Furthermore, we focused on specific miRNAs related to 

immunity such as miR-146a, miR-155 or related to hypoxia such as miR-210.
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Chapter I. Changes in miRNAs expression profile of olive flounder

(Paralichthys olivaceus) in response to viral hemorrhagic 

septicemia virus (VHSV)
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Introduction

Viral hemorrhagic septicemia virus (VHSV), a single-stranded RNA virus 

belonging to the genus Novirhabdovirus in the family Rhabdoviridae, is a highly 

pathogenic virus causing high mortality in different species of fish and substantial

economic losses in aquaculture sector (Meyers et al., 1995; Skall et al., 2005). The genome 

of Novirhabdovirus harbor six genes expressing a nucleoprotein N, a phosphoprotein P, a 

matrix protein M, a glycoprotein G, a non-virion protein NV, and a large RNA-dependent 

RNA polymerase L (King et al., 2012).

MiRNAs are a class of highly conserved small non-coding RNA that interact with 

mRNA molecules by binding to their 3’untranslated regions which cause an inhibition of 

translation or degradation of mRNA (Bartel, 2004). miRNA has been studied in the last 

decade because of their significant role in various biological processes such development, 

cell proliferation, cell differentiation, and apoptosis (Carrington et al., 2003; Lima et al., 

2011). Likewise, they play an intricate role during pathological processes such as 

tumorigenesis, viral and bacterial infections(Ding et al., 2007; Budhu et al., 2008; Wang 

et al., 2012; Cai et al., 2015).

In fish as well as in mammals, viral infections can alter expression of host miRNAs 

and recently, the interaction between cellular miRNA and RNA virus has been extensively 

studied in mammals (Shi et al., 2014; Trobaugh et al., 2014). Nevertheless, the fish virus 

has been poorly investigated regarding the profile of miRNAs during viral infection 

especially RNA virus. Wu et al.(Wu et al., 2015) have reported differentially expressed 

cellular miRNAs in EPC cells during infection with spring viremia of carp virus (SVCV), 

which is a rhabdovirus of genus Vesiculovirus. For VHSV, few studies were done 

concerning miRNAs expression except two papers which described the upregulation of 

miR-462 and miR-731 in rainbow trout during infection with VHSV or through 

immunization with DNA vaccine expression glycoprotein against VHSV (Bela-ong et al., 

2015; Schyth et al., 2015)

Lately, several reports have proven the importance and involvement of miRNA in 

the regulation of human genes expression (Cameron et al., 2008; Zhang et al., 2014; Cai 
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et al., 2015). Furthermore, miRNA can play essential roles during viral infection leading 

to the spread of the virus or defends host through activation of immunity defenses. 

Therefore, investigation and study of miRNA profile during viral infection can be a robust 

tool to elucidate and understand the mechanisms concerning viral pathogenesis. 

Olive flounder (Paralichthys olivaceus) is a highly appreciated fish in Korea and 

has been the most important cultured fish in Korea. However, VHSV causes high mortality 

in olive flounder leading to enormous economic loss (Kim et al., 2009). Recently, Zhang 

et al. (2014) explored the change of cellular miRNAs expression profiles in olive flounder 

during viral infection by megalocytivirus which is a DNA virus belonging to the family of 

iridoviridae. However, until now no information is available on the change of miRNAs 

expression profile by the infection of RNA viruses in olive flounder.

In this study, we infected olive flounder fish with VHSV and extracted RNA from

their head kidney at different points time (0, 6, 12, 24. 48, 72 hours post infection), and 

submitted to next-generation sequencing analysis. Based on NGS, we could determine 

different miRNAs altered by a viral infection which were reported to have a tight relation 

with the immune system.
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Materials and methods

1. Fish

Olive flounder fingerlings weighing approximately 2.5 g were obtained from a 

local olive flounder hatchery. Fish were acclimated for two weeks, during which water 

temperature was gradually down to 14°C. Before the experiment, free from pathogens 

including VHSV was verified by the examination of the liver, head kidney, and spleen from 

randomly sampled ten fish. The animal experiment was carried out according to the 

guidelines of Animal Research and Ethics Committees of Pukyong National University.

2. Viral infection

VHSV KJ2008 (Kim et al., 2011) was cultured in Epithelioma papulosum cyprini

(EPC) cells at 15°C in the presence of 2% fetal bovine serum (FBS, Sigma). Cultures 

displaying extensive cytopathic effect (CPE) were harvested and centrifuged at 4,000 g for 

10 min at 4°C, and the supernatants were stored at −80°C. Fish were intramuscularly 

injected with the virus at a dose of 103 plaque-forming units (pfu)/fish. At 0, 6, 12, 24, 48, 

and 72 h postinfection (h.p.i), five fish were randomly sampled, and the head kidney was

isolated and stored at −80°C. The head kidneys of 5 fish were pooled, and total RNA was 

extracted using Hybrid-RTM miRNA kit (GeneAll, Korea) according to manufacturer’s 

instructions.

3. Small RNA libraries constructions and sequencing

Macrogen, Korea conducted the construction of small RNA libraries and 

sequencing. The RNA quality and concentration were analyzed with an Agilent 2100 

Bioanalyzer. Small RNA libraries were constructed using a TruSeq Small RNA Library 

Prep Kit (Illumina) according to the manufacturer's protocol. The generated libraries were 

sequenced using the HiSeq 2500 (Illumina).
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4. Next-generation sequencing and data analysis

The quality of raw data was analyzed using FastQC (Babraham Bioinformatics, 

UK) (Andrews, 2010). Raw sequences were trimmed and clustered; then the sequences 

were aligned against zebrafish genome, which was retrieved from UCSC genome browser

(Kent et al., 2002), due to the absence of reference genome for Paralichthys olivaceus

using miRDeep2 software algorithm (Friedländer et al., 2012). To eliminate the non-

miRNAs, the sequences were mapped to Rfam 9.1 database which includes the sequences 

of rRNA, tRNA, small nuclear RNA (snRNA) and small nucleolar RNA (snoRNA)

(Nawrocki et al., 2015). After that, the retained sequences were blasted against miRBase 

v21.0 (Griffiths-Jones et al., 2006) (http://www.mirbase.org/) to determine the conserved 

miRNAs between zebrafish and olive flounder. The sequence was considered as miRNA 

only if they have 100% of identical sequence and possesses the whole length miRNA 

compare to the ones on the miRBase database. Unmatched miRNA sequences were 

analyzed using RNAfold algorithm through miRDeep2 software to predict novel miRNAs.

5. Differential miRNA expression analysis

Raw data were normalized by read per million (RPM, miRNA counts / total counts 

of each sample x 1 million). The miRNAs with at least one zeroed RPM were excluded. 

The RPM values were log transformed after addition of 1 to their value. The log-

transformed data were normalized using Quantile normalization method (Bolstad, 2003). 

The differential miRNA expression was calculated based on fold change between the 

control group (0 h) and VHSV infected groups (6, 12, 24, 48, and 72 h) with a default cut-

off of ±1.5. The analysis was done using preprocessCore R library.

6. qPCR of differentially expressed miRNAs

RNA was reverse-transcribed using miScript II RT Kit (Qiagen) following 

manufacturer’s instructions. Briefly, one μg of RNA was added to 4 μl of 5x miScript 

HiSpec Buffer, two μl of 10x miScript Nucleics Mix and two μl miScript Reverse 

Transcriptase Mix. RNase free water was added to get a volume of 20 μl. The mix was 
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incubated at 37 °C for 60 min, then at 95°C for 5 min to inactivate the reverse transcriptase. 

The cDNA was diluted using RNase free water. The detection of mature miRNAs was done 

using miScript SYBR Green PCR Kit (Qiagen). The qPCR was performed using the 

mature sequence of miRNAs forward primers with the universal primer from the miScript 

SYBR Green PCR Kit. The reaction was carried out in Roche Light Cycler 480 (Roche, 

Germany) in a 20 μl reaction volume containing two μl of cDNA, ten μl of 2x QuantiTect 

SYBR Green PCR Master Mix, two μl of forward primer, two μl of universal primer and 

four μl of water. The mix was incubated at 95°C for 15 min, followed by 45 cycles of 94°C 

for 15 s, 55°C for 30 s, and 70°C for 30 s. The data analysis was done using the 2-ΔΔCt

method.

7. Target prediction and enrichment of differentially expressed miRNAs

The target prediction was done using the putative 3’untranslated regions (3’UTR) 

of olive flounder mRNAs which were extracted from NCBI database. The prediction was 

made using miRanda (Betel et al., 2010) and RNA22 (https://cm.jefferson.edu/rna22/)

(Miranda et al., 2006). miRanda was used to match the entire miRNA sequence, and 

RNA22 was used for identification of miRNA binding sites based on pattern method. The 

parameters for miRanda were a score >120 and a free energy <-20 kcal/mol, and for 

RNA22 the free energy was <-20 kcal/mol. The predicted results by the two tools were

combined. Enrichment analysis of target genes of miRNA was done using Blast2Go 

version 3.1 (https://www.blast2go.com/) (Conesa et al., 2005). First, the predicted target 

genes were blasted against the NCBI non-redundant protein database to search for 

sequence homology (E-value of 1.0E-3, maximum 15 hits). The best hits were mapped, 

annotated and the functional annotations were analyzed. For KEGG pathways, the target 

genes sequences were uploaded to the KEGG Automatic Annotation Server (KAAS, 

http://www.genome.jp/tools/kaas/) (Moriya et al., 2007). The functional annotation of 

target genes was done by BLAST against the KEGG database.
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Table 1- 1 Primers used for Quantitative real-time PCR

Primers Forward primer Sequence 5’-3’ Reverse primer 
sequence 5’-3’

pol-miR-107b AGCAGCATTGTACAGGGCTTT Qiagen universal 
primer

pol-miR-122 TGGAGTGTGACAATGGTGTTTG -

pol-miR-146a GCTGAGAACTGAATTCCATAGATGG -

pol-miR-155 GCTTAATGCTAATCGTGATAGGGG -
U6 snRNA CGCAAGGATGACACGCAAATT -
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Results

1. Identification of miRNAs in olive flounder

To know the effect of VHSV infection on the miRNA expression profile of olive 

flounder, fish were infected with the virus, and cellular miRNAs expression was analyzed

at 0 (control), 6, 12, 24, 48 and 72 h postinfection. Six small RNA libraries were generated 

and sequenced by NGS. After removing reads without adaptor, low quality reads and reads 

with a length ≤ 17 nt, approximately 24,000,000-25,000,000 clean reads from each small 

RNA library were obtained (Table 1-2). The length distribution analysis showed that the 

major part of reads was distributed between 20-24 nt ranges with the dominance of 22 nt 

(Fig. 1). The trimmed reads were blasted first to the Rfam database, then against the 

zebrafish genome because of lack of olive flounder genome data. More than 80% of reads 

mapped perfectly to zebrafish genome (Table 1-3), and the remaining reads were mapped

to rRNA, tRNA, snoRNA, snRNA, or unknown. 

To identify conserved miRNAs, the small RNA reads were blasted against the 

miRNAs of zebrafish retrieved from the miRBase database (Release 21.0). A total of 350 

mature miRNAs were perfectly matched to miRNAs of zebrafish. The novel miRNAs were 

predicted from mature, star and loop sequence according to the RNAfold algorithm using 

miRDeep2.
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Table 1- 2 Mapped reads to zebrafish genome

        

Sample Total reads Clustered read Mapped reads % Clustered read Unmapped reads % Clustered read

0 h.p.i 24484878 571357 20517671 3.80% 144572 3967207 6.20% 387944

6 h.p.i 24617636 616679 20439316 3.00% 148463 4178320 7.00% 421547

12 h.p.i 24445479 538996 20769244 5.00% 129811 3676235 5.00% 371094

24 h.p.i 25508468 706840 21433450 4.00% 146844 4075018 6.00% 519328

48 h.p.i 24871451 666721 20711514 3.30% 154564 4159937 6.70% 457346

72 h.p.i 24418077 750530 20101273 2.30% 175674 4316804 7.70% 515270
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Table 1- 3 Mapped reads to miRNAs of zebrafish

   

Sample Total reads Clustered read Mapped reads % Clustered read Unmapped reads % Clustered read

0 h.p.i 24484878 571357 19904990 1.30% 28423 4579888 8.70% 542934

6 h.p.i 24617636 616679 19939728 1.00% 28058 4677908 9.00% 588621

12 h.p.i 24445479 538996 20073520 2.10% 28401 4371959 7.90% 510595

24 h.p.i 25508468 706840 20772470 1.40% 28856 4735998 8.60% 677984

48 h.p.i 24871451 666721 20070301 0.70% 28794 4801150 9.30% 637927

72 h.p.i 24418077 750530 19413294 9.50% 29629 5004783 0.50% 720901
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Figure 2. Reads distribution in function of length of sequence.

2. Differential expression of miRNAs during viral infection by VHSV

To investigate differentially expressed miRNAs by VHSV infection, the fold 

change (F.C) of miRNAs between the control group (0 h.p.i) and the infected groups  (6, 

12, 24, 48, and 72 h.p.i) was calculated with a threshold of ≥1.5 times (|F.C|≥1.5). The 

expression of 63 miRNAs was altered by VHSV infection (Fig. 2). At 6 and 12 h.p.i., less 

than ten miRNAs showed altered expression compared to the control group (0 h.p.i.), then, 

after 24 h.p.i. the responding miRNA numbers were substantially increased. Until 48 h.p.i., 

the number of upregulated miRNAs was higher than that of down-regulated miRNAs. 

However, at 72 h.p.i., the number of down-regulated miRNAs surpassed the number of 

upregulated miRNAs (Fig. 2). A heat map was generated to show the changes of each 
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miRNA expression according to time lapse after VHSV infection (Fig. 3), and miRNAs

are showing similar expression pattern were grouped by clustering analysis (Fig. 4).

Figure 3. Differentially expressed miRNAs following the course of infection
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Figure 4. Cluster analysis of differentially expressed miRNAs in olive flounder after 

experimental infection with VHSV.The expression level of differentially expressed miRNAs at 

different time points (0 to 72 h.p.i) is shown in different colors. Each row represents a miRNA. 

Up-regulated miRNAs are shown with red of increasing intensity, and down-regulated miRNAs 

are indicated with green of increasing intensity. The clustering was done using PermutMatrix 

hierarchical clustering software, and the linkage between different miRNAs was done based on 

McQuitty’s method.
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Figure 5. Effect of viral hemorrhagic septicemia virus on miRNA profile of olive flounder
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3. qPCR of differentially expressed miRNAs

To validate the differential expression of miRNAs, four miRNAs were selected, 

and poly (T) RT-PCR was conducted to examine the expression of the chosen miRNAs. 

The RT-PCR results showed similar results to the results obtained from high throughput 

sequencing (Fig. 5).

Figure 6. Expression of miRNAs during the viral infection
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4. Target prediction and enrichment of differentially expressed miRNAs

The target prediction for the 63 differentially expressed miRNAs showed that there 

are 1346 putative targets sites in the 314 genes of olive flounder (supplement 3). The target 

genes of miRNA have a different function, especially the genes related to immunity 

(supplement 3). Immune-related genes such toll-like receptor 9 (TLR9) targeted by pol-

miR-135-5p, toll-like receptor 14 (TLR14) targeted by pol-miR-181a-5p, Macrophage 

stimulating-1 protein (MST) targeted by pol-miR-107b, pol-miR-122, pol-miR-133a-3p, 

and pol-miR-133b-3p.

The gene ontology analysis based on biological processes has shown that the 314 

predicted target genes of olive flounder could be clustered into 353 GO terms (supplement 

4). The top 10 GO terms are regulation of regulation of transcription (DNA-templated), 

proteolysis, G-protein coupled receptor signaling pathway, immune response, 

inflammatory response, lipid catabolic process, steroid hormone mediated signaling 

pathway, oxidation-reduction process, defense response to bacterium, and intracellular 

signal transduction (Fig. 7).

Furthermore, the KEGG analysis of predicted target genes of olive flounder

showed that they were involved in 69 pathways (supplement 5). Among them the top 10 

pathways: Ras signaling pathway, Neuroactive ligand-receptor interaction, Cytokine-

cytokine receptor interaction, Rap1 signaling pathway, cAMP signaling pathway, PI3K-

Akt signaling pathway, NF-kappa B signaling pathway, TNF signaling pathway, HIF-1 

signaling pathway, FoxO signaling pathway (Fig. 8).
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Figure 7. Top ten GO terms of biological process of target genes of olive flounder
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Figure 8. Top 10 abundant KEGG pathways of the target genes from olive flounder
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Discussion

Competition between host cells and viruses to regulate cellular miRNAs 

expression can lead to favorable or detrimental results for host cells. To know the effect of

VHSV infection on the cellular miRNA expression profile in olive flounder, fish were 

infected with VHSV and cellular miRNAs expression at different time points was analyzed 

by the high-throughput sequencing. A total of 350 mature miRNAs were found, and, 

among them, 63 miRNAs were differentially expressed during VHSV infection. Compared 

to the results of Wu et al. (., 2015) in which 14 miRNAs (including one novel miRNA) 

were differentially expressed in EPC cells by SVCV infection. Five miRNAs (miR-181a-

5p, -19b-3p, -722, -214, -20b) with the same sequences and 3 miRNAs (miR-15, -181, -

16) with nearly identical sequences were overlapped. This indicates that the cellular 

miRNAs expressions between olive flounder and EPC cells in response to rhabdoviral 

infection (SVCV and VHSV) were similar each other. Furthermore, two miRNAs, miR-

462 and miR-731, that were up-regulated by VHSV infection in rainbow trout (Schyth et 

al., 2015), were also up-regulated in this study, suggesting that the cellular miRNAs 

between rainbow trout and olive flounder might similarly respond to VHSV infection. 

The differentially expressed miRNA number was greatly increased from 24 h.p.i. 

compared to the number at 6 and 12 h.p.i., suggesting that the alteration of miRNAs 

expression by VHSV infection may be closely related to the increase of the viral titers. 

Furthermore, many differentially expressed miRNAs were either upregulated or down-

regulated from the time point of 24 h.p.i., suggesting that the time around 24 h.p.i. would 

be a furious phase that can determine the progression of the viral disease. 

Based on target prediction analysis, the 63 differentially expressed miRNAs target 

314 genes of olive flounder. These genes play various role in different biological processes 

such as regulation of transcription, proteolysis and immune response which prove that the 

miRNA have an impact on the different level of host biology. The GO enrichment analysis 

and the KEGG pathway analysis of predicted target genes of differentially expressed 

miRNAs provided us with information about the different pathways affected by the viral 

infection through the downregulation or upregulation of host miRNAs. Among the 
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analyzed pathways and GO (supplement 4, 5), we find the immune response and the 

inflammatory response beside the apoptosis pathway which play a crucial role as innate 

defense against the viral infection (Everett et al., 1999).

Among the differentially expressed miRNAs, the most strikingly increased 

miRNA during VHSV infection was miR-155 that was up-regulated to 14.4 times at 24 

h.p.i. and to 36.1 times at 72 h.p.i. compared to the uninfected fish. The predicted target 

genes for miR-155 were the complement component C9, the heat shock protein 90 

(HSP90)-α and -ß. In mammals, miR-155 is known to have various functions in immune, 

hematopoiesis, and inflammation processes and Wang et al.(., 2010) reported that the 

overexpression of miR-155 by vesicular stomatitis virus infection led to a positive 

regulation of IFN production. The HSP90 acts as a molecular chaperone and is essential 

not only for host cells to promote correct folding of target proteins but also for the 

replication of various viruses including vesicular stomatitis virus (VSV) and influenza 

virus (Connor et al., 2007; Chase et al., 2008). Thus, the present high up-regulation of 

HSP90-targeting miRNAs can be detrimental or favorable to fish, and further researches 

are needed to know the role of HSP90 and HSP90-regulated pathways in VHSV replication. 

In this study, pol-miR-146a was one of the most highly upregulated miRNAs from 24 h.p.i, 

and the predicted target gene was phospholipase C beta 1. The phospholipase C beta 1 

hydrolyze phosphatidyl inositol- bisphosphate (PIP2) into inositol triphosphate (IP3) and 

diacylglycerol (DAG) that activates protein kinase C (PKC) which plays a crucial role in 

immune cell signaling (TAN et al., 2003). In human, the miR-146a is known to have 

various roles in immune and disease processes. The miR-146a targets the IRAK1, TRAF6 

genes causing an attenuation of TLR4 signaling in monocytes (Taganov et al., 2006). Also, 

it down-regulates the inflammatory reaction in lung epithelial cells (Perry et al., 2008). 

The miR-146a was overexpressed during infection with VSV, which inhibited the immune 

response through impairing TRAF6, IRAK1, and IRAK2 genes and triggering the down-

regulation of IFN production (Hou et al., 2009). Thus, the present increase of pol-miR-

146a can be favorable for VHSV replication. Besides these major differentially expressed 

miRNAs, we observed an upregulation of several miRNAs, such as miR-202 which plays

a crucial role in tumor suppression through inhibition of lipoprotein receptor-related 



27

protein 6 expression (Zhang et al., 2014), or miR-221 which is an oncogenic miRNA

(Chun-zhi et al., 2010; Rommer et al., 2013; Bae et al., 2015). Furthermore, we observed 

upregulation of miR-19b, a member of the miR-19 family, additionally to its anti-

thrombotic role (Li et al., 2014), the miR-19b inhibit the replication of hepatitis B (Jung et 

al., 2013).

On the other hand, VHSV infection caused downregulation of multiple miRNAs, 

including miR-107b and miR-122. In mammals, the miR-122 is abundant in liver and play 

a crucial role in liver development and differentiation. Furthermore, the miR-122 trigger 

the IFN type I expression by inhibition of suppressor of cytokine signaling 1 (Li et al., 

2013). In case of hepatitis B infection, the virus downregulates the miR-122 to favorite the 

replication and persistence of virus (Wang et al., 2012). In our study, we observed the

downregulation of miR-122 6 hours after infection, but it was significant after 24 hours of 

infection. The miR-107b, a member of the miR-103 family, play various role in the

different type of tumors (Yang et al., 2014; Zhang et al., 2014; Zhang et al., 2015). 

Additionally, the miR-107b have an inhibitory role in TNF production through 

downregulation of Cyclin-dependent Kinase 6 (Hennessy et al., 2011).

Additionally, there was downregulation of several miRNAs such miR-100 which 

is categorized as oncomiR (Varnholt et al., 2008; Chen et al., 2014; Morais et al., 2014). 

Furthermore, the miR-100 favorite the viral infection of White spot syndrome virus in 

shrimp through inhibition of trypsin which is a pro-apoptosis protein (Yang et al., 2014).

Also, there was downregulation of miR-20b, a member of miR-20 family and a member 

of oncomiR group (Lei et al., 2009; Cascio et al., 2010; Ahmad et al., 2015), which play 

an essential role as antiviral against human immunodeficiency virus by targeting cellular 

histone acetyl transferase, co-factor to Tat-activated transcription, causing an inhibition of

viral replication (Triboulet et al., 2007).

This study is the first report about the expression of miRNA of olive flounder 

challenged with a viral infection. In this study, we reported the dynamic of viral 

hemorrhagic septicemia infection in vivo using as a model the olive flounder and based on 

high-throughput sequencing technology; we could determine the variation of miRNA

profile through time. Additionally, we could determine new miRNAs for olive flounder.
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Chapter II. Viral hemorrhagic septicemia virus (VHSV) infection-

mediated sequential changes in miRNAs profile of Epithelioma 

papulosum cyprini (EPC) cells
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Introduction

MiRNAs are small non-coding RNA molecules that were discovered first time in 

Caenorhabditis elegans (Lee et al., 1993), and play a critical role in the regulation of lots 

of genes expression. MiRNAs of animals are usually transcribed from independent genes 

or introns of other genes and matured through being processed in the nucleus and 

cytoplasm by Drosha and Dicer, respectively. Mature miRNAs are 20-24 nt in length and 

inhibit the expression of their target genes through guiding the RNA-induced silencing 

complex (RISC) to 3´UTR of target mRNAs (Djuranovic et al., 2011). Bioinformatics and 

next-generation sequencing (NGS) technologies allow us to systemically analyze the 

complicated role of miRNAs in various biological processes including host-pathogen 

interactions (Carrington et al., 2003; Ding et al., 2007; Lima et al., 2011). In viral infections, 

host miRNAs can either inhibit viral replication(Pan et al., 2014; Trobaugh et al., 2014) or 

be used as a tool to facilitate viral replication (Pedersen et al., 2007; Guo et al., 2013). 

Therefore, investigation on the host miRNAs profile changes in response to viral infection 

can help to understand the mechanism of host immune responses, which can provide 

information needed to develop appropriate control measures against viral infections.

Viral hemorrhagic septicemia virus (VHSV) is notorious for causing mass 

mortalities in a broad range of cultured fish worldwide (Gomez-Casado et al., 2011), and 

has been the primary cause of economic loss in olive flounder (Paralichthys olivaceus) 

culture in Korea (Kim et al., 2009). VHSV is a member of the genus Novirhabdovirus in 

the family Rhabdoviridae. The genome of VHSV is approximately 11 kb that encodes six 

proteins: nucleoprotein (N), phosphoprotein (P), matrix protein (M), glycoprotein (G), 

non-virion protein (NV), and RNA-dependent RNA polymerase (L). There are many 

reports on the role of each protein of VHSV in relation to viral infection and replication 

and on the development of prophylactic vaccines against VHSV. However, the interaction 

between the host miRNAs and VHSV infection is poorly investigated. Schyth et al. (2015) 

(Schyth et al., 2015) reported the up-regulation of two miRNAs (miR-462 and miR-731) 

in rainbow trout by VHSV infection, and lately, we reported the changes of miRNAprofiles 

in olive flounder by VHSV infection according to time lapse (Abdellaoui et al., 2016).
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The study of the interaction between host immune system and the viral infection 

can lead to a better understanding of viral pathogenesis and a better control of the disease. 

In the present study, we analyzed the effect of VHSV infection on the miRNAs expression 

in Epithelioma papulosum cyprini (EPC) cells at different time points using the next 

generation sequencing.
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Materials and methods

1. Cell culture and virus

EPC cells were grown on Leibovitz medium (L-15, Sigma) supplemented with 10% 

of fetal bovine serum (FBS, BI) and 1% penicillin/streptomycin (Gibco). VHSV KJ2008 

stock (Kim et al., 2011) was prepared using EPC cells, which were grown at 15°C in L-15 

with 2% FBS and the antibiotics. For VHSV infection, approximately 1 × 106 EPC cells 

were plated on a 35-mm dish and incubated overnight at 28°C. When the confluence of 

cells was over 80%, the dishes were moved to 20°C and incubated overnight. Cells were 

infected with VHSV at a multiplicity of infection (MOI) 1 and incubated at 15°C. The cells 

were collected at 0, 3, 12, 24, and 48 hours post-infection (h.p.i) and stored at -80°C until 

use.

2. RNA extraction and small RNA library construction and sequencing

The RNA from collected cells at each time point was extracted using Hybrid-RTM 

miRNA kit (GeneAll, Korea) according to the manufacturer’s instructions. The small RNA 

library construction and sequencing were done using Macrogen (Korea) services. Briefly, 

analysis of RNA quality and concentration were conducted using Agilent 2100 Bioanalyzer, 

and small RNA library construction was done using a TruSeq Small RNA Library Prep Kit 

(Illumina) according to the manufacturer's protocol. The generated libraries were 

sequenced using the HiSeq 2500 (Illumina).

3. High-through sequencing and data analysis

Quality of generated data was analyzed using FastQC (Babraham Bioinformatics, 

UK). The raw data were filtered by removing 3’ adapter sequence, and low-quality reads 

was calculated, then the clean reads were mapped to zebrafish genome due to lack of EPC 

cell genome. To eliminate non-miRNAs, the sequences were mapped to Rfam 9.1 database 

which includes sequences of rRNA, tRNA, small nuclear RNA (snRNA) and small 

nucleolar RNA (snoRNA). 
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Furthermore, the reads were also mapped to VHSV genome. Conserved miRNAs 

were identified by aligning to zebrafish miRNAs retrieved from miRBase version 210 

(http://www.mirbase.org/), and aligned sequences were considered as miRNAs only when 

they have 100% identical sequence and possess the whole length of miRNA compared to 

the ones on the miRBase database. The remaining sequences were mapped to other 

vertebrate miRNAs, and unmatched ones were analyzed using miRdeep2 for prediction of 

possible novel miRNAs. 

4. Analysis of differentially expressed miRNAs

Normalization of data was done using RPM method (read per million) where the 

raw data were miRNA counts / total counts of each sample x 1 million. MiRNAs with at 

least one zeroed RPM were excluded. RPM values were log transformed after addition of 

1 to their value. Log-transformed data were normalized using quantile normalization 

method [14]. The fold change was calculated between the control group (0 h.p.i) and the 

VHSV infected cells (3, 12, 24, 48 h.p.i) with a cut-off of ±1.5. The analysis was done 

using the R package and the preprocessCore R library.

5. qPCR of differentially expressed miRNA

RNA was reverse-transcribed using miScript II RT Kit (Qiagen) following 

manufacturer’s instructions. Briefly, one μg of RNA was added to 4 μl of 5x miScript 

HiSpec Buffer, two μl of 10x miScript Nucleics Mix and two μl miScript Reverse 

Transcriptase Mix. RNase free water was added to get a volume of 20 μl. The mix was 

incubated at 37 °C for 60 min, then at 95°C for 5 min to inactivate the reverse transcriptase. 

The cDNA was diluted using RNase free water. Detection of mature miRNAs was done 

using miScript SYBR Green PCR Kit (Qiagen). QPCR was performed using the mature

sequence of miRNA as forward primers with the universal primer from the miScript SYBR 

Green PCR Kit. The reaction was carried out in Roche Light Cycler 480 (Roche) in a 20 

μl reaction volume containing two μl of cDNA, ten μl of 2x QuantiTect SYBR Green PCR 

Master Mix, two μl of forward primer, two μl of universal primer and four μl of water. The 
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mixture was incubated at 95°C for 15 min, followed by 45 cycles of 94°C for 15 s, 55°C 

for 30 s, and 70°C for 30 s. The data analysis was done using the 2-ΔΔCt method. The primers 

used for the qPCR are listed in Table 1.

6. Target prediction of differentially expressed miRNAs and gene ontology

Target prediction of miRNAs was done using the assembled expressed tag 

sequences (EST) of fathead minnow retrieved from NCBI database. Briefly, around 

200.000 EST sequences were retrieved from NCBI database and assembled using 

EGassembler (Masoudi-Nejad et al., 2006) into 19.754 contigs and 29.279 singletons. All 

the contigs were annotated with OrfPredictor (Min et al., 2005) and the 3’UTR sequences 

were retrieved. The target prediction was performed using the sRNAtoolbox (Rueda et al., 

2015) through use of three miRNA target prediction programs for animals (PITA, miRanda,

and TargetSpy). The predicted ORF were blasted against the nr database through TRUFA 

(Kornobis et al., 2015). The GO and KEGG pathways annotations were done using 

Blast2Go (Conesa et al., 2005).
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Table 2- 1 Primers used for qPCR

miRNA Forward primer 5’-3’ Reverse primer 5’-
3’

miR-92a-5p GGTTGGGATTGGTAGCAATGCT Qiagen universal 
primer 

miR-738 GCTACGGCCCGCGTCGGGACCTC -

miR-735-5p GGCTGGTCCGAAGGCGGT -

U6 GCTTCGGCAGCACATATACTA -
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Results

1. Identification of miRNAs in EPC cells

After cleaning the raw data, the different libraries generated clean reads between 

18,000,000 and 24,000,000. The length distribution of reads showed that the major reads 

length is located between 20-24 nt (Fig. 9). 

Identification of candidate miRNAs was done by blasting the small RNA against 

zebrafish miRNAs retrieved from the miRBase database (Release 21.0). A total of 350 

mature miRNAs were perfectly matched to miRNAs of zebrafish. The remaining miRNA

sequences were blasted against the vertebrate miRNAs, which permit to identify five

mature miRNAs, and the unmatched sequences were considered as novel miRNAs 

(Supplement 1).
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Figure 9. Size distribution of small RNAs after discarding junk reads, trimming the adapter 

sequence, removing reads <17 or >30 nt, and mapping to Rfam database.

2. Differentially expressed miRNAs

To determine the effect of VHSV infection on the expression of miRNAs, the fold 

change (F.C) between the control group (0 h.p.i) and the infected groups (3, 12, 24, 48 h.p.i) 

was calculated with a threshold of F.C≥1.5 (supplement 2).

The viral infection caused alteration of 102 miRNAs. In early hours of infection 

(3, 12 h.p.i), the number of altered miRNAs was less than 10, then the number of 

responding miRNAs was steeply increased (Fig. 10). Until 12 h.p.i, the downregulated 

miRNAs were higher than the upregulated ones. However, after 24 of infection, the number 

of up-regulated miRNAs was higher than that of down-regulated ones (Fig. 10). The 
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altered miRNAs were clustered into a heat map to show the temporal change of each 

miRNA at different points of time after the viral infection (Fig. 11).

Figure 10. Number of deregulated miRNAs during the viral infection in EPC cell line at 

different points of time (3, 12, 24, 48 h.p.i) based on their trend (upregulated and 

downregulated).
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Figure 11. Hierarchical cluster analysis of differentially expressed miRNAs following the 

chronology of viral infection at different points of time (0 to 48 h.p.i). Each row represents a 

miRNA. Up-regulated miRNAs are shown with red of increasing intensity, and down-regulated 

miRNAs are indicated with green of increasing intensity. The clustering was done using 

PermutMatrix hierarchical clustering software, and the linkage between different miRNAs was 

done based on McQuitty’s method
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3. Real-time PCR of differentially expressed miRNAs

To confirm the high throughput sequencing results, three miRNAs were chosen, 

and a real-time PCR was done to study their expression. The real-time PCR data showed 

similar patterns to the results from the next generation sequencing data (Fig. 12).

Figure 12. Confirmation of miRNAs expression during the infection based on RT-qPCR.The 

expression of different miRNAs was measured using the RT-qPCR. The relative expression of 

miRNA was calculated based on 2-ΔΔCt, and the normalization was done through the use of 

small nuclear RNA U6.
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4. Target prediction and gene ontology of differentially expressed miRNAs

The sRNAtoolbox could predict over 40.000 putative target sites in the 15.000 

contigs of fathead minnow. The predicted target genes have a broad range of different 

functions, especially, including genes related to immune responses such as complement 

C3, interferon regulatory factor 5, and MHC class II, and Cathepsin S precursor 

(Supplement 3). 

The gene ontology analysis of predicted target genes based on biological process 

showed that the 15.000 target genes were clustered into 27 GO terms of level 2 (Fig. 13), 

and there were around 356 genes related to the immune system process. The KEGG

pathway analysis grouped the predicted target genes into 20 pathways (Fig. 14).
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Figure 13. Gene ontology terms of target genes of differentially expressed miRNAs. The target 

genes of deregulated miRNAs were blasted, annotated using the Blast2GO software with 

default parameters.
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Figure 14. KEGG pathways of target genes of deregulated miRNAs in EPC cell line during the 

viral infection with VHSV. The KEGG pathways analysis was done using the KEGG Automatic 

Annotation Server.
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Discussion

The chronological analysis of miRNAs expression in EPC cells infected with 

VHSV showed that the number of differentially expressed miRNAs was highly increased

at 24 h.p.i compared to 3 h.p.i and 12 h.p.i. This miRNA expression pattern in response to 

VHSV infection was similar to the pattern from our previous in vivo experiment with olive 

flounder (Abdellaoui et al., 2016), suggesting that EPC cells, as well as olive flounder,

might not actively respond to VHSV infection at an early infection period, which can allow 

viruses to transcribe and translate their genes enough to produce viral particles that can 

infect to another cell.

Recently, Wu et al. (., 2015) reported the effect of spring viremia of carp virus 

(SVCV) infection on miRNAs expression in EPC cells, in which ten conserved and four

novel miRNAs were differentially expressed in EPC cells at 36 h.p.i. with SVCV. Among 

the ten conserved miRNAs, the change of miR-124, miR-16a, and miR-19c expressions 

by virus infection was similar to those of the present study. Considering the vital role of 

miR-16-1 in viral infection (Wang et al., 2013), and miR-19 in the regulation of the 

inflammation during viral infection through the modulation of RING finger protein 11 

(Ashraf et al., 2016) This similarity suggests the possible common involvement of these 

miRNAs in rhabdoviral infections in fish. The differences in the number of differentially 

expressed miRNAs between Wu et al. (., 2015) and the present study might be caused by 

differences in viral species, viral virulence and/or viral infection intensity (MOI 0.1 in Wu 

et al. (., 2015) and MOI 1 in this study).

The let-7 family of miRNAs is functionally conserved across different phyla and 

has a relation with cell proliferation and differentiation (Johnson et al., 2007). In fish, let-

7 miRNA was downregulated during the bacterial infection in tilapia (Schulte et al., 2011; 

Wang et al., 2016). Similarly, let-7 miRNAs were downregulated by VHSV infection in 

this study, suggesting that let-7 miRNAs might have an identical function to viral and to 

bacterial infections. Among downregulated miRNAs by VHSV infection, there is the miR-

125 known to be involved in the regulation of host immune defense(Potenza et al., 2011; 

Rajaram et al., 2011; Willimott et al., 2012). MiR-125 targets several immune genes, such 

as C-C chemokine receptor type 9-like, CD209 antigen, and immunoglobulin light chain. 
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Furthermore, in mammals, miR-125 targets the IFN regulatory factor 4 (IRF4), and the 

increase of miR-125 elevates the responsiveness of macrophages to IFN-γ which leads to 

upregulate macrophages activity (Chaudhuri et al., 2011). Thus, in this study, VHSV 

infection could cause a downregulation of miR-125 to potentiate the viral replication.

Among upregulated miRNAs by VHSV infection, miR-735-3p, miR-735-5p, and 

miR-738 were the most highly increased miRNAs with 15, 6, and 13 folds changes, 

respectively. MiR-738 has been identified only in fish species and was detected in the 

commune immune organ such the spleen of common carp (Wang a et al., 2010; Li et al., 

2014). The miR-735 was also found only in fish species until now, and based on the present 

target prediction, it could regulate several immune genes (Supplement 3) as well as 

ubiquitin-conjugating enzyme E2 D3 that is involved in different immune processes such 

as the toll-like receptor 3 (TLR3) signaling pathway and the MyD88-independent TLR 

signaling pathway. Furthermore, the present results showed upregulation of representative 

immune regulating miRNAs such as miR-146a, miR-155, and miR-99. The role of miR-

146a has been extensively studied, and its different functions are well characterized. MiR-

146a plays a key regulator in immune responses through modulation of the TLRs and 

cytokine signaling (Liu et al., 2010; Schulte et al., 2013). It has been reported that the viral 

infection could cause an overexpression of miR-146a which lead to negative feedback of 

the interferon response pathway (Cameron et al., 2008; Hou et al., 2009). Like previous 

studies, miR-146a was upregulated following the progression of VHSV infection in this 

study. Based on target prediction, miR-146a targets several immune genes which involved 

in different process such as inflammatory response, complement activation, positive 

regulation of type I interferon production through regulation of catenin beta-1 and 

complement C3 (Supplement 3). Besides miR-146a, there was upregulation of miR-155 

during VHSV infection. As known, miR-155 has several roles in inflammatory response 

and host immunity. The overexpression of miR-155 has a positive feedback on regulation

of TLR3/TLR4 signaling pathways (Li et al., 2013). Furthermore, miR-155 is crucial in 

the activation and development of lymphocytes B and T through modulation of T-cell-

receptor and B-cell-receptor (Rodriguez et al., 2007). Also, miR-155 has several targets, 

among which there was the C-C chemokine receptor type 9-like (Supplement 3) that is 
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involved in a neutrophil activation process and several pathways, such as cytokine-

cytokine receptor interaction and chemokine signaling. Besides these two miRNAs, there 

was upregulation of miR-99 known to be an oncogene miRNA (Li et al., 2011). It was 

reported that miR-99 enhanced the replication of hepatitis B virus through the modulation 

of the phosphoinositide 3-kinase/Akt/mTOR signaling pathway (Lin et al., 2015). In our 

study, the miR-99 has two target genes: kinase C alpha type and complement factor B. The 

kinase C alpha type is involved in several processes including positive regulation of 

macrophage differentiation, innate immune responses, and response to interleukin-1. The 

complement factor B modulates biological processes such as responses to bacterium and 

complement activation. Thus, upregulation of miR-99 by VHSV infection might be 

favorite for the viral proliferation.

In conclusion, our results showed the change of miRNAs profile in EPC cells 

according to the time lapse of VHSV infection. Considering the broad and complex 

interactions between miRNAs and genes expression, the present results would give a basis 

for the further understanding on the pathogenesis of VHSV and the development of new 

control measures against VHSV infection.
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Chapter III. Effect of miR-146a on VHSV replication
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Introduction

MiRNAs are a class of small non-coding RNA with a length ranging from 18-24 

nt. The first miRNA was discovered in Caenorhabditis elegans, lin-4, which represses the 

expression of lin-14 gene through binding to its 3’ UTR sequence. Later, findings of small 

RNA with similar function were discovered in several species. Until today, the miRNA 

registry counts more than 30,000 mature miRNAs in over 200 species. The discovery of 

miRNA has opened the door to a new class of small RNA besides miRNA such piwi-

interacting RNA, small interfering RNA and other categories of small RNA. 

The miRNA interacts with mRNA mainly through binding, through which, they 

can control the expression of the protein by inhibition of translation or degrading the 

mRNA. Furthermore, based on this binding and bioinformatics analysis, a single miRNA 

can regulate expression of hundreds of genes, and similarly, several miRNAs can regulate 

a single gene.

The miRNAs are involved in different physiological and pathologic processes. The

miR-126 have shown to regulate Homeobox genes which are involved in the regulation of 

hematopoietic stem cells (Shen et al., 2008). Also, miR-181 was proven to be involved in 

natural killer cells development through enhancing Notch signaling (Cichocki et al., 2011). 

Furthermore, the miR-150 stimulates differentiation of megakaryocyte-erythrocyte 

progenitor into megakaryocyte by downregulation of MYB (Lu et al., 2008). In addition 

to their physiological role, the miRNAs can be double-edged swords in pathological 

processes. Following infection, the miRNA can enhance immunity by upregulating 

immune genes cells involved into immunity such as miR-155 which enhance IFN type I

response through binding to suppressor of cytokine signaling 1 resulting in the degradation 

of mRNA of the latter (Wang et al., 2010). Also, the miR-32 downregulates viral 

replication of retrovirus primate foamy virus type1 through binding to its 3’ untranslated 

region (UTR) (Lecellier et al., 2005). 

On the other hand, miRNAs can create a favorable environment for viral 

replication by inhibiting host defense. The miR-122 enhances replication of hepatitis C 

virus through binding to the 5’UTR of the virus (Jopling et al., 2005). Furthermore, miR-

132 downregulates p300 transcriptional co activator that will favorize replication of �
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Kaposi's sarcoma-associated herpesvirus (Lagos et al., 2010). In fish, miRNAs have 

various roles such as in mammals. However, few reports focused on the role of miRNA in 

fish. Following viral infection by Megalocytivirus, the miR-731 is upregulated which 

inhibits type I interferon and apoptosis (Zhang et al., 2016). MiR-146a is indicated to 

negatively regulate immune response during infection in mammals (Hou et al., 2009; Wu 

et al., 2013). Furthermore, miR-146a can cause a suppression of immune response of T 

cells through targeting STAT1 that leads to downregulation of IFN-α signaling pathway 

(Wang et al., 2013). In fish, miR-146a was observed to be upregulated during bacterial 

infection by Salmonella typhimurium in zebrafish (Ordas et al., 2013). However, miR-146a 

function during viral infection is still unclear as we observed an upregulation of miR-146a 

following viral infection by VHSV in-vitro and in-vivo studies.

VHSV is a notorious virus causing a deadly disease and high mortality in 

aquaculture (Marianne et al., 2006; Kim et al., 2009). The VHSV is a negative single-

stranded RNA virus that contains six genes coding for different proteins and belonging to 

genus Novirhabdovirus (King et al., 2012). In recent years, VHSV became a broad virus 

touching different species and different environments which required control action and 

preventive measurements such as vaccination. Most studies have focused on developing 

vaccines based on different molecular techniques. Yet, the molecular mechanism 

underlying the viral pathogenicity and its interaction with the host cells still blurred and

required thorough investigation to understand these mechanisms.

Lately, through the use of next-generation technology and miRNA transcriptome 

analysis, we investigated the effect of VHSV infection on miRNAs expression in-vivo and 

in-vitro, and we could find that several miRNAs were differentially regulated following 

VHSV infection (Abdellaoui et al., 2016; Abdellaoui et al., 2017). Among them, there was 

upregulation of miR-146a after the viral infection. Still, the mechanism of action of this 

miRNA during viral infection and its impact on the host and viral pathogenesis of VHSV 

is still indefinite.

The purpose of this study was to elucidate the role of miR-146a during viral 

infection by VHSV, giving the significance of this miR-146a in mammalian immunity 

system. 
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Materials and methods

1. Cell culture and virus

Epithelioma papulosum cyprini (EPC) cells were grown in Leibovitz’s L-15 

medium (Sigma Aldrich) supplemented with 10 % of fetal bovine serum (Gibco) and 1 % 

of penicillin/streptomycin (Gibco). VHSV KJ2008 stock was prepared using EPC cells.

2. miRNA and plasmid construction

2.1. Precursor miRNA prediction

Based on our previous study (Abdellaoui et al., 2017), fathead minnow miR-146a 

sequence was 100 % identical to zebrafish miR-146a. So, the precursor mir-146a was 

predicted through blasting the zebrafish mir-146a against fathead minnow whole genome 

shotgun deposited under genebank accession number JNCD00000000, and we extracted 

85 nt from the genome with a high match to zebrafish precursor. The retrieved sequences 

were analyzed using mFold (Zuker, 2003) with default parameters to predict secondary

structure. Furthermore, the predicted hairpin structure was submitted to iMiRNA-SSF 

(Chen et al., 2016) which classifies pre-miRNA hairpin sequences as real or pseudo-pre-

miRNA.

2.2. Prediction of miR-146a target

The TRAF6 gene was retrieved based on fathead minnow shotgun genome 

assembly and transcriptome shotgun assembly. First, TRAF6 of related species to fathead 

minnow such zebrafish, common carp were retrieved and blasted against transcriptome. 

The highest match was retrieved and blasted against protein database of NCBI and UniProt 

database. Using similar approaches, the 3’UTR of TRAF6 was retrieved, and the target 

prediction of miR-146a was done using miRanda, Targetscan and PITA prediction tools 

(Kertesz et al., 2007; Betel et al., 2010). 
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2.3. Construction of plasmid expressing pri-mir-146a and TRAF6-3’UTR

The plasmid expressing miR-146a was constructed using pcDNA 3.1(+) (Thermo 

Fisher Scientific). First, genomic DNA was extracted from EPC cells using Exgene cell 

SV (Geneall) following manufacturer’s instructions. The primary pri-mir-146a was PCR 

amplified using primers ppr-mir-146a-NheI-F and ppr-mir-146a-NotI-R which generated

a fragment of 222 bp that was run on an agarose gel (0.9%) and visualized using Ultraview 

(KoreaLabTech). The amplified fragment was purified using Expin Gel SV (Geneall), 

subcloned into pGEM-T easy vector (Promega) and several clones were sequenced. After 

confirmation of sequence, the T-vector was digested with corresponding enzymes, and 

ligated into pcDNA3.1 (+). The constructed plasmid was designated as pc-pri-mir-146a.

Also, the 3’UTR of TRAF6 was cloned in the same way. First, Metridia luciferase 

gene was first amplified from pNFkb-MetLuc2-reporter vector (Clontech) using Metluc-

NheI-F and Metluc-BamHI-R primers, visualized on agarose and purified using Expin Gel 

SV kit. The purified fragment was cloned into pGEM-T easy vector, and several clones 

were sequenced. The confirmed clone was digested and subcloned into pcDNA3.1(+) 

vector and designated as pc-Metluc. Then, 3’UTR of TRAF6 was cloned from genomic 

DNA of EPC cells using primers TRAF6-3UTR-BamHI-F and TRAF6-3UTR-ApaI-R. 

The amplified fragment was inserted into pGEM-T easy and subcloned into pc-Metluc 

vector through ligation using the respective enzymes, and the ligated vector was nominated

as pc-Metluc-TRAF6-3UTR.

MiR-146a binding site on TRAF6-3UTR was predicted using, as previously stated, 

miRanda and PITA. The binding site was mutated on seed region to abolish interaction of 

miR-146a with it. Mutation of binding site was done using site-directed mutagenesis 

technique and a pair of primers (TRAF6-3UTR-SDM-F and TRAF6-3UTR-SDM-R). The 

generated plasmid was designated as pc-Metluc-TRAF6-3UTR-SDM.

3. Construction of sponge miRNA for miR-146a

Sponge miRNA are RNA molecules bearing complementary binding sites 

concerning a specific miRNA to be studied through loss of function. Usually, sponge 

miRNA construct contains around four to 10 binding sites, transcribed by a strong
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promoter such as CMV promoter and are linked to a reporter gene such as EGFP or 

luciferase gene.

Sponge miRNA against miR-146a was designed as perfectly complementary to 

miRNA or with a bulged between 9-12 nt of miRNA. We generated six binding sites for 

each type of sponge (perfect or bulged) using Macrogen service, and they were inserted

into pUC19 flanked with two enzymes sites (BamHI, XbaI). Using enzyme digestion, the 

sponges were inserted into the pc-Meluc vector using the respective enzyme, and they were 

labeled as pc-Metluc-146a-sp and pc-Metluc-146a-sb.

4. Transfection of cells and generation of stable cells expressing miR-146a, 

sponge miRNA, TRAF6-3UTR, and TRAF6-3UTR-SDM

EPC cells were seeded into T-25 flasks and incubated at 28 °C in L-15 medium 

supplemented with 10 % of FBS and 1 % of penicillin/streptomycin. When confluency 

reached 80-90%, cells were transfected using Neon system following manufacturer’s 

instructions. Briefly, cells were trypsinized, centrifuged, and counted using trypan blue.

For transfection, we used 3x106 cells and washed them with PBS (without Ca2+ and Mg2+) 

by centrifugation for 5 min at 3000 rpm and resuspended the cells using buffer R. After 

that; we added plasmid expressing sponge miRNA or expressing miR-146a to cells and 

electroplated them with optimized pulse conditions. Then, we plated transfected cells onto

35-mm dishes. The cells were incubated at 28 °C overnight. After two days, selection of 

cells harboring the vector stared by adding G-418 (400 μg/ml, Sigma) antibiotic to culture

medium and it was done for one month. 

After one-month, stable cells expressing miR-146a or sponge miRNA were 

generated, and stocks were made and stored at -150 °C for future use. Similarly, cells 

expressing TRAF6-3UTR or TRAF6-3UTR-SDM were made and keep it at -150 °C until 

use.
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5. Knockout of TRAF6 in EPC cells using clustered regularly interspaced 

short palindromic repeats (CRISPR) RNA-guided Cas9 nucleases

technique

5.1. Construction of vector expressing Cas9 and gRNA

First, we constructed a Cas9 expressing vector with selection marker geneticin 

(G418). Briefly, vector CAS740G-1(System Biosciences, Korea) was mutated using a pair 

of primers (Kan-SDM-NotI-F and Kan-SDM-NotI-R) to insert restriction enzyme site NotI. 

After confirmation of mutation by sequencing, kanamycin resistance cassette was cloned 

from the pFC-MCS-pA-SV40-Neo vector (System Biosciences, Korea) and inserted into

the mutated vector using NotI and NdeI enzymes. Generated vector was sequenced and 

designated as pCAS9-Kan.

Guide RNA (gRNA) targeting TRAF6 gene was designed using CHOPCHOP 

web tool (Montague et al., 2014). First, the sequence of TRAF6 gene was submitted to the 

tool, then gRNA with non-off-target effect was selected. 

The gRNA was generated using overlap- PCR. First, gRNA was generated using 

primers TRAF6-gRNA-F1 and gRNA-HDV-ApaI-R, and plasmid KHV-TKgRNA-Cas9

was used as template. Then a second PCR was done using PCR product and a pair of 

specific primers (TRAF6-gRNA-F2 and gRNA-HDV-ApaI-R). Finally, using a pair of 

primers TRAF6-gRNA-NheI and gRNA-HDV-ApaI-R, gRNA and gRNA scaffold were

generated, cloned into pGEM-T vector and sequenced for confirmation. After enzyme 

digestion with NheI and ApaI, gRNA and gRNA scaffold were inserted into pc-DNA 3.1(+) 

vector and confirmed by sequencing.  The fragment harboring CMV promoter, gRNA, 

gRNA scaffold, and bovine growth hormone polyadenylation signal was amplified using

a pair of primers (pc-CMV-AgeI-F and BgH-pA-EcoRI-R), cloned into pGEM-T vector 

and sequenced for confirmation. After digestion of vector with AgeI and EcoRI enzymes, 

the fragment was inserted into pCAS9-Kan vector, confirmation was done using 

sequencing, and the constructed plasmid was designated as pCAS9-TRAF6.
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5.2. Generation of TRAF6 knockout cells (ΔTRAF6)

EPC cells were seeded into 35 mm dish and incubated at 28°C in L-15 medium 

supplemented with 10 % FBS and 1 % of penicillin/streptomycin. Next day, the medium

was changed to transfection medium supplemented with 10% of FBS and 20 mM HEPES 

and cells were transfected with pCAS9-TRAF6 plasmid (1ug) using Fugene HD (Roche) 

according to manufacturer’s instructions. Two days later, cells were transferred to  a T25 

flask, and the selection was done using culture medium containing G418 (400 μg/ml).

6. Luciferase assay

Cells expressing luciferase or sponge miRNA were plated on six-well at a density 

of 3x106 and incubated at 28 °C. Luciferase expression was evaluated using Ready-To-

Glow Secreted Luciferase Assay (clontech) following manufacturer’s instructions. Briefly, 

50 ul of the medium was added to 96 well white plate and added 0.5 ul of the substrate and 

4.5 ul of buffer. We measured luciferase expression using Victor 3 (PerkinElmer) following 

constructor’s directions.

7. RNA extraction and qPCR

RNA extraction was done using Hybrid-R RNA purification kit (Geneall, Korea)

following constructer’s instruction. Briefly, cells were lysed in 1 ml of Riboex and 200 μl 

of chloroform, then incubated at RT for 2 min. The mixture was centrifuged at 13.000 rpm 

for 15 min at 4°C and then transferred the aqueous phase to e-tube. Using column, the

aqueous phase was passed through after mixing with RB1 and then washed using SW1 and 

RNW. The RNA was eluted, and genomic DNA was removed using geneall Riboclear kit 

(Geneall, Korea).

One μg of RNA was reverse transcribed using Hyperscript RT-PCR (Geneall, 

Korea). The mixture was incubated at 55 °C for 60 min, then further incubated at 95 °C

for 5 min. The complementary DNA (cDNA) was diluted using DNase and RNase free 

water and stored at -20 ° C until use.
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qPCR was performed using Roche lightcycler 480. Briefly, two μl of cDNA was 

added to a mixture containing 10 ul of 2xSYBR green, one μl of specific primers (5pmol), 

and six μl of DNase and RNase free water. PCR conditions were as follows: initial 

denaturation was done at 95 °C for 15 min, followed by 40 cycles of denaturation at 95 °C 

for 10 s, annealing at 60 °C for 10 s and then elongation at 72 °C for 20 s. Data analysis 

was done using 2-ΔΔCT.

For small RNA, RNA extraction was done using Hybrid-R™ miRNA (geneall) 

following constructer’s instructions. Then miRNAs were reverse transcribed and 

quantified using HB miR Multi Assay Kit TM system II (HeimBiotek, Korea). Briefly, 

synthesis of cDNA was done using a specific RT primer to the desired miR. After 

assembling the different components, RT-PCR was done in a thermal cycler with an initial 

step of 37 °C for one h followed by incubation at 95 °C for 5 min and finally held at 4 °C. 

The final product was stored at -20 °C until use.

Two μl of cDNA was used during real-time PCR which was performed in Roche 

Light Cycler 480 (Roche). Amplification was done as follow: initial activation at 95 °C for 

15 min, followed by 40 cycles of denaturation at 95 °C for 10 s and annealing-extension 

step at 60 °C for 40 s. Small nucleolar U6 was used as reference gene. The results were 

analyzed using 2-ΔΔCt.

8. Plaque assay 

EPC cells harboring pc-pri-mir-146, pc-luc vector, pc-Metluc-146a-sp and pc-

Metluc-146a-sb were seeded in 35 mm dish (106 cells/dish) and incubated at 28 °C with 2 

ml of L-15 medium containing 10 % FBS and antibiotics (penicillin-streptomycin).  Next 

day, cells were incubated at 20 °C overnight. Twenty-four hours later, cells were infected 

with wild-type VHSV at an MOI of 0.01. The cells were incubated at 14 °C, and the 

supernatant was harvested at 12, 24, 4, and 72 hours post-infection. The titer of virus was 

determined using plaque assay.

First, EPC cells were inoculated with each supernatant that was serially diluted

from 10-1 to 10-5. After inoculation, cells were incubated at 14°C for one h; then cells were 

overlapped with plaquing medium composed of 0.8% agarose in L-15 medium 
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supplemented with 2 % FBS and antibiotics. After seven days, the layer of gel was removed, 

the dish washed, cells fixed with 10 % of formalin and then stained with 3 % of crystal 

violet for 30 min at RT. The dish was washed with distilled water, and the plaque-forming 

units (PFU) were counted.
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Table 3- 1 Oligonucleotides used for construction of different plasmids

Primers           Sequence (5’-3’)

ppr-mir-146a-NheI-F GCTAGCACCATTTTAGTACACTTGATGGGCAAC

ppr-mir-146a-NotI-R GCGGCCGCTGTTTTCTTGGTGTATTTTTAATACTTTTGTTGT

Metluc-NheI-F GCTAGCGCCACCATGGACATCAAGGTGGTGTTCACC

Metluc-BamHI-R GGATCCTCACCTGTCGCCGGCCATGC

TRAF6-3UTR-BamHI-F GGATCCAGTTCCTACATCGCTCCTGCAT

TRAF6-3UTR-ApaI-R GGGCCCTCGATACTCGATTCTCGATACCCAACC

TRAF6-3UTR-SDM-F CGCTCCTGCATTCTCAAGGGATCAATGACACTCTGCTG

TRAF6-3UTR-SDM-R CAGCAGAGTGTCATTGATCCCTTGAGAATGCAGGAGCG

Kan-SDM-NotI-F CGTTGTCGGGAAGATGCGGCCGCTGATCCTTCAACTCAGC

Kan-SDM-NotI-R GCTGAGTTGAAGGATCAGCGGCCGCATCTTCCCGACAACG

PFC-Kan-NotI-F GCGGCCGCCGCGGAACCCCTATTTGTTTATTTTTC

PFC-Kan-NdeI-R CATATGGAACAAACGACCCAACACCGTG

TRAF6-gRNA-F1 TGAGTGTCCTATCTGTCTAAGTTTTAGAGCTAGAAATAGCAAGTT

TRAF6-gRNA-F2 GACGAAACGAGTAAGCTCGTCTGAGTGTCCTATCTGTCTAAGTTT

gRNA-TRAF6-NheI-F GCTAGCCACTCACTGATGAGTCCGTGAGG

gRNA-HDV-ApaI-R GGGCCCGTCCCATTCGCCATGCCGAA

pc-cmv-AgeI-F ACCGGTGACATTGATTATTGACTAGTTATTA

BgH-pA-EcoRI-R GAATTCCCATAGAGCCCACCGCATCC

Restriction enzymes are underlined, and mutation sites are bolded.
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Table 3- 2 Primers used for real-time RT-PCR

Primers Sequences (5’-3’)

EPC-BA-real-time-F AAGGAGAAGCTCTGCTATGTGGCT

EPC-BA-real-time-R AAGGTGGTCTCATGGATACCGCAA

EPC-ISG15-realtime-291F TGATGCAAATGAGACCGTAGAT

EPC-ISG15-realtime-391R CAGTTGTCTGCCGTTGTAAATC

EPC-MX-qPCR-F TGGAGGAACCTGCCTTAAATA

EPC-MX-qPCR-R GTCTTTGCTGTTGTCAGAAGATTAG
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Results

1. Prediction of primary miRNA 146 a (pri-mir-146a)

The blast of mature zebrafish miR-146a against the genome of fathead minnow 

gave two hits with 100 % homology to zebrafish miR-146a. The blast results were aligned

with miR-146a of other fish, and they showed a high conservation among fish (Fig.15).

Then, the secondary structure of precursor mir-146a was predicted using mFold software 

(Fig.16).

Figure 15. Conservation of miR-146a among different species of fish.

Figure 16. Predicted secondary structure of precursor mir-146a (mFold). Mature miR-146a is

highlighted with blue box.
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2. Construction of plasmid pc-pri-mir-146a

Plasmid-harboring primary mir-146a was constructed (Fig.17).  The  EPC cells 

transfected with the plasmid showed over 14 folds of overexpression at 72 hours-post 

transfection and around six folds 92 hours-post-transfection compared to control group 

(Fig.18).

Figure 17. Map of plasmid pc-pri-mir-146a, primary mir-14a is expressed by constitutive promoter 

CMV.
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Figure 18. Quantification of miR-146a in Epithelioma papulosum cyprini (EPC) cells using real-

time RT-PCR. Relative expression of miR-146a in EPC cells transfected with the plasmid 

expressing miR-146a was compared to mock control cells using Ct method. Fold changes (means 

± SD based on triplicate assay) were represented in histograms. The U6 gene was used as internal 

control. Significant differences from the control group were analyzed using Student’s t-test. The 

asterisk represents a significant difference at P<0.05.

3. Validation of sponge miRNA efficiency 

EPC cells were transfected with pc-Metluc, pc-Metluc-146a-sb, pc-Metluc-146a-

sp and selected with G418 for one month. The cells were infected with VHSV at different 

MOI, and miR-146a expression was analyzed based on luciferase expression. As results, 

cells expressing perfect sponge miRNA against miR-146a showed a statically significant 

decrease of luciferase activity compared to cells expressing luciferase or bulged sponge 
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against miR-146a (Fig.19). Furthermore, independently of MOI, we observed the same 

pattern of decrease for cells harboring perfect sponge miRNA.

Figure 19. Analysis of luciferase expression in Epithelioma papulosum cyprini (EPC) cells 

harboring luciferase expressing vector (luc) or harboring perfect sponge miRNA (sp) expressing 

vector or harboring vector expressing bulged sponge miRNA (sb).Cells were infected with wild-

type VHSV at different MOI (0.1,0.01, and 0.001) and luciferase activity was analyzed 24 hours 

post-infection. Different letters on the bars indicate significantly different at P<0.05.

4. Effect of sponge miRNA targeting miR-146a and miR-146a expressing 

vector on replication of VHSV

To investigate the role of miR-146a in viral infection with VHSV, we infected EPC

cells expressing luciferase, cells expressing perfect or bulged miRNA against miR-146a, 

and cells harboring vector expressing miR-146a with VHSV at MOI of 0.01. Cells 

transfected with the vector expressing perfect sponge miR-146a had the lowest virus titer 

compared to control group at 72 h.p.i (Fig. 20). Furthermore, cells harboring vector 
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expressing miR-146a showed the highest virus titer compared to control group at 48, and 

72 h.p.i. On the other hand, cells expressing bulged sponge miRNA did not have any effect 

on viral titer compared to control group.

Figure 20. Virus titer of each group was measured using plaque assay.Cells were infected with wild-

type VHSV at an MOI of 0.01 for 12, 24, 48, and 72 hours. The viral titers were measured using 

plaque assay.
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5. MiR-146a regulate TRAF6 expression in EPC cells

Using miRanda, PITA and Targetscan tools, we found a binding site in the 3’UTR 

of TRAF6 (Fig.21).

Figure 21. Schematic of the binding site of miR-146a in the TRAF6-3’UTR. Complementarities 

between miR-146a and target site are shown, and the seed sequence is underlined.

To validate interaction between miR-146a and putative binding site, we cloned the 

full length of TRAF6 3’UTR into pc-Metluc and mutated the binding site. EPC cells 

harboring TRAF6-3’UTR and TRAF6-3’UTR-SDM vectors were seeded into 24 wells at 

a concentration of 105 in L-15 medium containing 10 % FBS, 1% of antibiotics (penicillin-

streptomycin) and incubated at 28 °C overnight. Next day, cells were transfected with 

mimics of miR-146a at different concentrations (25 nM, 50 nM, and 100 nM) and negative 

control mimics (NCM) with a final concentration of 100 nM. Luciferase activity was 

measured at 24 and 48 hours-post transfection (h.p.t) using Ready-To-Glow Secreted 

Luciferase Assay (Clontech).

Transfection of miR-146a mimics reduced luciferase activities at 24 and 48 hours 

in EPC cells harboring TRAF6-3’UTR vector, while transfection of negative control 

mimics did not alter luciferase activity (Fig.22 A). These results, indicate that miR-146a 

bind directly to target site in 3’UTR of TRAF6.

Furthermore, to investigate if the binding site is solely responsible for the targeting, 

we mutated seed region in the binding site. Introduction of mutation in 3’UTR of TRAF6 
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impaired the effect of miR-146a and transfection of mimics did not show any reduction of 

luciferase activities compared to control group (Fig. 22 B).

Figure 22. Luciferase activities in EPC cells harboring TRAF6-3’UTR vector or TRAF6-3’UTR-

SDM vector. A. cells expressing TRAF6-3’UTR were transfected with negative control mimics 

(NCM) at a final concentration of 100 mM or with miR-146a mimics at a final concentration of 25, 

50, and 100 nM. Luciferase activities were measured 24 hours and 48 hours-post-transfection (h.p.t).

B. cells expressing TRAF6-3’UTR-SDM were transfected with negative control mimics (NCM) at 

a final concentration of 100 mM or with miR-146a mimics at a final concentration of 25, 50, and 

100 nM. Luciferase activities were measured 24 hours and 48 hours-post-transfection (h.p.t). Data 

are shown as mean ± SD. Asterisk indicates significant difference at p<0.05.
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6. TRAF6 regulates type I interferon response pathway

6.1. Knockout of TRAF6 in EPC cells

To further study the target gene of miR-146a, TRAF6 was knocked-out using 

CRISPR technology. EPC cells were transfected with pCAS9-TRAF6 using Fugene HD 

following manufacturer’s instruction, and the selection was done using G418. Knockout 

of TRAF6 was confirmed using sequencing. Briefly, genomic DNA was extracted, and 

PCR amplified using specific pair of primers (TRAF6-F and TRAF6-R). Then PCR 

product was cloned into the pGEM-T vector and submitted to sequencing. The Cas9 system 

caused indels of several nucleotides or insertion of one nucleotide (Fig.23).

Figure 23.  Alignment of exon 1 of TRAF6 from wild-type EPC cells with sequences of TRAF6 

from ΔTRAF6-EPC cells. Guide RNA (sgRNA) indicate the target site in exon 1 of TRAF6. 

Sequencing results of wt-TRAF6 and ΔTRAF6 using universal primers (M13F-pUC and M13R-

pUC) show mutation around the site of cleavage by the Cas9 system.

6.2. Effect of knockout of TRAF6 on type I interferon response

ISG-15 expression was significantly downregulated at 0 h.p.t in ΔTRAF6-EPC 

cells compared to wild-type EPC cells. After poly: IC treatment, the ISG-15 level was 

significantly increased in wild-type EPC cells compared with ΔTRAF6-EPC cells at six 

h.p.t (Fig. 24 A). Furthermore, transcription of MX1 was significantly downregulated in 

ΔTRAF6-EPC cells compared to wild-type EPC cells at 0 h.p.t. On the other hand, poly: 

IC stimulation caused a significant up-regulation of MX1 gene expression in wild-type 

EPC cells compared to ΔTRAF6-EPC cells at 6 and 12 h.p.t (Fig. 10 B).
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Figure 24. Real-time RT-PCR of ISG-15 and MX1 mRNA in EPC cells and ΔTRAF6-EPC.A. 

Relative mRNA expressions of ISG-15 gene was assessed in wild-type EPC cells and ΔTRAF6-

EPC cells before and after stimulation with poly: IC at 0, 6, and 12 hours-post treatment (h.p.t). B. 

Relative mRNA expression of MX1 gene was assessed in wild-type EPC cells and ΔTRAF6-EPC 

cells before and after stimulation with poly: IC for 6 and 12 hours. Beta-actin gene was used as 

internal control and data is shown as mean ±SD.
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Discussion

MiRNAs are post-transcription regulators that play essential roles in different 

physiological or pathological processes (Bartel, 2004). MiRNAs also have an important

function in controlling immune system either by enhancing immunity against viral 

infection (Wen et al., 2013) or by having a negative effect on host immunity which boosts

viral replication (Ashraf et al., 2016). Several studies have shown the upregulation of miR-

146a upon viral infection (Cameron et al., 2008; Punj et al., 2010) that indicated an 

essential role in viral infection.

Furthermore, our previous study (Abdellaoui et al., 2017) have shown an 

upregulation of miR-146a expression after infection of EPC cells with VHSV. In this 

present study, we could prove that miR-146a helped in the establishment of favorable 

environment for viral replication. The viral infection with VHSV at a different MOI (0.1, 

0.01, 0.001) caused a significant decrease of luciferase activity in cells transfected with 

perfect sponge miRNAs compared to the mock group. These results could be explained by 

sequestration of miR-146a through binding to sponge miRNA which led to reduced 

luciferase activity. Furthermore, overexpressing miR-146a in EPC cells have enhanced 

virus replication compared to control group. Finally, the viral replication was impaired in

the presence of sponge miRNA against miR-146a. Based on that, the miR-146a could help 

viral replication. It has been reported that miR-146a plays a proviral role following 

infection with vesicular stomatitis virus (Hou et al., 2009) and following infection with 

dengue virus (Wu et al., 2013).

Until now, several miRNAs were investigated for their role in positively (proviral) 

or negatively influencing viral replication. For example, miR-122 in hepatitis chronic virus

(HCV) infection has shown to play a proviral role by binding to 5’UTR of HCV RNA 

genome which enhances viral replication (Jopling et al., 2008). On the other hand, miR-

155 has been shown to have an antiviral role against vesicular stomatitis virus by 

promoting type I IFN response (Wang et al., 2010). The double role of miRNA (proviral 

and antiviral roles) can be explained by the complexity of interaction between host’s 

immunity and pathogens. The host’s immunity produces miRNAs to defend against 
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pathogens. However, viruses have established several mechanisms to take advantage of 

miRNAs to enhance their replication.

MiR-146a has been well studied in mammals, and several target genes were 

discovered including TNF receptor-associated factor 6 (TRAF6), IL-1 receptor-associated 

kinase (IRK1), signal transducer and activator of transcription 1 (STAT1) (Taganov et al., 

2006; Tang et al., 2009). In this study, using several target prediction tools, we predicted 

the binding site of miR-146a in 3’UTR of fathead minnow TRAF6. Furthermore, we 

generated cells lines harboring a vector that express luciferase protein linked to 3’UTR of 

fathead minnow TRAF6, and we could demonstrate that overexpression of miR-146a 

downregulated luciferase activity in a concentration-dependent manner. To confirm the 

authenticity of targeting site, we mutated binding site and generated cells lines expressing

mutated 3’UTR of fathead minnow TRAF6 linked to the luciferase gene. The reporter 

assay did not show any significant difference between mock cells transfected with negative 

control mimics and cells transfected with mimics of miR-146a. These results indicate a 

direct interaction between miR-146a and fathead minnow TRAF6 gene. Interestingly, 

recent studies have shown the role of miR-146a in regulating host immunity by targeting 

TRAF6 such as infection with dengue virus or following infection with vesicular stomatitis 

virus (Hou et al., 2009; Wu et al., 2013). However, until now the role of miR-146a in viral 

infection in fish is still unknown except one report that showed the role of miR-146a on 

inhibition of NF-κb activation following Singapore grouper iridovirus infection but 

without identifying the target gene (Ni et al., 2017).

To investigate the role of fathead minnow TRAF6 on activation of type I interferon 

response, we knocked-out TRAF6 gene in Epithelium Papulosum Cyprini cells (EPC) 

using Crisp-cas9 technology. Before stimulation of EPC cells and ΔTRAF6-EPC cells with 

poly: IC, we observed a reduced expression of interferon-stimulated gene 15 (ISG-15) and 

MX1 genes in ΔTRAF6-EPC cells compared to EPC cells. Furthermore, there was a 

significant difference in expression of ISG-15 and MX1 genes after stimulation with poly: 

IC for 6 and 12 hours between cells lacking TRAF6 gene and normal EPC cells. The low 

expression of MX1 and ISG-15 genes in ΔTRAF6-EPC cells could be explained by lack 

of TRAF6 which have been identified as a major regulator of NF-κb activation (Dickson 
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et al., 2004). The knockout of TRAF6 in EPC cells caused a downregulation of type I 

interferon response. However, it is didn’t impaired the MX1 and ISG-15 genes expression 

which could be explained by activation of type I interferon response through a different 

pathway.

In conclusion, we demonstrated that miR-146a is a proviral following infection 

with VHSV and it exerts this role by targeting fathead minnow TRAF6 in EPC cells. 

Furthermore, we clarified the upregulation of miR-146a upon infection with VHSV and 

investigated the mechanism behind it.
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Chapter IV. miR-155 and its role on type I interferon response
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Introduction 

Viral hemorrhagic viremia (VHS) is a severe disease causing high mortality in fish 

farms, particularly in flat fish (Kim et al., 2009). The disease is worldwide spread and 

touches several species of fish and has substantial adverse effects on the fish production. 

The causative agent of VHS is a member of the Novirhabdovirus genus which belongs to 

the rhabdovirus family. VHSV is a negative sense single-stranded RNA virus with a size 

of 11 kb and contains six open reading frames which code for proteins (Lenoir et al., 1975).

Regarding the order, the proteins are a nucleocapsid protein (N), phosphoprotein (P), 

matrix protein (M), glycoprotein (G), non-virion protein (NV), and RNA polymerase (L)

(King et al., 2012).

Lately, a new group of small RNAs, called miRNAs (miRNAs) are getting much

attention due to their crucial role in modulation of immunity and their response during viral

infection (Ponomarev et al., 2013). Several miRNAs have been discovered to be involved 

in virus-host interactions such miR-146a which can create a favorable environment for 

virus replication through inhibition of TNFR-associated factor 6 (TRAF6) involved in type 

I interferon response (Wu et al., 2013). Also, miR-373 inhibit IFNα production by directly 

targeting Janus kinase 1 (JAK1) and IFN-regulating factor 9 (IRF9) which are involved in

IFN signaling pathway (Mukherjee et al., 2015). On the other hand, several miRNAs can 

alter viral replication or block virus infection by targeting host’s genes or inhibiting viral 

genes translation. The miR-32 downregulated viral translation by targeting genes of 

retrovirus primate foamy virus type 1 (Lecellier et al., 2005). Likewise, miR-23b inhibits

viral replication of Enterovirus 71 through binding to the 3’UTR of viral protein 1(Wen et 

al., 2013). 

As far as fish is concerned, miRNAs studies are still scarce and there are few types 

of research that target miRNAs and their function in fish immunity (Abdellaoui et al., 2016; 

Zhang et al., 2016; Abdellaoui et al., 2017). Among the well-studied miRNAs in mammals

in relation with immunity, there is miR-155 that plays a crucial role during differentiation 

of CD4+ T cells (O'Connell et al., 2010), and control CD8+ T cells during viral or bacterial 

infections (Lind et al., 2013). It has a critical role in the production of antibodies and 

differentiation of B cells (Rodriguez et al., 2007; Vigorito et al., 2007).
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Furthermore, the miR-155 has an antiviral role by inhibiting suppressor of 

cytokine signaling 1(SOCS1) during vesicular stomatitis virus infection (Wang et al., 

2010). Also, the miR-155 has been used as immunostimulant against influenza A virus by 

incorporating its primary miRNA into the genome of influenza A virus (Izzard et al., 2017).

In our previous studies (Abdellaoui et al., 2016; Abdellaoui et al., 2017), we 

observed an upregulation of miR-155 expression during VHVS infection in olive flounder 

and EPC cells. Based on this observation, we studied the function of miR-155 and its 

possible role as antiviral during VHSV infection.
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Materials and methods

1. Cells culture 

Epithelioma papulosum cyprini (EPC) cells were grown in Leibovitz’s L-15 

medium (Sigma Aldrich) supplemented with 10 % of fetal bovine serum (Gibco) and 1 % 

of penicillin/streptomycin (Gibco).

2. MiRNA expression and plasmid construction

2.1. Prediction of miRNA precursor

The fathead minnow miR-155 is 100% similar to zebrafish miR-155 (Abdellaoui 

et al., 2017). The precursor of miR-155 was retrieved by blasting mature miR-155 against 

fathead minnow genome deposited in NCBI database. The retrieved sequence was 

analyzed using mFold with default parameters to predict secondary structure. Furthermore, 

the predicted hairpin structure was submitted to iMiRNA-SSF which classifies pre-miRNA 

hairpin sequences as real or pseudo-pre-miRNA.

2.2. Cloning and construction of plasmid expressing miR-155

Overexpression of miR-155 was done through cloning the precursor sequence plus 

flanking regions (around 200nt) into pGEM-T easy using specific primers pri-mir-155-

500-NheI-F and pri-mir-155-500-NotI-R flanked with restriction sites. Then, the mir-155 

was subcloned into pcDNA 3.1(+) downstream of CMV promoter by using double 

digestion with NotI and NheI enzymes to generate pc-mir-155. The construct was 

confirmed by sequencing. In the same way, the zebrafish pri-mir-155 was cloned into pc-

DNA 3.1(+) vector using same restriction enzymes, and the generated vector was 

designated as pc-dre-mir-155.
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2.3. Construction of plasmid expressing miR-155 based on flanking regions of 
zebrafish mir-30e

Flanking regions of mir-155 were replaced with flanking regions of mir-30e from 

zebrafish. First, genomic DNA of EPC cells was extracted using Exgene cell SV (Geneall) 

following manufacturer’s instructions. The precursor of miR-155 was amplified using 

specific primers (mir-30e-1-mir-155-C-F and mir-155-mir-30e-2-C-R). Then PCR product 

was gel purified using Expin Gel SV kit (Geneall, Korea) following manufacturer’s 

instructions. The flanking regions of mir-30e from zebrafish were amplified in the same 

way. First, the 5’flanking region was amplified using specific pair of primers (mir-30e-1-

C-F and mir-30e-1-mir-155-C-R) and the 3’flanking region was amplified using primers 

(mir-155-mir-30e-2-C-F and mir-30e-2-C-R). Then PCR products were gel purified. 

Overlapping PCR was done using 5’flanking region, 3’flanking region, the

precursor of mir-155, and a pair of primers (mir-30e-1-C-F and mir-30e-2-C-R). The 

amplification included a denaturation step at 95 °C for 3 min, followed by 30 cycles of 30 

s at 95 °C, 30 s at 60 °C, 30 s at 72 °C, with a final extension at 72 °C for 7 min. The pFC

vector (System Bioscience, Korea) was amplified using a pair of primers (PFC-C-F and 

PFC-C-R) and then gel purified. Finally, pFC vector, flanking regions, and precursor mir-

155 were assembled using Overlap Cloner DNA kit (Elpisbio, Korea) following 

manufacturer’s instructions. Briefly, 100 ng of linearized vector was added to 50 ng of 

different inserts, then we added reaction buffer and enzyme mix and incubated at 37 °C for 

30 min. Finally, the reaction was transformed using E. coli. The constructed vector was 

sequenced and designated as pFC-mir-30e-mir-155.

2.4. Transfection of EPC cells and generation of stable cells expressing miR-155

EPC cells were seeded into T-25 flasks and incubated at 28 °C in L-15 medium 

supplemented with 10 % of FBS and 1 % of penicillin/streptomycin. When confluency 

reached 80-90%, cells were transfected using Neon system following manufacturer’s 

instructions. Briefly, cells were trypsinized, centrifuged, and counted using trypan blue. In 

a 35-mm culture dish, we added 2 ml of transfection medium which contains only 10 % of 

FBS in the L-15 medium. For transfection, we used 3x106 cells and washed them with PBS 
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(without Ca2+ and Mg2+) by centrifugation for 5 min at 3000 rpm. The cells were 

resuspended using buffer R. After that; we added plasmid expressing miR-155 to the cells 

and electroplated the mixture with optimized pulse conditions, and then transfected cells 

were plated onto 35-mm dish. Cells were incubated at 28 °C overnight. Next day we 

changed the medium to culture medium and then started selection using G-418 (400 μg/ml, 

Sigma) antibiotic for one month.

3. In-vivo experiment

Olive flounder fingerlings weighing 8 g were randomly divided into three groups 

and reared in three tanks (10 fish/tank) at 20 °C. Fish were injected with PBS, empty vector

(pc-DNA) or with the vector expressing mir-155 (pc-dre-mir-155) at a concentration of 10 

μg/ fish/ 50μl. The injection of fish was done through the intramuscular site. Forty-hours 

post-injection, five fish, were randomly sampled for collection of liver, spleen, and kidney.

4. RNA extraction and real-time RT-PCR

RNA extraction was done using Hybrid-R RNA purification kit (Geneall, Korea)

following constructer’s instructions. Briefly, cells were lysed in 1 ml of Riboex and 200 μl 

of chloroform; then the mixture was incubated at RT for 2 min. The mixture was 

centrifuged at 13.000 rpm for 15 min at 4°C and then transferred the aqueous phase to e-

tube. Using column, the aqueous phase was passed through after mixing with RB1 and 

then washed using SW1 and RNW. The RNA was eluted, and genomic DNA was removed 

using geneall Riboclear kit.

One μg was reverse transcribed using Hyperscript RT-PCR premix kit (Geneall, 

Korea). The mixture was incubated at 55 °C for 60 min, then further incubated at 95 °C

for 5 min. The cDNA was diluted using DNase and RNase free water and stored at -20 °C 

until use.

qPCR was performed using Roche lightcycler 480. Briefly, two μl of cDNA was 

added to a mixture containing 10 ul of 2xSYBR green and one μl of specific primers 

(5pmol) and six μl of DNase and RNase free water. PCR conditions were as follows: initial 
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denaturation was done at 95 °C for 15 min, followed by 40 cycles of denaturation at 95 °C 

for 10 s, annealing at 60 °C for 10 s and then elongation at 72 °C for 20 s. Data analysis 

was done using 2-ΔΔCT.

For small RNA, RNA extraction was done using miRNeasy Mini Kit (Qiagen)

following constructer’s instructions. Briefly, 1 ml of Qiazol and 200 μl of chloroform were

added to cells pellet, followed by centrifugation at 13.000 rpm, 4 °C for 15 min. Then, 300 

μl of the aqueous phase was transferred to a new tube, RNA was precipitated with 450 μl 

of 100% ethanol and loaded on miRNeasy purification columns. An additional step was 

added to remove genomic DNA by using DNase digest in the column. Purified RNA was 

eluted from the column with 30 μl of RNase free water.

Then MiRNAs were reverse transcribed and quantified using HB miR Multi Assay 

Kit TM system II (HeimBiotek, Korea). Briefly, synthesis of complementary DNA (cDNA) 

is done using a specific RT primer to the desired miR. After assembling the different 

components, RT-PCR was done in the thermal cycler with an initial step of 37 °C for 1 h 

followed by incubation at 95 °C for 5 min and finally held at 4 °C. The final product was 

stored at -20°C until use. 

Two μl of cDNA was used during real-time PCR which was performed in Roche 

Light Cycler 480 (Roche). Amplification was done as follow: initial activation at 95 °C for 

15 min, followed by 40 cycles of denaturation at 95 °C for 10 s and annealing-extension 

step at 60 °C for 40 s. Small nucleolar U6 was used as reference gene, and the results were 

analyzed using 2-ΔΔCT.
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Table 4- 1 Oligonucleotides used for construction of plasmids

Primers Sequence (5’-3’)

ppr-mir-155-NheI-F GCTAGCTGGTCCATTAATATGATTTATTGTCCTTCT

ppr-mir-155-NotI-R GCGGCCGCGAAACATTATTACTTTACCCTGTTTGTGATC

dre-mir-155-NheI-F GCTAGCGGCATGATGGAAACTGTGCTCC

dre-mir-155-NotI-R GCGGCCGCGTGCTAAAATAGTCTGACACTGTAAACAGGG

mir-30e-1-C-F TAGTGAACCGTCAGATCCACAGCCATGCCATAGTTTTAGG
ATAC

PFC-C-R GGATCTGACGGTTCACTAAACCAGC

mir-30e-1-mir-155-C-F GTACGGGCTCAGCTCGAGGTTAATGCTAATCGTG

mir-30e-1-mir-155-C-R CTCGAGCTGAGCCCGTACTGCCAGC

mir-155-mir-30e-2-C-F CCTGCGCTGAGCCAACTGCTGTTACTCTCG

mir-155-mir-30e-2-C-R CAGTTGGCTCAGCGCAGGACTAATGCTAACG

mir-30e-2-C-R ATGGCTGATTATGATCAGAGTTCATCATATGACCAGTGACT
TGACT

PFC-C-F CTGATCATAATCAGCCATACCACATTTGT

Enzyme sites are underlined.
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Table 4- 2 Oligonucleotides used for real-time RT-PCR

Primers Sequence (5’-3’)

OF-b-actin-RT-Fo GATCTGGCATCACACCTTCTAC

OF-b-actin-RT-Re CATCTTCTCCCTGTTGGCTTTA

OF-ISG15-RT-Fo TGCTGTATGACAACGGTCAG

OF-ISG15-RT-Re GCTCGATCAGCAGAGACAG

OF-MX1-RT-Fo ACCGCTGATTATTCGCTACCACCT

OF-MX1-RT-Re AACCAATGTCCAGCTCCTCCTTCA
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Results

1. Prediction of primary mir-155 in EPC cells

Mature miR-155 of zebrafish was blasted against the genome of fathead minnow, 

and we retrieved two hits with 100% homology to zebrafish miR-155. The predicted 

miR-155 was aligned with miR-155 of other fish species (Fig.25). Then, secondary 

structure was predicted using mFold software (Fig.26).

Figure 25. Alignment of fathead minnow miR-155 against miR-155 of other fish species. MiR-155 

is highly conserved among fish.

Figure 26. The secondary structure of mir-155 precursor. Prediction of the structure was made using 

mFold tool with default settings.
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2. Generation of plasmid expressing mature miR-155 and overexpression of 

miR-155 in EPC cells

A plasmid expressing mature miRNA 155 (pc-pri-mir-155) was constructed. 

However, after transfection of the plasmid, the production of mature miR-155 was low. To 

overcome this issue, we cloned primary miRNA 155 from zebrafish and then transfected 

EPC cells with pc-dre-mir-155 (Fig.27). The vector could express miR-155 at a significant 

level compared to mock cells.

Figure 27. Quantification of miR-155 in Epithelioma papulosum cyprini (EPC) cells using real-time 

RT-PCR. Relative expression of miR-155 in EPC cells transfected with plasmid expressing miR-

155 was compared to mock control cells using Ct method. Fold changes (mean ± SD based on 

triplicate assay) were represented in histograms. U6 gene was used as internal control. Significant 

differences from the control group were analyzed using Student’s t-test. The letters represent a

significant difference between groups at p<0.05.
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Moreover, exchange of flanking regions of fathead minnow mir-155 with flanking 

regions or mir-30e from zebrafish allowed expressing of mature miR-155. However, level 

of expression was lower than original flanking regions (Fig.27).

3. Analysis of type I interferon response in olive flounder

Type I interferon response in olive flounder after injection with PBS, empty vector 

(pc-DNA), or vector expressing miR-155(pc-dre-mir-155) was analyzed using real-time 

RT-PCR. As results, fish injected with pc-dre-mir-155 plasmid showed a significantly 

higher expression of ISG15 gene compared to mock control group or group injected with 

empty vector (Fig. 28 A). Furthermore, expression of MX1 gene was significantly 

upregulated in the group injected with the vector expressing miR-155 compared to the 

mock group or group injected with empty vector (Fig. 28 B).
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Figure 28. Quantification of ISG15 and MX1 genes in different groups using real-time RT-PCR. A. 

Relative expression of ISG15 was assessed in different groups. Fold change (mean ±SD) were 

represented in the histogram. Beta-actin gene was used as internal control. B. Relative mRNA 

expression of MX1 gene was determined in different groups using the comparative Ct method. Fold 

change (mean ±SD) were represented in the histogram. Beta-actin gene was used as internal control. 

The asterisk represents a significant difference at p<0.05.
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Discussion

In our previous study, we observed upregulation of miR-155 following viral 

infection with VHSV in EPC cells. This finding has parallels ones in mammals such as 

infection with hepatitis B virus (Chakravarty et al., 2014) or following infection with

Epstein-Barr virus (Cameron et al., 2008). Moreover, the miR-155 role has been 

extensively studied and has been well characterized in higher vertebrates compared to fish. 

Until now, there wasn’t any study regarding miR-155 and its role in the regulation of host’s 

immunity.

In this study, we identified miR-155 and its precursor, and we observed a high

conservation of miR-155 sequence among different species of fish. These findings can 

suggest a conservation of miR-155 function in fish as well in mammals. The miR-155 has

several roles. MiR-155 can act as oncogenic miRNA by repressing tumor protein 53-

induced nuclear protein 1(TP53INP1) that lead to inhibition of apoptosis through caspase 

3 activation (Gironella et al., 2007). Likewise, miR-155 has been involved in the 

hematopoietic process especially throughout differentiation of lymphoid and myeloid cells 

(Masaki et al., 2007). Furthermore, miR-155 has been highly expressed in activated B and 

T cells (Eis et al., 2005), as well as in activated macrophages and dendritic cells.

To investigate the role of miR-155 in boosting host’s immunity, we generated a 

plasmid expressing mature miR-155 of fathead minnow. However, we observed low 

expression of miR-155 after transfection in EPC cells. This result might be explained by 

that is the length of flanking region of miR-155 was not adequate to produce mature miR-

155. To overcome this issue, we cloned primary miRNA-155 from zebrafish and confirmed 

its overexpression in EPC cells. 

To boost immunity of olive flounder, we injected fingerlings with a plasmid 

expressing miR-155. The results showed that group injected with the vector expressing 

miR-155 under CMV promoter induced a significantly higher level of ISG15 and MX1 

mRNA compared to groups injected with either PBS or empty vector. These results suggest

that miR-155 could activate type I interferon response which possibly allows protection 

against pathogens. As stated before, miRNAs exert their role through targeting mRNA of 

different genes, and miR-155 is no exception. The miR-155 has been validated to have 
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several target genes and among which there is suppressor of cytokine signaling 1(SOCS1). 

MiR-155 act as antiviral miRNA by targeting SOCS1 which enhance Type I interferon 

response following infection with vesicular stomatitis virus (Wang et al., 2010). 

Furthermore, miR-155 has been used as adjuvant against influenza virus by incorporating 

primary mir-155 into the genome of the virus (Izzard et al., 2017). 

In the present study, we developed a system to express miRNAs using flanking 

regions of primary miR-30e. The swap of precursor mir-30e with precursor mir-155 led to 

overexpression of mature miR-155 in EPC cells. Several systems have been used to 

overexpress artificial miRNAs to efficiently silence a virus or target gene (Chung et al., 

2006; Hu et al., 2009). This result suggests that possible to overexpress artificial miRNA

and possibly could be used as a system for RNA interference. 

In conclusion, we generated a vector that can produce mature miR-155 and we 

induced type I interferon response in olive flounder based on vector expressing miR-155. 

Furthermore, we could produce mature miR-155 of fathead minnow by substituting 

precursor mir-30e from zebrafish with precursor mir-155. To assess the efficiency of RNA 

interference, induced by the developed system, further analysis is needed.
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Chapter V. Hypoxia-responsive miRNA-210 and study of its 

promoter
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Introduction

Organisms living in aquatic environments are often faced with hypoxia that is 

caused by various environmental factors. Hypoxia can be disastrous especially for sessile 

organisms that are not able to move to other regions. The fish in aquaculture farms also 

can become a victim of hypoxia because of the restricted movement of culture facilities. 

Recently, the frequent occurrences of hypoxic water masses have been a threat to the fish 

cultured in coastal areas. Fish alter their physiological responses to cope with the hypoxia, 

and many factors related to oxygen sensing and transport, erythropoiesis, and angiogenesis 

are involved in the hypoxia adaptation 

MiRNAs (miRNAs) are small noncoding RNAs (19-23 nucleotides in length) and

regulate the expression of genes through binding to the corresponding sequences of 

mRNAs. The miRNAs are initially transcribed as long precursors, pri-miRNAs, which are 

processed by Drosha to generate approximately 70 nucleotide stem-loops (pre-miRNAs) 

that are transported to the cytoplasm where Dicer cleaves these pre-miRNAs into 

functional mature miRNAs (Hutvagner et al., 2002; Bartel, 2004). As one kind of miRNA 

can target several different mRNAs simultaneously, the expression of approximately 60% 

of genes in mammals is regulated by miRNAs. MiRNAs in the cytoplasm can be secreted 

into body fluids, which called circulating miRNAs, through being packaged in small 

membranous vesicles (exosomes, shedding vesicles, and apoptotic bodies) or through 

being associated with RNA-binding proteins or lipoprotein complexes, which protect the 

degradation of those extracellular miRNAs by ubiquitous ribonucleases (RNases) in 

circulation (Valadi et al., 2007; Gibbings et al., 2009). In mammals, the availability of 

circulating miRNAs as the early biomarkers for specific disease states has already been 

demonstrated (Mitchell et al., 2008; Zhang et al., 2010). Specifically, as the hypoxia is 

closely associated with cancers in human, studies on the hypoxia-responsive miRNAs in 

tissue and blood have been extensively conducted(Bandara et al., 2014). However, in fish, 

as far as we know, there is only one paper that investigated the circulating miRNAs, in 

which zebrafish (Danio rerio) exposed to 20-40 mM acetaminophen-dissolved water 

showed hepatotoxicity-mediated histological changes and a high expression of miR-122 

in serum (Vliegenthart et al., 2014). 
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Although the effect of hypoxia on the expression of miRNAs in various tissues of 

marine medaka (Oryzias melastigma) was reported (Lau et al., 2014; Tse et al., 2015; Tse 

et al., 2016), there is no report on the hypoxia-mediated changes in the circulating miRNAs 

in fish. In this study, we selected four miRNAs (miR-210, miR-21, miR-26b, and miR-

146a). They are representative of hypoxia-responsive circulating miRNAs in mammals

(Hua et al., 2006; Kulshreshtha et al., 2007; Chan et al., 2009), and we investigated the 

changes of the selected circulating miRNAs in the serum of olive flounder (Paralichthys

olivaceus), the dominant marine cultured fish in Korea, in response to hypoxia. The 

expression of hypoxia-related genes, hypoxia-inducible factor 1α (HIF1α) and the heat 

shock protein 90α (HSP90α), was also analyzed.

Furthermore, we analyzed miR-210 promoter activity in naïve EPC cells, ΔHIF-

EPC cells, and ΔP53-EPC cells using luciferase assay.
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Materials and methods

1. Fish and experimental design

Thirty olive flounder weighing approximately 100 g were obtained from a local 

fish farm and were maintained in 500 l tank with aeration. The fish were acclimated at 18 

± 1 °C under a 12 h: 12 h light: dark cycle for one week before starting the experiment. 

The level of dissolved oxygen (DO) was monitored using DO meter iSTEK Multi 90i 

(iSTEK, KOREA) throughout the experiment. Hypoxia was induced by bubbling nitrogen 

gas into the tank. At first, the DO was lowered and maintained at 3 mg/l for 6 hours, then, 

by further bubbling nitrogen gas, the DO in the tank was maintained 2 mg/l for another 6 

hours. Just before lowering DO, five fish in the tank were randomly sampled and used as 

the control group (0 h). At each 3, 6, and 12 h post-exposure to hypoxia, five fish were 

randomly sampled. The collected blood from the caudal vein was stored at 4°C for 12 h, 

then, serum was isolated by centrifugation. The liver, brain, and muscle tissue were isolated

from each fish and stored at -80°C.

2. Extraction of RNA from serum and quantitative real-time polymerase 

chain reaction (Q-PCR)

Total RNA was isolated from 100 μl of serum using miRNeasy serum Mini kit 

(Qiagen) in accordance with the manufacturer’s protocol. Briefly, 500 μl of Qiazol and 100 

μl of chloroform were added to 100 μl of serum, followed by centrifugation for 15 min at 

12,000 g at 4°C. Next, 300 μl of the RNA-containing aqueous phase was transferred into 

a new tube, and RNA was precipitated with 450 μl of 100% ethanol and loaded on 

miRNeasy purification columns. Purified RNA was eluted from the column matrix with 

14 μl of RNase free water.  To adjust for variations of miRNA extraction efficiency among 

samples, five μl of synthetic Caenorhabditis elegans miR-39 (Syn-cel-miR-39, Qiagen) 

was spiked into each sample as the external reference after the addition of the denaturing

solution and went through the entire RNA isolation process. To aid in improving the RNA 

yield, total RNA from bacteriophage MS2 (Roche) was added to each sample as a carrier. 
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Each total RNA (2 μl) was converted to complementary DNA (cDNA) using a miScript II 

RT Kit (Qiagen). Q-PCR was performed with a miScript SYBR Green PCR Kit (Qiagen) 

according to the manufacturer's protocol. The primers specific for each miRNA are listed

in Table 1, and the Syn-cel-miR-39 was used for normalization. Cycling conditions were 

95°C for 15 min followed by 45 cycles of 94°C for 15 s and 55°C for 30 s using Roche 

light cycler 480.

3. Extraction of RNA from tissues and Q-PCR

Total RNA was extracted from each tissue (liver, brain, and muscle) using TRIzol 

(Invitrogen) according to the manufacturer’s instruction, and 1 μg of DNaseI (Promega)-

treated total RNA was incubated with 0.5 μl of random primer (0.5 μg/ml, Promega) at 

80°C for 5 min and further incubated at 42°C for 60 min in reaction mixture containing 2 

μl of each 10 mM dNTP mix (TaKaRa), 0.5 μl of M-MLV reverse transcriptase (Promega) 

and 0.25 μl of RNase inhibitor (Promega) in a final reaction volume of 10 μl. The PCR 

primer pairs used for amplification of the hypoxia-related genes (HIF1α and HSP90α) and 

the ß-actin gene, as an internal control, are described in Table 1. The PCR reactions in a 

volume of 20 μl were run using 2× SYBR Green Premix (Enzynomics) with five μl of 

cDNA and 5 pM of each primer. Thermal cycling condition was one cycle of 15 min at 

95°C (pre-incubation), followed by 40 cycles of 10 s at 95°C, 10 s at 60°C, and 20 s at 

72°C.

4. Promoter analysis of miR-210 in EPC cells

4.1. Bioinformatics analysis of miR-210 promoter

Based on our previous study, fathead minnow miR-210 mature sequence is 100 % 

identical to zebrafish miR-210. The precursor of miR-210 was predicted by blasting 

zebrafish precursor against fathead minnow genome and extracted around 73 nt from the

genome with high similarity to zebrafish precursor. Then, fathead minnow mir-210 

precursor was analyzed using mFold software with default parameters to predict secondary 

structure.
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One thousand base pair immediately upstream of the mir-210 precursor was 

retrieved and submitted to analysis using MatInspector (Cartharius et al., 2005) for 

promoter analysis.

4.2. Plasmid construct

Mir-210 promoter was cloned using specific primers. First, genomic DNA was 

extracted from EPC using Exgene cell SV (Geneall, Korea) following manufacturer’s

instructions. Specific primer pr-210-AfeI-F and pr-210-AgeI-R were used to amplify the 

promoter and then PCR products were cloned into pGEM-vector (Promega). After 

confirmation of sequence, the promoter was ligated into the AfeI and AgeI sites of pNFκB-

MetLuc2-Reporter vector replacing NF-κb binding site and minimal promoter, and the

constructed vector was designated as pr-210-luc.

4.3. In vitro luciferase expression

Naïve EPC cells, EPC-knockout HIF1α cells (ΔHIF1α-EPC), and EPC-knockout 

p53 cells (Δp53-EPC) were transiently transfected with pr-210-luc or pr-HRE-luc vector 

using the Neon system. Twenty-four hours later, cells were treated with cobalt chloride at 

a final concentration of 200 μM and incubated at 28 °C. Then, luciferase expression was 

analyzed using Ready-To-Glow Secreted Luciferase Assay kit (Clontech) in VICTOR 

Multilabel Plate Reader machine (PerkinElmer).
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Table 5- 1 Oligonucleotides used for construction of plasmid

Primers Sequence (5’-3’)

p-210-AfeI-F AGCGCTCGGGTGGAGCTCTTTTTTTCAAAAACAC

p-210-AgeI-R ACCGGTTTTCAGAAATCAGAAGCCACAGGAACC

Enzyme sites are underlined.

Table 5- 2 Oligonucleotides used for real-time RT-PCR

Primers Sequence (5’-3’)

pol-miR-210-5p-F AGCCACTGACTAACGCACATTG

pol-miR-210-3p-F CTGTGCGTGTGACAGCGGCT

pol-miR-21-5p-F GCTAGCTTATCAGACTGGTGTTGG

pol-miR-21-3p-F CGACAACAGTCTGAAGGCTGTC

pol-miR-26b-F CGCTTCAAGTAATCCAGGATAGGTT

pol-miR-146a-F CGCTGAGAACTGAATTCCATAGATGG

cel-miR-39-F GCAGAGCTGATTTCGTCTTG

Universal-R Qiagen universal reverse primer

HIF1α-RT-F GACACAGCGTGTTTGACTTTACA

HIF1α-RT-R TGTGTTTGACTCCTTGGTCTT

HSP90α-RT-F GGACGAAGACAAGCCAGAAA

HSP90α-RT-R AGCTCCTCCTGGTCGATATAC

HSP90β-RT-F CATTGTCAGTCTGGAGGGTTAG

HSP90β-RT-R GGACTCAGGCAAAGGAATCA

Beta-actin-RT-F GATCTGGCATCACACCTTCTAC

Beta-actin-RT-R CATCTTCTCCCTGTTGGCTTTA
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Results

1. Levels of circulatory miRNAs

Olive flounder maintained at 3 mg/l of DO for 1, 3, and 6 hours did not show any 

significant increase of the selected circulatory miRNAs. However, after lowering DO to 

2 mg/l for another 6 hours, all the selected circulatory miRNAs, except miR-21-3p, were 

significantly increased when compared to those of the control fish (Fig. 29). Especially, 

miR-210-5p and miR-210-3p were the most increased (4-5 folds) miRNAs in the serum.

Figure 29. Expression of serum miRNAs induced by hypoxia. The quantification of miRNAs was 

done using q-PCR analysis. The data are presented as means±SEM; *p<0.05.

2. Expression of hypoxia-related genes

Although hypoxia significantly increased the expression of HIF1α in the liver, the 

increased amplitude was not high (Fig. 30). On the other hand, the expression of HSP90α 
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in the liver and muscle was significantly increased by hypoxia, more than 13 and eight 

times, respectively, when compared to the expression values in control fish (Fig. 30).

Figure 30. Relative expression of hypoxia-induced genes in different organs. The quantification of 

gene expression was done using real-time PCR.

3. MiR-210 promoter is under hypoxia control:

3.1. Bioinformatic characterization of miR-210

To investigate promoter of miR-210, 1 kb upstream of precursor mir-210 was 

retrieved and analyzed using MatInspector. By searching promoter for hypoxia response 

element (HRE) based on consensus sequence (A/G)CGTG, we could identify two potential 

HRE sites and one potential binding site for tumor protein 53 (Fig .31). 
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Figure 31.Structure of miR-210 promoter. TATA box is underlined, the TP53 binding site is 

delimited by a black box, and hypoxia response element was delimited by a blue box.

3.2. Functional analysis of miR-210 promoter

To validate potential hypoxia response element and binding site of TP53, we 

constructed a vector expressing luciferase gene under control of the miR-210 promoter. 

Furthermore, we substituted NF-κb binding site in pNFκB-MetLuc2-Reporter (Clontech) 

with several hypoxia response elements, and it was designated as p-HRE-Metluc. 

Constructed vectors were transfected into naïve EPC cells, HIF1α-knock-out EPC 

cells (ΔHIF1α-EPC), and TP53-knockout EPC cells (ΔP53-EPC). Then we treated them 

with cobalt chloride (CoCl2) at a final concentration of 200 μM. We observed a significant 
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increase of luciferase activity in EPC cells and ΔP53-EPC cells transfected with p-210-

Metluc at 24, and 48 hours post-transfection compared to control group naïve EPC cells 

(Fig.32). On the other hand, ΔHIF-EPC cells did not show any significant increase of 

luciferase activity compared to control EPC cells. The positive control vector p-HRE-

Metluc showed a similar pattern. However, luciferase activity increase was higher than the

observed one in EPC cells transfected with p-210-Metluc (Fig.32).
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Figure 32. Analysis of miR-210 promoter activity in naïve EPC cells, ΔHIF1α-EPC cells, and ΔP53-

EPC cells. Construct p-HRE-Metluc serve as a positive control. Data is shown as mean ±SD, and 

letters over bar indicate significant difference at P<0.05.
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Discussion

The significant role of miRNAs in the regulation of pathophysiologic processes 

has been well demonstrated in mammals. Although the role of circulating miRNAs is not 

fully understood, recent reports showed that circulating miRNAs also participate in 

biological phenomena through intercellular signaling (Katakowski et al., 2010; Kharaziha 

et al., 2012). Hypoxia leads to the shift of cellular metabolism from mitochondrial 

oxidative phosphorylation to glycolysis (Granchi et al., 2014), and miRNAs are involved 

in the adaptation of organisms to hypoxia by the up- or down-regulation of hypoxia-related 

genes (Kulshreshtha et al., 2007; Ivan et al., 2008). 

MiRNA-210 is the representative of hypoxia-regulated miRNA (HRM) and is up-

regulated by hypoxia-inducible factor (HIF) that binds to HIF-response elements in the 

promoter region of miR-210 (Chan et al., 2010). One of the regulatory roles of miR-210 is 

the repression of mitochondrial metabolism by down-regulating several steps for electron 

transport chain complexes-mediated ATP production (Chan et al., 2009). In human, the 

important increase of the circulating miR-210 level was reported in patients with 

pancreatic cancer, aortic stenosis, or low maximal oxygen uptake (Ho et al., 2010; Bye et 

al., 2013; Røsjø et al., 2014). In this study, similar to the reports from human, miR-210-5p 

and miR-210-3p were the most highly increased miRNAs in the serum of olive flounder 

in response to hypoxia, suggesting that circulating miR-210 levels in the serum can be used 

as a prognostic biomarker for fish suffered hypoxia. In this study, although the fold 

increases were lower than miR-210, other selected miRNAs, miR-21, miR-26 and miR-

146 that are known to be induced by hypoxia in human were also significantly increased 

in the serum by the exposure of fish to hypoxia. These results suggest that the specific 

miRNAs participated in the regulatory mechanisms against hypoxia might be similar for 

both fish and human.

The hypoxia-inducible factor 1α (HIF-1α) has been noticed as the key regulator 

for cellular hypoxia adaptation (Semenza, 2009). Under normoxic conditions, several 

proline residues of HIF-1α are hydroxylated by proline hydroxylases, which mediates 

binding of HIF-1α to von Hippel-Lindau tumor suppressor protein (vHL) that ubiquitinates 
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HIF-1α to be degraded in the proteasome (Ohh et al., 2000). However, under hypoxic 

conditions, hydroxylation of HIF-1α is inhibited, which leads to stabilization of HIF-1α. 

HIF-1α accumulated in the cytoplasm translocates to the nucleus and dimerizes with HIF-

1β that is constitutively expressed irrespective of oxygen tension, then, binds to hypoxia 

response elements and regulates transcription of HIF-dependent genes (Kallio et al., 1997; 

Poellinger et al., 2004). In general, the regulation HIF-1α is dependent on the protein level 

rather than mRNA level, which was demonstrated in mammals and fish (Soitamo et al., 

2001; Stroka et al., 2001). Similarly, in this study, although the transcriptional expression 

of HIF-1α in response to hypoxia was significantly increased in the liver, the increased 

amplitude was not high. The regulatory role of HIF-1α over multiple miRNAs including 

miR-210 has been reported in mammals (Huang et al., 2009). Thus, to know whether the 

significant increase of serum miR-210-5p and miR-210-3p in this study was controlled

through HIF-1α, further studies on the regulatory interaction between HIF-1α and hypoxia-

responsive miRNAs in fish are needed. A chaperone protein HSP90 plays a vital role in 

the regulation of the activity of transcription factors including HIF-1 under hypoxia (Minet 

et al., 1999). Furthermore, the association between HSP90 and Argonaute 2 (AGO2) can 

be induced by hypoxia, which is essential for the incorporation of miRNAs into the RNA-

induced silencing complex (RISC) (Iwasaki et al., 2010). In this study, the significant up-

regulation of HSP90α in the liver and muscle by hypoxia suggests that a significant amount 

of HSP90 is required for the hypoxia adaptation of olive flounder as in other mammals. 

In this study, we identified miR-210 promoter using bioinformatics tool, and we 

predicted two possible hypoxia binding sites and one possible binding site for tumor 

protein 53. By dissecting the effect of hypoxia on promoter activity, the present results 

have shown a decrease in luciferase activity under hypoxic condition in the absence of

HIF1α protein. However, there wasn’t any significant difference between naïve EPC cells 

and ΔP53-EPC cells which could indicate that the predicted site for binding with P53 is 

not functional. The positive control vector p-HRE-Metluc showed a higher luciferase 

activity compared to the promoter of miR-210. These results can be explained by the low 

number of hypoxia response elements in miR-210 promoter compared to positive control

vector. These results have confirmed the regulation of miR-210 under control of HIF1α.
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Furthermore, miR-210 tightly regulated by hypoxia and under control of HIF1α (Huang et 

al., 2009). 
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Summary

The primary aim of this study is the investigation of miRNA expression following 

viral infection with VHSV and assessment of mechanism behind the expression of some 

miRNAs.

In chapter I, we infected fingerlings of olive flounder with VHSV and collected 

their head kidney at different point in time (0, 6, 12, 24, 48, 72 hours-post-infection). Then, 

we generated six libraries of small RNA using Next-generation sequencing technology. 

Thru infection with VHSV infection, we observed a dynamic change in miRNAs 

expression.

These changes can be explained by the interaction between virus and host’s miRNAs. 

Furthermore, miRNAs have been designed as regulators of host’s processes, and they exert 

their function by acting on post-transcriptional level. Based on bioinformatics analysis and 

the use of target prediction tools, we could predict targets of several miRNAs, and we 

could classify them depending on their interaction with the immune system.

In chapter II, to determine the effects of viral infection on miRNA profile in-vitro 

and to confirm the results obtained in previous study, we infected Epithelioma papulosum 

cyprini (EPC) cells with a high concentration of wild-type VHSV (MOI=1) and we 

investigated patterns of miRNAs at different points of time (0, 3, 12, 24, 48 hours-post-

infection). Then, five libraries of small RNA sequencing were generated using Next-

generation sequencing technology. The libraries were aligned against the genome of 

zebrafish and proteins of zebrafish to remove any possible coding sequence. Then, clean 

reads were aligned against zebrafish miRNAs. 

The viral infection has altered the miRNAs expression dynamically and we also 

observed same altered miRNAs upon infection with VHSV in olive flounder. Furthermore, 

target prediction of miRNAs has provided us with useful information concerning possible 

function of miRNA. These results suggest that VHSV infection exerts action not only on 

the protein level of the host but alter the normal function of several small RNA as well.
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In chapter III, to take advantage of previous studies, we focused on analyzing miR-

146a and investigating its role following viral infection with VHSV. To study miR-146, we 

constructed a plasmid harboring primary mir-146a and confirmed overexpression of 

mature miR-146a in Epithelioma papulosum cyprini (EPC) cells. Then, we constructed a 

system that will inhibit miR-146a expression by sequestering molecules of miR-146a. 

Based on reporter assay, we observed a decrease of luciferase activity upon infection of 

EPC cells carrying sponge miRNA against miR-146a with VHSV. Furthermore, miR-146a 

facilitated viral replication in EPC cells harboring vector expressing miR-146a. On the 

other hand, sponge miRNA inhibited viral replication of VHSV. These results suggest that 

miR-146a has a decisive role in viral replication and can play a proviral role. To confirm 

our hypothesis, we used target prediction tool and found that miR-146a target the TNF 

receptor-associated factor 6(TRAF6). To validate the interaction between TRAF6 and 

miR-146a, we generated a vector expressing 3’UTR of TRAF6 linked to Metridia 

luciferase gene under control of CMV promoter. Also, to investigate the direct interaction 

between miR-146a and TRAF6, we mutated binding site in 3’UTR of TRAF6. As in 

infection with VHSV, we observed a decrease of luciferase activity in EPC cells transfected 

with 3’UTR of TRAF6 in a concentration-dependent manner. Interestingly, cells 

transfected with mutated 3’UTR of TRAF6 did not show any decrease of luciferase activity 

compared to the mock group. These results suggest that miR-146a plays a proviral role by 

inhibiting expression of TRAF6 which allows enhancing the replication of VHSV.

To understand the mechanism that allows miR-146a to enhance viral replication, 

we knock-out TRAF6 gene in EPC cells. Then, we stimulated naïve EPC cells and 

ΔTRAF6-EPC cells. We observed a decrease in the expression of ISG15 and MX1 genes 

which are involved in Type I interferon response. These findings indicate that miR-146a 

create a favorable environment for viral replication by inhibiting the action of TRAF6

which is involved into type I interferon response.

In chapter IV, our previous studies have indicated an upregulation of miR-155 

following infection of olive flounder or EPC cells with VHSV. First, we tried to express 
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mature miR-155 based on fathead minnow primary mir-155. However, we could not detect 

any significant overexpression after transfection of EPC cells. To overcome this, we cloned 

primary miRNA mir-155 from zebrafish, and we confirmed overexpression in EPC cells.

Then, we injected fingerlings of olive flounder with the plasmid expressing miR-

155 to investigate the role of miR-155 in stimulating immunity. We observed a significant 

increase of ISG15 and MX1 genes expression in the group injected with the vector 

expressing miR-155 compared to control group (PBS) or group injected with empty vector 

(pcDNA 3.1(+)). These results suggest a possible antiviral role of miR-155 by enhancing 

type I interferon response. 

Furthermore, we exchanged precursor mir-30e with precursor mir-155 and 

overexpressed fathead minnow miR-155 in EPC cells. This system can be used to produce 

artificial silencing molecules against virus or a target gene.

In chapter V, to study miR-210 expression following hypoxia, we applied a low 

level of oxygen on olive flounder and extracted serum. We detected a significant 

upregulation of miR-210-3p compared to other miRNAs. These results indicate that miR-

210 is tightly regulated by hypoxia and is possibly under control by HIF1α. 

To test our hypothesis, we cloned upstream region of precursor mir-210 and 

transfected into naïve EPC cells, ΔHIF1α-EPC cells, and ΔP53-EPC cells. Based on 

reporter assay, we observed a significant increase of luciferase activity in naïve EPC cells 

and ΔP53-EPC cells compared to ΔHIF1α-EPC cells. These results suggest that miR-210 

is under the tight control of HIF1α.
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Abstract

MicroRNAs (miRNAs) are a class of small non-coding RNAs, 19-25 

nucleotides. They play a regulatory role in gene expression at post-transcription 

level by inhibiting translation through binding to the 3’untranslated region (3’UTR) 

of messenger RNA (mRNA) in a specific manner. Until now, over thousands of 

miRNAs were discovered in different species and each of them can regulate 

hundreds of genes. Based on their tremendous impact on different biological and 

pathological processes, there is a growing interest in studying miRNAs and their 

action mechanisms in mammals. Therefore, gaining more understanding of the 

functions and action modes of miRNAs in fish would be helpful for the 

development of control measures against diseases.

Viral hemorrhagic septicemia virus (VHSV) is the causative agent of viral 

hemorrhagic septicemia (VHS) disease causing a substantial loss in aquaculture 

farms. This study aims exploring the effect of VHSV infection on miRNAs profile 

in olive flounder (Paralichthys olivaceus) and in Epithelioma papulosum cyprini

(EPC) cells. In the experiment of olive flounder, fingerlings were infected with 

VHSV, and cellular miRNAs expression was analyzed at 0 (control), 6, 12, 24, 48 

and 72 h post-infection (h.p.i.) by the high-throughput sequencing. A total of 372 
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mature miRNAs were identified, and, among which, 63 miRNAs were 

differentially expressed during VHSV infection. The differentially expressed 

miRNAs number was significantly increased from 24 h.p.i compared to the number 

at 6 and 12 h.p.i., suggesting that the alteration of miRNAs expression by VHSV 

infection may be related to the progression of VHSV disease. The target prediction 

analysis, the GO enrichment analysis, and the KEGG pathway analysis of the 

predicted target genes showed that various biological pathways could be affected 

by VHSV infection through the down-regulation or up-regulation of host miRNAs. 

In the experiment of EPC cells, a total of 355 conserved miRNAs and three novel 

miRNAs were identified, and among them, 103 miRNAs were differentially 

expressed. The number of differentially expressed miRNAs highly increased at 24 

hours-post inoculation compared to 3 h.p.i and 12 h.p.i., suggesting that EPC cells 

might not actively respond to VHSV infection at an early infection period, which 

can allow viruses to transcribe and translate their genes enough to produce viral 

particles that can infect another cell. Among the differentially expressed miRNAs, 

two miRNAs (miR-735 and miR-738) that were reported only in fish species were 

highly upregulated. Based on the target prediction, they could regulate several 

immune pathways. Furthermore, the present results showed the upregulation of 

representative immune regulating miRNAs such as miR-146a, miR-155, and miR-

99. The present dynamical changing patterns of differentially expressed miRNAs 

in response to the progression of VHSV infection suggest that miRNA profile that 

was analyzed at a one-time point cannot provide enough information for the 

interpretation of the disease mechanism. These results provide necessary

information on the miRNAs related to VHSV infection in olive flounder and EPC 

cells. Considering the broad effects of miRNAs on various biological pathways, 

data in this study can be used to interpret the mechanism of VHSV pathogenesis, 

which, vice versa, can be used to develop control measures against VHSV.
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Among the miRNAs responding to VHSV infection in olive flounder and 

EPC cells, we chose two miRNAs, miR-146a and miR-155, that were most highly 

increased by VHSV infection in both olive flounder and EPC cells. In mammals, 

miR-146a is known for its role in the regulation of NF-κb activation by targeting 

several genes involved in the pathway such as tumor necrosis factor receptor-

associated factor 6 (TRAF6). We explored the effect of overexpressing miR-146a 

via the use of vector harboring the primary transcript of miR-146a or through 

transfection of miR-146a mimics on TRAF6 expression and VHSV replication. We 

also characterized the function of miR-155 based on bioinformatics analysis and 

molecular techniques. Finally, we demonstrated that hypoxia in olive flounder 

could induce an upregulation of circulating miR-210, and luciferase activity under 

control of miR-210 promoter under hypoxic condition in naïve and HIF-1α knock-

out EPC cells was analyzed.
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Supplements 

Chapter I. Changes in miRNAs expression profile of olive flounder (Paralichthys olivaceus) in 

response to viral hemorrhagic septicemia virus (VHSV)

Supplement  1. MiRNAs of olive flounder and their homologs in zebrafish and other vertebrates 

and candidate of novel miRNAs

miRNA name Sequence Homologue in 
other species

miRNA name Sequence Homologue in 
other species

pol-let-7a TGAGGTAGTAGGTTGTAT
AGTT

dre-let-7a pol-miR-223 TGTCAGTTTGTCAAATAC
CCC

dre-miR-223

pol-let-7b TGAGGTAGTAGGTTGTGT
GGTT

dre-let-7b pol-miR-22a-3p AAGCTGCCAGCTGAAGA
ACTGT

dre-miR-22a-3p

pol-let-7c-3p CTGTACAACCTTCTAGCT
TTCC

dre-let-7c-3p pol-miR-22a-5p AGTTCTTCACTGGCAAGC
TTTA

dre-miR-22a-5p

pol-let-7c-5p TGAGGTAGTAGGTTGTAT
GGTT

dre-let-7c-5p pol-miR-22b-3p AAGCTGCCAGTTGAAGA
GCTGT

dre-miR-22b-3p

pol-let-7d-3p CTGTACAACCTTCTAGCT
TTCC

dre-let-7d-3p pol-miR-22b-5p CGTTCTTCACTGGCTAGC
TTTA

dre-miR-22b-5p

pol-let-7d-5p TGAGGTAGTTGGTTGTAT
GGTT

dre-let-7d-5p pol-miR-23a-3-
5p

GGATTCCTGGCAGAGTG
ATTT

dre-miR-23a-3-5p

pol-let-7e TGAGGTAGTAGATTGAAT
AGTT

dre-let-7e pol-miR-23a-3p ATCACATTGCCAGGGAT
TTCCA

dre-miR-23a-3p

pol-let-7f TGAGGTAGTAGATTGTAT
AGTT

dre-let-7f pol-miR-23a-5p GAATTCCTGGCAGAGTG
ATTT

dre-miR-23a-5p

pol-let-7g TGAGGTAGTAGTTTGTAT
AGTT

dre-let-7g pol-miR-23b ATCACATTGCCAGGGAT
TACCA

dre-miR-23b

pol-let-7h TGAGGTAGTAAGTTGTGT
TGTT

dre-let-7h pol-miR-24 TGGCTCAGTTCAGCAGG
AACAG

dre-miR-24

pol-let-7i TGAGGTAGTAGTTTGTGC
TGTT

dre-let-7i pol-miR-25-3p CATTGCACTTGTCTCGGT
CTGA

dre-miR-25-3p

pol-let-7j TGAGGTAGTTGTTTGTAC
AGTT

dre-let-7j pol-miR-25-5p AGGCGGAGACTTGGGCA
GCTGCC

dre-miR-25-5p

pol-miR-1 TGGAATGTAAAGAAGTAT
GTAT

dre-miR-1 pol-miR-26a-2-
3p

CCTATTCATGATTACTTG
CACT

dre-miR-26a-2-3p

pol-miR-100-2-
3p

CAAGCTCGTGTCTATAGG
TATG

dre-miR-100-2-3p pol-miR-26a-3p CCTATTCGGGATGACTTG
GTTC

dre-miR-26a-3p

pol-miR-100-
3p

CAAGCTTGTATCTATAGG
TATC

dre-miR-100-3p pol-miR-26a-5p TTCAAGTAATCCAGGAT
AGGCT

dre-miR-26a-5p

pol-miR-100-
5p

AACCCGTAGATCCGAACT
TGTG

dre-miR-100-5p pol-miR-26b TTCAAGTAATCCAGGAT
AGGTT

dre-miR-26b

pol-miR-101a TACAGTACTGTGATAACT
GAAG

dre-miR-101a pol-miR-27a-3p TTCACAGTGGCTAAGTTC
CGCT

dre-miR-27a-3p

pol-miR-101b TACAGTACTATGATAACT
GAAG

dre-miR-101b pol-miR-27a-5p AGGACTTAGCTCACTCTG
TGAACA

dre-miR-27a-5p

pol-miR-103 AGCAGCATTGTACAGGGC
TATGA

dre-miR-103 pol-miR-27b-3p TTCACAGTGGCTAAGTTC
TGCA

dre-miR-27b-3p

pol-miR-107a-
3p

AGCAGCATTGTACAGGGC
TATCA

dre-miR-107a-3p pol-miR-27b-5p AGAGCTTAGCTGATTGG
TGAACA

dre-miR-27b-5p

pol-miR-107a-
5p

AGCTTCTTTACAGTGTTG
TCTTG

dre-miR-107a-5p pol-miR-27c-3p TTCACAGTGGTTAAGTTC
TGC

dre-miR-27c-3p

pol-miR-107b AGCAGCATTGTACAGGGC
TTT

dre-miR-107b pol-miR-27c-5p CTTAACCCACTTGTGAAC
AATG

dre-miR-27c-5p

pol-miR-10a-
3p

CAAATTCGTGTCTTGGGG
AATA

dre-miR-10a-3p pol-miR-27d TTCACAGTGGCTAAGTTC
TTCA

dre-miR-27d

pol-miR-10a-
5p

TACCCTGTAGATCCGAAT
TTGT

dre-miR-10a-5p pol-miR-27e TTCACAGTGGCTAAGTTC
AGTG

dre-miR-27e

pol-miR-10b-2-
3p

CAAATACGTCTCTACAGG
AAT

dre-miR-10b-2-3p pol-miR-29a TAGCACCATTTGAAATC
GGTTA

dre-miR-29a

pol-miR-10b-
3p

ACAGATTCGATTCTAGGG
GAGT

dre-miR-10b-3p pol-miR-29b TAGCACCATTTGAAATC
AGTGT

dre-miR-29b

pol-miR-10b-
5p

TACCCTGTAGAACCGAAT
TTGTG

dre-miR-10b-5p pol-miR-301a CAGTGCAATAGTATTGTC
AAAG

dre-miR-301a

pol-miR-10c-3p AAATTCGTATCTAGGGGA
GTA

dre-miR-10c-3p pol-miR-301b-
3p

CAGTGCAATAGTATTGTC
ATTG

dre-miR-301b-3p

pol-miR-10c-5p TACCCTGTAGATCCGGAT
TTGT

dre-miR-10c-5p pol-miR-301b-
5p

GCTTTGACGATGTTGCAC
TAC

dre-miR-301b-5p
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pol-miR-10d-
3p

CAGATTCGGTTTTAGGGG
AGTA

dre-miR-10d-3p pol-miR-301c-
3p

CAGTGCAATAGTATTGTC
ATAG

dre-miR-301c-3p

pol-miR-10d-
5p

TACCCTGTAGAACCGAAT
GTGTG

dre-miR-10d-5p pol-miR-301c-
5p

GCTCTGACGATGTTGCAC
TAC

dre-miR-301c-5p

pol-miR-122 TGGAGTGTGACAATGGTG
TTTG

dre-miR-122 pol-miR-30a-3p CTTTCAGTCTGATGTTTG
CTGC

dre-miR-30a-3p

pol-miR-124-
3p

TAAGGCACGCGGTGAATG
CCAA

dre-miR-124-3p pol-miR-30a-5p TGTAAACATTCCCGACTG
GAAG

dre-miR-30a-5p

pol-miR-124-4-
5p

TGTGTTCACAGTGGACCT
TGAT

dre-miR-124-4-5p pol-miR-30b TGTAAACATCCTACACTC
AGCT

dre-miR-30b

pol-miR-124-
5p

CGTGTTCACAGCGGACCT
TGAT

dre-miR-124-5p pol-miR-30c-3p CCGGGAGTGGGATGTTT
GCGCT

dre-miR-30c-3p

pol-miR-124-6-
5p

CGTGTTCACGGCGGACCT
TGAT

dre-miR-124-6-5p pol-miR-30c-5p TGTAAACATCCTACACTC
TCAG

dre-miR-30c-5p

pol-miR-125a TCCCTGAGACCCTTAACC
TGTG

dre-miR-125a pol-miR-30d TGTAAACATCCCCGACT
GGAAG

dre-miR-30d

pol-miR-125b-
1-3p

ACGGGTTAGGTTCTTGGG
AGCT

dre-miR-125b-1-3p pol-miR-30e-3p CTTTCAGTCGGATGTTTG
CAGC

dre-miR-30e-3p

pol-miR-125b-
2-3p

CGGGTTGGGTTCTCGGGA
GCT

dre-miR-125b-2-3p pol-miR-30e-5p TGTAAACATCCTTGACTG
GAAG

dre-miR-30e-5p

pol-miR-125b-
3-3p

ACAGGTTAAGCTCTTGGG
ACCT

dre-miR-125b-3-3p pol-miR-31 GGCAAGATGTTGGCATA
GCTG

dre-miR-31

pol-miR-125b-
5p

TCCCTGAGACCCTAACTT
GTGA

dre-miR-125b-5p pol-miR-338 TCCAGCATCAGTGATTTT
GTTG

dre-miR-338

pol-miR-125c-
3p

ACGGGTCAGGAGCTTGGG
AGAC

dre-miR-125c-3p pol-miR-34a TGGCAGTGTCTTAGCTGG
TTGT

dre-miR-34a

pol-miR-125c-
5p

TCCCTGAGACCCTAACTC
GTGA

dre-miR-125c-5p pol-miR-34b TAGGCAGTGTTGTTAGCT
GATTG

dre-miR-34b

pol-miR-126a-
3p

TCGTACCGTGAGTAATAA
TGC

dre-miR-126a-3p pol-miR-34c-3p AATCACTAACCTCACTAC
CAGG

dre-miR-34c-3p

pol-miR-126a-
5p

CATTATTACTTTTGGTAC
GCG

dre-miR-126a-5p pol-miR-34c-5p AGGCAGTGCAGTTAGTT
GATTAC

dre-miR-34c-5p

pol-miR-126b-
3p

TCGTACCGTGAGTAATAG
TGCA

dre-miR-126b-3p pol-miR-363-3p AATTGCACGGTATCCATC
TGTA

dre-miR-363-3p

pol-miR-126b-
5p

CATTATTACTTTTGGTAC
GCG

dre-miR-126b-5p pol-miR-363-5p CGGGTGGATGACTCTGC
AATTTT

dre-miR-363-5p

pol-miR-128-
3p

TCACAGTGAACCGGTCTC
TTTT

dre-miR-128-3p pol-miR-365 TAATGCCCCTAAAAATC
CTTAT

dre-miR-365

pol-miR-128-
5p

CGGGGCCGTGGCACTGTA
TGAGA

dre-miR-128-5p pol-miR-375 TTTGTTCGTTCGGCTCGC
GTTA

dre-miR-375

pol-miR-129-1-
3p

GAAGCCCTTACCCCAAAA
AGT

dre-miR-129-1-3p pol-miR-3906 AAAAGCATTTTGAATGC
AGATTT

dre-miR-3906

pol-miR-129-
3p

AAGCCCTTACCCCAAAAA
GCAT

dre-miR-129-3p pol-miR-429a TAATACTGTCTGGTAATG
CCGT

dre-miR-429a

pol-miR-129-
5p

CTTTTTGCGGTCTGGGCTT
GCT

dre-miR-129-5p pol-miR-429b TAATACTGCCTGGTAATG
CCAT

dre-miR-429b

pol-miR-1306 CCACCTCCCCTGCAAACG
TCCA

dre-miR-1306 pol-miR-430a-
11-5p

ACCCTCACAAAAGCACT
GACT

dre-miR-430a-11-5p

pol-miR-130a CAGTGCAATGTTAAAAGG
GCAT

dre-miR-130a pol-miR-430a-
12-5p

ACCCTCACAAAAGCACT
GACT

dre-miR-430a-12-5p

pol-miR-130b CAGTGCAATAATGAAAG
GGCAT

dre-miR-130b pol-miR-430a-
13-5p

ACCCTCACAAAAGCACT
GACT

dre-miR-430a-13-5p

pol-miR-130c-
3p

CAGTGCAATATTAAAAGG
GCAT

dre-miR-130c-3p pol-miR-430a-
14-5p

ACCCTCACAAAAGCACT
GACT

dre-miR-430a-14-5p

pol-miR-130c-
5p

GCCCTTTTTCTGTTGTACT
ACT

dre-miR-130c-5p pol-miR-430a-
15-5p

ACCCTCACAAAAGCACT
GACT

dre-miR-430a-15-5p

pol-miR-132-
3p

TAACAGTCTACAGCCATG
GTCG

dre-miR-132-3p pol-miR-430a-
16-5p

ACCCTCACAAAAGCACT
GACT

dre-miR-430a-16-5p

pol-miR-132-
5p

ACCGTGGCATTAGATTGT
TACT

dre-miR-132-5p pol-miR-430a-
17-5p

ACCCTCACAAAAGCACT
GACT

dre-miR-430a-17-5p

pol-miR-133a-
2-5p

AGCTGGTAAAATGGAACC
AAA

dre-miR-133a-2-5p pol-miR-430a-
3p

TAAGTGCTATTTGTTGGG
GTAG

dre-miR-430a-3p

pol-miR-133a-
3p

TTTGGTCCCCTTCAACCA
GCTG

dre-miR-133a-3p pol-miR-430a-
4-5p

ACCCTCACAAAAGCACT
GACT

dre-miR-430a-4-5p

pol-miR-133a-
5p

AGCTGGTAAAATGGAACC
AAAT

dre-miR-133a-5p pol-miR-430a-
5p

ACCCTCACAAAGGCACT
GACT

dre-miR-430a-5p

pol-miR-133b-
3p

TTTGGTCCCCTTCAACCA
GCTA

dre-miR-133b-3p pol-miR-430b-
3p

AAAGTGCTATCAAGTTG
GGGTAG

dre-miR-430b-3p

pol-miR-133b-
5p

GCTGGTCAAATGGAACCA
AGTC

dre-miR-133b-5p pol-miR-430b-
5p

CAACTCTAACTTTAGCAT
CTTTC

dre-miR-430b-5p

pol-miR-133c-
3p

TTTGGTCCCTTTCAACCA
GCTA

dre-miR-133c-3p pol-miR-430c-
3p

TAAGTGCTTCTCTTTGGG
GTAG

dre-miR-430c-3p

pol-miR-133c-
5p

GCTGGTAAAACGGAACC
AAGTC

dre-miR-133c-5p pol-miR-430c-
5p

CACTTCAAACAGGAGCA
TTGA

dre-miR-430c-5p

pol-miR-135a TATGGCTTTTTATTCCTAT
GTGA

dre-miR-135a pol-miR-430i-
3p

TAAGTGCTATTTGTTGGC
GTAG

dre-miR-430i-3p
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pol-miR-135b-
3p

ATATAGGGATGGAAGCC
ATGCA

dre-miR-135b-3p pol-miR-430i-
5p

ACCCTCACAAAAGCACT
GACT

dre-miR-430i-5p

pol-miR-135b-
5p

TATGGCTTTTTATTCCTAT
CTG

dre-miR-135b-5p pol-miR-451 AAACCGTTACCATTACTG
AGTT

dre-miR-451

pol-miR-135c TATGGCTTTCTATTCCTAT
GTG

dre-miR-135c pol-miR-454a TAGTGCAATATTGCTAAT
AGGG

dre-miR-454a

pol-miR-137-
3p

TTATTGCTTAAGAATACG
CGTA

dre-miR-137-3p pol-miR-454b TAGTGCAATATTGCTTAT
AGGG

dre-miR-454b

pol-miR-137-
5p

ACGGGTATTCTTGGGTGG
ATAATA

dre-miR-137-5p pol-miR-455-2-
5p

GTATGTGCCCTTGGACTA
CATT

dre-miR-455-2-5p

pol-miR-138-
3p

GCTATTTCACAACACCAG
GGT

dre-miR-138-3p pol-miR-455-3p ATGCAGTCCATGGGCAT
ATACAC

dre-miR-455-3p

pol-miR-138-
5p

AGCTGGTGTTGTGAATCA
GGCC

dre-miR-138-5p pol-miR-455-5p TATGTGCCCTTGGACTAC
ATCG

dre-miR-455-5p

pol-miR-1388-
3p

ATCTCAGGTTCGTCAGCC
CATG

dre-miR-1388-3p pol-miR-456 CAGGCTGGTTAGATGGT
TGTCA

dre-miR-456

pol-miR-1388-
5p

AGGACTGTCCAACCTGAG
AATG

dre-miR-1388-5p pol-miR-457a AAGCAGCACATCAATAT
TGGCA

dre-miR-457a

pol-miR-139-
3p

TGGGGAGGCAGCGCTGTT
GGAAT

dre-miR-139-3p pol-miR-457b-
3p

TCCAGTATTGCTGTTCTG
CTGT

dre-miR-457b-3p

pol-miR-139-
5p

TCTACAGTGCATGTGTCT dre-miR-139-5p pol-miR-457b-
5p

AAGCAGCACATAAATAC
TGGAG

dre-miR-457b-5p

pol-miR-140-
3p

TACCACAGGGTAGAACCA
CGGAC

dre-miR-140-3p pol-miR-458-3p ATAGCTCTTTGAATGGTA
CTGC

dre-miR-458-3p

pol-miR-140-
5p

CAGTGGTTTTACCCTATG
GTAG

dre-miR-140-5p pol-miR-458-5p AGCGCCATTTACAGAGC
TATAA

dre-miR-458-5p

pol-miR-141-
3p

TAACACTGTCTGGTAACG
ATGC

dre-miR-141-3p pol-miR-459-3p CAGGGAATCTCTGTTACT
GGGG

dre-miR-459-3p

pol-miR-141-
5p

CATCTTACCTGACAGTGC
TTGG

dre-miR-141-5p pol-miR-459-5p TCAGTAACAAGGATTCA
TCCTG

dre-miR-459-5p

pol-miR-142a-
3p

TGTAGTGTTTCCTACTTTA
TGGA

dre-miR-142a-3p pol-miR-460-3p CACAGCGCATACAATGT
GGATG

dre-miR-460-3p

pol-miR-142a-
5p

CATAAAGTAGAAAGCACT
ACT

dre-miR-142a-5p pol-miR-460-5p CCTGCATTGTACACACTG
TGCG

dre-miR-460-5p

pol-miR-142b-
5p

CATAAAGTAGACAGCACT
ACTA

dre-miR-142b-5p pol-miR-461 TCAGGAATGGGCTAAAT
GCCAA

dre-miR-461

pol-miR-143 TGAGATGAAGCACTGTAG
CTC

dre-miR-143 pol-miR-462 TAACGGAACCCATAATG
CAGCT

dre-miR-462

pol-miR-144-
3p

TACAGTATAGATGATGTA
CT

dre-miR-144-3p pol-miR-489 AGTGACATCATATGTAC
GGCTGC

dre-miR-489

pol-miR-144-
5p

GGATATCATCGTATACTG
TAAGT

dre-miR-144-5p pol-miR-499-3p AACATCACTTTAAGTCTG
TGCT

dre-miR-499-3p

pol-miR-145-
3p

GGATTCCTGGAAATACTG
TTCT

dre-miR-145-3p pol-miR-499-5p TTAAGACTTGCAGTGAT
GTTTA

dre-miR-499-5p

pol-miR-145-
5p

GTCCAGTTTTCCCAGGAA
TCCC

dre-miR-145-5p pol-miR-7145 ACAATGGAAGCCAATGG
TTACC

dre-miR-7145

pol-miR-146a TGAGAACTGAATTCCATA
GATGG

dre-miR-146a pol-miR-7146-
3p

TGAAGGTCAATGGTTAC
CAGTT

dre-miR-7146-3p

pol-miR-146b TGAGAACTGAATTCCAAG
GGTG

dre-miR-146b pol-miR-7146-
5p

GTAACCATTGACCTCCAT
AGT

dre-miR-7146-5p

pol-miR-148 TCAGTGCATTACAGAACT
TTGT

dre-miR-148 pol-miR-7147 TGTACCATGCTGGTAGCC
AGT

dre-miR-7147

pol-miR-150 TCTCCCAATCCTTGTACC
AGTG

dre-miR-150 pol-miR-7148-
3p

TATAAGCCAGTATTTCCG
AT

dre-miR-7148-3p

pol-miR-152 TCAGTGCATGACAGAACT
TTGG

dre-miR-152 pol-miR-7148-
5p

ATGGAAATACTCGCTGA
TACTG

dre-miR-7148-5p

pol-miR-153a-
3p

TTGCATAGTCACAAAAGT
GATC

dre-miR-153a-3p pol-miR-7149-
3p

TTCCAAGTGTTATGAGTC
AAAGT

dre-miR-7149-3p

pol-miR-153a-
5p

GTCATTTTTGTGATGTTGC
AGCT

dre-miR-153a-5p pol-miR-7149-
5p

TGTGAATCCTACACTGG
AAGG

dre-miR-7149-5p

pol-miR-153b-
3p

TTGCATAGTCACAAAAAT
GAGC

dre-miR-153b-3p pol-miR-722 TTTTTTGCAGAAACGTTT
CAGATT

dre-miR-722

pol-miR-153b-
5p

GTCATTTTTGTGGTTTGCA
GCT

dre-miR-153b-5p pol-miR-723-3p AAGACATCAATTAAATC
TGTGCT

dre-miR-723-3p

pol-miR-153c-
3p

TTGCATAGTCACAAAAAT
GATC

dre-miR-153c-3p pol-miR-723-5p GACAGTTTTAAATGATGT
TACTTT

dre-miR-723-5p

pol-miR-153c-
5p

GTCATTTTTGTGATTTGCA
GCT

dre-miR-153c-5p pol-miR-724 TTAAAGGGAATTTGCGA
CTGTT

dre-miR-724

pol-miR-155 TTAATGCTAATCGTGATA
GGGG

dre-miR-155 pol-miR-725-3p TTCAGTCATTGTTTCTAG
TAGT

dre-miR-725-3p

pol-miR-15a-
3p

CAGGCCGTACTGTGCTGC
GGCA

dre-miR-15a-3p pol-miR-725-5p TGCTAGGAATGGTGGCT
GAGAT

dre-miR-725-5p

pol-miR-15a-
5p

TAGCAGCACAGAATGGTT
TGTG

dre-miR-15a-5p pol-miR-726 TTCACTACTAGCAGAACT
CGG

dre-miR-726

pol-miR-15b-
3p

CGAATCATGATGTGCTGT
CACT

dre-miR-15b-3p pol-miR-727-3p GTTGAGGCGAGTTGAAG
ACTTA

dre-miR-727-3p
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pol-miR-15b-
5p

TAGCAGCACATCATGGTT
TGTA

dre-miR-15b-5p pol-miR-727-5p TCAGTCTTCAATTCCTCC
CAGC

dre-miR-727-5p

pol-miR-15c AAGCAGCGCGTCATGGTT
TTC

dre-miR-15c pol-miR-728 ATACTAAGTACACTACG
TTTTC

dre-miR-728

pol-miR-16a TAGCAGCACGTAAATATT
GGTG

dre-miR-16a pol-miR-729 CATGGGTATGATACGAC
CTGGGTT

dre-miR-729

pol-miR-16b TAGCAGCACGTAAATATT
GGAG

dre-miR-16b pol-miR-730 TCCTCATTGTGCATGCTG
TGTGT

dre-miR-730

pol-miR-16c-3p TCCAATATTGCTCGTGCT
GCTGA

dre-miR-16c-3p pol-miR-731 AATGACACGTTTTCTCCC
GGATCG

dre-miR-731

pol-miR-16c-5p TAGCAGCATGTAAATATT
GGAG

dre-miR-16c-5p pol-miR-732 CTCAAAGCAGAGAACTC
TCGGT

dre-miR-732

pol-miR-1788-
3p

CAGGCAGCTAAAGCAAG
TCTG

dre-miR-1788-
3p

pol-miR-
733

TGCGTTGGTTTAGCTCAG
TGGTT

dre-miR-733

pol-miR-1788-
5p

GGCTTGTTTTAAGTTGCC
TGCG

dre-miR-1788-
5p

pol-miR-
734

GTAAATGCTGCAGAATC
GTACCG

dre-miR-734

pol-miR-17a-2-
3p

ACTGCAGTGGAGGCACTT
CAAGC

dre-miR-17a-2-
3p

pol-miR-735-
3p

CTCTCCCACCGCTAAACT
TGAC

dre-miR-735-
3p

pol-miR-17a-
3p

ACTGCAGTGGAGGCACTT
CTAG

dre-miR-17a-
3p

pol-miR-735-
5p

GGCTGGTCCGAAGGCGG
T

dre-miR-735-
5p

pol-miR-17a-
5p

CAAAGTGCTTACAGTGCA
GGTA

dre-miR-17a-
5p

pol-miR-
736

GTAAGACGAACAAAAAG
TTTT

dre-miR-736

pol-miR-181a-
2-3p

ACCATCGACCGTTGACTG
TACC

dre-miR-181a-2-
3p

pol-miR-737-
3p

AATCAAAACCTAAAGAA
AATA

dre-miR-737-
3p

pol-miR-181a-
3p

ACCATCGACCGTTGATTG
TACC

dre-miR-181a-
3p

pol-miR-737-
5p

GTTTTTTTAGGTTTTGAT
TTT

dre-miR-737-
5p

pol-miR-181a-
5p

AACATTCAACGCTGTCGG
TGAGT

dre-miR-181a-
5p

pol-miR-
738

GCTACGGCCCGCGTCGG
GACCTC

dre-miR-738

pol-miR-181b-
3p

CTCACTGATCAATGAATG
CAAA

dre-miR-181b-
3p

pol-miR-
740

ATAAAAAGTGGTATGGT
ACAGT

dre-miR-740

pol-miR-181b-
5p

AACATTCATTGCTGTCGG
TGGG

dre-miR-181b-
5p

pol-miR-
7a

TGGAAGACTAGTGATTTT
GTTGT

dre-miR-7a

pol-miR-181c-
3p

CTCGCCGGACAATGAATG
AGAA

dre-miR-181c-
3p

pol-miR-
7b

TGGAAGACTTGTGATTTT
GTT

dre-miR-7b

pol-miR-181c-
5p

CACATTCATTGCTGTCGG
TGGG

dre-miR-181c-
5p

pol-miR-92a-2-
5p

AGGTTGGGATCGGCCGC
AATGCT

dre-miR-92a-2-
5p

pol-miR-182-
3p

TGGTTCTAGACTTGCCAA
CTA

dre-miR-182-
3p

pol-miR-92a-
3p

TATTGCACTTGTCCCGGC
CTGT

dre-miR-92a-
3p

pol-miR-182-
5p

TTTGGCAATGGTAGAACT
CACA

dre-miR-182-
5p

pol-miR-92a-
5p

AGGTTGGGATTGGTAGC
AATGCT

dre-miR-92a-
5p

pol-miR-183-
3p

TGAATTACCAAAGGGCCA
TAA

dre-miR-183-
3p

pol-miR-92b-
3p

TATTGCACTCGTCCCGGC
CTCC

dre-miR-92b-
3p

pol-miR-183-
5p

TATGGCACTGGTAGAATT
CACTG

dre-miR-183-
5p

pol-miR-92b-
5p

AGGTGTGGGATGTTGTG
CAGTGTT

dre-miR-92b-
5p

pol-miR-
184

TGGACGGAGAACTGATA
AGGGC

dre-miR-184 pol-miR-
93

AAAAGTGCTGTTTGTGC
AGGTA

dre-miR-93

pol-miR-
187

TCGTGTCTTGTGTTGCAG
CC

dre-miR-187 pol-miR-9-
3p

TAAAGCTAGATAACCGA
AAGT

dre-miR-9-3p

pol-miR-
18a

TAAGGTGCATCTAGTGCA
GATA

dre-miR-18a pol-miR-9-4-
3p

TAAAGCTAGAGAACCGA
ATGTA

dre-miR-9-4-3p

pol-miR-18b-
3p

CTGCCCTAAGTGCCCCTT
CTGG

dre-miR-18b-
3p

pol-miR-9-
5p

TCTTTGGTTATCTAGCTG
TATGA

dre-miR-9-5p

pol-miR-18b-
5p

TAAGGTGCATTTAGTGCA
GATA

dre-miR-18b-
5p

pol-miR-96-
3p

CAATTATGTGTAGTGCCA
ATAT

dre-miR-96-3p

pol-miR-
18c

TAAGGTGCATCTTGTGTA
GTTA

dre-miR-18c pol-miR-96-
5p

TTTGGCACTAGCACATTT
TTGCT

dre-miR-96-5p

pol-miR-
190a

TGATATGTTTGATATATT
AGGT

dre-miR-190a pol-miR-9-7-
3p

TAAAGCTAGAGAACCGA
AAGTA

dre-miR-9-7-3p

pol-miR-
190b

TGATATGTTTGATATTCG
GTTG

dre-miR-190b pol-miR-
99

AACCCGTAGATCCGATC
TTGTG

dre-miR-99

pol-miR-
192

ATGACCTATGAATTGACA
GCC

dre-miR-192 pol-miR-21-3p CAGCCTACAGACTGTTGT
CGCC

gga-miR-21-3p

pol-miR-193a-
3p

AACTGGCCTACAAAGTCC
CAGT

dre-miR-193a-
3p

pol-miR-456 CTGGCTGGTTAGATGGTT
GA

dre-miR-456

pol-miR-193a-
5p

TGGGTCTTTGCGGGCAAG
GTGA

dre-miR-193a-
5p

pol-miR-142-3p TCCATAAAGTAGGAAAC
ACTA

bta-miR-142-3p

pol-miR-193b-
3p

AACTGGCCCGCAAAGTCC
CGCT

dre-miR-193b-
3p

pol-miR-142-5p CATAAAGTAGGAAACAC
TAC

gga-miR-142-5p

pol-miR-193b-
5p

CGGGACTTTGGGGGCGAG
ATG

dre-miR-193b-
5p

pol-miR-100-3p ATACCTATAGATACAAG
CTTGT

hsa-miR-100-3p

pol-miR-
194a

TGTAACAGCAACTCCATG
TGG

dre-miR-194a pol-miR-132b ACCATGGCTGTAGACTG
TTACC

ccr-miR-132b

pol-miR-
194b

TGTAACAGCCGCTCCATG
TGGA

dre-miR-194b pol-miR-143 TGAGAGGAAGTACTGTA
GCT

efu-miR-143

pol-miR-196a-
3p

CTGCAACGTGAAACTGTC
TTAA

dre-miR-196a-
3p

pol-miR-203b-
5p

AAGTGGTCCTAAACATTT
CACA

hsa-miR-203b-5p
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pol-miR-196a-
5p

TAGGTAGTTTCATGTTGT
TGGG

dre-miR-196a-
5p

pol-miR-124c-
3p

TCAAGGTCCACTGTGAA
CACGT

gga-miR-124c-3p

pol-miR-
196b

TAGGTAGTTTCAAGTTGT
TGGG

dre-miR-196b pol-miR-24 TGGCTCAGTTCAGCAGG
AAC

cfa-miR-24

pol-miR-
196c

TAGGTAGTTTGATGTTGT
TGGG

dre-miR-196c pol-miR-124c-
3p

TCAAGGTCCGCTGTGAA
CACGA

gga-miR-124c-3p

pol-miR-
196d

TAGGTAGTTTTATGTTGTT
GGG

dre-miR-196d pol-miR-214-5p CACAGCAAGTGTAGACA
GGCAG

hsa-miR-214-5p

pol-miR-199-3-
3p

ACAGTAGTCCGCACATTG
GTT

dre-miR-199-3-
3p

pol-miR-181a TACAATCAACGGTCGAT
GGTTT

efu-miR-181a

pol-miR-199-
3p

TACAGTAGTCTGCACATT
GGTT

dre-miR-199-
3p

pol-miR-205-3p ACTTCACACCACTGAAA
TCTG

dre-miR-205-3p

pol-miR-199-
5p

CCCAGTGTTCAGACTACC
TGTTC

dre-miR-199-
5p

pol-miR-29c TAGCACCATTTGAAATC
GGTC

efu-miR-29c

pol-miR-19a-
3p

TGTGCAAATCTATGCAAA
ACTGA

dre-miR-19a-
3p

pol-miR-4286 ACCCCACTCCTGGTACCA hsa-miR-4286

pol-miR-19a-
5p

CTAGTTTTGCATAGTTGC
ACTA

dre-miR-19a-
5p

pol-miR-9-3p TTTCGGTTATCTAGCTTT
ATGA

mml-miR-9-3p

pol-miR-19b-
3p

TGTGCAAATCCATGCAAA
ACTGA

dre-miR-19b-
3p

pol-miR-574 TGTGTGTGTGTGTGTGTG
TGTGTG

bta-miR-574

pol-miR-19b-
5p

AGTTTTGCTGGTTTGCATT
CAG

dre-miR-19b-
5p

pol-miR-100-3p TACCTATAGACACGAGC
TTGT

hsa-miR-100-3p

pol-miR-19c-
3p

TGTGCAAATCCATGCAAA
ACTCG

dre-miR-19c-
3p

pol-miR-100-3p ATACCTATAGACACGAG
CTTGT

hsa-miR-100-3p

pol-miR-19c-
5p

AGTTTTGCAGGATTGCAT
CCGG

dre-miR-19c-
5p

pol-miR-222b-
5p

TGCTCAGTGGTCAGTGTA
GGTC

gga-miR-222b-5p

pol-miR-19d-
3p

TGTGCAAACCCATGCAAA
ACTGA

dre-miR-19d-
3p

pol-miR-222-3p AGCTACATCCGGCTACT
GGGTCTC

cgr-miR-222-3p

pol-miR-19d-
5p

AGCTTTGCGGGGTGGGCA
GTCAGC

dre-miR-19d-
5p

chr1_1136 TGCAGACATCCTTGACTG
G

pol-miR-200a-
3p

TAACACTGTCTGGTAACG
ATGT

dre-miR-200a-
3p

chr11_2213 TCGAAACCGGGCGGAAA
CAAC

pol-miR-200a-
5p

CATCTTACCGGACAGTGC
TGGA

dre-miR-200a-
5p

chr15_4278 CCAACACCAGTCTGATA
AGCT

pol-miR-200b-
3p

TAATACTGCCTGGTAATG
ATGA

dre-miR-200b-
3p

chr16_4157 CCTGATTCACAACACCA
GCTGT

pol-miR-200b-
5p

CATCTTACGAGGCAGCAT
TGGA

dre-miR-200b-
5p

chr16_4797 TTACCACTGAATTCCATA
GA

pol-miR-200c-
3p

TAATACTGCCTGGTAATG
ATGC

dre-miR-200c-
3p

chr17_5120 ATCCTGTTCGTGACGCCA

pol-miR-200c-
5p

CATCTTACAAGGCAGTTT
TGGA

dre-miR-200c-
5p

chr17_5367 TTACAATTAAAGGATATT
TCTT

pol-miR-202-
3p

AGAGGCATAGGGCATGG
GAAAA

dre-miR-202-
3p

chr17_5605 AGTACTTGGATGGGAGA
CC

pol-miR-202-
5p

TTCCTATGCATATACCTCT
TTG

dre-miR-202-
5p

chr19_5662 TGTTATAGTAGTTTGTGC
TGT

pol-miR-203a-
3p

GTGAAATGTTTAGGACCA
CTTG

dre-miR-203a-
3p

chr19_6353 ATCCGGCTCGAAGGACC
A

pol-miR-203a-
5p

AGTGGTTCTTAACAGTTC
AACAGT

dre-miR-203a-
5p

chr2_5758 TGAGATGAAGCCCTGTG
GCT

pol-miR-203b-
3p

GTGAAATGTTCAGGACCA
CTTG

dre-miR-203b-
3p

chr2_6729 AGCACTGCCAGCTGAAG
ATCT

pol-miR-203b-
5p

AGTGGTTCTCAACAGTTC
AACA

dre-miR-203b-
5p

chr2_6979 AGGAATGAGCAGTATCT
G

pol-miR-204-2-
3p

GCTGGGACAGCAAAGGG
AGGT

dre-miR-204-2-
3p

chr20_7545 TAAGTTAGTAGATTGACT
AGT

pol-miR-204-
3p

GGCTGGGAAGTCAAAGG
GACGC

dre-miR-204-
3p

chr20_8521 GTTGGAAAGGCTGGGGG
C

pol-miR-204-
5p

TTCCCTTTGTCATCCTATG
CCT

dre-miR-204-
5p

chr22_6758 CGTTATGAAGCACTGTA
GCT

pol-miR-205-
3p

GATTTCAGTGGTGTGAAG
TGTA

dre-miR-205-
3p

chr22_8318 GTTATGAAGCACTGTAG
CT

pol-miR-205-
5p

TCCTTCATTCCACCGGAG
TCTG

dre-miR-205-
5p

chr23_7333 GGTGAGCTGGTTTAAGG
C

pol-miR-206-
3p

TGGAATGTAAGGAAGTGT
GTGG

dre-miR-206-
3p

chr23_9130 TGCGCTGAAGCGCTGTA
G

pol-miR-206-
5p

ACATGCTTCCTTATATGC
CCATA

dre-miR-206-
5p

chr24_9471 TGTCCTCTGATTGGCTCG
GACA

pol-miR-20a-
3p

ACTGCAGTGTGAGCACTT
GAAG

dre-miR-20a-
3p

chr25_9133 CAACGGCTGTTTTCTTTT
TGC

pol-miR-20a-
5p

TAAAGTGCTTATAGTGCA
GGTAG

dre-miR-20a-
5p

chr3_10421 AACAGGTAGTCTGAACA
CTGGGC

pol-miR-20b-
3p

ACTGCAATGTCTGCACTT
CAAGT

dre-miR-20b-
3p

chr3_8437 AGGGGTATGATTCTCGCT

pol-miR-20b-
5p

CAAAGTGCTCACAGTGCA
GGTAG

dre-miR-20b-
5p

chr4_10212 CCCGGATAGCTCAGTCG
GTAGA
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pol-miR-
21

TAGCTTATCAGACTGGTG
TTGGC

dre-miR-21 chr4_11366 GTGAGGTCCTCGGATCG
GCCCCG

pol-miR-210-
3p

CTGTGCGTGTGACAGCGG
CTAA

dre-miR-210-
3p

chr4_11444 TCGGTAGAGCATGAGAC
T

pol-miR-210-
5p

AGCCACTGACTAACGCAC
ATTG

dre-miR-210-
5p

chr4_11809 TGGGAATACCAGGTGCT
GTAAGCTT

pol-miR-
212

TAACAGTCTACAGTCATG
GCT

dre-miR-212 chr4_11912 TAGGGGTATGATTCTCGC
T

pol-miR-
214

ACAGCAGGCACAGACAG
GCAG

dre-miR-214 chr4_12507 GCTTACGGCCATACCAC
C

pol-miR-
216a

TAATCTCAGCTGGCAACT
GTGA

dre-miR-216a chr5_11379 CACCGGTACCATGATAA
CTGAA

pol-miR-
216b

TAATCTCTGCAGGCAACT
GTGA

dre-miR-216b chr5_12400 TGATTTCCAATAATTGAG
ACAG

pol-miR-
217

TACTGCATCAGGAACTGA
TTGG

dre-miR-217 chr5_12752 TAGTGCTTTCTACTTTAT
GGAT

pol-miR-
2184

AACAGTAAGAGTTTATGT
GCT

dre-miR-2184 chr5_13070 ATCATGGACAAAAAGTC
C

pol-miR-2185-
3p

GCCGCGATCAGCTGCACC
AGC

dre-miR-2185-
3p

chr6_13181 CACTACCTCATCTGAGCT
TG

pol-miR-2185-
5p

CGGTGCAGGACTCCGCGG
CTC

dre-miR-2185-
5p

chr6_13287 AAGCTGTGATGATGATG
AC

pol-miR-
2186

AAGTGGCCTCTAAAAGTC
TA

dre-miR-2186 chr7_13285 TGTCACCACAGTGATGTC
ATTG

pol-miR-2187-
3p

TTACAGGCTATGCTAATC
TATG

dre-miR-2187-
3p

chr7_14065 TGATGTAGTTGTTTGTAA
AGTT

pol-miR-2187-
5p

TTAATTAGTATAGCCTGT
TTTA

dre-miR-2187-
5p

chr8_14672 TTCCTGCTGAACTGAGCC
AGT

pol-miR-2188-
3p

CTGTGTGAGGTTAGACCT
ATC

dre-miR-2188-
3p

chr9_12541 ACCCAGTAGCCAGATGT
AGCTG

pol-miR-2188-
5p

AAGGTCCAACCTCACATG
TCC

dre-miR-2188-
5p

chr9_15229 TCTACACTGACTACTGAG
CATC

pol-miR-
2189

TGATTGTTTGTATCAGCT
GTGT

dre-miR-2189 Zv9_NA251_60
2

TCAGTAGAGCATGAGAC
C

pol-miR-
218a

TTGTGCTTGATCTAACCA
TGTG

dre-miR-218a Zv9_NA889_56
9

TGGCGGTCCGCCGCGAG
GC

pol-miR-
218b

TTGTGCTTGATCTAACCA
TGCA

dre-miR-218b Zv9_scaffold34
72_92

CAGTCGGTAGAGCATCA
GAC

pol-miR-
2191

TCACACCTACAATCCCTG
GCA

dre-miR-2191 Zv9_scaffold34
87_134

GACTTGGTCTAAGCTCCT
CAGT

pol-miR-
2192

AAAGTGAAAGGTGACTG
AGAC

dre-miR-2192 Zv9_scaffold35
03_234

CGCCGTGATCGTATAGT
GGTTA

pol-miR-
2193

TATGTGTGTATCAATTGT
GTGAAA

dre-miR-2193 Zv9_scaffold35
03_287

GGCTAGCTCAGTCGGTA
GAG

pol-miR-219-
3p

GGAGTTGTGGATGGACAT
CACGC

dre-miR-219-
3p

Zv9_scaffold35
30_374

TAGTGGTTAGTACTCTGC
GTT

pol-miR-
2194

GTAATGCTTCGACTGATT
GGTG

dre-miR-2194

pol-miR-
2195

AGATTGGGGTGAGTTAGG
GTG

dre-miR-2195

pol-miR-219-
5p

TGATTGTCCAAACGCAAT
TCTT

dre-miR-219-
5p

pol-miR-
2196

CCTCTCTGTGCTGCCATTT
GGGAC

dre-miR-2196

pol-miR-
2197

ATGATTCGACTCATATGG
TG

dre-miR-2197

pol-miR-
2198

AGCTCGTGTCCCAAGGCG
CCT

dre-miR-2198

pol-miR-221-
3p

AGCTACATTGTCTGCTGG
GTTTC

dre-miR-221-
3p

pol-miR-221-
5p

ACCTGGCATACAATGTAG
ATTTCTGT

dre-miR-221-
5p

pol-miR-222a-
3p

AGCTACATCTGGCTACTG
GGTCTC

dre-miR-222a-
3p

pol-miR-222a-
5p

TGCTCAGTAGTCAGTGTA
GATCC

dre-miR-222a-
5p

pol-miR-
222b

AGCTACATCTGAATACTG
GGTCA

dre-miR-222b
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Supplement  2. Fold change of differentially expressed miRNAs at different points of time

Mature miRNA 6 h.p.i 12 h.p.i 24 h.p.i 48 h.p.i 72 h.p.i

pol-miR-100-5p -1.26043 1.070933 -1.1071 -1.72222 -3.657112

pol-miR-107b -1.25338 -1.8441 -2.60541 -1.73669 -1.693607

pol-miR-122 -1.03563 -1.03563 -1.6624 -1.5391 -1.516988

pol-miR-133a-2-5p 1.41393 1.121138 1.015902 1.931566 -1.60411

pol-miR-133a-3p -1.05905 1.063703 1.631308 1.764555 -1.248068

pol-miR-133a-5p 1.41393 1.121138 1.015902 1.931566 -1.60411

pol-miR-133b-3p -1.44323 -1.48334 1.570348 1.517838 -1.172331

pol-miR-135a -1.03131 -1.01901 1.163487 -1.1073 1.685217

pol-miR-135b-3p 1.647525 1.0988 1.072486 1.334492 -1.079654

pol-miR-135b-5p 1.358603 1.076245 1.518928 1.172451 1.025654

pol-miR-135c 1.210184 -1.12453 1.366912 1.210184 1.527618

pol-miR-137-3p 1.822955 1.458735 1.49176 1.643203 2.496225

pol-miR-1388-5p 1 -1.21697 -1.38329 -1.51934 -1.481814

pol-miR-145-3p -1.27429 -1.08751 -1.27429 -1.27429 -1.638145

pol-miR-145-5p 1 1.261116 1.61778 1.392954 1.098457

pol-miR-146a 1.25274 -1.13326 1.868443 3.634803 4.138208

pol-miR-150 -1.22547 -1.10065 -1.22547 -1.53028 1.268553

pol-miR-153b-3p 1.269013 1.372919 1.389744 1.691087 1.579086

pol-miR-155 1.262355 1.089391 14.36252 29.85027 36.104946

pol-miR-15b-5p -1.06058 -1.16688 -1.59133 -1.4908 -1.591325

pol-miR-16c-3p -1.22084 -1.35848 -1.26171 -1.79134 -1.415768

pol-miR-1788-3p 1.083491 2.315048 -1.64625 1.047648 -2.575175

pol-miR-1788-5p 1.049878 2.069042 1.072582 1.009064 -1.078638

pol-miR-181a-2-3p 1.211545 -1.42221 -1.79609 -1.79609 -1.866617

pol-miR-181a-5p -1.23521 -1.35515 -1.23521 -1.35515 -1.513339

pol-miR-181c-5p 1.018733 -1.12951 -1.08482 -1.36691 -1.613983

pol-miR-182-5p -1.10454 1.161402 -1.49812 -1.93705 -1.321856

pol-miR-183-5p -1.42893 1.129508 -1.25653 -1.63344 -1.210184

pol-miR-184 1.046975 1.009456 -1.06722 -1.54363 -1.313831

pol-miR-18c 1 -1.25443 -1.27833 -1.27833 -1.768611

pol-miR-190a 1.264177 1.401816 1.694885 1.452972 1.648531

pol-miR-193a-5p 1.089795 1.501344 -1.11308 -1.0816 -1.097228

pol-miR-196a-5p 1.875671 1.46813 1.220988 1.875671 1.153166

pol-miR-196c 1.502126 1.472964 1.177279 1.306971 1.182165

pol-miR-19a-3p 1.139214 1.17658 1.862958 1.308293 1.47293

pol-miR-19b-3p 1.44675 1.210461 2.26534 1.656743 1.656743
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pol-miR-19c-3p 1.106667 1.173748 1.846299 1.351227 1.351227

pol-miR-19d-3p 1.215012 1.133343 1.581091 1.262281 1.498116

pol-miR-202-5p 2.961607 4.129605 1.891383 1.552929 5.004339

pol-miR-205-5p 1.337751 -1.19695 1.979514 1 1.137546

pol-miR-206-3p -1.23548 1 1.593633 1.538804 -1.293302

pol-miR-20b-5p -1.36956 -1.5344 -1.5344 -1.8168 -2.230742

pol-miR-210-3p 1.034468 -1.01475 -1.77954 1.034468 -1.014751

pol-miR-214 -1.34808 -1.07685 -1.52762 -1.39229 -1.348075

pol-miR-217 1.157973 1.094543 1.325138 1.713881 1.157973

pol-miR-2188-5p -1.61392 1.359337 -1.09103 -1.39737 -1.214252

pol-miR-221-5p 1.461717 1.619784 3.193286 1.963239 1.854018

pol-miR-223 -1.34069 -1.18903 -1.6098 -1.24592 -1.466726

pol-miR-27b-5p -1.04549 1 -1.56193 -1.25148 -1.544344

pol-miR-375 1.145808 1.027308 -1.91794 -2.24797 -1.043634

pol-miR-430a-3p -1.3716 -1.34958 1.432965 1.838762 1.247611

pol-miR-430c-3p 1.739151 1.475782 1.739151 2.575175 1.326561

pol-miR-458-3p 1.212357 1 -1.82153 -1.45644 -1.576095

pol-miR-458-5p -1.08205 -1.41495 -1.65362 -1.17147 1.256538

pol-miR-459-5p 1.068875 -2.05562 -3.12714 -1.04351 -1.926506

pol-miR-462 1.149207 1.149207 1.366375 1.555612 2.01058

pol-miR-489 1.235309 -1.02304 -1.70885 -1.64761 1

pol-miR-722 1.741804 1.204696 1.303368 1.709775 1.112319

pol-miR-730 -1.31576 -1.38665 -1.31576 -1.70451 -1.27094

pol-miR-731 1.114028 -1.01662 2.334522 2.1099 2.1099

pol-miR-737-5p 1.120342 1.09026 1.648531 1.195751 1.946848

pol-miR-9-4-3p -1.33734 1.037018 -1.10351 -1.3041 -1.847745

pol-miR-99 -1.1695 1.249005 1.089951 -1.1695 -2.513811



140

Supplement 3. Predicted target genes of differentially expressed miRNAs based on miRanda and 

RNA22 tools and the function of different genes.

MiRNA Target gene MiRNA Target gene

pol-miR-
100-5p

transcription factor C/EBPalpha mRNA, complete cds. pol-
miR-
193a-5p

cathepsin K mRNA, complete cds.

pol-miR-
100-5p

myD88 mRNA for myeloid differentiaton factor 88, complete 
cds.

pol-
miR-
193a-5p

progranulin type II (pGRN) mRNA, complete cds, alternatively 
spliced.

pol-miR-
107b

apoA-I mRNA for apolipoprotein A-I, complete cds. pol-
miR-
193a-5p

progranulin type I (pGRN) mRNA, complete cds, alternatively 
spliced.

pol-miR-
107b

B7-H1/DC mRNA, complete cds. pol-
miR-
193a-5p

serotransferrin precursor (SroTP) mRNA, complete cds.

pol-miR-
107b

ITGAL mRNA, complete cds. pol-
miR-
193a-5p

DnaJ-like subfamily B member 11 (Hsp40B11) mRNA, 
complete cds.

pol-miR-
107b

CD83 transcript 2 mRNA, complete cds, alternatively spliced. pol-
miR-
193a-5p

putative fast skeletal muscle troponin mRNA, partial cds.

pol-miR-
107b

nascent polypeptide-associated complex alpha mRNA, 
complete cds.

pol-
miR-
193a-5p

signal transducer and activator of transcription 1 mRNA, 
complete cds.

pol-miR-
107b

transcription factor SOX-1b (Sox1b) mRNA, complete cds. pol-
miR-
193a-5p

mRNA for CC chemokine-like molecule, complete cds.

pol-miR-
107b

melanin-concentrating hormone receptor 2 mRNA, complete 
cds.

pol-
miR-
193a-5p

mRNA for Hoxd-4, complete cds.

pol-miR-
107b

complement C1q-like protein 3 (C1ql3) mRNA, complete cds. pol-
miR-
193a-5p

heat shock protein 90 beta (Hsp90beta) mRNA, complete cds.

pol-miR-
107b

paired box protein 3b isoform Pax3b-1 (Pax3a) mRNA, 
complete cds.

pol-
miR-
193a-5p

heat shock protein 90 alpha (Hsp90alpha) mRNA, complete 
cds.

pol-miR-
107b

vasa-like protein mRNA, complete cds. pol-
miR-
193a-5p

glucose-regulated protein 78 (Grp78) mRNA, complete cds.

pol-miR-
107b

HSL1 mRNA for hormone-sensitive lipase1, complete cds. pol-
miR-
193a-5p

JFC/EBPb mRNA for CCAAT/Enhancer binding protein beta, 
complete cds.

pol-miR-
107b

phospholipase C delta 1B Lf mRNA, complete cds. pol-
miR-
193a-5p

calreticulin mRNA, complete cds.

pol-miR-
107b

vasa mRNA, complete cds. pol-
miR-
193a-5p

MHC class IIb antigen mRNA, complete cds.

pol-miR-
107b

growth hormone-releasing hormone (GHRH) mRNA, 
complete cds.

pol-
miR-
193a-5p

mRNA for CD3 epsilon, complete cds.

pol-miR-
107b

LGP2 mRNA, complete cds. pol-
miR-
193a-5p

CPB mRNA for carboxypeptidase B, partial cds.

pol-miR-
107b

syntenin mRNA, complete cds. pol-
miR-
193a-5p

ctrlr mRNA for calcitonin receptor-like receptor, complete cds.

pol-miR-
107b

phospholipase D (PLD) mRNA, complete cds. pol-
miR-
193a-5p

cgrpr mRNA for calcitonin gene-related peptide receptor, 
complete cds.

pol-miR-
107b

interferon regulatory factor 3 variant 2 (IRF3) mRNA, 
complete cds.

pol-
miR-
193a-5p

empty spiracles homeobox 2 (Emx2) mRNA, complete cds.

pol-miR-
107b

interferon regulatory factor 3 variant 1 (IRF3) mRNA, 
complete cds.

pol-
miR-
193a-5p

lipoprotein lipase (LPL) mRNA, complete cds.

pol-miR-
107b

macrophage stimulating-1 protein mRNA, complete cds. pol-
miR-
193a-5p

TANK binding kinase 1 splice variant 3 (TBK1) mRNA, 
complete cds, alternatively spliced.

pol-miR-
107b

cathepsin D mRNA, complete cds. pol-
miR-
193a-5p

CD4-1 mRNA for T-cell surface glycoprotein CD4-1, 
complete cds.

pol-miR-
107b

serotransferrin precursor (SroTP) mRNA, complete cds. pol-
miR-
193a-5p

CD8 beta mRNA for T-cell surface glycoprotein CD8 beta 
chain, complete cds.

pol-miR-
107b

DnaJ-like subfamily B member 11 (Hsp40B11) mRNA, 
complete cds.

pol-
miR-
193a-5p

toll-like receptor 5 soluble form mRNA, complete cds.
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pol-miR-
107b

calmodulin mRNA, complete cds. pol-
miR-
193a-5p

doublesex and mab-3 related transcription factor 1 (DMRT1) 
mRNA, complete cds.

pol-miR-
107b

signal transducer and activator of transcription 1 mRNA, 
complete cds.

pol-
miR-
193a-5p

mitogen-activated protein kinase mRNA, complete cds.

pol-miR-
107b

mRNA for elastase 4 precursor, partial cds. pol-
miR-
193a-5p

heat shock protein 90 beta mRNA, complete cds.

pol-miR-
107b

inhibitor kappa B alpha mRNA, complete cds. pol-
miR-
193a-5p

ornithine decarboxylase antizyme small isoform ORF1 and 
ornithine decarboxylase antizyme small isoform mRNA, 
complete cds.

pol-miR-
107b

heat shock protein 90 alpha (Hsp90alpha) mRNA, complete 
cds.

pol-
miR-
193a-5p

TFIIA P12 subunit mRNA, complete cds.

pol-miR-
107b

glucose-regulated protein 78 (Grp78) mRNA, complete cds. pol-
miR-
193a-5p

prolactin precursor, mRNA, complete cds.

pol-miR-
107b

JFC/EBPb mRNA for CCAAT/Enhancer binding protein beta, 
complete cds.

pol-
miR-
193a-5p

calmodulin mRNA, partial cds.

pol-miR-
107b

TCR beta mRNA for T cell receptor beta chain, complete cds. pol-
miR-
193a-5p

proopiomelanocortin-III (POMC-III) mRNA, complete cds.

pol-miR-
107b

mRNA for interferon regulatory factor, complete cds. pol-
miR-
193a-5p

phospholipase D1B mRNA, complete cds.

pol-miR-
107b

mRNA for transferrin, complete cds. pol-
miR-
193a-5p

phospholipase D2 mRNA, complete cds.

pol-miR-
107b

mRNA for serine protease I-2, complete cds. pol-
miR-
193a-5p

mRNA for Hoxb-5, partial cds.

pol-miR-
107b

mRNA for serine protease I-1, complete cds. pol-
miR-
193a-5p

M17h mRNA for M17 homologue, complete cds.

pol-miR-
107b

TNFR-1 mRNA for tumor necrosis factor receptor-1, complete 
cds.

pol-
miR-
193a-5p

COL1A2 mRNA for type 1 collagen alpha 2, complete cds.

pol-miR-
107b

IL-8 receptor mRNA for interleukin-8 receptor, complete cds. pol-
miR-
193a-5p

COL1A1 mRNA for type 1 collagen alpha 1, complete cds.

pol-miR-
107b

heat shock protein 60 kDa (hsp60) mRNA, complete cds. pol-
miR-
193a-5p

mRNA for granzyme I-2, complete cds.

pol-miR-
107b

myD88 mRNA for myeloid differentiaton factor 88, complete 
cds.

pol-
miR-
193a-5p

mRNA for glucocorticoid receptor, complete cds.

pol-miR-
107b

CPB mRNA for carboxypeptidase B, partial cds. pol-
miR-
196a-5p

transcription factor T-bet (TBX21) mRNA, complete cds.

pol-miR-
107b

cgrpr mRNA for calcitonin gene-related peptide receptor, 
complete cds.

pol-
miR-
196a-5p

GPR43 mRNA, complete cds.

pol-miR-
107b

mRNA for complement component C9, complete cds. pol-
miR-
196a-5p

phospholipase C gamma 2 (PLC-gamma2) mRNA, complete 
cds.

pol-miR-
107b

empty spiracles homeobox 2 (Emx2) mRNA, complete cds. pol-
miR-
196a-5p

mRNA for microtubule aggregate protein homolog isotype-1, 
complete cds.

pol-miR-
107b

melanin-concentrating hormone receptor 2 (MCHR2) mRNA, 
complete cds.

pol-
miR-
196a-5p

ornithine decarboxylase mRNA, complete cds.

pol-miR-
107b

Wap65-1 mRNA, complete cds. pol-
miR-
196a-5p

macrophage stimulating-1 protein mRNA, complete cds.

pol-miR-
107b

TANK binding kinase 1 splice variant 3 (TBK1) mRNA, 
complete cds, alternatively spliced.

pol-
miR-
196a-5p

DnaJ-like subfamily B member 11 (Hsp40B11) mRNA, 
complete cds.

pol-miR-
107b

phospholipase C delta 1 B short form (PLC) mRNA, complete 
cds.

pol-
miR-
196a-5p

preprovasoactive intestinal peptide mRNA, complete cds.

pol-miR-
107b

serine protease I-1 mRNA, complete cds. pol-
miR-
196a-5p

dio1 mRNA for iodothyronine deiodinase type I, complete cds.

pol-miR-
107b

galectin mRNA, complete cds. pol-
miR-
196a-5p

heat shock protein 60 kDa (hsp60) mRNA, complete cds.

pol-miR-
107b

testis enhanced gene transcript-like protein mRNA, complete 
cds.

pol-
miR-
196a-5p

PYY mRNA for peptide YY, complete cds.
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pol-miR-
107b

transferrin mRNA, complete cds. pol-
miR-
196a-5p

lipoprotein lipase (LPL) mRNA, complete cds.

pol-miR-
107b

prolactin precursor, mRNA, complete cds. pol-
miR-
196a-5p

EF1a mRNA for elongation factor 1 alpha, complete cds.

pol-miR-
107b

insulin-like growth factor I mRNA, complete cds. pol-
miR-
196a-5p

Wap65-2 mRNA, complete cds.

pol-miR-
107b

phospholipase D1B mRNA, complete cds. pol-
miR-
196a-5p

phospholipase C beta 4 mRNA, complete cds.

pol-miR-
107b

phospholipase D2 mRNA, complete cds. pol-
miR-
196a-5p

ornithine decarboxylase antizyme large isoform ORF1 and 
ornithine decarboxylase antizyme large isoform mRNA, 
complete cds.

pol-miR-
107b

phospholipase C delta 3A mRNA, complete cds. pol-
miR-
196a-5p

phospholipase C delta 3A mRNA, complete cds.

pol-miR-
107b

protein arginine methyltransferase 1 (PRMT1) mRNA, 
complete cds.

pol-
miR-
196a-5p

spaw mRNA for southpaw, complete cds.

pol-miR-
107b

COL1A2 mRNA for type 1 collagen alpha 2, complete cds. pol-
miR-
196a-5p

COL1A1 mRNA for type 1 collagen alpha 1, complete cds.

pol-miR-
107b

G-CSF mRNA for Granulocyte Colony-Stimulating Factor, 
complete cds.

pol-
miR-
196a-5p

MMP9 mRNA for gelatinase, complete cds.

pol-miR-
107b

mRNA for granzyme I-2, complete cds. pol-
miR-
196c

GPR43 mRNA, complete cds.

pol-miR-
107b

MMP2 mRNA for gelatinase, complete cds. pol-
miR-
196c

phospholipase C gamma 2 (PLC-gamma2) mRNA, complete 
cds.

pol-miR-
107b

mRNA for glucocorticoid receptor, complete cds. pol-
miR-
196c

17-alpha-hydroxylase mRNA, complete cds.

pol-miR-
122

SOD2 mRNA for Mn-superoxide dismutase, complete cds. pol-
miR-
196c

macrophage stimulating-1 protein mRNA, complete cds.

pol-miR-
122

fNKCC mRNA for Na-K-Cl cotransporter, complete cds. pol-
miR-
196c

DnaJ-like subfamily B member 11 (Hsp40B11) mRNA, 
complete cds.

pol-miR-
122

mitfa mRNA for microphthalmia-associated transcription 
factor a, complete cds.

pol-
miR-
196c

calmodulin mRNA, complete cds.

pol-miR-
122

gch2 mRNA for GTcyclohydrolase 2, complete cds. pol-
miR-
196c

creatine kinase 1 mRNA, complete cds.

pol-miR-
122

mRNA for CD40, complete cds. pol-
miR-
196c

TCR beta mRNA for T cell receptor beta chain, complete cds.

pol-miR-
122

ITGAM mRNA, complete cds. pol-
miR-
196c

mRNA for serine protease I-2, complete cds.

pol-miR-
122

DEAD box helicase 3-2 (DDX3-2) mRNA, complete cds. pol-
miR-
196c

betaine homocysteine S-methyltansferase (BHMT) mRNA, 
complete cds.

pol-miR-
122

melanin-concentrating hormone receptor 1 mRNA, complete 
cds.

pol-
miR-
196c

PYY mRNA for peptide YY, complete cds.

pol-miR-
122

deleted in azoospermia-like protein 2 (DAZL) mRNA, DAZL-
2 allele, complete cds.

pol-
miR-
196c

empty spiracles homeobox 2 (Emx2) mRNA, complete cds.

pol-miR-
122

deleted in azoospermia-like protein 1 (DAZL) mRNA, DAZL-
1 allele, complete cds.

pol-
miR-
196c

Wap65-2 mRNA, complete cds.

pol-miR-
122

complement C1q-like protein 3 (C1ql3) mRNA, complete cds. pol-
miR-
196c

phospholipase C beta 4 mRNA, complete cds.

pol-miR-
122

ras-2 mRNA, complete cds. pol-
miR-
196c

stanniocalcin-1 (STC1) mRNA, complete cds.

pol-miR-
122

YGHL1 mRNA, complete cds. pol-
miR-
196c

insulin-like growth factor I mRNA, complete cds.

pol-miR-
122

mRNA for preprosomatostatin I, complete cds. pol-
miR-
196c

phospholipase D1B mRNA, complete cds.

pol-miR-
122

transcription factor PU.1 mRNA, complete cds, alternatively 
spliced.

pol-
miR-
196c

phospholipase D2 mRNA, complete cds.
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pol-miR-
122

LGP2 mRNA, complete cds. pol-
miR-
196c

phospholipase C delta 3B mRNA, complete cds.

pol-miR-
122

syntenin mRNA, complete cds. pol-
miR-
196c

phospholipase C delta 3A mRNA, complete cds.

pol-miR-
122

cathepsin B mRNA, complete cds. pol-
miR-
196c

spaw mRNA for southpaw, complete cds.

pol-miR-
122

ornithine decarboxylase mRNA, complete cds. pol-
miR-
196c

COL1A1 mRNA for type 1 collagen alpha 1, complete cds.

pol-miR-
122

gonadotropin I beta subunit mRNA, complete cds. pol-
miR-
196c

G-CSF mRNA for Granulocyte Colony-Stimulating Factor, 
complete cds.

pol-miR-
122

macrophage stimulating-1 protein mRNA, complete cds. pol-
miR-
196c

TIMP-2 mRNA for tissue inhibitor of metalloproteinase-2, 
complete cds.

pol-miR-
122

serotransferrin precursor (SroTP) mRNA, complete cds. pol-
miR-
196c

MMP9 mRNA for gelatinase, complete cds.

pol-miR-
122

beta-2-microglobulin precursor, mRNA, complete cds. pol-
miR-
196c

mRNA for glucocorticoid receptor, complete cds.

pol-miR-
122

DnaJ-like subfamily B member 11 (Hsp40B11) mRNA, 
complete cds.

pol-
miR-
19a-3p

TLR14 mRNA for toll like receptor 14, complete cds.

pol-miR-
122

mRNA for trypsinogen 2, partial cds. pol-
miR-
19a-3p

DEAD box helicase 3-1 (DDX3-1) mRNA, complete cds.

pol-miR-
122

mRNA for trypsinogen 1, complete cds. pol-
miR-
19a-3p

isolate Po-P1 PR domain containing 1 (PRDM1) mRNA, 
complete cds.

pol-miR-
122

heat shock protein 90 beta (Hsp90beta) mRNA, complete cds. pol-
miR-
19a-3p

macrophage stimulating-1 protein mRNA, complete cds.

pol-miR-
122

JFC/EBPe mRNA for CCAAT/Enhancer binding protein 
epsilon, complete cds.

pol-
miR-
19a-3p

TNFR-1 mRNA for tumor necrosis factor receptor-1, complete 
cds.

pol-miR-
122

mRNA for interferon regulatory factor, complete cds. pol-
miR-
19a-3p

DnaJ-like subfamily B member 6 (Hsp40B6) mRNA, complete 
cds.

pol-miR-
122

mRNA for transferrin, complete cds. pol-
miR-
19a-3p

transmembrane 4 L6 family member 4 mRNA, complete cds.

pol-miR-
122

MHC class IIb antigen mRNA, complete cds. pol-
miR-
19b-3p

apoA-I mRNA for apolipoprotein A-I, complete cds

pol-miR-
122

betaine homocysteine S-methyltansferase (BHMT) mRNA, 
complete cds.

pol-
miR-
19b-3p

DEAD box helicase 3-1 (DDX3-1) mRNA, complete cds.

pol-miR-
122

mRNA for CD3 epsilon, complete cds. pol-
miR-
19b-3p

isolate Po-P1 PR domain containing 1 (PRDM1) mRNA, 
complete cds.

pol-miR-
122

CCR9 mRNA for C-C chemokine receptor 9, complete cds. pol-
miR-
19b-3p

interleukin-10 precursor, mRNA, complete cds.

pol-miR-
122

CCR3 mRNA for C-C chemokine receptor-3, complete cds. pol-
miR-
19b-3p

ornithine decarboxylase mRNA, complete cds.

pol-miR-
122

TNFR-1 mRNA for tumor necrosis factor receptor-1, complete 
cds.

pol-
miR-
19b-3p

macrophage stimulating-1 protein mRNA, complete cds.

pol-miR-
122

myD88 mRNA for myeloid differentiaton factor 88, complete 
cds.

pol-
miR-
19b-3p

serotransferrin precursor (SroTP) mRNA, complete cds.

pol-miR-
122

pigment epithelium-derived factor mRNA, complete cds. pol-
miR-
19b-3p

TNFR-1 mRNA for tumor necrosis factor receptor-1, complete 
cds.

pol-miR-
122

CPA2 mRNA for carboxypeptidase A2, complete cds. pol-
miR-
19b-3p

DnaJ-like subfamily B member 6 (Hsp40B6) mRNA, complete 
cds.

pol-miR-
122

fIGF-IR-2 mRNA for type 1 insulin-like growth factor 
receptor, complete cds.

pol-
miR-
19b-3p

cgrpr mRNA for calcitonin gene-related peptide receptor, 
complete cds.

pol-miR-
122

fIR-2 mRNA for insulin receptor, complete cds. pol-
miR-
19b-3p

protein arginine methyltransferase 1 (PRMT1) mRNA, 
complete cds.

pol-miR-
122

fIR-1 mRNA for insulin receptor, complete cds. pol-
miR-
19c-3p

TLR14 mRNA for toll like receptor 14, complete cds.
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pol-miR-
122

ERb mRNA for estrogen receptor beta, complete cds. pol-
miR-
19c-3p

apoA-I mRNA for apolipoprotein A-I, complete cds.

pol-miR-
122

ERa mRNA for estrogen receptor alpha, complete cds. pol-
miR-
19c-3p

DEAD box helicase 3-1 (DDX3-1) mRNA, complete cds.

pol-miR-
122

mRNA for gonadotropin (GTH-I) beta subunit, complete cds. pol-
miR-
19c-3p

interleukin-10 precursor, mRNA, complete cds.

pol-miR-
122

mRNA for complement component C9, complete cds. pol-
miR-
19c-3p

ornithine decarboxylase mRNA, complete cds.

pol-miR-
122

empty spiracles homeobox 2 (Emx2) mRNA, complete cds. pol-
miR-
19c-3p

serotransferrin precursor (SroTP) mRNA, complete cds.

pol-miR-
122

melanin-concentrating hormone receptor 1 (MCHR1) mRNA, 
complete cds.

pol-
miR-
19c-3p

JFC/EBPb mRNA for CCAAT/Enhancer binding protein beta, 
complete cds.

pol-miR-
122

phospholipase C beta 4 mRNA, complete cds. pol-
miR-
19c-3p

TNFR-1 mRNA for tumor necrosis factor receptor-1, complete 
cds.

pol-miR-
122

doublesex and mab-3 related transcription factor 1 (DMRT1) 
mRNA, complete cds.

pol-
miR-
19c-3p

cgrpr mRNA for calcitonin gene-related peptide receptor, 
complete cds.

pol-miR-
122

decorin mRNA, complete cds. pol-
miR-
19c-3p

mRNA for complement component C9, complete cds.

pol-miR-
122

stanniocalcin-1 (STC1) mRNA, complete cds. pol-
miR-
19c-3p

phospholipase D2 mRNA, complete cds.

pol-miR-
122

heat shock protein 90 beta mRNA, complete cds. pol-
miR-
19d-3p

interleukin-10 precursor, mRNA, complete cds.

pol-miR-
122

ornithine decarboxylase antizyme large isoform ORF1 and 
ornithine decarboxylase antizyme large isoform mRNA, 
complete cds.

pol-
miR-
19d-3p

macrophage stimulating-1 protein mRNA, complete cds.

pol-miR-
122

ornithine decarboxylase antizyme small isoform ORF1 and 
ornithine decarboxylase antizyme small isoform mRNA, 
complete cds.

pol-
miR-
19d-3p

progranulin type II (pGRN) mRNA, complete cds, alternatively 
spliced.

pol-miR-
122

beta-2 microglobulin mRNA, complete cds. pol-
miR-
19d-3p

progranulin type I (pGRN) mRNA, complete cds, alternatively 
spliced.

pol-miR-
122

transferrin mRNA, complete cds. pol-
miR-
19d-3p

serotransferrin precursor (SroTP) mRNA, complete cds.

pol-miR-
122

syntaxin-binding protein 3 isoform 1-like protein mRNA, 
partial cds.

pol-
miR-
19d-3p

mRNA for serine protease I-2, complete cds.

pol-miR-
122

phospholipase D2 mRNA, complete cds. pol-
miR-
19d-3p

DnaJ-like subfamily B member 6 (Hsp40B6) mRNA, complete 
cds.

pol-miR-
122

thymosin beta mRNA, complete cds. pol-
miR-
19d-3p

cgrpr mRNA for calcitonin gene-related peptide receptor, 
complete cds.

pol-miR-
122

phospholipase C delta 4 mRNA, complete cds. pol-
miR-
19d-3p

TFIIA P12 subunit mRNA, complete cds.

pol-miR-
122

phospholipase C delta 3A mRNA, complete cds. pol-
miR-
19d-3p

protein arginine methyltransferase 1 (PRMT1) mRNA, 
complete cds.

pol-miR-
122

G-CSF mRNA for Granulocyte Colony-Stimulating Factor, 
complete cds.

pol-
miR-
202-5p

paired box protein 3b isoform Pax3b-1 (Pax3a) mRNA, 
complete cds.

pol-miR-
122

mRNA for granzyme I-2, complete cds. pol-
miR-
202-5p

insulin-like growth factor binding protein 3 mRNA, complete 
cds.

pol-miR-
122

MMP2 mRNA for gelatinase, complete cds. pol-
miR-
202-5p

nucleotide-binding oligomerization domain 1 protein (NOD1) 
mRNA, complete cds.

pol-miR-
122

pitx2 mRNA, complete cds. pol-
miR-
202-5p

mRNA for trypsinogen 3, complete cds.

pol-miR-
133a-2-
5p

DEAD box helicase 3-1 (DDX3-1) mRNA, complete cds. pol-
miR-
202-5p

heat shock protein 90 beta (Hsp90beta) mRNA, complete cds.

pol-miR-
133a-2-
5p

insulin-like growth factor binding protein-4 (IGFBP-4) 
mRNA, complete cds.

pol-
miR-
202-5p

ornithine decarboxylase antizyme large isoform ORF1 and 
ornithine decarboxylase antizyme large isoform mRNA, 
complete cds.

pol-miR-
133a-2-
5p

insulin-like growth factor binding protein 4 mRNA, complete 
cds.

pol-
miR-
202-5p

ornithine decarboxylase antizyme small isoform ORF1 and 
ornithine decarboxylase antizyme small isoform mRNA, 
complete cds.
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pol-miR-
133a-2-
5p

parvalbumin mRNA sequence, partial. pol-
miR-
202-5p

MMP9 mRNA for gelatinase, complete cds.

pol-miR-
133a-2-
5p

cathepsin F mRNA, complete cds. pol-
miR-
205-5p

TLR14 mRNA for toll like receptor 14, complete cds.

pol-miR-
133a-2-
5p

serotransferrin precursor (SroTP) mRNA, complete cds. pol-
miR-
205-5p

myostatin (MSTN) mRNA, complete cds.

pol-miR-
133a-2-
5p

PYY mRNA for peptide YY, complete cds. pol-
miR-
205-5p

CD18 transcript 2 mRNA, complete cds, alternatively spliced.

pol-miR-
133a-2-
5p

VDRa mRNA for vitamin D receptor a, complete cds. pol-
miR-
205-5p

CD18 transcript 1 mRNA, complete cds, alternatively spliced.

pol-miR-
133a-2-
5p

testis enhanced gene transcript-like protein mRNA, complete 
cds.

pol-
miR-
205-5p

deleted in azoospermia-like protein 2 (DAZL) mRNA, DAZL-
2 allele, complete cds.

pol-miR-
133a-2-
5p

G-CSF mRNA for Granulocyte Colony-Stimulating Factor, 
complete cds.

pol-
miR-
205-5p

deleted in azoospermia-like protein 1 (DAZL) mRNA, DAZL-
1 allele, complete cds.

pol-miR-
133a-3p

TLR14 mRNA for toll like receptor 14, complete cds. pol-
miR-
205-5p

complement C1q-like protein 3 (C1ql3) mRNA, complete cds.

pol-miR-
133a-3p

transcription factor T-bet (TBX21) mRNA, complete cds. pol-
miR-
205-5p

paired box protein 3b isoform Pax3b-1 (Pax3a) mRNA, 
complete cds.

pol-miR-
133a-3p

mRNA for interleukin-8 like CXC chemokine 2, complete cds. pol-
miR-
205-5p

phospholipase C-beta 1 (PLC-beta1) mRNA, complete cds.

pol-miR-
133a-3p

phospholipase C-beta 1 (PLC-beta1) mRNA, complete cds. pol-
miR-
205-5p

interferon regulatory factor 2 (IRF2) mRNA, complete cds.

pol-miR-
133a-3p

transcription factor C/EBPalpha mRNA, complete cds. pol-
miR-
205-5p

cathepsin K mRNA, complete cds.

pol-miR-
133a-3p

proteasome activator subunit 2 mRNA, complete cds. pol-
miR-
205-5p

putative fast skeletal muscle troponin mRNA, partial cds.

pol-miR-
133a-3p

macrophage stimulating-1 protein mRNA, complete cds. pol-
miR-
205-5p

eIF5A mRNA, complete cds.

pol-miR-
133a-3p

serotransferrin precursor (SroTP) mRNA, complete cds. pol-
miR-
205-5p

mRNA for trypsinogen 3, complete cds.

pol-miR-
133a-3p

protein tyrosine phosphatase alpha mRNA, complete cds. pol-
miR-
205-5p

mRNA for Hoxd-4, complete cds.

pol-miR-
133a-3p

mRNA for trypsinogen 3, complete cds. pol-
miR-
205-5p

IL-8 receptor mRNA for interleukin-8 receptor, complete cds.

pol-miR-
133a-3p

hypothetical protein mRNA, complete cds. pol-
miR-
205-5p

myD88 mRNA for myeloid differentiaton factor 88, complete 
cds.

pol-miR-
133a-3p

heat shock protein 90 beta (Hsp90beta) mRNA, complete cds. pol-
miR-
205-5p

VDRa mRNA for vitamin D receptor a, complete cds.

pol-miR-
133a-3p

mRNA for CXC chemokine, complete cds. pol-
miR-
205-5p

mRNA for complement component C3, complete cds.

pol-miR-
133a-3p

VDRb mRNA for vitamin D receptor b, complete cds. pol-
miR-
205-5p

empty spiracles homeobox 2 (Emx2) mRNA, complete cds.

pol-miR-
133a-3p

TANK binding kinase 1 splice variant 3 (TBK1) mRNA, 
complete cds, alternatively spliced.

pol-
miR-
205-5p

Wap65-1 mRNA, complete cds.

pol-miR-
133a-3p

TANK binding kinase 1 splice variant 2 (TBK1) mRNA, 
complete cds, alternatively spliced.

pol-
miR-
205-5p

phospholipase C beta 4 mRNA, complete cds.

pol-miR-
133a-3p

TANK binding kinase 1 splice variant 1 (TBK1) mRNA, 
complete cds, alternatively spliced.

pol-
miR-
205-5p

phosphoinositide 3-kinase gamma mRNA, complete cds.

pol-miR-
133a-3p

interleukine-8 (IL-8) mRNA, complete cds. pol-
miR-
205-5p

stanniocalcin-1 (STC1) mRNA, complete cds.

pol-miR-
133a-3p

heat shock protein 90 beta mRNA, complete cds. pol-
miR-
205-5p

ornithine decarboxylase antizyme large isoform ORF1 and 
ornithine decarboxylase antizyme large isoform mRNA, 
complete cds.

pol-miR-
133a-3p

ornithine decarboxylase antizyme small isoform ORF1 and 
ornithine decarboxylase antizyme small isoform mRNA, 
complete cds.

pol-
miR-
205-5p

ornithine decarboxylase antizyme small isoform ORF1 and 
ornithine decarboxylase antizyme small isoform mRNA, 
complete cds.
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pol-miR-
133a-3p

galectin mRNA, complete cds. pol-
miR-
205-5p

testis enhanced gene transcript-like protein mRNA, complete 
cds.

pol-miR-
133a-3p

testis enhanced gene transcript-like protein mRNA, complete 
cds.

pol-
miR-
205-5p

prolactin precursor, mRNA, complete cds.

pol-miR-
133a-3p

insulin-like growth factor I mRNA, complete cds. pol-
miR-
205-5p

chymotrypsin B mRNA, partial cds.

pol-miR-
133a-5p

DEAD box helicase 3-1 (DDX3-1) mRNA, complete cds. pol-
miR-
205-5p

phospholipase C delta 3B mRNA, complete cds.

pol-miR-
133a-5p

insulin-like growth factor binding protein-4 (IGFBP-4) 
mRNA, complete cds.

pol-
miR-
205-5p

mRNA for Hoxb-5, partial cds.

pol-miR-
133a-5p

insulin-like growth factor binding protein 4 mRNA, complete 
cds.

pol-
miR-
205-5p

GDF8 type 2 mRNA, complete cds.

pol-miR-
133a-5p

parvalbumin mRNA sequence, partial. pol-
miR-
205-5p

GDF8 type 1 mRNA, complete cds.

pol-miR-
133a-5p

cathepsin F mRNA, complete cds. pol-
miR-
206-3p

SOD2 mRNA for Mn-superoxide dismutase, complete cds.

pol-miR-
133a-5p

serotransferrin precursor (SroTP) mRNA, complete cds. pol-
miR-
206-3p

TLR14 mRNA for toll like receptor 14, complete cds.

pol-miR-
133a-5p

PYY mRNA for peptide YY, complete cds. pol-
miR-
206-3p

interferon regulatory factor 8 (IRF8) mRNA, complete cds.

pol-miR-
133a-5p

VDRa mRNA for vitamin D receptor a, complete cds. pol-
miR-
206-3p

myostatin (MSTN) mRNA, complete cds.

pol-miR-
133a-5p

testis enhanced gene transcript-like protein mRNA, complete
cds.

pol-
miR-
206-3p

mRNA for CD40, complete cds.

pol-miR-
133a-5p

G-CSF mRNA for Granulocyte Colony-Stimulating Factor, 
complete cds.

pol-
miR-
206-3p

endoribonuclease dicer-like protein (dcl) mRNA, complete 
cds.

pol-miR-
133b-3p

TLR14 mRNA for toll like receptor 14, complete cds. pol-
miR-
206-3p

DEAD box helicase 3-2 (DDX3-2) mRNA, complete cds.

pol-miR-
133b-3p

phospholipase C-beta 1 (PLC-beta1) mRNA, complete cds. pol-
miR-
206-3p

complement C1q-like protein 3 (C1ql3) mRNA, complete cds.

pol-miR-
133b-3p

proteasome activator subunit 2 mRNA, complete cds. pol-
miR-
206-3p

paired box protein 3b isoform Pax3b-1 (Pax3a) mRNA, 
complete cds.

pol-miR-
133b-3p

macrophage stimulating-1 protein mRNA, complete cds. pol-
miR-
206-3p

interferon regulatory factor 9 (IRF9) mRNA, complete cds.

pol-miR-
133b-3p

protein tyrosine phosphatase alpha mRNA, complete cds. pol-
miR-
206-3p

akirin mRNA, complete cds.

pol-miR-
133b-3p

mRNA for trypsinogen 3, complete cds. pol-
miR-
206-3p

ras-2 mRNA, complete cds.

pol-miR-
133b-3p

hypothetical protein mRNA, complete cds. pol-
miR-
206-3p

phospholipase C gamma 2 (PLC-gamma2) mRNA, complete 
cds.

pol-miR-
133b-3p

heat shock protein 90 beta (Hsp90beta) mRNA, complete cds. pol-
miR-
206-3p

scinderin-like protein mRNA, complete cds.

pol-miR-
133b-3p

mRNA for CXC chemokine, complete cds. pol-
miR-
206-3p

interferon regulatory factor 2 (IRF2) mRNA, complete cds.

pol-miR-
133b-3p

VDRb mRNA for vitamin D receptor b, complete cds. pol-
miR-
206-3p

beta-actin mRNA, complete cds.

pol-miR-
133b-3p

TANK binding kinase 1 splice variant 3 (TBK1) mRNA, 
complete cds, alternatively spliced.

pol-
miR-
206-3p

cathepsin F mRNA, complete cds.

pol-miR-
133b-3p

interleukine-8 (IL-8) mRNA, complete cds. pol-
miR-
206-3p

serotransferrin precursor (SroTP) mRNA, complete cds.

pol-miR-
133b-3p

heat shock protein 90 beta mRNA, complete cds. pol-
miR-
206-3p

DnaJ-like subfamily B member 11 (Hsp40B11) mRNA, 
complete cds.

pol-miR-
133b-3p

ornithine decarboxylase antizyme small isoform ORF1 and 
ornithine decarboxylase antizyme small isoform mRNA, 
complete cds.

pol-
miR-
206-3p

ppsb mRNA for pancreatic protein with two somatomedin B 
domains, complete cds.
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pol-miR-
133b-3p

galectin mRNA, complete cds. pol-
miR-
206-3p

signal transducer and activator of transcription 1 mRNA, 
complete cds.

pol-miR-
133b-3p

testis enhanced gene transcript-like protein mRNA, complete 
cds.

pol-
miR-
206-3p

dio3 mRNA for iodothyronine deiodinase type III, complete 
cds.

pol-miR-
133b-3p

insulin-like growth factor I mRNA, complete cds. pol-
miR-
206-3p

mRNA for serine protease I-2, complete cds.

pol-miR-
135a

transcription factor SOX-1a (Sox1a) mRNA, complete cds. pol-
miR-
206-3p

mRNA for serine protease I-1, complete cds.

pol-miR-
135a

DEAD box helicase 3-1 (DDX3-1) mRNA, complete cds. pol-
miR-
206-3p

betaine homocysteine S-methyltansferase (BHMT) mRNA, 
complete cds.

pol-miR-
135a

isolate Po-P1 PR domain containing 1 (PRDM1) mRNA, 
complete cds.

pol-
miR-
206-3p

natural resistance-associated macrophage protein mRNA, 
complete cds.

pol-miR-
135a

nuclear receptor DAX1 mRNA, complete cds. pol-
miR-
206-3p

fIR-1 mRNA for insulin receptor, complete cds.

pol-miR-
135a

toll-like receptor 21 mRNA, complete cds. pol-
miR-
206-3p

NPY mRNA for neuropeptide Y, complete cds.

pol-miR-
135a

peptidoglycan recognition protein (PGRP) mRNA, complete 
cds.

pol-
miR-
206-3p

phospholipase C beta 4 mRNA, complete cds.

pol-miR-
135a

scinderin-like protein mRNA, complete cds. pol-
miR-
206-3p

ornithine decarboxylase antizyme large isoform ORF1 and 
ornithine decarboxylase antizyme large isoform mRNA, 
complete cds.

pol-miR-
135a

elastase-like serine protease (ELSrP) mRNA, complete cds. pol-
miR-
206-3p

testis enhanced gene transcript-like protein mRNA, complete 
cds.

pol-miR-
135a

serotransferrin precursor (SroTP) mRNA, complete cds. pol-
miR-
206-3p

insulin-like growth factor I mRNA, complete cds.

pol-miR-
135a

TNFR-1 mRNA for tumor necrosis factor receptor-1, complete 
cds.

pol-
miR-
206-3p

phospholipase D2 mRNA, complete cds.

pol-miR-
135a

heat shock protein 60 kDa (hsp60) mRNA, complete cds. pol-
miR-
206-3p

GDF8 type 2 mRNA, complete cds.

pol-miR-
135a

mRNA for granzyme III-2, complete cds. pol-
miR-
206-3p

GDF8 type 1 mRNA, complete cds.

pol-miR-
135a

mRNA for granzyme III-1, complete cds. pol-
miR-
206-3p

lefty mRNA for lefty/antivin, complete cds.

pol-miR-
135a

charon mRNA for DAN related protein, complete cds. pol-
miR-
206-3p

COL1A2 mRNA for type 1 collagen alpha 2, complete cds.

pol-miR-
135b-3p

TLR14 mRNA for toll like receptor 14, complete cds. pol-
miR-
206-3p

G-CSF mRNA for Granulocyte Colony-Stimulating Factor, 
complete cds.

pol-miR-
135b-3p

gch2 mRNA for GTcyclohydrolase 2, complete cds. pol-
miR-
206-3p

mRNA for granzyme III-2, complete cds.

pol-miR-
135b-3p

transcription factor T-bet (TBX21) mRNA, complete cds. pol-
miR-
206-3p

mRNA for granzyme I-2, complete cds.

pol-miR-
135b-3p

endoribonuclease dicer-like protein (dcl) mRNA, complete 
cds.

pol-
miR-
206-3p

mRNA for granzyme I-1, complete cds.

pol-miR-
135b-3p

DEAD box helicase 3-2 (DDX3-2) mRNA, complete cds. pol-
miR-
206-3p

mRNA for glucocorticoid receptor, complete cds.

pol-miR-
135b-3p

isolate Po-P1 PR domain containing 1 (PRDM1) mRNA, 
complete cds.

pol-
miR-
20b-5p

myostatin (MSTN) mRNA, complete cds.

pol-miR-
135b-3p

akirin mRNA, complete cds. pol-
miR-
20b-5p

cathepsin Z cysteine protease mRNA, complete cds.

pol-miR-
135b-3p

interferon-induced transmembrane protein 1 (IFITM1) mRNA, 
complete cds.

pol-
miR-
20b-5p

mRNA for CD40, complete cds.

pol-miR-
135b-3p

phospholipase C-beta 1 (PLC-beta1) mRNA, complete cds. pol-
miR-
20b-5p

GPR43 mRNA, complete cds.

pol-miR-
135b-3p

YGHL1 mRNA, complete cds. pol-
miR-
20b-5p

transcription factor SOX-1b (Sox1b) mRNA, complete cds.
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pol-miR-
135b-3p

cathepsin L mRNA, complete cds. pol-
miR-
20b-5p

complement C1q-like protein 3 (C1ql3) mRNA, complete cds.

pol-miR-
135b-3p

fibrinogen beta chain precursor, mRNA, complete cds. pol-
miR-
20b-5p

paired box protein 3b isoform Pax3b-1 (Pax3a) mRNA, 
complete cds.

pol-miR-
135b-3p

progranulin type II (pGRN) mRNA, complete cds, alternatively 
spliced.

pol-
miR-
20b-5p

NOD-like receptor C (NLRC) mRNA, complete cds.

pol-miR-
135b-3p

progranulin type I (pGRN) mRNA, complete cds, alternatively 
spliced.

pol-
miR-
20b-5p

cathepsin L mRNA, complete cds.

pol-miR-
135b-3p

calmodulin mRNA, complete cds. pol-
miR-
20b-5p

LGP2 mRNA, complete cds.

pol-miR-
135b-3p

heat shock protein 90 beta (Hsp90beta) mRNA, complete cds. pol-
miR-
20b-5p

syntenin mRNA, complete cds.

pol-miR-
135b-3p

natural resistance-associated macrophage protein mRNA, 
complete cds.

pol-
miR-
20b-5p

macrophage stimulating-1 protein mRNA, complete cds.

pol-miR-
135b-3p

myD88 mRNA for myeloid differentiaton factor 88, complete 
cds.

pol-
miR-
20b-5p

cathepsin K mRNA, complete cds.

pol-miR-
135b-3p

TLR9 mRNA for Toll-like receptor 9, complete cds. pol-
miR-
20b-5p

dio3 mRNA for iodothyronine deiodinase type III, complete 
cds.

pol-miR-
135b-3p

natural killer enhancing factor (NKEF) mRNA, complete cds. pol-
miR-
20b-5p

TCR beta mRNA for T cell receptor beta chain, complete cds.

pol-miR-
135b-3p

MIS mRNA for Mullerian inihibiting substance, complete cds. pol-
miR-
20b-5p

mRNA for serine protease I-2, complete cds.

pol-miR-
135b-3p

CPB mRNA for carboxypeptidase B, partial cds. pol-
miR-
20b-5p

mRNA for serine protease I-1, complete cds.

pol-miR-
135b-3p

VDRb mRNA for vitamin D receptor b, complete cds. pol-
miR-
20b-5p

mRNA for perforin, complete cds.

pol-miR-
135b-3p

il8-2 mRNA for interleukin 8 isoform 2, complete cds. pol-
miR-
20b-5p

mRNA for IL-1b, complete cds.

pol-miR-
135b-3p

doublesex and mab-3 related transcription factor 1 (DMRT1) 
mRNA, complete cds.

pol-
miR-
20b-5p

serine protease I-1 mRNA, complete cds.

pol-miR-
135b-3p

heat shock protein 90 beta mRNA, complete cds. pol-
miR-
20b-5p

ornithine decarboxylase antizyme small isoform ORF1 and 
ornithine decarboxylase antizyme small isoform mRNA, 
complete cds.

pol-miR-
135b-3p

testis enhanced gene transcript-like protein mRNA, complete 
cds.

pol-
miR-
20b-5p

galectin mRNA, complete cds.

pol-miR-
135b-3p

chymotrypsin B mRNA, partial cds. pol-
miR-
20b-5p

insulin-like growth factor I mRNA, complete cds.

pol-miR-
135b-3p

phospholipase D2 mRNA, complete cds. pol-
miR-
20b-5p

IL-11b mRNA for interleukin 11 type b, complete cds.

pol-miR-
135b-3p

mRNA for tumor necrosis factor, complete cds. pol-
miR-
20b-5p

phospholipase D1B mRNA, complete cds.

pol-miR-
135b-3p

MMP2 mRNA for gelatinase, complete cds. pol-
miR-
20b-5p

mRNA for granzyme III-2, complete cds.

pol-miR-
135b-5p

transcription factor SOX-1a (Sox1a) mRNA, complete cds. pol-
miR-
20b-5p

mRNA for granzyme III-1, complete cds.

pol-miR-
135b-5p

DEAD box helicase 3-1 (DDX3-1) mRNA, complete cds. pol-
miR-
20b-5p

mRNA for granzyme I-2, complete cds.

pol-miR-
135b-5p

nuclear receptor DAX1 mRNA, complete cds. pol-
miR-
20b-5p

mRNA for granzyme I-1, complete cds.

pol-miR-
135b-5p

toll-like receptor 21 mRNA, complete cds. pol-
miR-
20b-5p

mRNA for granzyme II, complete cds.

pol-miR-
135b-5p

peptidoglycan recognition protein (PGRP) mRNA, complete 
cds.

pol-
miR-
210-3p

14kDa-apo mRNA for 14 kDa-apolipoprotein, complete cds.

pol-miR-
135b-5p

scinderin-like protein mRNA, complete cds. pol-
miR-
210-3p

PoLCE mRNA for hatching enzyme, complete cds.
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pol-miR-
135b-5p

serotransferrin precursor (SroTP) mRNA, complete cds. pol-
miR-
210-3p

cathepsin Z cysteine protease mRNA, complete cds.

pol-miR-
135b-5p

mRNA for Hoxd-4, complete cds. pol-
miR-
210-3p

endoribonuclease dicer-like protein (dcl) mRNA, complete 
cds.

pol-miR-
135b-5p

heat shock protein 60 kDa (hsp60) mRNA, complete cds. pol-
miR-
210-3p

ITGAM mRNA, complete cds.

pol-miR-
135b-5p

mRNA for granzyme III-2, complete cds. pol-
miR-
210-3p

DEAD box helicase 3-1 (DDX3-1) mRNA, complete cds.

pol-miR-
135b-5p

mRNA for granzyme III-1, complete cds. pol-
miR-
210-3p

melanin-concentrating hormone receptor 2 mRNA, complete 
cds.

pol-miR-
135b-5p

charon mRNA for DAN related protein, complete cds. pol-
miR-
210-3p

melanin-concentrating hormone receptor 1 mRNA, complete 
cds.

pol-miR-
135c

DEAD box helicase 3-1 (DDX3-1) mRNA, complete cds. pol-
miR-
210-3p

membrane progestin receptor-like mRNA, complete cds.

pol-miR-
135c

isolate Po-P1 PR domain containing 1 (PRDM1) mRNA, 
complete cds.

pol-
miR-
210-3p

interferon regulatory factor 9 (IRF9) mRNA, complete cds.

pol-miR-
135c

toll-like receptor 21 mRNA, complete cds. pol-
miR-
210-3p

ras-2 mRNA, complete cds.

pol-miR-
135c

peptidoglycan recognition protein (PGRP) mRNA, complete 
cds.

pol-
miR-
210-3p

HSL1 mRNA for hormone-sensitive lipase1, complete cds.

pol-miR-
135c

scinderin-like protein mRNA, complete cds. pol-
miR-
210-3p

fibrinogen-related protein 1 (FREP1) mRNA, complete cds.

pol-miR-
135c

macrophage stimulating-1 protein mRNA, complete cds. pol-
miR-
210-3p

phospholipase C-beta 1 (PLC-beta1) mRNA, complete cds.

pol-miR-
135c

serotransferrin precursor (SroTP) mRNA, complete cds. pol-
miR-
210-3p

nucleotide-binding oligomerization domain 1 protein (NOD1) 
mRNA, complete cds.

pol-miR-
135c

TNFR-1 mRNA for tumor necrosis factor receptor-1, complete 
cds.

pol-
miR-
210-3p

NOD-like receptor C (NLRC) mRNA, complete cds.

pol-miR-
135c

doublesex and mab-3 related transcription factor 1 (DMRT1) 
mRNA, complete cds.

pol-
miR-
210-3p

LGP2 mRNA, complete cds.

pol-miR-
135c

insulin-like growth factor I mRNA, complete cds. pol-
miR-
210-3p

cathepsin F mRNA, complete cds.

pol-miR-
137-3p

GPR43 mRNA, complete cds. pol-
miR-
210-3p

interleukin-1 receptor type II mRNA, complete cds.

pol-miR-
137-3p

JFC/EBPb mRNA for CCAAT/Enhancer binding protein beta, 
complete cds.

pol-
miR-
210-3p

cathepsin B mRNA, complete cds.

pol-miR-
137-3p

calreticulin mRNA, complete cds. pol-
miR-
210-3p

phospholipase D (PLD) mRNA, complete cds.

pol-miR-
137-3p

TNFR-1 mRNA for tumor necrosis factor receptor-1, complete 
cds.

pol-
miR-
210-3p

interferon regulatory factor 3 variant 2 (IRF3) mRNA, 
complete cds.

pol-miR-
1388-5p

complement C1q-like protein 3 (C1ql3) mRNA, complete cds. pol-
miR-
210-3p

interferon regulatory factor 3 variant 1 (IRF3) mRNA, 
complete cds.

pol-miR-
1388-5p

lipopolysaccharide-induced tumor necrosis factor-alpha factor 
mRNA, complete cds.

pol-
miR-
210-3p

splicing factor arginine/serine-rich 3 mRNA, complete cds.

pol-miR-
1388-5p

interferon regulatory factor 2 (IRF2) mRNA, complete cds. pol-
miR-
210-3p

macrophage stimulating-1 protein mRNA, complete cds.

pol-miR-
1388-5p

lipopolysaccharide-binding protein/bactericidal permeability-
increasing protein mRNA, complete cds.

pol-
miR-
210-3p

serotransferrin precursor (SroTP) mRNA, complete cds.

pol-miR-
1388-5p

macrophage stimulating-1 protein mRNA, complete cds. pol-
miR-
210-3p

heat shock protein 10 kDa (hsp10) mRNA, complete cds.

pol-miR-
1388-5p

serotransferrin precursor (SroTP) mRNA, complete cds. pol-
miR-
210-3p

DnaJ-like subfamily B member 11 (Hsp40B11) mRNA, 
complete cds.

pol-miR-
1388-5p

JFC/EBPb mRNA for CCAAT/Enhancer binding protein beta, 
complete cds.

pol-
miR-
210-3p

GDF15 mRNA for growth differentiation factor 15, complete 
cds.
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pol-miR-
1388-5p

mRNA for Mx, complete cds. pol-
miR-
210-3p

dio3 mRNA for iodothyronine deiodinase type III, complete 
cds.

pol-miR-
1388-5p

phosphoinositide 3-kinase gamma mRNA, complete cds. pol-
miR-
210-3p

dio1 mRNA for iodothyronine deiodinase type I, complete cds.

pol-miR-
1388-5p

phospholipase D2 mRNA, complete cds. pol-
miR-
210-3p

hypothetical protein mRNA, complete cds.

pol-miR-
1388-5p

GAPDH mRNA for glyceraldehyde-3-phosphate 
dehydrogenase, complete cds.

pol-
miR-
210-3p

inhibitor kappa B alpha mRNA, complete cds.

pol-miR-
1388-5p

G-CSF mRNA for Granulocyte Colony-Stimulating Factor, 
complete cds.

pol-
miR-
210-3p

mRNA for serine protease I-2, complete cds.

pol-miR-
1388-5p

mRNA for granzyme I-2, complete cds. pol-
miR-
210-3p

mRNA for serine protease I-1, complete cds.

pol-miR-
145-3p

TLR14 mRNA for toll like receptor 14, complete cds. pol-
miR-
210-3p

CCR3 mRNA for C-C chemokine receptor-3, complete cds.

pol-miR-
145-3p

fNKCC mRNA for Na-K-Cl cotransporter, complete cds. pol-
miR-
210-3p

DnaJ-like subfamily B member 6 (Hsp40B6) mRNA, complete 
cds.

pol-miR-
145-3p

paired box protein 3b isoform Pax3b-1 (Pax3a) mRNA, 
complete cds.

pol-
miR-
210-3p

ERa mRNA for estrogen receptor alpha, complete cds.

pol-miR-
145-3p

interferon regulatory factor 9 (IRF9) mRNA, complete cds. pol-
miR-
210-3p

mRNA for complement component C9, complete cds.

pol-miR-
145-3p

ras-2 mRNA, complete cds. pol-
miR-
210-3p

empty spiracles homeobox 2 (Emx2) mRNA, complete cds.

pol-miR-
145-3p

YGHL1 mRNA, complete cds. pol-
miR-
210-3p

melanin-concentrating hormone receptor 2 (MCHR2) mRNA, 
complete cds.

pol-miR-
145-3p

cathepsin K mRNA, complete cds. pol-
miR-
210-3p

melanin-concentrating hormone receptor 1 (MCHR1) mRNA, 
complete cds.

pol-miR-
145-3p

retinoid X receptor beta mRNA, complete cds. pol-
miR-
210-3p

Wap65-1 mRNA, complete cds.

pol-miR-
145-3p

mRNA for CD3 epsilon, complete cds. pol-
miR-
210-3p

B cell accessory protein (CD79b) mRNA, complete cds.

pol-miR-
145-3p

fIR-1 mRNA for insulin receptor, complete cds. pol-
miR-
210-3p

phospholipase C beta 4 mRNA, complete cds.

pol-miR-
145-3p

TANK binding kinase 1 splice variant 3 (TBK1) mRNA, 
complete cds, alternatively spliced.

pol-
miR-
210-3p

insulin-like growth factor I mRNA, complete cds.

pol-miR-
145-3p

decorin mRNA, complete cds. pol-
miR-
210-3p

proopiomelanocortin-III (POMC-III) mRNA, complete cds.

pol-miR-
145-3p

stanniocalcin 2 mRNA, complete cds. pol-
miR-
210-3p

phospholipase D1B mRNA, complete cds.

pol-miR-
145-3p

phospholipase D1B mRNA, complete cds. pol-
miR-
210-3p

phospholipase D2 mRNA, complete cds.

pol-miR-
145-3p

mRNA for tumor necrosis factor, complete cds. pol-
miR-
210-3p

mRNA for Hoxb-5, partial cds.

pol-miR-
145-5p

gch2 mRNA for GTcyclohydrolase 2, complete cds. pol-
miR-
210-3p

mRNA for tumor necrosis factor, complete cds.

pol-miR-
145-5p

ITGAL mRNA, complete cds. pol-
miR-
210-3p

protein arginine methyltransferase 1 (PRMT1) mRNA, 
complete cds.

pol-miR-
145-5p

insulin-like growth factor binding protein-4 (IGFBP-4) 
mRNA, complete cds.

pol-
miR-
210-3p

sqt mRNA for squint, complete cds.

pol-miR-
145-5p

insulin-like growth factor binding protein 4 mRNA, complete 
cds.

pol-
miR-
210-3p

G-CSF mRNA for Granulocyte Colony-Stimulating Factor, 
complete cds.

pol-miR-
145-5p

insulin-like growth factor binding protein 3 mRNA, complete 
cds.

pol-
miR-
210-3p

TIMP-2 mRNA for tissue inhibitor of metalloproteinase-2, 
complete cds.

pol-miR-
145-5p

HSL1 mRNA for hormone-sensitive lipase1, complete cds. pol-
miR-
214

mRNA for CD40, complete cds.
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pol-miR-
145-5p

phospholipase C delta 1B Lf mRNA, complete cds. pol-
miR-
214

ITGAL mRNA, complete cds.

pol-miR-
145-5p

interferon regulatory factor 5 (IRF5) mRNA, complete cds. pol-
miR-
214

CD83 transcript 2 mRNA, complete cds, alternatively spliced.

pol-miR-
145-5p

mitochondrial antiviral signaling protein IPS-1 mRNA, 
complete cds; nuclear gene for mitochondrial product.

pol-
miR-
214

paired box protein 7b (Pax7b) mRNA, complete cds.

pol-miR-
145-5p

ornithine decarboxylase mRNA, complete cds. pol-
miR-
214

DEAD box helicase 3-1 (DDX3-1) mRNA, complete cds.

pol-miR-
145-5p

macrophage stimulating-1 protein mRNA, complete cds. pol-
miR-
214

paired box protein 3b isoform Pax3b-1 (Pax3a) mRNA, 
complete cds.

pol-miR-
145-5p

serotransferrin precursor (SroTP) mRNA, complete cds. pol-
miR-
214

interferon regulatory factor 9 (IRF9) mRNA, complete cds.

pol-miR-
145-5p

beta-2-microglobulin precursor, mRNA, complete cds. pol-
miR-
214

vasa-like protein mRNA, complete cds.

pol-miR-
145-5p

protein tyrosine phosphatase alpha mRNA, complete cds. pol-
miR-
214

HSL1 mRNA for hormone-sensitive lipase1, complete cds.

pol-miR-
145-5p

dio3 mRNA for iodothyronine deiodinase type III, complete 
cds.

pol-
miR-
214

phospholipase C-beta 1 (PLC-beta1) mRNA, complete cds.

pol-miR-
145-5p

glucose-regulated protein 78 (Grp78) mRNA, complete cds. pol-
miR-
214

vasa mRNA, complete cds.

pol-miR-
145-5p

mRNA for interferon regulatory factor, complete cds. pol-
miR-
214

peroxisome proliferator-activated receptors alpha mRNA, 
complete cds.

pol-miR-
145-5p

calreticulin mRNA, complete cds. pol-
miR-
214

beclin-1 mRNA, complete cds.

pol-miR-
145-5p

VDRb mRNA for vitamin D receptor b, complete cds. pol-
miR-
214

cathepsin L mRNA, complete cds.

pol-miR-
145-5p

ctrlr mRNA for calcitonin receptor-like receptor, complete cds. pol-
miR-
214

interferon regulatory factor 2 (IRF2) mRNA, complete cds.

pol-miR-
145-5p

lipoprotein lipase (LPL) mRNA, complete cds. pol-
miR-
214

cathepsin F mRNA, complete cds.

pol-miR-
145-5p

CD4-1 mRNA for T-cell surface glycoprotein CD4-1, 
complete cds.

pol-
miR-
214

interferon regulatory factor 3 variant 2 (IRF3) mRNA, 
complete cds.

pol-miR-
145-5p

phospholipase C delta 1 B short form (PLC) mRNA, complete 
cds.

pol-
miR-
214

interferon regulatory factor 3 variant 1 (IRF3) mRNA, 
complete cds.

pol-miR-
145-5p

doublesex and mab-3 related transcription factor 1 (DMRT1) 
mRNA, complete cds.

pol-
miR-
214

serotransferrin precursor (SroTP) mRNA, complete cds.

pol-miR-
145-5p

ornithine decarboxylase antizyme large isoform ORF1 and 
ornithine decarboxylase antizyme large isoform mRNA, 
complete cds.

pol-
miR-
214

calmodulin mRNA, complete cds.

pol-miR-
145-5p

beta-2 microglobulin mRNA, complete cds. pol-
miR-
214

hypothetical protein mRNA, complete cds.

pol-miR-
145-5p

proopiomelanocortin-III (POMC-III) mRNA, complete cds. pol-
miR-
214

inhibitor kappa B alpha mRNA, complete cds.

pol-miR-
145-5p

phospholipase C delta 3A mRNA, complete cds. pol-
miR-
214

glucose-regulated protein 78 (Grp78) mRNA, complete cds.

pol-miR-
145-5p

protein arginine methyltransferase 1 (PRMT1) mRNA, 
complete cds.

pol-
miR-
214

TCR beta mRNA for T cell receptor beta chain, complete cds.

pol-miR-
145-5p

COL1A2 mRNA for type 1 collagen alpha 2, complete cds. pol-
miR-
214

mRNA for interferon regulatory factor, complete cds.

pol-miR-
145-5p

MMP2 mRNA for gelatinase, complete cds. pol-
miR-
214

MHC class IIb antigen mRNA, complete cds.

pol-miR-
146a

fads2-like desaturase mRNA, complete cds. pol-
miR-
214

mRNA for serine protease I-2, complete cds.

pol-miR-
146a

phospholipase C-beta 1 (PLC-beta1) mRNA, complete cds. pol-
miR-
214

mRNA for serine protease I-1, complete cds.
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pol-miR-
146a

cathepsin F mRNA, complete cds. pol-
miR-
214

IL-8 receptor mRNA for interleukin-8 receptor, complete cds.

pol-miR-
146a

cathepsin K mRNA, complete cds. pol-
miR-
214

DnaJ-like subfamily B member 6 (Hsp40B6) mRNA, complete 
cds.

pol-miR-
146a

dio2 mRNA for iodothyronine deiodinase type II, complete 
cds.

pol-
miR-
214

myD88 mRNA for myeloid differentiation factor 88, complete 
cds.

pol-miR-
146a

dio1 mRNA for iodothyronine deiodinase type I, complete cds. pol-
miR-
214

CPB mRNA for carboxypeptidase B, partial cds.

pol-miR-
146a

ctrlr mRNA for calcitonin receptor-like receptor, complete cds. pol-
miR-
214

CPA1 mRNA for carboxypeptidase A1, partial cds.

pol-miR-
146a

doublesex and mab-3 related transcription factor 1 (DMRT1) 
mRNA, complete cds.

pol-
miR-
214

fIGF-IR-2 mRNA for type 1 insulin-like growth factor 
receptor, complete cds.

pol-miR-
146a

ornithine decarboxylase antizyme large isoform ORF1 and 
ornithine decarboxylase antizyme large isoform mRNA, 
complete cds.

pol-
miR-
214

empty spiracles homeobox 2 (Emx2) mRNA, complete cds.

pol-miR-
146a

testis enhanced gene transcript-like protein mRNA, complete 
cds.

pol-
miR-
214

TANK-binding kinase 1 splice variant 3 (TBK1) mRNA, 
complete cds, alternatively spliced.

pol-miR-
146a

phospholipase D1B mRNA, complete cds. pol-
miR-
214

TANK binding kinase 1 splice variant 2 (TBK1) mRNA, 
complete cds, alternatively spliced.

pol-miR-
150

TLR14 mRNA for toll-like receptor 14, complete cds. pol-
miR-
214

serine protease I-1 mRNA, complete cds.

pol-miR-
150

lipopolysaccharide-binding protein/bactericidal permeability-
increasing protein mRNA, complete cds.

pol-
miR-
214

insulin-like growth factor I mRNA, complete cds.

pol-miR-
150

mRNA for trypsinogen 3, complete cds. pol-
miR-
214

glyceraldehyde-3-phosphate dehydrogenase mRNA, partial 
cds.

pol-miR-
150

inhibitor kappa B alpha mRNA, complete cds. pol-
miR-
214

phospholipase D1B mRNA, complete cds.

pol-miR-
150

VDRb mRNA for vitamin D receptor b, complete cds. pol-
miR-
214

phospholipase D2 mRNA, complete cds.

pol-miR-
150

phospholipase C beta 4 mRNA, complete cds. pol-
miR-
214

transmembrane 4 L6 family member 4 mRNA, complete cds.

pol-miR-
150

phospholipase D2 mRNA, complete cds. pol-
miR-
214

G-CSF mRNA for Granulocyte Colony-Stimulating Factor, 
complete cds.

pol-miR-
153b-3p

14kDa-apo mRNA for 14 kDa-apolipoprotein, complete cds. pol-
miR-
214

mRNA for granzyme I-2, complete cds.

pol-miR-
153b-3p

TLR3 mRNA for Toll-like receptor 3, complete cds. pol-
miR-
214

mRNA for glucocorticoid receptor, complete cds.

pol-miR-
153b-3p

glucose-regulated protein 78 (Grp78) mRNA, complete cds. pol-
miR-
217

mRNA for CD40, complete cds.

pol-miR-
153b-3p

PY mRNA for peptide Y, complete cds. pol-
miR-
217

ITGAL mRNA, complete cds.

pol-miR-
153b-3p

B cell accessory protein (CD79b) mRNA, complete cds. pol-
miR-
217

membrane progestin receptor-like mRNA, complete cds.

pol-miR-
153b-3p

phospholipase D1B mRNA, complete cds. pol-
miR-
217

cathepsin F mRNA, complete cds.

pol-miR-
155

deleted in azoospermia-like protein 2 (DAZL) mRNA, DAZL-
2 allele, complete cds.

pol-
miR-
217

syntenin mRNA, complete cds.

pol-miR-
155

deleted in azoospermia-like protein 1 (DAZL) mRNA, DAZL-
1 allele, complete cds.

pol-
miR-
217

splicing factor arginine/serine-rich 3 mRNA, complete cds.

pol-miR-
155

NOD-like receptor C (NLRC) mRNA, complete cds. pol-
miR-
217

macrophage stimulating-1 protein mRNA, complete cds.

pol-miR-
155

heat shock protein 90 beta (Hsp90beta) mRNA, complete cds. pol-
miR-
217

calreticulin mRNA, complete cds.

pol-miR-
155

mRNA for complement component C9, complete cds. pol-
miR-
217

TNFR-1 mRNA for tumor necrosis factor receptor-1, complete 
cds.
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pol-miR-
155

heat shock protein 90 beta mRNA, complete cds. pol-
miR-
217

NPY mRNA for neuropeptide Y, complete cds.

pol-miR-
15b-5p

CD18 transcript 2 mRNA, complete cds, alternatively spliced. pol-
miR-
217

prolactin precursor, mRNA, complete cds.

pol-miR-
15b-5p

CD18 transcript 1 mRNA, complete cds, alternatively spliced. pol-
miR-
217

MMP2 mRNA for gelatinase, complete cds.

pol-miR-
15b-5p

ras-2 mRNA, complete cds. pol-
miR-
2188-5p

CD4-2 mRNA for T-cell surface glycoprotein CD4-2, 
complete cds.

pol-miR-
15b-5p

phospholipase C delta 1B Lf mRNA, complete cds. pol-
miR-
2188-5p

FASL mRNA for Fas ligand, complete cds.

pol-miR-
15b-5p

mRNA for microtubule aggregate protein homolog isotype-1, 
complete cds.

pol-
miR-
2188-5p

PAC1 receptor mRNA, complete cds.

pol-miR-
15b-5p

LGP2 mRNA, complete cds. pol-
miR-
2188-5p

beclin-1 mRNA, complete cds.

pol-miR-
15b-5p

phospholipase D (PLD) mRNA, complete cds. pol-
miR-
2188-5p

glucose-regulated protein 78 (Grp78) mRNA, complete cds.

pol-miR-
15b-5p

dsRNA-dependent protein kinase (PKR) mRNA, complete 
cds.

pol-
miR-
2188-5p

VDRa mRNA for vitamin D receptor a, complete cds.

pol-miR-
15b-5p

beta-defensin I-5 mRNA, complete cds. pol-
miR-
2188-5p

POMC-II precursor protein mRNA, complete cds.

pol-miR-
15b-5p

beta-defensin I-3 mRNA, complete cds. pol-
miR-
2188-5p

p53 tumor supressor protein (p53) mRNA, complete cds.

pol-miR-
15b-5p

beta-defensin I-2 mRNA, complete cds. pol-
miR-
221-5p

serum response factor protein mRNA, complete cds.

pol-miR-
15b-5p

beta-defensin I-1 mRNA, complete cds. pol-
miR-
221-5p

CD18 transcript 2 mRNA, complete cds, alternatively spliced.

pol-miR-
15b-5p

serotransferrin precursor (SroTP) mRNA, complete cds. pol-
miR-
221-5p

CD18 transcript 1 mRNA, complete cds, alternatively spliced.

pol-miR-
15b-5p

signal transducer and activator of transcription 1 mRNA, 
complete cds.

pol-
miR-
221-5p

paired box protein 3b isoform Pax3b-1 (Pax3a) mRNA, 
complete cds.

pol-miR-
15b-5p

dio3 mRNA for iodothyronine deiodinase type III, complete 
cds.

pol-
miR-
221-5p

nuclear receptor DAX1 mRNA, complete cds.

pol-miR-
15b-5p

mRNA for elastase 4 precursor, partial cds. pol-
miR-
221-5p

phospholipase C delta 1A mRNA, complete cds.

pol-miR-
15b-5p

hypothetical protein mRNA, complete cds. pol-
miR-
221-5p

mRNA for microtubule aggregate protein homolog isotype-1, 
complete cds.

pol-miR-
15b-5p

glucose-regulated protein 78 (Grp78) mRNA, complete cds. pol-
miR-
221-5p

interferon regulatory factor 2 (IRF2) mRNA, complete cds.

pol-miR-
15b-5p

TCR alpha mRNA for T cell receptor alpha chain, complete 
cds.

pol-
miR-
221-5p

elastase-like serine protease (ELSrP) mRNA, complete cds.

pol-miR-
15b-5p

mRNA for transferrin, complete cds. pol-
miR-
221-5p

voltage-dependent anion channel (VDAC) mRNA, complete 
cds.

pol-miR-
15b-5p

CCR9 mRNA for C-C chemokine receptor 9, complete cds. pol-
miR-
221-5p

natural resistance-associated macrophage protein mRNA, 
complete cds.

pol-miR-
15b-5p

natural killer enhancing factor (NKEF) mRNA, complete cds. pol-
miR-
221-5p

cgrpr mRNA for calcitonin gene-related peptide receptor, 
complete cds.

pol-miR-
15b-5p

fIGF-IR-2 mRNA for type 1 insulin-like growth factor 
receptor, complete cds.

pol-
miR-
221-5p

il8-2 mRNA for interleukin 8 isoform 2, complete cds.

pol-miR-
15b-5p

CD8 beta mRNA for T-cell surface glycoprotein CD8 beta 
chain, complete cds.

pol-
miR-
221-5p

AMPD1 mRNA, complete cds.

pol-miR-
15b-5p

phospholipase C delta 1 B short form (PLC) mRNA, complete 
cds.

pol-
miR-
221-5p

insulin-like growth factor I mRNA, complete cds.

pol-miR-
15b-5p

doublesex and mab-3 related transcription factor 1 (DMRT1) 
mRNA, complete cds.

pol-
miR-
221-5p

phospholipase D1B mRNA, complete cds.
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pol-miR-
15b-5p

POMC-II precursor protein mRNA, complete cds. pol-
miR-
221-5p

GAPDH mRNA for glyceraldehyde-3-phosphate 
dehydrogenase, complete cds.

pol-miR-
15b-5p

testis enhanced gene transcript-like protein mRNA, complete 
cds.

pol-
miR-
221-5p

mRNA for granzyme I-2, complete cds.

pol-miR-
15b-5p

transferrin mRNA, complete cds. pol-
miR-
223

serum response factor protein mRNA, complete cds.

pol-miR-
15b-5p

insulin-like growth factor I mRNA, complete cds. pol-
miR-
223

ITGAL mRNA, complete cds.

pol-miR-
15b-5p

proopiomelanocortin-III (POMC-III) mRNA, complete cds. pol-
miR-
223

isolate Po-P1 PR domain containing 1 (PRDM1) mRNA, 
complete cds.

pol-miR-
15b-5p

phospholipase D1B mRNA, complete cds. pol-
miR-
223

pannexin 1 mRNA, complete cds.

pol-miR-
15b-5p

phospholipase D2 mRNA, complete cds. pol-
miR-
223

GDF15 mRNA for growth differentiation factor 15, complete 
cds.

pol-miR-
15b-5p

transmembrane 4 L6 family member 4 mRNA, complete cds. pol-
miR-
223

Wap65-2 mRNA, complete cds.

pol-miR-
15b-5p

mRNA for granzyme I-2, complete cds. pol-
miR-
223

TANK binding kinase 1 splice variant 3 (TBK1) mRNA, 
complete cds, alternatively spliced.

pol-miR-
15b-5p

MMP9 mRNA for gelatinase, complete cds. pol-
miR-
223

mc-5r mRNA for melanocortin-5 receptor, complete cds.

pol-miR-
16c-3p

mRNA for CD40, complete cds. pol-
miR-
223

GAPDH mRNA for glyceraldehyde-3-phosphate 
dehydrogenase, complete cds.

pol-miR-
16c-3p

DEAD box helicase 3-2 (DDX3-2) mRNA, complete cds. pol-
miR-
223

G-CSF mRNA for Granulocyte Colony-Stimulating Factor, 
complete cds.

pol-miR-
16c-3p

melanoma differentiation-associated protein 5 (mda5) mRNA, 
complete cds.

pol-
miR-
27b-5p

alkaline phosphatase (alp) mRNA, complete cds.

pol-miR-
16c-3p

C-type lectin domain family 4 member E mRNA, complete 
cds.

pol-
miR-
27b-5p

myostatin (MSTN) mRNA, complete cds.

pol-miR-
16c-3p

putative fast skeletal muscle troponin mRNA, partial cds. pol-
miR-
27b-5p

DEAD box helicase 3-1 (DDX3-1) mRNA, complete cds.

pol-miR-
16c-3p

dio3 mRNA for iodothyronine deiodinase type III, complete 
cds.

pol-
miR-
27b-5p

melanin-concentrating hormone receptor 1 mRNA, complete 
cds.

pol-miR-
16c-3p

mRNA for trypsinogen 3, complete cds. pol-
miR-
27b-5p

deleted in azoospermia-like protein 2 (DAZL) mRNA, DAZL-
2 allele, complete cds.

pol-miR-
16c-3p

ERb mRNA for estrogen receptor beta, complete cds. pol-
miR-
27b-5p

deleted in azoospermia-like protein 1 (DAZL) mRNA, DAZL-
1 allele, complete cds.

pol-miR-
1788-3p

p65 NF-κb subunit mRNA, complete cds. pol-
miR-
27b-5p

transcription factor SOX-2 (Sox2) mRNA, complete cds.

pol-miR-
1788-3p

mRNA for CD40, complete cds. pol-
miR-
27b-5p

ras-2 mRNA, complete cds.

pol-miR-
1788-3p

GPR43 mRNA, complete cds. pol-
miR-
27b-5p

peptidoglycan recognition protein (PGRP) mRNA, complete 
cds.

pol-miR-
1788-3p

ITGAL mRNA, complete cds. pol-
miR-
27b-5p

scinderin-like protein mRNA, complete cds.

pol-miR-
1788-3p

transcription factor SOX-1b (Sox1b) mRNA, complete cds. pol-
miR-
27b-5p

phospholipase C-beta 1 (PLC-beta1) mRNA, complete cds.

pol-miR-
1788-3p

deleted in azoospermia-like protein 2 (DAZL) mRNA, DAZL-
2 allele, complete cds.

pol-
miR-
27b-5p

YGHL1 mRNA, complete cds.

pol-miR-
1788-3p

deleted in azoospermia-like protein 1 (DAZL) mRNA, DAZL-
1 allele, complete cds.

pol-
miR-
27b-5p

parvalbumin mRNA sequence, partial.

pol-miR-
1788-3p

phospholipase C delta 1B Lf mRNA, complete cds. pol-
miR-
27b-5p

beclin-1 mRNA, complete cds.

pol-miR-
1788-3p

scinderin-like protein mRNA, complete cds. pol-
miR-
27b-5p

elastase-like serine protease (ELSrP) mRNA, complete cds.
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pol-miR-
1788-3p

cathepsin B mRNA, complete cds. pol-
miR-
27b-5p

POMC-I precursor protein mRNA, complete cds.

pol-miR-
1788-3p

voltage-dependent anion channel (VDAC) mRNA, complete 
cds.

pol-
miR-
27b-5p

preprovasoactive intestinal peptide mRNA, complete cds.

pol-miR-
1788-3p

proteasome activator subunit 2 mRNA, complete cds. pol-
miR-
27b-5p

JFCXCL13-like mRNA for CXC chemokine, complete cds.

pol-miR-
1788-3p

macrophage stimulating-1 protein mRNA, complete cds. pol-
miR-
27b-5p

mRNA for CD3 epsilon, complete cds.

pol-miR-
1788-3p

DnaJ-like subfamily B member 11 (Hsp40B11) mRNA, 
complete cds.

pol-
miR-
27b-5p

CCR9 mRNA for C-C chemokine receptor 9, complete cds.

pol-miR-
1788-3p

DnaJ-like subfamily A member 4 (Hsp40A4) mRNA, 
complete cds.

pol-
miR-
27b-5p

heat shock protein 60 kDa (hsp60) mRNA, complete cds.

pol-miR-
1788-3p

TCR alpha mRNA for T cell receptor alpha chain, complete 
cds.

pol-
miR-
27b-5p

myD88 mRNA for myeloid differentiaton factor 88, complete 
cds.

pol-miR-
1788-3p

calreticulin mRNA, complete cds. pol-
miR-
27b-5p

melanin-concentrating hormone receptor 1 (MCHR1) mRNA, 
complete cds.

pol-miR-
1788-3p

asparaginyl endopeptidase (AEP) mRNA, AEP-Legumain 
allele, complete cds.

pol-
miR-
27b-5p

CD8 beta mRNA for T-cell surface glycoprotein CD8 beta 
chain, complete cds.

pol-miR-
1788-3p

TNFR-1 mRNA for tumor necrosis factor receptor-1, complete 
cds.

pol-
miR-
27b-5p

AMPD1 mRNA, complete cds.

pol-miR-
1788-3p

myD88 mRNA for myeloid differentiaton factor 88, complete 
cds.

pol-
miR-
27b-5p

ornithine decarboxylase antizyme large isoform ORF1 and 
ornithine decarboxylase antizyme large isoform mRNA, 
complete cds.

pol-miR-
1788-3p

ERa mRNA for estrogen receptor alpha, complete cds. pol-
miR-
27b-5p

ornithine decarboxylase antizyme small isoform ORF1 and 
ornithine decarboxylase antizyme small isoform mRNA, 
complete cds.

pol-miR-
1788-3p

phospholipase C delta 1 B short form (PLC) mRNA, complete 
cds.

pol-
miR-
27b-5p

melanin-concentrating hormone-like protein mRNA, complete 
cds.

pol-miR-
1788-3p

pemRNA for pepsinogen, complete cds. pol-
miR-
27b-5p

testis enhanced gene transcript-like protein mRNA, complete 
cds.

pol-miR-
1788-3p

doublesex and mab-3 related transcription factor 1 (DMRT1) 
mRNA, complete cds.

pol-
miR-
27b-5p

phospholipase D1B mRNA, complete cds.

pol-miR-
1788-3p

ornithine decarboxylase antizyme large isoform ORF1 and 
ornithine decarboxylase antizyme large isoform mRNA, 
complete cds.

pol-
miR-
27b-5p

phospholipase D2 mRNA, complete cds.

pol-miR-
1788-3p

insulin-like growth factor I mRNA, complete cds. pol-
miR-
27b-5p

GDF8 type 2 mRNA, complete cds.

pol-miR-
1788-3p

phospholipase D1B mRNA, complete cds. pol-
miR-
27b-5p

GDF8 type 1 mRNA, complete cds.

pol-miR-
1788-3p

phospholipase D2 mRNA, complete cds. pol-
miR-
27b-5p

mRNA for granzyme III-2, complete cds.

pol-miR-
1788-3p

trypsinogen 2 precursor (TRP2) mRNA, complete cds. pol-
miR-
27b-5p

pitx2 mRNA, complete cds.

pol-miR-
1788-3p

G-CSF mRNA for Granulocyte Colony-Stimulating Factor, 
complete cds.

pol-
miR-
375

CD4-2 mRNA for T-cell surface glycoprotein CD4-2, 
complete cds.

pol-miR-
1788-5p

SOD2 mRNA for Mn-superoxide dismutase, complete cds. pol-
miR-
375

TLR14 mRNA for toll like receptor 14, complete cds.

pol-miR-
1788-5p

TLR14 mRNA for toll like receptor 14, complete cds. pol-
miR-
375

hdac4 (hdac4) mRNA, complete cds.

pol-miR-
1788-5p

CTL mRNA for C-type lectin, complete cds. pol-
miR-
375

interferon regulatory factor 7 (IRF7) mRNA, complete cds.

pol-miR-
1788-5p

GPR43 mRNA, complete cds. pol-
miR-
375

fushi tarazu factor 1 mRNA, complete cds.

pol-miR-
1788-5p

Nanos3 (nanos3) mRNA, complete cds. pol-
miR-
375

DEAD box helicase 3-2 (DDX3-2) mRNA, complete cds.

pol-miR-
1788-5p

interleukin-10 precursor, mRNA, complete cds. pol-
miR-
375

isolate Po-P14 PR domain containing 14 (PRDM14) mRNA, 
complete cds.
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pol-miR-
1788-5p

paired box protein 3b isoform Pax3b-1 (Pax3a) mRNA, 
complete cds.

pol-
miR-
375

purinergic receptor P2X ligand-gated ion channel 7a mRNA, 
complete cds.

pol-miR-
1788-5p

interferon regulatory factor 9 (IRF9) mRNA, complete cds. pol-
miR-
375

vasa-like protein mRNA, complete cds.

pol-miR-
1788-5p

phospholipase C delta 1A mRNA, complete cds. pol-
miR-
375

phospholipase C delta 1B Lf mRNA, complete cds.

pol-miR-
1788-5p

peptidoglycan recognition protein (PGRP) mRNA, complete 
cds.

pol-
miR-
375

toll-like receptor 1 mRNA, complete cds.

pol-miR-
1788-5p

scinderin-like protein mRNA, complete cds. pol-
miR-
375

vasa mRNA, complete cds.

pol-miR-
1788-5p

phospholipase C-beta 1 (PLC-beta1) mRNA, complete cds. pol-
miR-
375

interferon regulatory factor 2 (IRF2) mRNA, complete cds.

pol-miR-
1788-5p

17-alpha-hydroxylase mRNA, complete cds. pol-
miR-
375

beta-actin mRNA, complete cds.

pol-miR-
1788-5p

interleukin-1 receptor type II mRNA, complete cds. pol-
miR-
375

syntenin mRNA, complete cds.

pol-miR-
1788-5p

syntenin mRNA, complete cds. pol-
miR-
375

phospholipase D (PLD) mRNA, complete cds.

pol-miR-
1788-5p

serotransferrin precursor (SroTP) mRNA, complete cds. pol-
miR-
375

macrophage stimulating-1 protein mRNA, complete cds.

pol-miR-
1788-5p

JFC/EBPb mRNA for CCAAT/Enhancer binding protein beta, 
complete cds.

pol-
miR-
375

putative fast skeletal muscle troponin mRNA, partial cds.

pol-miR-
1788-5p

calreticulin mRNA, complete cds. pol-
miR-
375

preprovasoactive intestinal peptide mRNA, complete cds.

pol-miR-
1788-5p

mRNA for serine protease I-2, complete cds. pol-
miR-
375

liver-expressed antimicrobial peptide 2 mRNA, complete cds.

pol-miR-
1788-5p

CCR3 mRNA for C-C chemokine receptor-3, complete cds. pol-
miR-
375

Par o 1 mRNA for parvalbumin, complete cds.

pol-miR-
1788-5p

mRNA for CXC chemokine, complete cds. pol-
miR-
375

inhibitor kappa B alpha mRNA, complete cds.

pol-miR-
1788-5p

VDRb mRNA for vitamin D receptor b, complete cds. pol-
miR-
375

glucose-regulated protein 78 (Grp78) mRNA, complete cds.

pol-miR-
1788-5p

il8-2 mRNA for interleukin 8 isoform 2, complete cds. pol-
miR-
375

JFC/EBPe mRNA for CCAAT/Enhancer binding protein 
epsilon, complete cds.

pol-miR-
1788-5p

interleukine-8 (IL-8) mRNA, complete cds. pol-
miR-
375

heat shock protein 60 kDa (hsp60) mRNA, complete cds.

pol-miR-
1788-5p

ornithine decarboxylase antizyme small isoform ORF1 and 
ornithine decarboxylase antizyme small isoform mRNA, 
complete cds.

pol-
miR-
375

VDRb mRNA for vitamin D receptor b, complete cds.

pol-miR-
1788-5p

testis enhanced gene transcript-like protein mRNA, complete 
cds.

pol-
miR-
375

ctrlr mRNA for calcitonin receptor-like receptor, complete cds.

pol-miR-
1788-5p

stanniocalcin 2 mRNA, complete cds. pol-
miR-
375

il8-2 mRNA for interleukin 8 isoform 2, complete cds.

pol-miR-
1788-5p

IL-11b mRNA for interleukin 11 type b, complete cds. pol-
miR-
375

lipoprotein lipase (LPL) mRNA, complete cds.

pol-miR-
1788-5p

proopiomelanocortin-III (POMC-III) mRNA, complete cds. pol-
miR-
375

TANK binding kinase 1 splice variant 3 (TBK1) mRNA, 
complete cds, alternatively spliced.

pol-miR-
1788-5p

phospholipase D2 mRNA, complete cds. pol-
miR-
375

TANK binding kinase 1 splice variant 2 (TBK1) mRNA, 
complete cds, alternatively spliced.

pol-miR-
1788-5p

thymosin beta mRNA, complete cds. pol-
miR-
375

TANK binding kinase 1 splice variant 1 (TBK1) mRNA, 
complete cds, alternatively spliced.

pol-miR-
1788-5p

M17h mRNA for M17 homologue, complete cds. pol-
miR-
375

B cell accessory protein (CD79b) mRNA, complete cds.

pol-miR-
1788-5p

mRNA for granzyme III-2, complete cds. pol-
miR-
375

phospholipase C delta 1 B short form (PLC) mRNA, complete 
cds.
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pol-miR-
1788-5p

mRNA for granzyme III-1, complete cds. pol-
miR-
375

doublesex and mab-3 related transcription factor 1 (DMRT1) 
mRNA, complete cds.

pol-miR-
1788-5p

mRNA for granzyme I-2, complete cds. pol-
miR-
375

ornithine decarboxylase antizyme large isoform ORF1 and 
ornithine decarboxylase antizyme large isoform mRNA, 
complete cds.

pol-miR-
1788-5p

mRNA for granzyme I-1, complete cds. pol-
miR-
375

POMC-II precursor protein mRNA, complete cds.

pol-miR-
1788-5p

mRNA for granzyme II, complete cds. pol-
miR-
375

prolactin precursor, mRNA, complete cds.

pol-miR-
1788-5p

MMP2 mRNA for gelatinase, complete cds. pol-
miR-
375

insulin-like growth factor I mRNA, complete cds.

pol-miR-
181a-2-
3p

transcription factor PU.1 mRNA, complete cds, alternatively 
spliced.

pol-
miR-
375

IL-11b mRNA for interleukin 11 type b, complete cds.

pol-miR-
181a-2-
3p

melanocortin 4 receptor (MC4R) mRNA, complete cds. pol-
miR-
375

phospholipase D1B mRNA, complete cds.

pol-miR-
181a-2-
3p

progranulin type II (pGRN) mRNA, complete cds, alternatively 
spliced.

pol-
miR-
375

phospholipase D2 mRNA, complete cds.

pol-miR-
181a-2-
3p

progranulin type I (pGRN) mRNA, complete cds, alternatively 
spliced.

pol-
miR-
375

sqt mRNA for squint, complete cds.

pol-miR-
181a-2-
3p

DnaJ-like subfamily B member 11 (Hsp40B11) mRNA, 
complete cds.

pol-
miR-
375

spaw mRNA for southpaw, complete cds.

pol-miR-
181a-2-
3p

mRNA for trypsinogen 3, complete cds. pol-
miR-
375

COL1A2 mRNA for type 1 collagen alpha 2, complete cds.

pol-miR-
181a-2-
3p

VDRa mRNA for vitamin D receptor a, complete cds. pol-
miR-
375

mRNA for granzyme I-2, complete cds.

pol-miR-
181a-2-
3p

cgrpr mRNA for calcitonin gene-related peptide receptor, 
complete cds.

pol-
miR-
375

pitx2 mRNA, complete cds.

pol-miR-
181a-2-
3p

IL-11b mRNA for interleukin 11 type b, complete cds. pol-
miR-
430a-3p

myostatin (MSTN) mRNA, complete cds.

pol-miR-
181a-2-
3p

phospholipase D1B mRNA, complete cds. pol-
miR-
430a-3p

GPR43 mRNA, complete cds.

pol-miR-
181a-2-
3p

MMP2 mRNA for gelatinase, complete cds. pol-
miR-
430a-3p

DEAD box helicase 3-2 (DDX3-2) mRNA, complete cds.

pol-miR-
181a-5p

TLR14 mRNA for toll like receptor 14, complete cds. pol-
miR-
430a-3p

akirin mRNA, complete cds.

pol-miR-
181a-5p

mRNA for CD40, complete cds. pol-
miR-
430a-3p

YGHL1 mRNA, complete cds.

pol-miR-
181a-5p

transcription factor T-bet (TBX21) mRNA, complete cds. pol-
miR-
430a-3p

transcription factor C/EBPalpha mRNA, complete cds.

pol-miR-
181a-5p

ITGAL mRNA, complete cds. pol-
miR-
430a-3p

LGP2 mRNA, complete cds.

pol-miR-
181a-5p

DEAD box helicase 3-1 (DDX3-1) mRNA, complete cds. pol-
miR-
430a-3p

beta-actin mRNA, complete cds.

pol-miR-
181a-5p

interferon regulatory factor 9 (IRF9) mRNA, complete cds. pol-
miR-
430a-3p

syntenin mRNA, complete cds.

pol-miR-
181a-5p

lipopolysaccharide-induced tumor necrosis factor-alpha factor 
mRNA, complete cds.

pol-
miR-
430a-3p

phospholipase D (PLD) mRNA, complete cds.

pol-miR-
181a-5p

HSL1 mRNA for hormone-sensitive lipase1, complete cds. pol-
miR-
430a-3p

lipopolysaccharide-binding protein/bactericidal permeability-
increasing protein mRNA, complete cds.

pol-miR-
181a-5p

TLR3 mRNA for Toll-like receptor 3, complete cds. pol-
miR-
430a-3p

DnaJ-like subfamily B member 11 (Hsp40B11) mRNA, 
complete cds.

pol-miR-
181a-5p

YGHL1 mRNA, complete cds. pol-
miR-
430a-3p

preprovasoactive intestinal peptide mRNA, complete cds.

pol-miR-
181a-5p

LGP2 mRNA, complete cds. pol-
miR-
430a-3p

ppsb mRNA for pancreatic protein with two somatomedin B 
domains, complete cds.
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pol-miR-
181a-5p

lipopolysaccharide-binding protein/bactericidal permeability-
increasing protein mRNA, complete cds.

pol-
miR-
430a-3p

TNFR-1 mRNA for tumor necrosis factor receptor-1, complete 
cds.

pol-miR-
181a-5p

hypothetical protein mRNA, complete cds. pol-
miR-
430a-3p

ornithine decarboxylase antizyme small isoform ORF1 and 
ornithine decarboxylase antizyme small isoform mRNA, 
complete cds.

pol-miR-
181a-5p

inhibitor kappa B alpha mRNA, complete cds. pol-
miR-
430a-3p

mRNA for Hoxb-5, partial cds.

pol-miR-
181a-5p

TCR alpha mRNA for T cell receptor alpha chain, complete 
cds.

pol-
miR-
430a-3p

M17h mRNA for M17 homologue, complete cds.

pol-miR-
181a-5p

DnaJ-like subfamily B member 6 (Hsp40B6) mRNA, complete 
cds.

pol-
miR-
430a-3p

lefty mRNA for lefty/antivin, complete cds.

pol-miR-
181a-5p

VDRa mRNA for vitamin D receptor a, complete cds. pol-
miR-
430a-3p

COL1A2 mRNA for type 1 collagen alpha 2, complete cds.

pol-miR-
181a-5p

VDRb mRNA for vitamin D receptor b, complete cds. pol-
miR-
430c-3p

myostatin (MSTN) mRNA, complete cds.

pol-miR-
181a-5p

TFIIA P12 subunit mRNA, complete cds. pol-
miR-
430c-3p

DEAD box helicase 3-2 (DDX3-2) mRNA, complete cds.

pol-miR-
181a-5p

testis enhanced gene transcript-like protein mRNA, complete 
cds.

pol-
miR-
430c-3p

beta-actin mRNA, complete cds.

pol-miR-
181a-5p

proopiomelanocortin-III (POMC-III) mRNA, complete cds. pol-
miR-
430c-3p

phospholipase D (PLD) mRNA, complete cds.

pol-miR-
181a-5p

transmembrane 4 L6 family member 4 mRNA, complete cds. pol-
miR-
430c-3p

lipopolysaccharide-binding protein/bactericidal permeability-
increasing protein mRNA, complete cds.

pol-miR-
181c-5p

TLR14 mRNA for toll like receptor 14, complete cds. pol-
miR-
430c-3p

DnaJ-like subfamily B member 11 (Hsp40B11) mRNA, 
complete cds.

pol-miR-
181c-5p

hdac4 (hdac4) mRNA, complete cds. pol-
miR-
430c-3p

GDF15 mRNA for growth differentiation factor 15, complete 
cds.

pol-miR-
181c-5p

fNKCC mRNA for Na-K-Cl cotransporter, complete cds. pol-
miR-
430c-3p

preprovasoactive intestinal peptide mRNA, complete cds.

pol-miR-
181c-5p

alkaline phosphatase (alp) mRNA, complete cds. pol-
miR-
430c-3p

ppsb mRNA for pancreatic protein with two somatomedin B 
domains, complete cds.

pol-miR-
181c-5p

PoLCE mRNA for hatching enzyme, complete cds. pol-
miR-
430c-3p

inhibitor kappa B alpha mRNA, complete cds.

pol-miR-
181c-5p

transcription factor T-bet (TBX21) mRNA, complete cds. pol-
miR-
430c-3p

glucose-regulated protein 78 (Grp78) mRNA, complete cds.

pol-miR-
181c-5p

B7-H1/DC mRNA, complete cds. pol-
miR-
430c-3p

mRNA for serine protease I-2, complete cds.

pol-miR-
181c-5p

ITGAL mRNA, complete cds. pol-
miR-
430c-3p

heat shock protein 60 kDa (hsp60) mRNA, complete cds.

pol-miR-
181c-5p

transcription factor SOX-1b (Sox1b) mRNA, complete cds. pol-
miR-
430c-3p

fIR-1 mRNA for insulin receptor, complete cds.

pol-miR-
181c-5p

isolate Po-P1 PR domain containing 1 (PRDM1) mRNA, 
complete cds.

pol-
miR-
430c-3p

ornithine decarboxylase antizyme small isoform ORF1 and 
ornithine decarboxylase antizyme small isoform mRNA, 
complete cds.

pol-miR-
181c-5p

lipopolysaccharide-induced tumor necrosis factor-alpha factor 
mRNA, complete cds.

pol-
miR-
430c-3p

M17h mRNA for M17 homologue, complete cds.

pol-miR-
181c-5p

HSL1 mRNA for hormone-sensitive lipase1, complete cds. pol-
miR-
430c-3p

lefty mRNA for lefty/antivin, complete cds.

pol-miR-
181c-5p

TLR3 mRNA for Toll-like receptor 3, complete cds. pol-
miR-
430c-3p

COL1A2 mRNA for type 1 collagen alpha 2, complete cds.

pol-miR-
181c-5p

transcription factor PU.1 mRNA, complete cds, alternatively 
spliced.

pol-
miR-
430c-3p

mRNA for granzyme III-2, complete cds.

pol-miR-
181c-5p

LGP2 mRNA, complete cds. pol-
miR-
430c-3p

mRNA for granzyme III-1, complete cds.

pol-miR-
181c-5p

interferon regulatory factor 3 variant 1 (IRF3) mRNA, 
complete cds.

pol-
miR-
430c-3p

mRNA for granzyme I-2, complete cds.
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pol-miR-
181c-5p

voltage-dependent anion channel (VDAC) mRNA, complete 
cds.

pol-
miR-
430c-3p

mRNA for granzyme I-1, complete cds.

pol-miR-
181c-5p

serotransferrin precursor (SroTP) mRNA, complete cds. pol-
miR-
430c-3p

mRNA for granzyme II, complete cds.

pol-miR-
181c-5p

hypothetical protein mRNA, complete cds. pol-
miR-
458-3p

fChi1 mRNA for chitinase1, complete cds.

pol-miR-
181c-5p

inhibitor kappa B alpha mRNA, complete cds. pol-
miR-
458-3p

SOD2 mRNA for Mn-superoxide dismutase, complete cds.

pol-miR-
181c-5p

cd3-1 mRNA for CD3 epsilon, complete cds. pol-
miR-
458-3p

transcription factor SOX-1b (Sox1b) mRNA, complete cds.

pol-miR-
181c-5p

betaine homocysteine S-methyltansferase (BHMT) mRNA, 
complete cds.

pol-
miR-
458-3p

deleted in azoospermia-like protein 2 (DAZL) mRNA, DAZL-
2 allele, complete cds.

pol-miR-
181c-5p

CCR3 mRNA for C-C chemokine receptor-3, complete cds. pol-
miR-
458-3p

deleted in azoospermia-like protein 1 (DAZL) mRNA, DAZL-
1 allele, complete cds.

pol-miR-
181c-5p

TNFR-1 mRNA for tumor necrosis factor receptor-1, complete 
cds.

pol-
miR-
458-3p

phospholipase C delta 1B Lf mRNA, complete cds.

pol-miR-
181c-5p

mRNA for IL-1b, complete cds. pol-
miR-
458-3p

phospholipase C-beta 1 (PLC-beta1) mRNA, complete cds.

pol-miR-
181c-5p

natural killer enhancing factor (NKEF) mRNA, complete cds. pol-
miR-
458-3p

interferon regulatory factor 3 variant 1 (IRF3) mRNA, 
complete cds.

pol-miR-
181c-5p

fIGF-IR-2 mRNA for type 1 insulin-like growth factor 
receptor, complete cds.

pol-
miR-
458-3p

lipopolysaccharide-binding protein/bactericidal permeability-
increasing protein mRNA, complete cds.

pol-miR-
181c-5p

VDRa mRNA for vitamin D receptor a, complete cds. pol-
miR-
458-3p

serotransferrin precursor (SroTP) mRNA, complete cds.

pol-miR-
181c-5p

empty spiracles homeobox 2 (Emx2) mRNA, complete cds. pol-
miR-
458-3p

JFC/EBPe mRNA for CCAAT/Enhancer binding protein 
epsilon, complete cds.

pol-miR-
181c-5p

TFIIA P12 subunit mRNA, complete cds. pol-
miR-
458-3p

TNFR-2 mRNA for tumor necrosis factor receptor-2, complete 
cds.

pol-miR-
181c-5p

phospholipase D2 mRNA, complete cds. pol-
miR-
458-3p

ctrlr mRNA for calcitonin receptor-like receptor, complete cds.

pol-miR-
181c-5p

phospholipase C delta 3A mRNA, complete cds. pol-
miR-
458-3p

cgrpr mRNA for calcitonin gene-related peptide receptor, 
complete cds.

pol-miR-
181c-5p

transmembrane 4 L6 family member 4 mRNA, complete cds. pol-
miR-
458-3p

il8-2 mRNA for interleukin 8 isoform 2, complete cds.

pol-miR-
181c-5p

cd3-2 mRNA for CD3 epsilon, complete cds. pol-
miR-
458-3p

TANK binding kinase 1 splice variant 3 (TBK1) mRNA, 
complete cds, alternatively spliced.

pol-miR-
182-5p

alkaline phosphatase (alp) mRNA, complete cds. pol-
miR-
458-3p

phospholipase C delta 1 B short form (PLC) mRNA, complete 
cds.

pol-miR-
182-5p

transcription factor T-bet (TBX21) mRNA, complete cds. pol-
miR-
458-3p

prolactin precursor, mRNA, complete cds.

pol-miR-
182-5p

ITGAM mRNA, complete cds. pol-
miR-
458-3p

phospholipase D1B mRNA, complete cds.

pol-miR-
182-5p

ITGAL mRNA, complete cds. pol-
miR-
458-5p

transcription factor SOX-3 (Sox3) mRNA, complete cds.

pol-miR-
182-5p

cathepsin B mRNA, complete cds. pol-
miR-
458-5p

DEAD box helicase 3-1 (DDX3-1) mRNA, complete cds.

pol-miR-
182-5p

ornithine decarboxylase mRNA, complete cds. pol-
miR-
458-5p

melanin-concentrating hormone receptor 2 mRNA, complete 
cds.

pol-miR-
182-5p

lipopolysaccharide-binding protein/bactericidal permeability-
increasing protein mRNA, complete cds.

pol-
miR-
458-5p

mRNA for microtubule aggregate protein homolog isotype-1, 
complete cds.

pol-miR-
182-5p

heat shock protein 70 (HSP70) mRNA, complete cds. pol-
miR-
458-5p

LGP2 mRNA, complete cds.

pol-miR-
182-5p

macrophage stimulating-1 protein mRNA, complete cds. pol-
miR-
458-5p

phospholipase D (PLD) mRNA, complete cds.
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pol-miR-
182-5p

inducible heat shock protein 70 (Hsp70) mRNA, complete cds. pol-
miR-
458-5p

serotransferrin precursor (SroTP) mRNA, complete cds.

pol-miR-
182-5p

mRNA for trypsinogen 3, complete cds. pol-
miR-
458-5p

preprovasoactive intestinal peptide mRNA, complete cds.

pol-miR-
182-5p

Par o 1 mRNA for parvalbumin, complete cds. pol-
miR-
458-5p

mRNA for trypsinogen 3, complete cds.

pol-miR-
182-5p

heat shock cognate 71 (Hsc71) mRNA, complete cds. pol-
miR-
458-5p

melanin-concentrating hormone receptor 2 (MCHR2) mRNA, 
complete cds.

pol-miR-
182-5p

CPA1 mRNA for carboxypeptidase A1, partial cds. pol-
miR-
458-5p

insulin-like growth factor I mRNA, complete cds.

pol-miR-
182-5p

il8-2 mRNA for interleukin 8 isoform 2, complete cds. pol-
miR-
458-5p

phospholipase D2 mRNA, complete cds.

pol-miR-
182-5p

phospholipase D1B mRNA, complete cds. pol-
miR-
459-5p

fNKCC mRNA for Na-K-Cl cotransporter, complete cds.

pol-miR-
182-5p

phospholipase C delta 4 mRNA, complete cds. pol-
miR-
459-5p

myostatin (MSTN) mRNA, complete cds.

pol-miR-
182-5p

mRNA for hsc71, complete cds. pol-
miR-
459-5p

gch2 mRNA for GTcyclohydrolase 2, complete cds.

pol-miR-
183-5p

TLR5M mRNA for toll-like receptor 5 membrane form, 
complete cds.

pol-
miR-
459-5p

transcription factor T-bet (TBX21) mRNA, complete cds.

pol-miR-
183-5p

transcription factor SOX-3 (Sox3) mRNA, complete cds. pol-
miR-
459-5p

ITGAL mRNA, complete cds.

pol-miR-
183-5p

isolate Po-P14 PR domain containing 14 (PRDM14) mRNA, 
complete cds.

pol-
miR-
459-5p

CD83 transcript 2 mRNA, complete cds, alternatively spliced.

pol-miR-
183-5p

akirin mRNA, complete cds. pol-
miR-
459-5p

isolate Po-P1 PR domain containing 1 (PRDM1) mRNA, 
complete cds.

pol-miR-
183-5p

phospholipase C gamma 2 (PLC-gamma2) mRNA, complete 
cds.

pol-
miR-
459-5p

interferon regulatory factor 9 (IRF9) mRNA, complete cds.

pol-miR-
183-5p

splicing factor arginine/serine-rich 3 mRNA, complete cds. pol-
miR-
459-5p

mRNA for arginine vasotocin precursor, complete cds.

pol-miR-
183-5p

mRNA for Hoxd-4, complete cds. pol-
miR-
459-5p

phospholipase C-beta 1 (PLC-beta1) mRNA, complete cds.

pol-miR-
183-5p

mRNA for serine protease I-2, complete cds. pol-
miR-
459-5p

YGHL1 mRNA, complete cds.

pol-miR-
183-5p

mRNA for serine protease I-1, complete cds. pol-
miR-
459-5p

parvalbumin mRNA sequence, partial.

pol-miR-
183-5p

betaine homocysteine S-methyltansferase (BHMT) mRNA, 
complete cds.

pol-
miR-
459-5p

beclin-1 mRNA, complete cds.

pol-miR-
183-5p

TNFR-1 mRNA for tumor necrosis factor receptor-1, complete 
cds.

pol-
miR-
459-5p

lipopolysaccharide-binding protein/bactericidal permeability-
increasing protein mRNA, complete cds.

pol-miR-
183-5p

toll-like receptor 5 membrane form mRNA, complete cds. pol-
miR-
459-5p

DnaJ-like subfamily B member 11 (Hsp40B11) mRNA, 
complete cds.

pol-miR-
183-5p

serine protease I-1 mRNA, complete cds. pol-
miR-
459-5p

chaperonin containing TCP1 subunit 6A (Cctz) mRNA, partial 
cds.

pol-miR-
183-5p

TFIIA P12 subunit mRNA, complete cds. pol-
miR-
459-5p

JFC/EBPb mRNA for CCAAT/Enhancer binding protein beta, 
complete cds.

pol-miR-
183-5p

testis enhanced gene transcript-like protein mRNA, complete 
cds.

pol-
miR-
459-5p

il8-2 mRNA for interleukin 8 isoform 2, complete cds.

pol-miR-
183-5p

MMP2 mRNA for gelatinase, complete cds. pol-
miR-
459-5p

ornithine decarboxylase antizyme large isoform ORF1 and 
ornithine decarboxylase antizyme large isoform mRNA, 
complete cds.

pol-miR-
184

apoA-I mRNA for apolipoprotein A-I, complete cds. pol-
miR-
459-5p

ornithine decarboxylase antizyme small isoform ORF1 and 
ornithine decarboxylase antizyme small isoform mRNA, 
complete cds.

pol-miR-
184

transcription factor SOX-3 (Sox3) mRNA, complete cds. pol-
miR-
459-5p

TFIIA P12 subunit mRNA, complete cds.
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pol-miR-
184

CD18 transcript 2 mRNA, complete cds, alternatively spliced. pol-
miR-
459-5p

testis enhanced gene transcript-like protein mRNA, complete 
cds.

pol-miR-
184

CD18 transcript 1 mRNA, complete cds, alternatively spliced. pol-
miR-
459-5p

prolactin precursor, mRNA, complete cds.

pol-miR-
184

transcription factor SOX-1a (Sox1a) mRNA, complete cds. pol-
miR-
459-5p

insulin-like growth factor I mRNA, complete cds.

pol-miR-
184

DEAD box helicase 3-2 (DDX3-2) mRNA, complete cds. pol-
miR-
459-5p

GDF8 type 2 mRNA, complete cds.

pol-miR-
184

DEAD box helicase 3-1 (DDX3-1) mRNA, complete cds. pol-
miR-
459-5p

GDF8 type 1 mRNA, complete cds.

pol-miR-
184

Nanos3 (nanos3) mRNA, complete cds. pol-
miR-
459-5p

mRNA for tumor necrosis factor, complete cds.

pol-miR-
184

isolate Po-P1 PR domain containing 1 (PRDM1) mRNA, 
complete cds.

pol-
miR-
459-5p

mRNA for granzyme III-2, complete cds.

pol-miR-
184

paired box protein 3b isoform Pax3b-1 (Pax3a) mRNA, 
complete cds.

pol-
miR-
459-5p

mRNA for granzyme I-2, complete cds.

pol-miR-
184

tropomyosin alpha-1 mRNA, complete cds. pol-
miR-
459-5p

mRNA for granzyme I-1, complete cds.

pol-miR-
184

phospholipase C-beta 1 (PLC-beta1) mRNA, complete cds. pol-
miR-
462

GPR43 mRNA, complete cds.

pol-miR-
184

mRNA for preprosomatostatin I, complete cds. pol-
miR-
462

cathepsin F mRNA, complete cds.

pol-miR-
184

transcription factor C/EBPalpha mRNA, complete cds. pol-
miR-
462

DnaJ-like subfamily B member 6 (Hsp40B6) mRNA, complete 
cds.

pol-miR-
184

growth hormone-releasing hormone (GHRH) mRNA, 
complete cds.

pol-
miR-
462

testis enhanced gene transcript-like protein mRNA, complete 
cds.

pol-miR-
184

beta-actin mRNA, complete cds. pol-
miR-
489

p65 NF-κb subunit mRNA, complete cds.

pol-miR-
184

macrophage stimulating-1 protein mRNA, complete cds. pol-
miR-
489

mRNA for CD40, complete cds.

pol-miR-
184

serotransferrin precursor (SroTP) mRNA, complete cds. pol-
miR-
489

akirin mRNA, complete cds.

pol-miR-
184

DnaJ-like subfamily B member 11 (Hsp40B11) mRNA, 
complete cds.

pol-
miR-
489

HSL1 mRNA for hormone-sensitive lipase1, complete cds.

pol-miR-
184

calmodulin mRNA, complete cds. pol-
miR-
489

scinderin-like protein mRNA, complete cds.

pol-miR-
184

preprovasoactive intestinal peptide mRNA, complete cds. pol-
miR-
489

YGHL1 mRNA, complete cds.

pol-miR-
184

mRNA for elastase 1 precursor, complete cds. pol-
miR-
489

LGP2 mRNA, complete cds.

pol-miR-
184

creatine kinase 1 mRNA, complete cds. pol-
miR-
489

cathepsin F mRNA, complete cds.

pol-miR-
184

MHC class IIb antigen mRNA, complete cds. pol-
miR-
489

splicing factor arginine/serine-rich 3 mRNA, complete cds.

pol-miR-
184

asparaginyl endopeptidase (AEP) mRNA, AEP-Legumain 
allele, complete cds.

pol-
miR-
489

heat shock protein 70 (HSP70) mRNA, complete cds.

pol-miR-
184

IL-8 receptor mRNA for interleukin-8 receptor, complete cds. pol-
miR-
489

serotransferrin precursor (SroTP) mRNA, complete cds.

pol-miR-
184

natural killer enhancing factor (NKEF) mRNA, complete cds. pol-
miR-
489

inducible heat shock protein 70 (Hsp70) mRNA, complete cds.

pol-miR-
184

fIR-1 mRNA for insulin receptor, complete cds. pol-
miR-
489

heat shock cognate 71 (Hsc71) mRNA, complete cds.

pol-miR-
184

empty spiracles homeobox 2 (Emx2) mRNA, complete cds. pol-
miR-
489

TNFR-1 mRNA for tumor necrosis factor receptor-1, complete 
cds.
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pol-miR-
184

TANK-binding kinase 1 splice variant 3 (TBK1) mRNA, 
complete cds, alternatively spliced.

pol-
miR-
489

natural resistance-associated macrophage protein mRNA, 
complete cds.

pol-miR-
184

B cell accessory protein (CD79b) mRNA, complete cds. pol-
miR-
489

myD88 mRNA for myeloid differentiaton factor 88, complete 
cds.

pol-miR-
184

CD8 beta mRNA for T-cell surface glycoprotein CD8 beta 
chain, complete cds.

pol-
miR-
489

VDRa mRNA for vitamin D receptor a, complete cds.

pol-miR-
184

phospholipase C beta 4 mRNA, complete cds. pol-
miR-
489

VDRb mRNA for vitamin D receptor b, complete cds.

pol-miR-
184

doublesex and mab-3 related transcription factor 1 (DMRT1) 
mRNA, complete cds.

pol-
miR-
489

mRNA for complement component C9, complete cds.

pol-miR-
184

ornithine decarboxylase antizyme large isoform ORF1 and 
ornithine decarboxylase antizyme large isoform mRNA, 
complete cds.

pol-
miR-
489

empty spiracles homeobox 2 (Emx2) mRNA, complete cds.

pol-miR-
184

beta-2 microglobulin mRNA, complete cds. pol-
miR-
489

phospholipase D2 mRNA, complete cds.

pol-miR-
184

insulin-like growth factor I mRNA, complete cds. pol-
miR-
489

mRNA for tumor necrosis factor, complete cds.

pol-miR-
184

phospholipase D2 mRNA, complete cds. pol-
miR-
489

mRNA for hsc71, complete cds.

pol-miR-
184

lefty mRNA for lefty/antivin, complete cds. pol-
miR-
722

GPR43 mRNA, complete cds.

pol-miR-
184

G-CSF mRNA for Granulocyte Colony-Stimulating Factor, 
complete cds.

pol-
miR-
722

nuclear receptor DAX1 mRNA, complete cds.

pol-miR-
184

chicken-type gonadotropin-releasing hormone 2 precursor, 
mRNA, complete cds.

pol-
miR-
722

phospholipase C delta 1B Lf mRNA, complete cds.

pol-miR-
184

mRNA for granzyme III-2, complete cds. pol-
miR-
722

ERb mRNA for estrogen receptor beta, complete cds.

pol-miR-
184

mRNA for granzyme I-2, complete cds. pol-
miR-
722

phospholipase C delta 1 B short form (PLC) mRNA, complete 
cds.

pol-miR-
184

mRNA for granzyme I-1, complete cds. pol-
miR-
722

phospholipase D2 mRNA, complete cds.

pol-miR-
18c

GPR43 mRNA, complete cds. pol-
miR-
730

transcription factor T-bet (TBX21) mRNA, complete cds.

pol-miR-
18c

fushi tarazu factor 1 mRNA, complete cds. pol-
miR-
730

endoribonuclease dicer-like protein (dcl) mRNA, complete 
cds.

pol-miR-
18c

interferon regulatory factor 9 (IRF9) mRNA, complete cds. pol-
miR-
730

CD83 transcript 2 mRNA, complete cds, alternatively spliced.

pol-miR-
18c

transcription factor SOX-2 (Sox2) mRNA, complete cds. pol-
miR-
730

transcription factor SOX-1b (Sox1b) mRNA, complete cds.

pol-miR-
18c

cathepsin L mRNA, complete cds. pol-
miR-
730

DEAD box helicase 3-2 (DDX3-2) mRNA, complete cds.

pol-miR-
18c

syntenin mRNA, complete cds. pol-
miR-
730

DEAD box helicase 3-1 (DDX3-1) mRNA, complete cds.

pol-miR-
18c

progranulin type II (pGRN) mRNA, complete cds, alternatively 
spliced.

pol-
miR-
730

interferon regulatory factor 9 (IRF9) mRNA, complete cds.

pol-miR-
18c

progranulin type I (pGRN) mRNA, complete cds, alternatively 
spliced.

pol-
miR-
730

nuclear receptor DAX1 mRNA, complete cds.

pol-miR-
18c

VDRa mRNA for vitamin D receptor a, complete cds. pol-
miR-
730

PRP/PACAprecursor, mRNA, complete cds.

pol-miR-
18c

lipoprotein lipase (LPL) mRNA, complete cds. pol-
miR-
730

phospholipase C-beta 1 (PLC-beta1) mRNA, complete cds.

pol-miR-
18c

phospholipase D2 mRNA, complete cds. pol-
miR-
730

YGHL1 mRNA, complete cds.

pol-miR-
18c

COL1A2 mRNA for type 1 collagen alpha 2, complete cds. pol-
miR-
730

LGP2 mRNA, complete cds.
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pol-miR-
190a

peroxisome proliferator-activated receptors alpha mRNA, 
complete cds.

pol-
miR-
730

low molecular weight polypeptide LMP7 mRNA, complete 
cds.

pol-miR-
190a

LGP2 mRNA, complete cds. pol-
miR-
730

cathepsin F mRNA, complete cds.

pol-miR-
193a-5p

TLR14 mRNA for toll like receptor 14, complete cds. pol-
miR-
730

syntenin mRNA, complete cds.

pol-miR-
193a-5p

TLR5S mRNA for toll-like receptor 5 soluble form, complete 
cds.

pol-
miR-
730

dsRNA-dependent protein kinase (PKR) mRNA, complete 
cds.

pol-miR-
193a-5p

TPA pol-
miR-
730

POMC-I precursor protein mRNA, complete cds.

pol-miR-
193a-5p

hdac4 (hdac4) mRNA, complete cds. pol-
miR-
730

cathepsin K mRNA, complete cds.

pol-miR-
193a-5p

interferon regulatory factor 8 (IRF8) mRNA, complete cds. pol-
miR-
730

serotransferrin precursor (SroTP) mRNA, complete cds.

pol-miR-
193a-5p

alkaline phosphatase (alp) mRNA, complete cds. pol-
miR-
730

ppsb mRNA for pancreatic protein with two somatomedin B 
domains, complete cds.

pol-miR-
193a-5p

mRNA for CD40, complete cds. pol-
miR-
730

mRNA for trypsinogen 3, complete cds.

pol-miR-
193a-5p

T-cell receptor complex zeta chain (CD3z) mRNA, complete 
cds.

pol-
miR-
730

PYY mRNA for peptide YY, complete cds.

pol-miR-
193a-5p

transcription factor T-bet (TBX21) mRNA, complete cds. pol-
miR-
730

ctrlr mRNA for calcitonin receptor-like receptor, complete cds.

pol-miR-
193a-5p

endoribonuclease dicer-like protein (dcl) mRNA, complete 
cds.

pol-
miR-
730

empty spiracles homeobox 2 (Emx2) mRNA, complete cds.

pol-miR-
193a-5p

CD18 transcript 2 mRNA, complete cds, alternatively spliced. pol-
miR-
730

Wap65-1 mRNA, complete cds.

pol-miR-
193a-5p

CD18 transcript 1 mRNA, complete cds, alternatively spliced. pol-
miR-
730

TANK binding kinase 1 splice variant 3 (TBK1) mRNA, 
complete cds, alternatively spliced.

pol-miR-
193a-5p

ITGAL mRNA, complete cds. pol-
miR-
730

mitogen-activated protein kinase mRNA, complete cds.

pol-miR-
193a-5p

fushi tarazu factor 1 mRNA, complete cds. pol-
miR-
730

stanniocalcin-1 (STC1) mRNA, complete cds.

pol-miR-
193a-5p

transcription factor SOX-1a (Sox1a) mRNA, complete cds. pol-
miR-
730

galectin mRNA, complete cds.

pol-miR-
193a-5p

Nanos3 (nanos3) mRNA, complete cds. pol-
miR-
730

insulin-like growth factor I mRNA, complete cds.

pol-miR-
193a-5p

deleted in azoospermia-like protein 2 (DAZL) mRNA, DAZL-
2 allele, complete cds.

pol-
miR-
730

syntaxin-binding protein 3 isoform 1-like protein mRNA, 
partial cds.

pol-miR-
193a-5p

deleted in azoospermia-like protein 1 (DAZL) mRNA, DAZL-
1 allele, complete cds.

pol-
miR-
730

phospholipase D2 mRNA, complete cds.

pol-miR-
193a-5p

insulin-like growth factor binding protein-4 (IGFBP-4) 
mRNA, complete cds.

pol-
miR-
731

CD4-2 mRNA for T-cell surface glycoprotein CD4-2, 
complete cds.

pol-miR-
193a-5p

insulin-like growth factor binding protein 5 mRNA, complete 
cds.

pol-
miR-
731

transcription factor SOX-1a (Sox1a) mRNA, complete cds.

pol-miR-
193a-5p

insulin-like growth factor binding protein 4 mRNA, complete 
cds.

pol-
miR-
731

macrophage stimulating-1 protein mRNA, complete cds.

pol-miR-
193a-5p

vasa-like protein mRNA, complete cds. pol-
miR-
731

p53 tumor supressor protein (p53) mRNA, complete cds.

pol-miR-
193a-5p

lipopolysaccharide-induced tumor necrosis factor-alpha factor 
mRNA, complete cds.

pol-
miR-
737-5p

mRNA for interleukin-8 like CXC chemokine 3, complete cds.

pol-miR-
193a-5p

nuclear receptor DAX1 mRNA, complete cds. pol-
miR-
737-5p

mRNA for interleukin-8 like CXC chemokine 2, complete cds.

pol-miR-
193a-5p

peptidoglycan recognition protein (PGRP) mRNA, complete 
cds.

pol-
miR-
737-5p

mRNA for interleukin-8 like CXC chemokine 1, complete cds.
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pol-miR-
193a-5p

phospholipase C-beta 1 (PLC-beta1) mRNA, complete cds. pol-
miR-
737-5p

NOD-like receptor C (NLRC) mRNA, complete cds.

pol-miR-
193a-5p

histone H1-like protein mRNA, complete cds. pol-
miR-
737-5p

DnaJ-like subfamily A member 4 (Hsp40A4) mRNA, 
complete cds.

pol-miR-
193a-5p

YGHL1 mRNA, complete cds. pol-
miR-
737-5p

mRNA for CD3 epsilon, complete cds.

pol-miR-
193a-5p

nucleotide-binding oligomerization domain 1 protein (NOD1) 
mRNA, complete cds.

pol-
miR-
737-5p

mRNA for CXC chemokine, complete cds.

pol-miR-
193a-5p

vasa mRNA, complete cds. pol-
miR-
737-5p

insulin-like growth factor I mRNA, complete cds.

pol-miR-
193a-5p

mRNA for preprosomatostatin I, complete cds. pol-
miR-9-
4-3p

phospholipase C delta 1B Lf mRNA, complete cds.

pol-miR-
193a-5p

transcription factor C/EBPalpha mRNA, complete cds. pol-
miR-9-
4-3p

LGP2 mRNA, complete cds.

pol-miR-
193a-5p

interferon regulatory factor 2 (IRF2) mRNA, complete cds. pol-
miR-9-
4-3p

inhibitor kappa B alpha mRNA, complete cds.

pol-miR-
193a-5p

melanocortin 4 receptor (MC4R) mRNA, complete cds. pol-
miR-9-
4-3p

phospholipase C delta 1 B short form (PLC) mRNA, complete 
cds.

pol-miR-
193a-5p

fibrinogen beta chain precursor, mRNA, complete cds. pol-
miR-9-
4-3p

ornithine decarboxylase antizyme large isoform ORF1 and 
ornithine decarboxylase antizyme large isoform mRNA, 
complete cds.

pol-miR-
193a-5p

beta-actin mRNA, complete cds. pol-
miR-9-
4-3p

cell division cycle 48 mRNA, complete cds.

pol-miR-
193a-5p

interferon regulatory factor 3 variant 2 (IRF3) mRNA, 
complete cds.

pol-
miR-99

insulin-like growth factor binding protein 3 mRNA, complete 
cds.

pol-miR-
193a-5p

interferon regulatory factor 3 variant 1 (IRF3) mRNA, 
complete cds.

pol-
miR-99

transcription factor C/EBPalpha mRNA, complete cds.

pol-miR-
193a-5p

ornithine decarboxylase mRNA, complete cds. pol-
miR-99

mRNA for trypsinogen 3, complete cds.

pol-miR-
193a-5p

lipopolysaccharide-binding protein/bactericidal permeability-
increasing protein mRNA, complete cds.

pol-
miR-99

myD88 mRNA for myeloid differentiaton factor 88, complete 
cds.

pol-miR-
193a-5p

macrophage stimulating-1 protein mRNA, complete cds. pol-
miR-99

empty spiracles homeobox 2 (Emx2) mRNA, complete cds.
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Supplement 4. Gene ontology of predicted target genes of differentially expressed miRNAs of olive 

flounder and their number in each GO.

GO number of 
target genes

GO number of 
target genes

regulation of transcription, DNA-templated 32 protein tetramerization 1

proteolysis 30 positive regulation of protein phosphorylation 1

G-protein coupled receptor signaling pathway 16 regulation of nitric-oxide synthase activity 1

immune response 15 protein export from nucleus 1

inflammatory response 9 convergent extension involved in axis elongation 1

lipid catabolic process 9 positive regulation of translational termination 1

steroid hormone mediated signaling pathway 9 protein N-linked glycosylation via asparagine 1

oxidation-reduction process 9 positive regulation of translational elongation 1

defense response to bacterium 9 ossification 1

intracellular signal transduction 9 RNA processing 1

chemokine-mediated signaling pathway 8 prechordal plate formation 1

defense response to virus 7 negative regulation of neuron apoptotic process 1

regulation of cell proliferation 7 acute-phase response 1

regulation of apoptotic process 7 inner ear morphogenesis 1

protein folding 7 phosphatidylinositol metabolic process 1

neutrophil activation 7 heart jogging 1

MyD88-dependent toll-like receptor signaling 
pathway

6 regulation of high voltage-gated calcium channel activity 1

neuropeptide signaling pathway 6 cation transmembrane transport 1

response to lipopolysaccharide 6 regulation of protein kinase activity 1

regulation of cell growth 5 phospholipid catabolic process 1

positive regulation of inflammatory response 5 RNA secondary structure unwinding 1

MyD88-independent toll-like receptor signaling 
pathway

5 negative regulation of transcription, DNA-templated 1

regulation of cytokine secretion 5 face morphogenesis 1

metabolic process 5 notochord formation 1

toll-like receptor 3 signaling pathway 5 central nervous system projection neuron axonogenesis 1

positive regulation of leukocyte chemotaxis 5 lipid transport 1

neutrophil chemotaxis 5 methionine biosynthetic process 1

positive regulation of chemokine production 5 sequestering of actin monomers 1

response to exogenous dsRNA 5 cytolysis 1

signal transduction 5 MAPK cascade 1

brain development 4 response to salt stress 1

regulation of MAPK cascade 4 response to antibiotic 1

positive regulation of pathway-restricted SMAD 
protein phosphorylation

4 T-helper 1 type immune response 1

cell surface receptor signaling pathway 4 regulation of store-operated calcium channel activity 1
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SMAD protein signal transduction 4 regulation of phosphatidylinositol 3-kinase activity 1

determination of left/right asymmetry in 
diencephalon

4 positive regulation of muscle cell differentiation 1

chordate embryonic development 4 cellular response to heat 1

negative regulation of endopeptidase activity 4 homophilic cell adhesion via plasma membrane adhesion 
molecules

1

transport 4 small GTPase mediated signal transduction 1

protein phosphorylation 4 thyroid hormone metabolic process 1

glucose metabolic process 4 intracellular receptor signaling pathway 1

growth 4 positive regulation of cell proliferation 1

toll-like receptor 5 signaling pathway 4 mesoderm development 1

transmembrane receptor protein tyrosine kinase 
signaling pathway

3 fibril organization 1

negative regulation of apoptotic process 3 adenylate cyclase-inhibiting dopamine receptor signaling 
pathway

1

hormone biosynthetic process 3 response to stress 1

response to estrogen 3 blood coagulation, fibrin clot formation 1

digestion 3 immune response involved in response to exogenous 
dsRNA

1

determination of left/right asymmetry in lateral 
mesoderm

3 carbohydrate metabolic process 1

insulin receptor signaling pathway 3 transcription initiation from RNA polymerase II 
promoter

1

iron ion homeostasis 3 IMP salvage 1

platelet activation 3 positive regulation of protein import into nucleus, 
translocation

1

ion transport 3 positive regulation of cyclic nucleotide metabolic process 1

regulation of transcription from RNA polymerase II 
promoter

3 regulation of appetite 1

chemotaxis 3 feeding behavior 1

translational initiation 3 endothelial cell differentiation 1

angiogenesis 3 convergent extension involved in gastrulation 1

response to bacterium 3 glucocorticoid receptor signaling pathway 1

heart looping 3 regulation of macrophage differentiation 1

protein autophosphorylation 3 embryonic pectoral fin morphogenesis 1

synaptic transmission 3 regulation of interferon-gamma-mediated signaling 
pathway

1

cell chemotaxis 3 camera-type eye development 1

positive regulation of protein serine/threonine kinase 
activity

3 negative regulation of pancreatic A cell differentiation 1

innate immune response 3 antigen processing and presentation of peptide or 
polysaccharide antigen via MHC class II

1

fin regeneration 3 response to calcium ion 1

cell development 3 removal of superoxide radicals 1

regulation of phagocytosis 2 determination of digestive tract left/right asymmetry 1

neurotrophin TRK receptor signaling pathway 2 negative regulation of cell proliferation 1

positive regulation of transcription from RNA 
polymerase II promoter

2 purinergic nucleotide receptor signaling pathway 1

retinal ganglion cell axon guidance 2 regulation of ossification 1

positive regulation of cyclic-nucleotide 
phosphodiesterase activity

2 telencephalon development 1

integrin-mediated signaling pathway 2 regulation of heart contraction 1
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detection of calcium ion 2 response to ATP 1

Ras protein signal transduction 2 acrosome reaction 1

cytokine-mediated signaling pathway 2 retinoic acid receptor signaling pathway 1

axon guidance 2 regulation of type I interferon-mediated signaling 
pathway

1

antigen processing and presentation of peptide 
antigen via MHC class I

2 cellular response to organic cyclic compound 1

RNA phosphodiester bond hydrolysis, 
endonucleolytic

2 transmembrane transport 1

regulation of cell communication by electrical 
coupling involved in cardiac conduction

2 muscle cell fate determination 1

positive regulation of phosphoprotein phosphatase 
activity

2 determination of pancreatic left/right asymmetry 1

activation of phospholipase C activity 2 regulation of neutrophil differentiation 1

regulation of rhodopsin mediated signaling pathway 2 translation 1

embryonic viscerocranium morphogenesis 2 regulation of anion transmembrane transport 1

response to mechanical stimulus 2 pharyngeal system development 1

stimulatory C-type lectin receptor signaling pathway 2 cation transport 1

Fc-epsilon receptor signaling pathway 2 regulation of vascular permeability 1

regulation of cell migration 2 calcium ion transmembrane import into mitochondrion 1

cell-cell signaling 2 vasculogenesis 1

regulation of insulin-like growth factor receptor 
signaling pathway

2 regulation of calcium ion transport 1

response to yeast 2 cartilage development involved in endochondral bone 
morphogenesis

1

platelet degranulation 2 lymph vessel development 1

anterior/posterior pattern specification 2 axon regeneration 1

activation of MAPKK activity 2 regulation of DNA methylation 1

polyamine metabolic process 2 inner ear development 1

mesoderm formation 2 myofibril assembly 1

protein refolding 2 virion attachment to host cell 1

receptor-mediated endocytosis 2 translational frameshifting 1

vitamin D receptor signaling pathway 2 gonad development 1

positive regulation of apoptotic process 2 chloride transmembrane transport 1

glycolytic process 2 chondroitin sulfate proteoglycan metabolic process 1

regulation of BMP signaling pathway involved in 
heart jogging

2 positive regulation of JAK-STAT cascade 1

lipid metabolic process 2 regulation of gene expression 1

sex determination 2 collagen catabolic process 1

chromatin modification 2 defense response to Gram-negative bacterium 1

primitive hemopoiesis 2 positive regulation of nitric-oxide synthase activity 1

response to heat 2 response to activity 1

multicellular organismal development 2 vesicle docking involved in exocytosis 1

regulation of catalytic activity 2 Spemann organizer formation 1

fibroblast growth factor receptor signaling pathway 2 embryonic eye morphogenesis 1

negative regulation of peptidyl-threonine 
phosphorylation

2 developmental pigmentation 1
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inositol phosphate metabolic process 2 complement activation, alternative pathway 1

phosphatidic acid biosynthetic process 2 hypothalamus development 1

embryonic heart tube left/right pattern formation 2 regulation of cell cycle 1

neuron development 2 regulation of osteoclast differentiation 1

cell adhesion 2 toll-like receptor 6 signaling pathway 1

glycogen catabolic process 2 closure of optic fissure 1

protein transport 2 phosphatidylinositol phosphorylation 1

inositol lipid-mediated signaling 2 negative regulation of transcription from RNA 
polymerase II promoter

1

cell cycle 2 placenta development 1

positive regulation of protein autophosphorylation 2 cell proliferation 1

positive regulation of sequence-specific DNA binding 
transcription factor activity

2 pancreatic epsilon cell differentiation 1

apoptotic process 2 pathogen-associated molecular pattern dependent 
induction by symbiont of host innate immune response

1

dorsal/ventral pattern formation 2 steroid biosynthetic process 1

vascular endothelial growth factor receptor 
signaling pathway

2 positive regulation of cell size 1

toll-like receptor signaling pathway 2 blood vessel development 1

peptidyl-tyrosine phosphorylation 2 tissue regeneration 1

regulation of cardiac muscle contraction by 
regulation of the release of sequestered calcium ion

2 negative regulation of type B pancreatic cell development 1

positive regulation of ryanodine-sensitive calcium-
release channel activity

2 nucleoside transmembrane transport 1

definitive hemopoiesis 2 mRNA stabilization 1

response to unfolded protein 2 cell fate determination 1

negative regulation of ryanodine-sensitive calcium-
release channel activity

2 cellular calcium ion homeostasis 1

nervous system development 2 cartilage development 1

epidermal growth factor receptor signaling pathway 2 eye photoreceptor cell development 1

membrane organization 2 positive regulation of interleukin-6 biosynthetic process 1

mesendoderm development 2 peptidoglycan catabolic process 1

retina development in camera-type eye 2 embryonic axis specification 1

regulation of cytokinesis 2 response to corticosterone 1

nitric oxide metabolic process 2 translesion synthesis 1

negative regulation of catalytic activity 2 tetrahydrobiopterin biosynthetic process 1

positive regulation of peptidyl-threonine 
phosphorylation

2 endoderm formation 1

substantia nigra development 2 positive regulation of nitric oxide biosynthetic process 1

regulation of heart rate 2 regulation of protein ubiquitination involved in ubiquitin-
dependent protein catabolic process

1

cell-matrix adhesion 2 cellular response to cold 1

fin morphogenesis 2 glucocorticoid mediated signaling pathway 1

polyamine biosynthetic process 1 regulation of immune response 1

positive regulation of granuloma formation 1 embryonic neurocranium morphogenesis 1

pectoral fin development 1 antibacterial humoral response 1

cell growth 1 neural crest cell development 1
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negative regulation of activin receptor signaling 
pathway

1 fever generation 1

chitin catabolic process 1 determination of heart left/right asymmetry 1

single-organism process 1 ER-associated ubiquitin-dependent protein catabolic 
process

1

positive regulation of protein binding 1 chromosome segregation 1

specification of organ axis polarity 1 methylation 1

S-methylmethionine cycle 1 mRNA export from nucleus 1

positive regulation of neuron differentiation 1 habenula development 1

complement activation, classical pathway 1 peptidyl-tyrosine dephosphorylation 1

translational elongation 1 response to amphetamine 1

protein dephosphorylation 1 protein polymerization 1

response to cold 1 response to biotic stimulus 1

phosphorylation 1 positive regulation of cell division 1

embryonic heart tube development 1 melanocyte differentiation 1

cholesterol metabolic process 1 protein methylation 1

autophagy 1 embryonic skeletal system morphogenesis 1

double-strand break repair 1 nucleosome assembly 1

leukocyte migration 1 positive regulation of I-kappaB kinase/NF-kappaB 
signaling

1

cell division 1 intracellular estrogen receptor signaling pathway 1

eye development 1 detection of diacyl bacterial lipopeptide 1

tetrahydrofolate biosynthetic process 1 proteasome-mediated ubiquitin-dependent protein 
catabolic process

1

negative regulation of proteasomal ubiquitin-
dependent protein catabolic process

1 positive regulation of striated muscle cell differentiation 1

response to hormone 1 muscle organ development 1

activation of adenylate cyclase activity 1 lipoprotein metabolic process 1

hematopoietic stem cell migration 1 G2/M transition of mitotic cell cycle 1

proteasomal ubiquitin-independent protein catabolic 
process

1 mast cell migration 1

floor plate formation 1 multicellular organismal process 1

prolactin secretion 1 anterior/posterior axis specification 1

positive regulation of NF-kappaB transcription 
factor activity

1

developmental growth 1

cellular response to interleukin-4 1
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Supplement 5. KEGG pathways of predicted target genes of differentially expressed miRNAs and 

their abundance

KEGG pathway number of target 
genes

KEGG pathway number of target 
genes

Ras signaling pathway 11 p53 signaling pathway 3

Neuroactive ligand-receptor interaction 11 Gap junction 3

Cytokine-cytokine receptor interaction 11 Arginine and proline metabolism 2

Rap1 signaling pathway 10 Folate biosynthesis 2

cAMP signaling pathway 10 Proteasome 2

PI3K-Akt signaling pathway 10 MAPK signaling pathway - fly 2

NF-kappa B signaling pathway 9 Peroxisome 2

TNF signaling pathway 9 Tight junction 2

HIF-1 signaling pathway 9 Carbon metabolism 1

FoxO signaling pathway 9 Fatty acid metabolism 1

Phospholipase D signaling pathway 9 Biosynthesis of amino acids 1

Sphingolipid signaling pathway 9 Glycolysis / Gluconeogenesis 1

MAPK signaling pathway 8 Amino sugar and nucleotide sugar 
metabolism 

1

Regulation of actin cytoskeleton 8 Carbon fixation in photosynthetic 
organisms 

1

Apoptosis 8 Steroid hormone biosynthesis 1

Protein processing in endoplasmic reticulum 7 Glycerolipid metabolism 1

TGF-beta signaling pathway 7 Glycerophospholipid metabolism 1

cGMP - PKG signaling pathway 7 Ether lipid metabolism 1

Signaling pathways regulating pluripotency of stem 
cells 

7 alpha-Linolenic acid metabolism 1

Calcium signaling pathway 6 Biosynthesis of unsaturated fatty acids 1

Lysosome 6 Purine metabolism 1

Focal adhesion 6 Glycine, serine and threonine metabolism 1

Jak-STAT signaling pathway 5 Cysteine and methionine metabolism 1

Phosphatidylinositol signaling system 5 Glutathione metabolism 1

Phagosome 5 Aminobenzoate degradation 1

ErbB signaling pathway 4 Basal transcription factors 1

Wnt signaling pathway 4 Spliceosome 1

Hippo signaling pathway 4 RNA transport 1

VEGF signaling pathway 4 Protein export 1

AMPK signaling pathway 4 RNA degradation 1

mTOR signaling pathway 4 Two-component system 1

Oocyte meiosis 4 Hippo signaling pathway -fly 1

Adherens junction 4 ECM-receptor interaction 1

Inositol phosphate metabolism 3 Regulation of autophagy 1

Endocytosis 3 Cell cycle 1
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Chapter II. Viral hemorrhagic septicemia virus (VHSV) infection-mediated sequential changes in 

miRNAs profile of Epithelioma papulosum cyprini (EPC) cells.

Supplement 1. MiRNAs of olive flounder expressed during VHSV infection. Sequences that 

different from recorded vertebrate miRNAs were considered as candidates of novel miRNAs

miRNA name sequence homolog in other 
species

miRNA name sequence homolog in other 
species

let-7a TGAGGTAGTAGGTTGTAT
AGTT

dre-let-7a miR-20b-
3p

ACTGCAATGTCTGCACTTCA
AGT

dre-miR-20b-
3p

let-7b TGAGGTAGTAGGTTGTGT
GGTT

dre-let-7b miR-20b-
5p

CAAAGTGCTCACAGTGCAG
GTAG

dre-miR-20b-
5p

let-7c-3p CTGTACAACCTTCTAGCTT
TCC

dre-let-7c-3p miR-
21

TAGCTTATCAGACTGGTGTT
GGC

dre-miR-21

let-7c-5p TGAGGTAGTAGGTTGTAT
GGTT

dre-let-7c-5p miR-210-
3p

CTGTGCGTGTGACAGCGGCT
AA

dre-miR-210-
3p

let-7d-
3p

CTGTACAACCTTCTAGCTT
TCC

dre-let-7d-3p miR-210-
5p

AGCCACTGACTAACGCACA
TTG

dre-miR-210-
5p

let-7d-
5p

TGAGGTAGTTGGTTGTATG
GTT

dre-let-7d-5p miR-
212

TAACAGTCTACAGTCATGGC
T

dre-miR-212

let-7e TGAGGTAGTAGATTGAAT
AGTT

dre-let-7e miR-
214

ACAGCAGGCACAGACAGGC
AG

dre-miR-214

let-7f TGAGGTAGTAGATTGTAT
AGTT

dre-let-7f miR-
216a

TAATCTCAGCTGGCAACTGT
GA

dre-miR-216a

let-7g TGAGGTAGTAGTTTGTATA
GTT

dre-let-7g miR-
216b

TAATCTCTGCAGGCAACTGT
GA

dre-miR-216b

let-7h TGAGGTAGTAAGTTGTGTT
GTT

dre-let-7h miR-
217

TACTGCATCAGGAACTGATT
GG

dre-miR-217

let-7i TGAGGTAGTAGTTTGTGCT
GTT

dre-let-7i miR-
2184

AACAGTAAGAGTTTATGTG
CT

dre-miR-2184

let-7j TGAGGTAGTTGTTTGTACA
GTT

dre-let-7j miR-2185-
3p

GCCGCGATCAGCTGCACCA
GC

dre-miR-2185-
3p

miR-1 TGGAATGTAAAGAAGTAT
GTAT

dre-miR-1 miR-2185-
5p

CGGTGCAGGACTCCGCGGC
TC

dre-miR-2185-
5p

miR-100-2-
3p

CAAGCTCGTGTCTATAGGT
ATG

dre-miR-100-2-
3p

miR-
2186

AAGTGGCCTCTAAAAGTCT
A

dre-miR-2186

miR-100-
3p

CAAGCTTGTATCTATAGGT
ATC

dre-miR-100-
3p

miR-2187-
3p

TTACAGGCTATGCTAATCTA
TG

dre-miR-2187-
3p

miR-100-
5p

AACCCGTAGATCCGAACT
TGTG

dre-miR-100-
5p

miR-2187-
5p

TTAATTAGTATAGCCTGTTT
TA

dre-miR-2187-
5p

miR-
101a

TACAGTACTGTGATAACT
GAAG

dre-miR-101a miR-2188-
3p

CTGTGTGAGGTTAGACCTAT
C

dre-miR-2188-
3p

miR-
101b

TACAGTACTATGATAACT
GAAG

dre-miR-101b miR-2188-
5p

AAGGTCCAACCTCACATGTC
C

dre-miR-2188-
5p

miR-
103

AGCAGCATTGTACAGGGC
TATGA

dre-miR-103 miR-
2189

TGATTGTTTGTATCAGCTGT
GT

dre-miR-2189

miR-107a-
3p

AGCAGCATTGTACAGGGC
TATCA

dre-miR-107a-
3p

miR-
218a

TTGTGCTTGATCTAACCATG
TG

dre-miR-218a

miR-107a-
5p

AGCTTCTTTACAGTGTTGT
CTTG

dre-miR-107a-
5p

miR-
218b

TTGTGCTTGATCTAACCATG
CA

dre-miR-218b

miR-
107b

AGCAGCATTGTACAGGGC
TTT

dre-miR-107b miR-
2191

TCACACCTACAATCCCTGGC
A

dre-miR-2191

miR-10a-
3p

CAAATTCGTGTCTTGGGG
AATA

dre-miR-10a-
3p

miR-
2192

AAAGTGAAAGGTGACTGAG
AC

dre-miR-2192

miR-10a-
5p

TACCCTGTAGATCCGAATT
TGT

dre-miR-10a-
5p

miR-
2193

TATGTGTGTATCAATTGTGT
GAAA

dre-miR-2193

miR-10b-2-
3p

CAAATACGTCTCTACAGG
AAT

dre-miR-10b-2-
3p

miR-219-
3p

GGAGTTGTGGATGGACATC
ACGC

dre-miR-219-
3p

miR-10b-
3p

ACAGATTCGATTCTAGGG
GAGT

dre-miR-10b-
3p

miR-
2194

GTAATGCTTCGACTGATTGG
TG

dre-miR-2194

miR-10b-
5p

TACCCTGTAGAACCGAAT
TTGTG

dre-miR-10b-
5p

miR-
2195

AGATTGGGGTGAGTTAGGG
TG

dre-miR-2195

miR-10c-
3p

AAATTCGTATCTAGGGGA
GTA

dre-miR-10c-
3p

miR-219-
5p

TGATTGTCCAAACGCAATTC
TT

dre-miR-219-
5p

miR-10c-
5p

TACCCTGTAGATCCGGATT
TGT

dre-miR-10c-
5p

miR-2196 CCTCTCTGTGCTGCCATTTG
GGAC

dre-miR-2196

miR-10d-
3p

CAGATTCGGTTTTAGGGG
AGTA

dre-miR-10d-
3p

miR-
2197

ATGATTCGACTCATATGGTG dre-miR-2197

miR-10d-
5p

TACCCTGTAGAACCGAAT
GTGTG

dre-miR-10d-
5p

miR-
2198

AGCTCGTGTCCCAAGGCGC
CT

dre-miR-2198
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miR-
122

TGGAGTGTGACAATGGTG
TTTG

dre-miR-122 miR-221-
3p

AGCTACATTGTCTGCTGGGT
TTC

dre-miR-221-
3p

miR-124-
3p

TAAGGCACGCGGTGAATG
CCAA

dre-miR-124-
3p

miR-221-
5p

ACCTGGCATACAATGTAGA
TTTCTGT

dre-miR-221-
5p

miR-124-4-
5p

TGTGTTCACAGTGGACCTT
GAT

dre-miR-124-4-
5p

miR-222a-
3p

AGCTACATCTGGCTACTGGG
TCTC

dre-miR-222a-
3p

miR-124-
5p

CGTGTTCACAGCGGACCTT
GAT

dre-miR-124-
5p

miR-222a-
5p

TGCTCAGTAGTCAGTGTAGA
TCC

dre-miR-222a-
5p

miR-124-6-
5p

CGTGTTCACGGCGGACCTT
GAT

dre-miR-124-6-
5p

miR-
222b

AGCTACATCTGAATACTGG
GTCA

dre-miR-222b

miR-
125a

TCCCTGAGACCCTTAACCT
GTG

dre-miR-125a miR-
223

TGTCAGTTTGTCAAATACCC
C

dre-miR-223

miR-125b-1-
3p

ACGGGTTAGGTTCTTGGG
AGCT

dre-miR-125b-1-
3p

miR-22a-
3p

AAGCTGCCAGCTGAAGAAC
TGT

dre-miR-22a-
3p

miR-125b-2-
3p

CGGGTTGGGTTCTCGGGA
GCT

dre-miR-125b-2-
3p

miR-22a-
5p

AGTTCTTCACTGGCAAGCTT
TA

dre-miR-22a-
5p

miR-125b-3-
3p

ACAGGTTAAGCTCTTGGG
ACCT

dre-miR-125b-3-
3p

miR-22b-
3p

AAGCTGCCAGTTGAAGAGC
TGT

dre-miR-22b-
3p

miR-125b-
5p

TCCCTGAGACCCTAACTTG
TGA

dre-miR-125b-
5p

miR-22b-
5p

CGTTCTTCACTGGCTAGCTT
TA

dre-miR-22b-
5p

miR-125c-
3p

ACGGGTCAGGAGCTTGGG
AGAC

dre-miR-125c-
3p

miR-23a-3-
5p

GGATTCCTGGCAGAGTGATT
T

dre-miR-23a-3-
5p

miR-125c-
5p

TCCCTGAGACCCTAACTCG
TGA

dre-miR-125c-
5p

miR-23a-
3p

ATCACATTGCCAGGGATTTC
CA

dre-miR-23a-
3p

miR-126a-
3p

TCGTACCGTGAGTAATAA
TGC

dre-miR-126a-
3p

miR-23a-
5p

GAATTCCTGGCAGAGTGATT
T

dre-miR-23a-
5p

miR-126a-
5p

CATTATTACTTTTGGTACG
CG

dre-miR-126a-
5p

miR-
23b

ATCACATTGCCAGGGATTAC
CA

dre-miR-23b

miR-126b-
3p

TCGTACCGTGAGTAATAG
TGCA

dre-miR-126b-
3p

miR-
24

TGGCTCAGTTCAGCAGGAA
CAG

dre-miR-24

miR-126b-
5p

CATTATTACTTTTGGTACG
CG

dre-miR-126b-
5p

miR-25-
3p

CATTGCACTTGTCTCGGTCT
GA

dre-miR-25-
3p

miR-128-
3p

TCACAGTGAACCGGTCTCT
TTT

dre-miR-128-
3p

miR-25-
5p

AGGCGGAGACTTGGGCAGC
TGCC

dre-miR-25-
5p

miR-128-
5p

CGGGGCCGTGGCACTGTA
TGAGA

dre-miR-128-
5p

miR-26a-2-
3p

CCTATTCATGATTACTTGCA
CT

dre-miR-26a-2-
3p

miR-129-1-
3p

GAAGCCCTTACCCCAAAA
AGT

dre-miR-129-1-
3p

miR-26a-
3p

CCTATTCGGGATGACTTGGT
TC

dre-miR-26a-
3p

miR-129-
3p

AAGCCCTTACCCCAAAAA
GCAT

dre-miR-129-
3p

miR-26a-
5p

TTCAAGTAATCCAGGATAG
GCT

dre-miR-26a-
5p

miR-129-
5p

CTTTTTGCGGTCTGGGCTT
GCT

dre-miR-129-
5p

miR-
26b

TTCAAGTAATCCAGGATAG
GTT

dre-miR-26b

miR-
1306

CCACCTCCCCTGCAAACGT
CCA

dre-miR-1306 miR-27a-
3p

TTCACAGTGGCTAAGTTCCG
CT

dre-miR-27a-
3p

miR-
130a

CAGTGCAATGTTAAAAGG
GCAT

dre-miR-130a miR-27a-
5p

AGGACTTAGCTCACTCTGTG
AACA

dre-miR-27a-
5p

miR-
130b

CAGTGCAATAATGAAAGG
GCAT

dre-miR-130b miR-27b-
3p

TTCACAGTGGCTAAGTTCTG
CA

dre-miR-27b-
3p

miR-130c-
3p

CAGTGCAATATTAAAAGG
GCAT

dre-miR-130c-
3p

miR-27b-
5p

AGAGCTTAGCTGATTGGTG
AACA

dre-miR-27b-
5p

miR-130c-
5p

GCCCTTTTTCTGTTGTACT
ACT

dre-miR-130c-
5p

miR-27c-
3p

TTCACAGTGGTTAAGTTCTG
C

dre-miR-27c-
3p

miR-132-
3p

TAACAGTCTACAGCCATG
GTCG

dre-miR-132-
3p

miR-27c-
5p

CTTAACCCACTTGTGAACAA
TG

dre-miR-27c-
5p

miR-132-
5p

ACCGTGGCATTAGATTGTT
ACT

dre-miR-132-
5p

miR-
27d

TTCACAGTGGCTAAGTTCTT
CA

dre-miR-27d

miR-133a-2-
5p

AGCTGGTAAAATGGAACC
AAA

dre-miR-133a-2-
5p

miR-
27e

TTCACAGTGGCTAAGTTCAG
TG

dre-miR-27e

miR-133a-
3p

TTTGGTCCCCTTCAACCAG
CTG

dre-miR-133a-
3p

miR-
29a

TAGCACCATTTGAAATCGGT
TA

dre-miR-29a

miR-133a-
5p

AGCTGGTAAAATGGAACC
AAAT

dre-miR-133a-
5p

miR-
29b

TAGCACCATTTGAAATCAGT
GT

dre-miR-29b

miR-133b-
3p

TTTGGTCCCCTTCAACCAG
CTA

dre-miR-133b-
3p

miR-
301a

CAGTGCAATAGTATTGTCAA
AG

dre-miR-301a

miR-133b-
5p

GCTGGTCAAATGGAACCA
AGTC

dre-miR-133b-
5p

miR-301b-
3p

CAGTGCAATAGTATTGTCAT
TG

dre-miR-301b-
3p

miR-133c-
3p

TTTGGTCCCTTTCAACCAG
CTA

dre-miR-133c-
3p

miR-301b-
5p

GCTTTGACGATGTTGCACTA
C

dre-miR-301b-
5p

miR-133c-
5p

GCTGGTAAAACGGAACCA
AGTC

dre-miR-133c-
5p

miR-301c-
3p

CAGTGCAATAGTATTGTCAT
AG

dre-miR-301c-
3p

miR-
135a

TATGGCTTTTTATTCCTAT
GTGA

dre-miR-135a miR-301c-
5p

GCTCTGACGATGTTGCACTA
C

dre-miR-301c-
5p

miR-135b-
3p

ATATAGGGATGGAAGCCA
TGCA

dre-miR-135b-
3p

miR-30a-
3p

CTTTCAGTCTGATGTTTGCT
GC

dre-miR-30a-
3p

miR-135b-
5p

TATGGCTTTTTATTCCTAT
CTG

dre-miR-135b-
5p

miR-30a-
5p

TGTAAACATTCCCGACTGGA
AG

dre-miR-30a-
5p
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miR-
135c

TATGGCTTTCTATTCCTAT
GTG

dre-miR-135c miR-
30b

TGTAAACATCCTACACTCAG
CT

dre-miR-30b

miR-137-
3p

TTATTGCTTAAGAATACGC
GTA

dre-miR-137-
3p

miR-30c-
3p

CCGGGAGTGGGATGTTTGC
GCT

dre-miR-30c-
3p

miR-137-
5p

ACGGGTATTCTTGGGTGG
ATAATA

dre-miR-137-
5p

miR-30c-
5p

TGTAAACATCCTACACTCTC
AG

dre-miR-30c-
5p

miR-138-
3p

GCTATTTCACAACACCAG
GGT

dre-miR-138-
3p

miR-
30d

TGTAAACATCCCCGACTGG
AAG

dre-miR-30d

miR-138-
5p

AGCTGGTGTTGTGAATCA
GGCC

dre-miR-138-
5p

miR-30e-
3p

CTTTCAGTCGGATGTTTGCA
GC

dre-miR-30e-
3p

miR-1388-
3p

ATCTCAGGTTCGTCAGCCC
ATG

dre-miR-1388-
3p

miR-30e-
5p

TGTAAACATCCTTGACTGGA
AG

dre-miR-30e-
5p

miR-1388-
5p

AGGACTGTCCAACCTGAG
AATG

dre-miR-1388-
5p

miR-
31

GGCAAGATGTTGGCATAGC
TG

dre-miR-31

miR-139-
3p

TGGGGAGGCAGCGCTGTT
GGAAT

dre-miR-139-
3p

miR-
338

TCCAGCATCAGTGATTTTGT
TG

dre-miR-338

miR-139-
5p

TCTACAGTGCATGTGTCT dre-miR-139-
5p

miR-
34a

TGGCAGTGTCTTAGCTGGTT
GT

dre-miR-34a

miR-140-
3p

TACCACAGGGTAGAACCA
CGGAC

dre-miR-140-
3p

miR-
34b

TAGGCAGTGTTGTTAGCTGA
TTG

dre-miR-34b

miR-140-
5p

CAGTGGTTTTACCCTATGG
TAG

dre-miR-140-
5p

miR-34c-
3p

AATCACTAACCTCACTACCA
GG

dre-miR-34c-
3p

miR-141-
3p

TAACACTGTCTGGTAACG
ATGC

dre-miR-141-
3p

miR-34c-
5p

AGGCAGTGCAGTTAGTTGA
TTAC

dre-miR-34c-
5p

miR-141-
5p

CATCTTACCTGACAGTGCT
TGG

dre-miR-141-
5p

miR-363-
3p

AATTGCACGGTATCCATCTG
TA

dre-miR-363-
3p

miR-142a-
3p

TGTAGTGTTTCCTACTTTA
TGGA

dre-miR-142a-
3p

miR-363-
5p

CGGGTGGATGACTCTGCAA
TTTT

dre-miR-363-
5p

miR-142a-
5p

CATAAAGTAGAAAGCACT
ACT

dre-miR-142a-
5p

miR-
365

TAATGCCCCTAAAAATCCTT
AT

dre-miR-365

miR-142b-
5p

CATAAAGTAGACAGCACT
ACTA

dre-miR-142b-
5p

miR-
375

TTTGTTCGTTCGGCTCGCGT
TA

dre-miR-375

miR-
143

TGAGATGAAGCACTGTAG
CTC

dre-miR-143 miR-
3906

AAAAGCATTTTGAATGCAG
ATTT

dre-miR-3906

miR-144-
3p

TACAGTATAGATGATGTA
CT

dre-miR-144-
3p

miR-
429a

TAATACTGTCTGGTAATGCC
GT

dre-miR-429a

miR-144-
5p

GGATATCATCGTATACTGT
AAGT

dre-miR-144-
5p

miR-
429b

TAATACTGCCTGGTAATGCC
AT

dre-miR-429b

miR-145-
3p

GGATTCCTGGAAATACTG
TTCT

dre-miR-145-
3p

miR-430a-11-
5p

ACCCTCACAAAAGCACTGA
CT

dre-miR-430a-11-
5p

miR-145-
5p

GTCCAGTTTTCCCAGGAAT
CCC

dre-miR-145-
5p

miR-430a-12-
5p

ACCCTCACAAAAGCACTGA
CT

dre-miR-430a-12-
5p

miR-
146a

TGAGAACTGAATTCCATA
GATGG

dre-miR-146a miR-430a-13-
5p

ACCCTCACAAAAGCACTGA
CT

dre-miR-430a-13-
5p

miR-
146b

TGAGAACTGAATTCCAAG
GGTG

dre-miR-146b miR-430a-14-
5p

ACCCTCACAAAAGCACTGA
CT

dre-miR-430a-14-
5p

miR-
148

TCAGTGCATTACAGAACTT
TGT

dre-miR-148 miR-430a-15-
5p

ACCCTCACAAAAGCACTGA
CT

dre-miR-430a-15-
5p

miR-
150

TCTCCCAATCCTTGTACCA
GTG

dre-miR-150 miR-430a-16-
5p

ACCCTCACAAAAGCACTGA
CT

dre-miR-430a-16-
5p

miR-
152

TCAGTGCATGACAGAACT
TTGG

dre-miR-152 miR-430a-17-
5p

ACCCTCACAAAAGCACTGA
CT

dre-miR-430a-17-
5p

miR-153a-
3p

TTGCATAGTCACAAAAGT
GATC

dre-miR-153a-
3p

miR-430a-
3p

TAAGTGCTATTTGTTGGGGT
AG

dre-miR-430a-
3p

miR-153a-
5p

GTCATTTTTGTGATGTTGC
AGCT

dre-miR-153a-
5p

miR-430a-4-
5p

ACCCTCACAAAAGCACTGA
CT

dre-miR-430a-4-
5p

miR-153b-
3p

TTGCATAGTCACAAAAAT
GAGC

dre-miR-153b-
3p

miR-430a-
5p

ACCCTCACAAAGGCACTGA
CT

dre-miR-430a-
5p

miR-153b-
5p

GTCATTTTTGTGGTTTGCA
GCT

dre-miR-153b-
5p

miR-430b-
3p

AAAGTGCTATCAAGTTGGG
GTAG

dre-miR-430b-
3p

miR-153c-
3p

TTGCATAGTCACAAAAAT
GATC

dre-miR-153c-
3p

miR-430b-
5p

CAACTCTAACTTTAGCATCT
TTC

dre-miR-430b-
5p

miR-153c-
5p

GTCATTTTTGTGATTTGCA
GCT

dre-miR-153c-
5p

miR-430c-
3p

TAAGTGCTTCTCTTTGGGGT
AG

dre-miR-430c-
3p

miR-
155

TTAATGCTAATCGTGATAG
GGG

dre-miR-155 miR-430c-
5p

CACTTCAAACAGGAGCATT
GA

dre-miR-430c-
5p

miR-15a-
3p

CAGGCCGTACTGTGCTGC
GGCA

dre-miR-15a-
3p

miR-430i-
3p

TAAGTGCTATTTGTTGGCGT
AG

dre-miR-430i-
3p

miR-15a-
5p

TAGCAGCACAGAATGGTT
TGTG

dre-miR-15a-
5p

miR-430i-
5p

ACCCTCACAAAAGCACTGA
CT

dre-miR-430i-
5p

miR-15b-
3p

CGAATCATGATGTGCTGTC
ACT

dre-miR-15b-
3p

miR-
451

AAACCGTTACCATTACTGAG
TT

dre-miR-451

miR-15b-
5p

TAGCAGCACATCATGGTTT
GTA

dre-miR-15b-
5p

miR-
454a

TAGTGCAATATTGCTAATAG
GG

dre-miR-454a

miR-
15c

AAGCAGCGCGTCATGGTT
TTC

dre-miR-15c miR-
454b

TAGTGCAATATTGCTTATAG
GG

dre-miR-454b
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miR-
16a

TAGCAGCACGTAAATATT
GGTG

dre-miR-16a miR-455-2-
5p

GTATGTGCCCTTGGACTACA
TT

dre-miR-455-2-
5p

miR-
16b

TAGCAGCACGTAAATATT
GGAG

dre-miR-16b miR-455-
3p

ATGCAGTCCATGGGCATAT
ACAC

dre-miR-455-
3p

miR-16c-
3p

TCCAATATTGCTCGTGCTG
CTGA

dre-miR-16c-
3p

miR-455-
5p

TATGTGCCCTTGGACTACAT
CG

dre-miR-455-
5p

miR-16c-
5p

TAGCAGCATGTAAATATT
GGAG

dre-miR-16c-
5p

miR-
456

CAGGCTGGTTAGATGGTTGT
CA

dre-miR-456

miR-1788-
3p

CAGGCAGCTAAAGCAAGT
CTG

dre-miR-1788-
3p

miR-
457a

AAGCAGCACATCAATATTG
GCA

dre-miR-457a

miR-1788-
5p

GGCTTGTTTTAAGTTGCCT
GCG

dre-miR-1788-
5p

miR-457b-
3p

TCCAGTATTGCTGTTCTGCT
GT

dre-miR-457b-
3p

miR-17a-2-
3p

ACTGCAGTGGAGGCACTT
CAAGC

dre-miR-17a-2-
3p

miR-457b-
5p

AAGCAGCACATAAATACTG
GAG

dre-miR-457b-
5p

miR-17a-
3p

ACTGCAGTGGAGGCACTT
CTAG

dre-miR-17a-
3p

miR-458-
3p

ATAGCTCTTTGAATGGTACT
GC

dre-miR-458-
3p

miR-17a-
5p

CAAAGTGCTTACAGTGCA
GGTA

dre-miR-17a-
5p

miR-458-
5p

AGCGCCATTTACAGAGCTAT
AA

dre-miR-458-
5p

miR-181a-2-
3p

ACCATCGACCGTTGACTGT
ACC

dre-miR-181a-2-
3p

miR-459-
3p

CAGGGAATCTCTGTTACTGG
GG

dre-miR-459-
3p

miR-181a-
3p

ACCATCGACCGTTGATTGT
ACC

dre-miR-181a-
3p

miR-459-
5p

TCAGTAACAAGGATTCATCC
TG

dre-miR-459-
5p

miR-181a-
5p

AACATTCAACGCTGTCGG
TGAGT

dre-miR-181a-
5p

miR-460-
3p

CACAGCGCATACAATGTGG
ATG

dre-miR-460-
3p

miR-181b-
3p

CTCACTGATCAATGAATG
CAAA

dre-miR-181b-
3p

miR-460-
5p

CCTGCATTGTACACACTGTG
CG

dre-miR-460-
5p

miR-181b-
5p

AACATTCATTGCTGTCGGT
GGG

dre-miR-181b-
5p

miR-
461

TCAGGAATGGGCTAAATGC
CAA

dre-miR-461

miR-181c-
3p

CTCGCCGGACAATGAATG
AGAA

dre-miR-181c-
3p

miR-
462

TAACGGAACCCATAATGCA
GCT

dre-miR-462

miR-181c-
5p

CACATTCATTGCTGTCGGT
GGG

dre-miR-181c-
5p

miR-
489

AGTGACATCATATGTACGG
CTGC

dre-miR-489

miR-182-
3p

TGGTTCTAGACTTGCCAAC
TA

dre-miR-182-
3p

miR-499-
3p

AACATCACTTTAAGTCTGTG
CT

dre-miR-499-
3p

miR-182-
5p

TTTGGCAATGGTAGAACT
CACA

dre-miR-182-
5p

miR-499-
5p

TTAAGACTTGCAGTGATGTT
TA

dre-miR-499-
5p

miR-183-
3p

TGAATTACCAAAGGGCCA
TAA

dre-miR-183-
3p

miR-
7145

ACAATGGAAGCCAATGGTT
ACC

dre-miR-7145

miR-183-
5p

TATGGCACTGGTAGAATT
CACTG

dre-miR-183-
5p

miR-7146-
3p

TGAAGGTCAATGGTTACCA
GTT

dre-miR-7146-
3p

miR-
184

TGGACGGAGAACTGATAA
GGGC

dre-miR-184 miR-7146-
5p

GTAACCATTGACCTCCATAG
T

dre-miR-7146-
5p

miR-
187

TCGTGTCTTGTGTTGCAGC
C

dre-miR-187 miR-
7147

TGTACCATGCTGGTAGCCAG
T

dre-miR-7147

miR-
18a

TAAGGTGCATCTAGTGCA
GATA

dre-miR-18a miR-7148-
3p

TATAAGCCAGTATTTCCGAT dre-miR-7148-
3p

miR-18b-
3p

CTGCCCTAAGTGCCCCTTC
TGG

dre-miR-18b-
3p

miR-7148-
5p

ATGGAAATACTCGCTGATA
CTG

dre-miR-7148-
5p

miR-18b-
5p

TAAGGTGCATTTAGTGCA
GATA

dre-miR-18b-
5p

miR-7149-
3p

TTCCAAGTGTTATGAGTCAA
AGT

dre-miR-7149-
3p

miR-
18c

TAAGGTGCATCTTGTGTAG
TTA

dre-miR-18c miR-7149-
5p

TGTGAATCCTACACTGGAA
GG

dre-miR-7149-
5p

miR-
190a

TGATATGTTTGATATATTA
GGT

dre-miR-190a miR-
722

TTTTTTGCAGAAACGTTTCA
GATT

dre-miR-722

miR-
190b

TGATATGTTTGATATTCGG
TTG

dre-miR-190b miR-723-
3p

AAGACATCAATTAAATCTGT
GCT

dre-miR-723-
3p

miR-
192

ATGACCTATGAATTGACA
GCC

dre-miR-192 miR-723-
5p

GACAGTTTTAAATGATGTTA
CTTT

dre-miR-723-
5p

miR-193a-
3p

AACTGGCCTACAAAGTCC
CAGT

dre-miR-193a-
3p

miR-
724

TTAAAGGGAATTTGCGACT
GTT

dre-miR-724

miR-193a-
5p

TGGGTCTTTGCGGGCAAG
GTGA

dre-miR-193a-
5p

miR-725-
3p

TTCAGTCATTGTTTCTAGTA
GT

dre-miR-725-
3p

miR-193b-
3p

AACTGGCCCGCAAAGTCC
CGCT

dre-miR-193b-
3p

miR-725-
5p

TGCTAGGAATGGTGGCTGA
GAT

dre-miR-725-
5p

miR-193b-
5p

CGGGACTTTGGGGGCGAG
ATG

dre-miR-193b-
5p

miR-
726

TTCACTACTAGCAGAACTCG
G

dre-miR-726

miR-
194a

TGTAACAGCAACTCCATG
TGG

dre-miR-194a miR-727-
3p

GTTGAGGCGAGTTGAAGAC
TTA

dre-miR-727-
3p

miR-
194b

TGTAACAGCCGCTCCATGT
GGA

dre-miR-194b miR-727-
5p

TCAGTCTTCAATTCCTCCCA
GC

dre-miR-727-
5p

miR-196a-
3p

CTGCAACGTGAAACTGTC
TTAA

dre-miR-196a-
3p

miR-
728

ATACTAAGTACACTACGTTT
TC

dre-miR-728

miR-196a-
5p

TAGGTAGTTTCATGTTGTT
GGG

dre-miR-196a-
5p

miR-
729

CATGGGTATGATACGACCT
GGGTT

dre-miR-729

miR-
196b

TAGGTAGTTTCAAGTTGTT
GGG

dre-miR-196b miR-
730

TCCTCATTGTGCATGCTGTG
TGT

dre-miR-730
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miR-
196c

TAGGTAGTTTGATGTTGTT
GGG

dre-miR-196c miR-
731

AATGACACGTTTTCTCCCGG
ATCG

dre-miR-731

miR-
196d

TAGGTAGTTTTATGTTGTT
GGG

dre-miR-196d miR-
732

CTCAAAGCAGAGAACTCTC
GGT

dre-miR-732

miR-199-3-
3p

ACAGTAGTCCGCACATTG
GTT

dre-miR-199-3-
3p

miR-
733

TGCGTTGGTTTAGCTCAGTG
GTT

dre-miR-733

miR-199-
3p

TACAGTAGTCTGCACATTG
GTT

dre-miR-199-
3p

miR-
734

GTAAATGCTGCAGAATCGT
ACCG

dre-miR-734

miR-199-
5p

CCCAGTGTTCAGACTACCT
GTTC

dre-miR-199-
5p

miR-735-
3p

CTCTCCCACCGCTAAACTTG
AC

dre-miR-735-
3p

miR-19a-
3p

TGTGCAAATCTATGCAAA
ACTGA

dre-miR-19a-
3p

miR-735-
5p

GGCTGGTCCGAAGGCGGT dre-miR-735-
5p

miR-19a-
5p

CTAGTTTTGCATAGTTGCA
CTA

dre-miR-19a-
5p

miR-
736

GTAAGACGAACAAAAAGTT
TT

dre-miR-736

miR-19b-
3p

TGTGCAAATCCATGCAAA
ACTGA

dre-miR-19b-
3p

miR-737-
3p

AATCAAAACCTAAAGAAAA
TA

dre-miR-737-
3p

miR-19b-
5p

AGTTTTGCTGGTTTGCATT
CAG

dre-miR-19b-
5p

miR-737-
5p

GTTTTTTTAGGTTTTGATTTT dre-miR-737-
5p

miR-19c-
3p

TGTGCAAATCCATGCAAA
ACTCG

dre-miR-19c-
3p

miR-
738

GCTACGGCCCGCGTCGGGA
CCTC

dre-miR-738

miR-19c-
5p

AGTTTTGCAGGATTGCATC
CGG

dre-miR-19c-
5p

miR-
740

ATAAAAAGTGGTATGGTAC
AGT

dre-miR-740

miR-19d-
3p

TGTGCAAACCCATGCAAA
ACTGA

dre-miR-19d-
3p

miR-
7a

TGGAAGACTAGTGATTTTGT
TGT

dre-miR-7a

miR-19d-
5p

AGCTTTGCGGGGTGGGCA
GTCAGC

dre-miR-19d-
5p

miR-
7b

TGGAAGACTTGTGATTTTGT
T

dre-miR-7b

miR-200a-
3p

TAACACTGTCTGGTAACG
ATGT

dre-miR-200a-
3p

miR-92a-2-
5p

AGGTTGGGATCGGCCGCAA
TGCT

dre-miR-92a-2-
5p

miR-200a-
5p

CATCTTACCGGACAGTGCT
GGA

dre-miR-200a-
5p

miR-92a-
3p

TATTGCACTTGTCCCGGCCT
GT

dre-miR-92a-
3p

miR-200b-
3p

TAATACTGCCTGGTAATG
ATGA

dre-miR-200b-
3p

miR-92a-
5p

AGGTTGGGATTGGTAGCAA
TGCT

dre-miR-92a-
5p

miR-200b-
5p

CATCTTACGAGGCAGCAT
TGGA

dre-miR-200b-
5p

miR-92b-
3p

TATTGCACTCGTCCCGGCCT
CC

dre-miR-92b-
3p

miR-200c-
3p

TAATACTGCCTGGTAATG
ATGC

dre-miR-200c-
3p

miR-92b-
5p

AGGTGTGGGATGTTGTGCA
GTGTT

dre-miR-92b-
5p

miR-200c-
5p

CATCTTACAAGGCAGTTTT
GGA

dre-miR-200c-
5p

miR-
93

AAAAGTGCTGTTTGTGCAG
GTA

dre-miR-93

miR-202-
3p

AGAGGCATAGGGCATGGG
AAAA

dre-miR-202-
3p

miR-9-
3p

TAAAGCTAGATAACCGAAA
GT

dre-miR-9-3p

miR-202-
5p

TTCCTATGCATATACCTCT
TTG

dre-miR-202-
5p

miR-9-4-
3p

TAAAGCTAGAGAACCGAAT
GTA

dre-miR-9-4-
3p

miR-203a-
3p

GTGAAATGTTTAGGACCA
CTTG

dre-miR-203a-
3p

miR-9-
5p

TCTTTGGTTATCTAGCTGTA
TGA

dre-miR-9-5p

miR-203a-
5p

AGTGGTTCTTAACAGTTCA
ACAGT

dre-miR-203a-
5p

miR-96-
3p

CAATTATGTGTAGTGCCAAT
AT

dre-miR-96-
3p

miR-203b-
3p

GTGAAATGTTCAGGACCA
CTTG

dre-miR-203b-
3p

miR-96-
5p

TTTGGCACTAGCACATTTTT
GCT

dre-miR-96-
5p

miR-203b-
5p

AGTGGTTCTCAACAGTTCA
ACA

dre-miR-203b-
5p

miR-9-7-
3p

TAAAGCTAGAGAACCGAAA
GTA

dre-miR-9-7-
3p

miR-204-2-
3p

GCTGGGACAGCAAAGGGA
GGT

dre-miR-204-2-
3p

miR-
99

AACCCGTAGATCCGATCTTG
TG

dre-miR-99

miR-204-
3p

GGCTGGGAAGTCAAAGGG
ACGC

dre-miR-204-
3p

chr10_3661/1-
23

AGCCATGACTGTAGACTGTT
ACT

fru-miR-212

miR-204-
5p

TTCCCTTTGTCATCCTATG
CCT

dre-miR-204-
5p

chr7_30477/1-
22

CTGGGCTGGAAAAGTGATA
AGG

gga-miR-184-5p

miR-205-
3p

GATTTCAGTGGTGTGAAG
TGTA

dre-miR-205-
3p

chr7_27496/1-
22

AGCGGCGTCAGAAGCGATG
GCC

ipu-miR-7547

miR-205-
5p

TCCTTCATTCCACCGGAGT
CTG

dre-miR-205-
5p

chr5_24760/1-
22

TTTCGGTTATCTAGCTTTAT
GA

oha-miR-9-2-5p

miR-206-
3p

TGGAATGTAAGGAAGTGT
GTGG

dre-miR-206-
3p

chr25_20042/
1-23

AGGTAGACTGTGACTTGTTG
TCA

ssa-miR-7a-4-3p

miR-206-
5p

ACATGCTTCCTTATATGCC
CATA

dre-miR-206-
5p

chr10_3653/1-
25

TTTGTCACTACCTCATCTGA
GCTTG

miR-20a-
3p

ACTGCAGTGTGAGCACTT
GAAG

dre-miR-20a-
3p

chr10_3663/1-
18

GCTTACGGCCATACCACC

miR-20a-
5p

TAAAGTGCTTATAGTGCA
GGTAG

dre-miR-20a-
5p

chr6_29548/1-
22

TATGGAAGTCAATGGGAAC
AGT
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Supplement 2. Fold change of differentially expressed miRNAs at different points of time

Mature miRNA 3 h.p.i 12 h.p.i 24 h.p.i 48 h.p.i Mature miRNA 3 h.p.i 12 h.p.i 24 h.p.i 48 h.p.i

let-7c-3p 1.35167 1.124782 -1.36047 -4.92018 miR-19c-3p -1.14797 1 1.504995 1.225893

let-7d-3p 1.35167 1.124782 -1.36047 -4.92018 miR-19d-3p -1.57849 -1.33057 1.472884 1.036826

let-7d-5p 1 -1.27603 -1.5324 -1.27603 miR-19d-5p -1.40761 -1.96679 -2.83527 -5.24503

let-7e -1.10074 -1.2072 -1.54356 -1.50686 miR-200a-3p 1.070732 1.031064 1.63315 2.70767

let-7f -1.06908 -1.17402 -1.73318 -1.56646 miR-200a-5p -1.12192 1.475692 1.358416 2.195043

let-7i -1.03882 -1.4656 -1.88403 -1.4656 miR-200b-3p 1.044562 1.471081 1.820556 1.646917

miR-100-2-3p -1.26764 -1.3361 -2.10027 -1.72843 miR-200c-3p -1.03106 1.028619 1.892506 1.389598

miR-100-3p 1.050162 1.179864 -2.95174 -2.393 miR-203a-5p 1.00864 -1.03667 1.588519 1.247316

miR-100-5p 1.379178 1.379178 2.220019 1.847839 miR-204-5p 1.154398 -1.0519 1.422063 1.793134

miR-101a -1.06322 -1.10992 -1.95978 -1.51686 miR-20b-5p 1 1.026402 1.754444 1.513497

miR-10d-5p -1.38009 -1.33136 -2.24295 -1.20962 miR-210-3p -1.05014 -1.16023 1.130443 1.541292

miR-124-3p -1.77187 -2.61798 -1.7333 1.22387 miR-210-5p -1.23675 -1.23675 -1.52527 -1.4714

miR-125b-1-3p 1.080156 -1.24008 -1.53334 -2.50875 miR-2192 1.26624 1.229455 1.504566 1.229455

miR-125b-2-3p -1.2746 -2.05952 -4.52251 -5.88977 miR-221-3p 1.114332 1.114332 1.504098 1.504098

miR-125b-3-3p 1.043784 -1.04363 -2.8258 -5.19438 miR-221-5p -1.23329 1.031072 -1.74185 -2.53998

miR-125b-5p 1 1.131224 1.797299 1.236126 miR-222a-3p -1.11433 -1.08787 -1.08787 -1.6125

miR-126a-3p 1.056142 -1.01972 1.328727 2.044632 miR-222a-5p 1.356139 1.254857 -1.7841 -1.7841

miR-126a-5p 1.146535 1.196646 1.721548 1.765357 miR-24 1.205385 -1.08041 1.757967 1.591887

miR-126b-5p 1.146535 1.196646 1.721548 1.765357 miR-25-5p -1.1739 -1.51546 -1.16642 -1.49247

miR-128-5p 1.13581 -1.12246 -1.19721 -1.7548 miR-26a-2-3p 1.246465 -1.02065 -2.14188 -2.71753

miR-129-3p -1.14959 -1.01335 1.455349 1.670899 miR-26a-3p 1.31016 1.159525 1.159525 -4.49284

miR-137-5p -1.60375 -2.40333 -1.78994 -2.0403 miR-27a-5p -1.29141 1.092467 -2.95282 -1.82067

miR-1388-5p -1.07493 1.034685 -1.81787 -1.22867 miR-27b-5p 1.036606 -1.11584 -1.71678 -1.62522

miR-140-5p -1.05363 -1.05363 1.781928 1.280078 miR-29b 1.196081 -1.01291 1.634613 1.122425

miR-141-3p 1.147966 1.186285 1.777561 2.052601 miR-30c-3p 1.018013 1.024946 -1.53002 -1.01113

miR-142a-3p 1.166231 1.069373 1.18403 2.019078 miR-30e-3p 1.043615 1.013357 -1.37808 -1.60977

miR-144-3p 1.046281 1.03358 1.251444 1.601725 miR-34b -1.18733 -1.08565 -1.35006 -1.6418

miR-145-3p 1.798518 1.683517 2.05801 1.955837 miR-375 -1.08095 -1.08095 1.181792 1.57826

miR-146a 1.147529 1.302306 3.426014 4.489138 miR-429a 1.090915 1.129909 1.571012 1.66974

miR-155 -1.17765 -1.05547 1.635521 1.505512 miR-430a-3p 1.009666 -1.33891 -2.31007 -1.40654

miR-16a -1.06069 1.100424 1.951022 1.796267 miR-430b-3p 1.063001 1.143441 1.143441 1.926078

miR-16b -1.06836 -1.08768 1.647191 -1.09437 miR-430c-3p -1.07662 1.283164 -1.40988 1.991388

miR-16c-3p -1.22333 -1.03846 -2.44157 -1.4684 miR-454a 1.053457 1.230099 1.600421 1.592742

miR-16c-5p 1.109921 1.04392 1.553306 1.109921 miR-455-2-5p 1.214096 1 1.523294 1.318897

miR-17a-3p -1.01519 -1.09697 -1.55668 -2.03616 miR-455-5p 1.194405 1.074924 1.519209 1.167679

miR-181a-2-3p 1.217928 1.051839 -1.85595 -2.04293 miR-457a 1.097562 1 1.578494 1.041147
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miR-181b-3p 1.030912 -1.16144 -2.68414 -4.25495 miR-460-5p 1.15096 1.2052 1.302807 1.583385

miR-181c-3p -1.30848 -1.63614 -4.38269 -5.30473 miR-462 -1.24441 -1.07163 -1.73219 -1.24441

miR-182-5p -1.62407 -1.10139 -2.67086 -1.43389 miR-727-3p -1.30574 -1.03899 -1.5301 -1.0813

miR-183-5p 1 -1.12356 1.132213 1.706195 miR-729 1.053348 1.238491 1.235971 1.604154

miR-184 -1.10727 -1.10727 2.194552 2.092142 miR-735-3p 1.056307 -1.31751 3.015576 15.90082

miR-190b 1.139872 1.007107 1.083413 1.606771 miR-735-5p 1.677767 1.035306 5.402792 6.003128

miR-192 1.058245 1.291972 1.291972 1.97421 miR-737-5p 1.155421 1 -1.82494 -2.43848

miR-193a-3p 1.192451 1.12072 1.751 1.508632 miR-738 -1.1368 1.032301 2.748542 13.02029

miR-193a-5p -1.27119 -1.16975 -1.73632 -1.70525 miR-9-3p 1.25412 1.798273 1.387628 1.511575

miR-193b-3p 1.063085 -1.22936 1.803527 1.755332 miR-9-4-3p 1.290974 1.719233 1.510119 1.585075

miR-194a 1.062843 1.303232 1.474168 1.662154 miR-9-5p -1.09816 1.7748 1.517585 2.014182

miR-196a-5p -1.66778 -1.58323 -1.73675 -2.43755 miR-9-7-3p 1.384701 1.651168 1.574132 1.881955

miR-19a-3p -1.73048 -1.48965 -1.30732 -1.91898 miR-92a-5p 1.139463 -1.84716 -3.70158 -5.40709

miR-19a-5p 1.071854 -1.03531 -1.31173 -1.80712 miR-92b-3p -1.13986 -1.08344 -1.58395 -1.75308

miR-19b-3p -1.67344 -1.39985 1.313587 -1.57413 miR-99 1.788246 2.406732 2.406732 3.145706
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Supplement 3. Predicted target genes of differentially expressed miRNAs based on miRanda and 

RNA22 tools and the function of different genes.

MiRNA Target gene MiRNA Target gene

let-7c-3p ubiquitin-conjugating enzyme E2 D3 miR-
200a-3p

tRNA (cytosine(34)-C(5))-methyltransferase

let-7c-3p tumor suppressor candidate 2-like miR-
200a-3p

serine threonine- kinase PAK 4-like

let-7c-3p von Hippel-Lindau disease tumor suppressor miR-
200a-3p

band 3 anion exchange -like

let-7c-3p serine threonine- kinase PAK 4-like miR-
200a-3p

rogdi homolog

let-7c-3p MHC class I alpha chain, partial miR-
200a-3p

SAM and SH3 domain-containing 3-like

let-7c-3p beta-catenin-interacting 1 miR-
200a-3p

Red

let-7c-3p CCAAT enhancer-binding alpha miR-
200a-3p

peptidyl-prolyl cis-trans isomerase FKBP1B isoform X1

let-7c-3p prefoldin subunit 2 miR-
200a-3p

coronin-1A-like

let-7c-3p Golgi phospho 3-like miR-
200a-3p

S-phase kinase-associated 1

let-7c-3p c-C motif chemokine 25-like miR-
200a-3p

cAMP-dependent kinase type I-alpha regulatory subunit

let-7c-3p complement C1r subcomponent-like miR-
200a-3p

40S ribosomal S14

let-7c-3p ras-related Rab-32 miR-
200a-3p

DNA topoisomerase 2-binding 1-A-like

let-7c-3p cellular tumor antigen p53 miR-
200a-3p

multidrug resistance 1-like

let-7c-3p 14-3-3 beta alpha miR-
200a-3p

nck-associated 1-like

let-7c-3p transforming isoform X1 miR-
200a-3p

homeobox Meis1

let-7c-3p prefoldin subunit 2 miR-
200a-3p

receptor-type tyrosine- phosphatase C isoform X1

let-7c-3p dynein light chain 2, cytoplasmic-like miR-
200a-3p

C-type lectin domain family 4 member F-like

let-7c-3p myelin expression factor 2-like miR-
200a-3p

c-C chemokine receptor type 9-like

let-7c-3p serine arginine-rich splicing factor 4 miR-
200a-5p

transmembrane 14C

let-7c-3p MHC class II alpha chain, partial miR-
200a-5p

SPARC precursor

let-7c-3p myelin expression factor 2-like miR-
200a-5p

mediator of RNA polymerase II transcription subunit 12

let-7d-3p ubiquitin-conjugating enzyme E2 D3 miR-
200b-3p

tubulin beta chain

let-7d-3p tumor suppressor candidate 2-like miR-
200b-3p

adenylate kinase 7

let-7d-3p von Hippel-Lindau disease tumor suppressor miR-
200b-3p

homeobox Meis1-like

let-7d-3p serine threonine- kinase PAK 4-like miR-
200b-3p

cpG-binding -like

let-7d-3p MHC class I alpha chain, partial miR-
200b-3p

tRNA (cytosine(34)-C(5))-methyltransferase

let-7d-3p beta-catenin-interacting 1 miR-
200b-3p

SAM and SH3 domain-containing 3-like

let-7d-3p CCAAT enhancer-binding alpha miR-
200b-3p

F-box only 9-like

let-7d-3p prefoldin subunit 2 miR-
200b-3p

transferrin receptor 1-like

let-7d-3p Golgi phospho 3-like miR-
200b-3p

peptidyl-prolyl cis-trans isomerase FKBP1B isoform X1

let-7d-3p c-C motif chemokine 25-like miR-
200b-3p

tafazzin

let-7d-3p complement C1r subcomponent-like miR-
200b-3p

SPARC precursor

let-7d-3p ras-related Rab-32 miR-
200b-3p

cAMP-dependent kinase type I-alpha regulatory subunit

let-7d-3p cellular tumor antigen p53 miR-
200b-3p

plasminogen activator inhibitor 1-like
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let-7d-3p 14-3-3 beta alpha miR-
200b-3p

ras-related R-Ras

let-7d-3p transforming isoform X1 miR-
200b-3p

actin-related 3

let-7d-3p prefoldin subunit 2 miR-
200b-3p

LSM14 homolog A isoform X3

let-7d-3p dynein light chain 2, cytoplasmic-like miR-
200b-3p

apolipo E

let-7d-3p myelin expression factor 2-like miR-
200b-3p

nck-associated 1-like

let-7d-3p serine arginine-rich splicing factor 4 miR-
200b-3p

transferrin receptor 1-like

let-7d-3p MHC class II alpha chain, partial miR-
200b-3p

proto-oncogene tyrosine- kinase Yrk-like isoform X2

let-7d-3p myelin expression factor 2-like miR-
200b-3p

LSM14 homolog A isoform 3

let-7d-5p pituitary tumor-transforming gene 1 -interacting -like miR-
200b-3p

traf2 and NCK-interacting kinase-like

let-7d-5p serine threonine- phosphatase PP1-alpha catalytic 
subunit-like

miR-
200b-3p

NHS 2-like isoform X2

let-7d-5p activin receptor type-1B isoform X2 miR-
200b-3p

novel MHCII alpha chain

let-7d-5p ribosomal S24 miR-
200c-3p

tubulin beta chain

let-7d-5p cornichon homolog miR-
200c-3p

adenylate kinase 7

let-7e pituitary tumor-transforming gene 1 -interacting -like miR-
200c-3p

homeobox Meis1-like

let-7e serine threonine- phosphatase PP1-alpha catalytic 
subunit-like

miR-
200c-3p

cpG-binding -like

let-7e c-C motif chemokine 25-like miR-
200c-3p

tRNA (cytosine(34)-C(5))-methyltransferase

let-7e tyrosine- kinase JAK1 isoform X1 miR-
200c-3p

SAM and SH3 domain-containing 3-like

let-7f pituitary tumor-transforming gene 1 -interacting -like miR-
200c-3p

F-box only 9-like

let-7f serine threonine- phosphatase PP1-alpha catalytic 
subunit-like

miR-
200c-3p

peptidyl-prolyl cis-trans isomerase FKBP1B isoform X1

let-7f activin receptor type-1B isoform X2 miR-
200c-3p

tafazzin

let-7i pituitary tumor-transforming gene 1 -interacting -like miR-
200c-3p

SPARC precursor

let-7i sodium potassium-transporting ATPase subunit alpha-3-
like

miR-
200c-3p

cAMP-dependent kinase type I-alpha regulatory subunit

miR-100-
2-3p

cpG-binding -like miR-
200c-3p

plasminogen activator inhibitor 1-like

miR-100-
2-3p

proto-oncogene c-Rel-like miR-
200c-3p

ADP-ribosylation factor 1

miR-100-
2-3p

14-3-3 beta alpha miR-
200c-3p

cellular tumor antigen p53

miR-100-
3p

dynein light chain 2, cytoplasmic-like miR-
200c-3p

LSM14 homolog A isoform X3

miR-100-
3p

von Hippel-Lindau disease tumor suppressor miR-
200c-3p

apolipo E

miR-100-
3p

argonaute-3 isoform X2 miR-
200c-3p

transferrin receptor 1-like

miR-100-
3p

Golgi phospho 3-like miR-
200c-3p

proto-oncogene tyrosine- kinase Yrk-like isoform X2

miR-100-
3p

splicing factor, arginine serine-rich 3 miR-
200c-3p

LSM14 homolog A isoform 3

miR-100-
3p

calcineurin subunit B type 1 miR-
200c-3p

integumentary mucin -like

miR-100-
5p

nudC domain-containing 1-like miR-
200c-3p

NHS 2-like isoform X2

miR-100-
5p

kinase C alpha type miR-
200c-3p

novel MHCII alpha chain

miR-100-
5p

complement factor B miR-
203a-5p

peptidoglycan recognition 6

miR-100-
5p

redox-regulatory FAM213A miR-
203a-5p

beta-catenin-interacting 1

miR-
101a

cell division cycle 5 miR-
203a-5p

cellular tumor antigen p53

miR-
101a

ATP-binding cassette sub-family C member 8-like miR-
203a-5p

sodium potassium-transporting ATPase subunit beta-2-like isoform 
X2

miR-
101a

phosphoacetylglucosamine mutase-like miR-
204-5p

MHC class I antigen
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miR-
101a

caspase 8 miR-
204-5p

adiponectin

miR-
101a

Wiskott-Aldrich syndrome homolog miR-
204-5p

SAM and SH3 domain-containing 3-like

miR-
101a

proteoglycan 4-like isoform X1 miR-
204-5p

MHC class I alpha chain, partial

miR-
101a

transcription factor miR-
204-5p

Golgi phospho 3-like

miR-
101a

peptidyl-prolyl cis-trans isomerase-like miR-
204-5p

cellular tumor antigen p53

miR-
101a

MHC class II antigen beta chain miR-
204-5p

cell division cycle-associated 7-like

miR-
101a

ADP-ribosylation factor 1 miR-
204-5p

14-3-3 beta alpha

miR-
101a

cellular tumor antigen p53 miR-
204-5p

sodium potassium-transporting ATPase subunit alpha-3-like

miR-
101a

cell division cycle-associated 7-like miR-
204-5p

evolutionarily conserved signaling intermediate in Toll pathway, 
mitochondrial-like

miR-
101a

cleavage and polyadenylation specificity factor subunit 
1-like

miR-
204-5p

high mobility group B2-like

miR-
101a

AP-2 complex subunit mu-A-like isoform X2 miR-
20b-5p

stromal cell-derived factor 1-like

miR-
101a

TSC22 domain family 3 isoform X2 miR-
20b-5p

endoplasmic reticulum aminopeptidase 1-like

miR-
101a

spermine oxidase isoform X1 miR-
20b-5p

hsp90 co-chaperone Cdc37-like 1

miR-
101a

dynein light chain 2, cytoplasmic-like miR-
20b-5p

CCAAT enhancer-binding alpha

miR-
101a

serine arginine-rich splicing factor 3-like isoform X2 miR-
20b-5p

suppressor of Ty 5 homolog ( cerevisiae), isoform CRA_a

miR-
101a

nck-associated 1-like miR-
20b-5p

Ubiquitin FUBI

miR-
101a

guanine nucleotide exchange factor VAV3 isoform X1 miR-
20b-5p

PREDICTED: uncharacterized protein C12orf29 homolog isoform 
X1

miR-
101a

amyloid beta A4 precursor -binding family B member 1-
interacting

miR-
20b-5p

GA-binding alpha chain

miR-
101a

WD repeat and FYVE domain-containing 1-like miR-
20b-5p

mitochondrial ubiquitin ligase activator of nfkb 1-A-like

miR-
101a

c-C chemokine receptor type 9-like miR-
20b-5p

mediator of RNA polymerase II transcription subunit 18

miR-
101a

cornichon homolog miR-
20b-5p

dynein light chain 2, cytoplasmic-like

miR-
10d-5p

tubulin beta chain miR-
20b-5p

transport Sec61 subunit gamma

miR-
10d-5p

High affinity immunoglobulin epsilon receptor subunit 
gamma precursor

miR-
20b-5p

stromal cell-derived factor 1-like

miR-
10d-5p

c-C motif chemokine 25-like miR-
20b-5p

calcineurin subunit B type 1

miR-
10d-5p

transcription factor E3-like miR-
20b-5p

serine threonine- kinase B-raf

miR-124-
3p

ubiquitin-conjugating enzyme E2 D3 miR-
20b-5p

mediator of RNA polymerase II transcription subunit 18

miR-124-
3p

proto-oncogene c-Rel-like miR-
20b-5p

calcineurin B homologous 3-like

miR-124-
3p

plastin-2-like miR-
20b-5p

40S ribosomal S24

miR-124-
3p

src substrate p85-like miR-
20b-5p

redox-regulatory FAM213A

miR-124-
3p

NF-kappa-B essential modulator miR-
20b-5p

redox-regulatory FAM213A

miR-124-
3p

CCAAT enhancer-binding alpha miR-
210-3p

SAM and SH3 domain-containing 3-like

miR-124-
3p

ras-related Rab-32 miR-
210-3p

26S protease regulatory subunit 6B

miR-124-
3p

NDRG1-like isoform X1 miR-
210-3p

SUMO-activating enzyme subunit 1

miR-124-
3p

ras-related R-Ras miR-
210-3p

catenin beta-1

miR-124-
3p

phosphatidylinositol 3-kinase catalytic subunit type 3-
like

miR-
210-3p

proto-oncogene tyrosine- kinase Yrk-like isoform X2

miR-124-
3p

apolipo E miR-
210-5p

transcription factor

miR-124-
3p

complement C2-like miR-
210-5p

cAMP-dependent kinase type I-alpha regulatory subunit

miR-124-
3p

leptin receptor gene-related -like miR-
2192

tubulin beta chain
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miR-
125b-1-
3p

basic leucine zipper transcriptional factor ATF-like 3 miR-
2192

tafazzin

miR-
125b-2-
3p

cpG-binding -like miR-
2192

serine threonine- phosphatase PP1-alpha catalytic subunit-like

miR-
125b-2-
3p

sorting nexin-5-like miR-
2192

von Hippel-Lindau disease tumor suppressor

miR-
125b-3-
3p

CD209 antigen miR-
2192

SAM and SH3 domain-containing 3-like

miR-
125b-3-
3p

ragulator complex LAMTOR3 miR-
2192

probable C-mannosyltransferase DPY19L1-like

miR-
125b-3-
3p

NF-kappa-B essential modulator miR-
2192

argonaute-3 isoform X2

miR-
125b-3-
3p

zinc finger 629-like isoform X1 miR-
2192

invariant chain 14-1

miR-
125b-3-
3p

c-C motif chemokine 25-like miR-
2192

proteasome subunit beta type-9 precursor

miR-
125b-3-
3p

c-C motif chemokine 2-like miR-
2192

S-phase kinase-associated 1

miR-
125b-3-
3p

ADP-ribosylation factor 1 miR-
2192

Golgi phospho 3-like

miR-
125b-3-
3p

Golgi phospho 3 miR-
2192

c-C motif chemokine 25-like

miR-
125b-3-
3p

calcineurin subunit B type 1 miR-
2192

MHC class I antigen

miR-
125b-3-
3p

ubiquitin-conjugating enzyme E2 A isoform X2 miR-
2192

exosome complex component RRP46

miR-
125b-3-
3p

bromodomain-containing 3-like isoform X2 miR-
2192

DNA-directed RNA polymerase III subunit RPC2

miR-
125b-3-
3p

40S ribosomal S24 miR-
2192

redox-regulatory FAM213A isoform X3

miR-
125b-3-
3p

c-C chemokine receptor type 9-like miR-
2192

NEDD8-conjugating enzyme Ubc12

miR-
125b-5p

src kinase-associated phospho 2 miR-
2192

CREB-binding isoform X2

miR-
125b-5p

Wiskott-Aldrich syndrome homolog miR-
2192

adenosine receptor A1-like

miR-
125b-5p

cellular tumor antigen p53 miR-
2192

ras-related Rab-8B

miR-
126a-3p

activin receptor type-1B isoform X2 miR-
2192

serine arginine-rich splicing factor 4

miR-
126a-5p

translocator miR-
2192

redox-regulatory FAM213A

miR-
126a-5p

40S ribosomal S29 miR-
2192

small inducible cytokine

miR-
126a-5p

caspase 8 miR-
221-3p

tubulin beta chain

miR-
126a-5p

Wiskott-Aldrich syndrome homolog miR-
221-3p

cpG-binding -like

miR-
126a-5p

beta-galactosidase-1 2-like miR-
221-3p

ankyrin repeat and KH domain-containing 1-like

miR-
126a-5p

PDZK1 interacting 1, like precursor miR-
221-3p

zinc finger 629-like isoform X1

miR-
126a-5p

src substrate p85-like miR-
221-3p

Golgi phospho 3-like

miR-
126a-5p

exocyst complex component 6 isoform X4 miR-
221-3p

deoxyhypusine synthase

miR-
126a-5p

Glutaredoxin-related 5 miR-
221-3p

serine arginine-rich splicing factor 3-like isoform X2

miR-
126a-5p

Golgi phospho 3-like miR-
221-3p

Glutamate receptor interacting 1

miR-
126a-5p

plexin-D1-like miR-
221-3p

tyrosine- kinase FRK-like

miR-
126a-5p

MHC class II antigen beta chain miR-
221-5p

ubiquitin-conjugating enzyme E2 A
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miR-
126a-5p

MHC class I antigen miR-
221-5p

SAM and SH3 domain-containing 3-like

miR-
126a-5p

prohibitin isoform X1 miR-
221-5p

H ACA ribonucleo complex subunit 4-like

miR-
126a-5p

beta-galactosidase-1 2-like miR-
221-5p

SUMO-activating enzyme subunit 1

miR-
126a-5p

Ig kappa chain V-IV region STH miR-
221-5p

multidrug resistance 1-like

miR-
126a-5p

gap junction alpha-1 -like miR-
221-5p

calcineurin subunit B type 1

miR-
126a-5p

death ligand 3 miR-
221-5p

WD repeat and FYVE domain-containing 1-like

miR-
126a-5p

serine arginine-rich splicing factor 4 miR-
221-5p

neurofibromin isoform X1

miR-
126a-5p

ras-related R-Ras-like miR-
222a-3p

ankyrin repeat and KH domain-containing 1-like

miR-
126b-5p

translocator miR-
222a-3p

kinase C alpha type

miR-
126b-5p

40S ribosomal S29 miR-
222a-3p

NF-kappa-B essential modulator

miR-
126b-5p

caspase 8 miR-
222a-3p

zinc finger 629-like isoform X1

miR-
126b-5p

Wiskott-Aldrich syndrome homolog miR-
222a-3p

H ACA ribonucleo complex subunit 1-like

miR-
126b-5p

beta-galactosidase-1 2-like miR-
222a-3p

catenin beta-1

miR-
126b-5p

PDZK1 interacting 1, like precursor miR-
222a-3p

deoxyhypusine synthase

miR-
126b-5p

src substrate p85-like miR-
222a-3p

Glutamate receptor interacting 1

miR-
126b-5p

exocyst complex component 6 isoform X4 miR-
222a-3p

bromodomain-containing 3-like isoform X2

miR-
126b-5p

Glutaredoxin-related 5 miR-
222a-5p

maternal embryonic leucine zipper kinase

miR-
126b-5p

Golgi phospho 3-like miR-
222a-5p

tubulin beta chain

miR-
126b-5p

plexin-D1-like miR-
222a-5p

DNA mismatch repair Mlh1-like

miR-
126b-5p

MHC class II antigen beta chain miR-
222a-5p

actin-binding anillin

miR-
126b-5p

MHC class I antigen miR-
222a-5p

transmembrane 203

miR-
126b-5p

prohibitin isoform X1 miR-
222a-5p

complement component C6

miR-
126b-5p

beta-galactosidase-1 2-like miR-
222a-5p

plasminogen activator inhibitor 1-like

miR-
126b-5p

Ig kappa chain V-IV region STH miR-
222a-5p

suppressor of cytokine signaling 1

miR-
126b-5p

gap junction alpha-1 -like miR-
222a-5p

splicing factor, arginine serine-rich 3

miR-
126b-5p

death ligand 3 miR-
222a-5p

AP-2 complex subunit mu-A-like isoform X2

miR-
126b-5p

serine arginine-rich splicing factor 4 miR-
222a-5p

Dual oxidase 1

miR-
126b-5p

ras-related R-Ras-like miR-
222a-5p

proto-oncogene tyrosine- kinase Yrk-like isoform X2

miR-128-
5p

growth factor receptor-bound 2 miR-
222a-5p

insulin-like growth factor 1 receptor 1

miR-
1388-5p

cpG-binding -like miR-
222a-5p

mediator of RNA polymerase II transcription subunit 12

miR-
1388-5p

ADP-ribosylation factor 6 miR-
222a-5p

serine threonine- kinase D1-like

miR-
1388-5p

NF-kappa-B essential modulator miR-24 tubulin beta chain

miR-
1388-5p

ubiquitin-40S ribosomal S27a miR-24 ubiquitin-conjugating enzyme E2 D3

miR-
1388-5p

nucleophosmin-like miR-24 c-C motif chemokine 25-like

miR-
1388-5p

cysteine-rich 3 miR-24 rhombotin-1

miR-
1388-5p

PRELI domain-containing 1, mitochondrial-like miR-24 guanine nucleotide-binding subunit alpha-13

miR-
1388-5p

Dual oxidase 1 miR-24 phosphatidylinositol 3,4,5-trisphosphate 5-phosphatase 1-like

miR-
1388-5p

calmodulin miR-25-
5p

src kinase-associated phospho 2
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miR-
1388-5p

Proteasome (prosome, macropain) 26S subunit, ATPase, 
6

miR-25-
5p

ADP-ribosylation factor 1

miR-
1388-5p

tyrosine- phosphatase non-receptor type 11 miR-25-
5p

probable ATP-dependent RNA helicase DHX36

miR-
1388-5p

traf2 and NCK-interacting kinase-like miR-
26a-2-
3p

tubulin beta chain

miR-140-
5p

dynein light chain 2, cytoplasmic-like miR-
26a-2-
3p

adenylate kinase 2, mitochondrial isoform X2

miR-140-
5p

src kinase-associated phospho 2 miR-
26a-2-
3p

prohibitin isoform X1

miR-140-
5p

peptidoglycan recognition 6 miR-
26a-2-
3p

Dystrobrevin binding 1a

miR-140-
5p

transmembrane 14C miR-
26a-2-
3p

UPF0369 C6orf57 homolog

miR-140-
5p

serine threonine- kinase PAK 4-like miR-
26a-2-
3p

unc-93 homolog B1-like

miR-140-
5p

peptidyl-prolyl cis-trans isomerase FKBP1B isoform X1 miR-
26a-3p

large proline-rich BAG6 isoform X2

miR-140-
5p

Golgi phospho 3-like miR-
26a-3p

src kinase-associated phospho 1

miR-140-
5p

sodium potassium-transporting ATPase subunit alpha-3-
like

miR-
27a-5p

canopy homolog 3-like

miR-140-
5p

transforming isoform X1 miR-
27a-5p

complement C1r subcomponent-like

miR-140-
5p

myelin expression factor 2-like miR-
27a-5p

calmodulin

miR-140-
5p

adenosine deaminase CECR1-A-like miR-
27a-5p

dynein light chain 2, cytoplasmic-like

miR-141-
3p

transcription elongation factor SPT6 miR-
27a-5p

suppressor of cytokine signaling 6

miR-141-
3p

cytoplasmic NCK1 isoform X1 miR-
27b-5p

SAM and SH3 domain-containing 3-like

miR-141-
3p

stromal cell-derived factor 1-like miR-
27b-5p

CCAAT enhancer-binding alpha

miR-141-
3p

MAP kinase-activated kinase 2 miR-
27b-5p

S-phase kinase-associated 1

miR-141-
3p

cpG-binding -like miR-
27b-5p

activin receptor type-1B isoform X2

miR-141-
3p

tRNA (cytosine(34)-C(5))-methyltransferase miR-
27b-5p

serine arginine-rich splicing factor 3-like isoform X2

miR-141-
3p

serine threonine- kinase PAK 4-like miR-
27b-5p

adenylate kinase 2, mitochondrial-like

miR-141-
3p

band 3 anion exchange -like miR-
27b-5p

zinc finger Gfi-1b-like

miR-141-
3p

rogdi homolog miR-
29b

proto-oncogene c-Fos-like

miR-141-
3p

SAM and SH3 domain-containing 3-like miR-
29b

transferrin receptor 1-like

miR-141-
3p

Red miR-
29b

DNA polymerase beta

miR-141-
3p

peptidyl-prolyl cis-trans isomerase FKBP1B isoform X1 miR-
29b

spermine oxidase isoform X1

miR-141-
3p

invariant chain 14-1 miR-
29b

transport Sec61 subunit gamma

miR-141-
3p

S-phase kinase-associated 1 miR-
29b

large proline-rich BAG6 isoform X2

miR-141-
3p

cAMP-dependent kinase type I-alpha regulatory subunit miR-
30c-3p

actin-related 2 isoform X2

miR-141-
3p

40S ribosomal S14 miR-
30c-3p

cAMP-dependent kinase type I-alpha regulatory subunit

miR-141-
3p

polycomb complex BMI-1 miR-
30e-3p

tubulin beta chain

miR-141-
3p

nck-associated 1-like miR-
30e-3p

ubiquitin-conjugating enzyme E2 D3

miR-141-
3p

transferrin receptor 1-like miR-
30e-3p

complement factor B-like

miR-141-
3p

homeobox Meis1 miR-
30e-3p

telomerase reverse transcriptase

miR-141-
3p

c-C chemokine receptor type 9-like miR-
30e-3p

beta-2 microglobulin

miR-
142a-3p

ubiquitin-conjugating enzyme E2 D3 miR-
30e-3p

transmembrane 14C
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miR-
142a-3p

von Hippel-Lindau disease tumor suppressor miR-
30e-3p

proto-oncogene c-Rel-like

miR-
142a-3p

beta-galactosidase-1 2-like miR-
30e-3p

phosphatidylinositol 4,5-bisphosphate 3-kinase catalytic subunit beta 
isoform-like

miR-
142a-3p

rogdi homolog miR-
30e-3p

growth factor receptor-bound 2

miR-
142a-3p

proteoglycan 4-like isoform X1 miR-
30e-3p

von Hippel-Lindau disease tumor suppressor

miR-
142a-3p

plasminogen activator inhibitor 1-like miR-
30e-3p

ankyrin repeat and KH domain-containing 1-like

miR-
142a-3p

ADP-ribosylation factor 1 miR-
30e-3p

beta-galactosidase-1 2-like

miR-
142a-3p

ADP-ribosylation factor 1 miR-
30e-3p

ADP-ribosylation factor 6

miR-
142a-3p

ubiquitin-conjugating enzyme E2Q 1 miR-
30e-3p

interferon regulatory factor 5

miR-
142a-3p

transport Sec61 subunit gamma miR-
30e-3p

MHC class I alpha chain, partial

miR-
142a-3p

catenin beta-1 miR-
30e-3p

phosphatidylinositol 3,4,5-trisphosphate 3-phosphatase and dual-
specificity phosphatase PTEN-like isoform X1

miR-
142a-3p

beta-galactosidase-1 2-like miR-
30e-3p

adenylate kinase 2, mitochondrial isoform X2

miR-
142a-3p

14-3-3 beta alpha miR-
30e-3p

plasminogen activator inhibitor 1-like

miR-
142a-3p

gap junction alpha-1 -like miR-
30e-3p

ADP-ribosylation factor 1

miR-
142a-3p

sodium potassium-transporting ATPase subunit alpha-3-
like

miR-
30e-3p

eukaryotic translation initiation factor 2 subunit 1

miR-
142a-3p

mitogen-activated kinase 14A-like isoform X2 miR-
30e-3p

catenin beta-1

miR-
142a-3p

ras-related R-Ras-like miR-
30e-3p

AP-2 complex subunit mu-A-like isoform X2

miR-144-
3p

ubiquitin-conjugating enzyme E2 A miR-
30e-3p

Dual oxidase 1

miR-144-
3p

ragulator complex LAMTOR3 miR-
30e-3p

apolipo E

miR-144-
3p

peroxiredoxin 1 variant 2 miR-
30e-3p

Golgi phospho 3

miR-144-
3p

Histone deacetylase 1 miR-
30e-3p

calmodulin

miR-144-
3p

ubiquitin-conjugating enzyme E2 variant 1 miR-
30e-3p

proto-oncogene tyrosine- kinase Yrk-like isoform X2

miR-144-
3p

DNA excision repair ERCC-1-like miR-
30e-3p

beta-galactosidase-1 2-like

miR-144-
3p

Golgi phospho 3-like miR-
30e-3p

LSM14 homolog A isoform 3

miR-144-
3p

DNA polymerase beta miR-
30e-3p

calcineurin subunit B type 1

miR-144-
3p

mitochondrial ubiquitin ligase activator of nfkb 1-A-like miR-
30e-3p

integumentary mucin -like

miR-144-
3p

tumor necrosis factor receptor superfamily member 14-
like

miR-
30e-3p

NHS 2-like isoform X2

miR-144-
3p

polycomb complex BMI-1 miR-
30e-3p

cornichon homolog

miR-144-
3p

serine arginine-rich splicing factor 3-like isoform X2 miR-
30e-3p

methionine synthase

miR-144-
3p

sodium potassium-transporting ATPase subunit alpha-3-
like

miR-
30e-3p

endoplasmic reticulum aminopeptidase 1-like

miR-144-
3p

hematopoietically-expressed homeobox hhex miR-
30e-3p

ADP-ribosylation factor 1

miR-144-
3p

complement C3 miR-
30e-3p

c-C chemokine receptor type 9-like

miR-145-
3p

WD repeat and FYVE domain-containing 1-like miR-
30e-3p

cornichon homolog

miR-145-
3p

inactive phospholipase C 2-like miR-
34b

stromal cell-derived factor 1-like

miR-
146a

transmembrane 14C miR-
34b

complement component C6

miR-
146a

transcription initiation factor TFIID subunit 3-like miR-
34b

SAM and SH3 domain-containing 3-like

miR-
146a

beta-2-microglobulin precursor miR-
34b

cAMP-dependent kinase type I-alpha regulatory subunit

miR-
146a

beta-2-microglobulin precursor miR-
34b

Proteasome (prosome, macropain) 26S subunit, ATPase, 6

miR-
146a

MHC class I alpha chain miR-
34b

Ig kappa chain V-IV region STH
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miR-
146a

cAMP-specific 3 ,5 -cyclic phosphodiesterase 4D-like miR-
34b

phosphatidylinositol 4,5-bisphosphate 3-kinase catalytic subunit 
gamma isoform

miR-
146a

probable ATP-dependent RNA helicase DDX41 miR-
34b

tyrosine- kinase FRK-like

miR-
146a

calmodulin miR-
34b

small inducible cytokine

miR-
146a

complement C3 miR-375 ubiquitin-conjugating enzyme E2 A

miR-
146a

paired amphipathic helix Sin3a miR-375 ubiquitin-conjugating enzyme e2 n

miR-
146a

catenin beta-1 miR-375 complement component C7

miR-
146a

MHC class I alpha chain, partial miR-375 Red

miR-
146a

c-C motif chemokine 19-like miR-375 PREDICTED: uncharacterized protein C12orf29 homolog isoform 
X1

miR-
146a

WAS WASL-interacting family member 1 miR-
429a

tubulin beta chain

miR-
146a

c-C motif chemokine 19-like miR-
429a

adenylate kinase 7

miR-
146a

40S ribosomal S24 miR-
429a

homeobox Meis1-like

miR-
146a

redox-regulatory FAM213A miR-
429a

phosphatidylinositol 3,4,5-trisphosphate 3-phosphatase and dual-
specificity phosphatase PTEN-like isoform X2

miR-
146a

MHC class I alpha chain, partial miR-
429a

tRNA (cytosine(34)-C(5))-methyltransferase

miR-
146a

redox-regulatory FAM213A miR-
429a

band 3 anion exchange -like

miR-155 maternal embryonic leucine zipper kinase miR-
429a

rogdi homolog

miR-155 Sorting nexin-10 miR-
429a

SAM and SH3 domain-containing 3-like

miR-155 transmembrane 203 miR-
429a

F-box only 9-like

miR-155 beta-galactosidase-1 2-like miR-
429a

transferrin receptor 1-like

miR-155 ADP-ribosylation factor 6 miR-
429a

peptidyl-prolyl cis-trans isomerase FKBP1B isoform X1

miR-155 E3 ubiquitin- ligase TRAF7 miR-
429a

heat shock HSP 90-beta

miR-155 SNF-related serine threonine- kinase-like miR-
429a

tafazzin

miR-155 cellular tumor antigen p53 miR-
429a

chemokine (C-X-C motif) ligand C1c precursor

miR-155 apolipo E miR-
429a

cAMP-dependent kinase type I-alpha regulatory subunit

miR-155 proto-oncogene tyrosine- kinase Yrk-like isoform X2 miR-
429a

plasminogen activator inhibitor 1-like

miR-155 insulin-like growth factor 1 receptor 1 miR-
429a

ras-related R-Ras

miR-155 cullin-1-like, partial miR-
429a

ADP-ribosylation factor 1

miR-155 calcineurin subunit B type 1 miR-
429a

cellular tumor antigen p53

miR-155 unc-93 homolog B1-like miR-
429a

apolipo E

miR-155 dynein light chain 2, cytoplasmic-like miR-
429a

polycomb complex BMI-1

miR-155 c-C chemokine receptor type 9-like miR-
429a

nck-associated 1-like

miR-16a MAP kinase-activated kinase 2 miR-
429a

phosphatidylinositol 4,5-bisphosphate 3-kinase catalytic subunit 
alpha isoform-like

miR-16a growth factor receptor-bound 2 miR-
429a

LSM14 homolog A isoform 3

miR-16a ETS translocation variant 5-like isoform X2 miR-
429a

14-3-3 beta alpha

miR-16a sumo-conjugating enzyme ubc9 miR-
429a

traf2 and NCK-interacting kinase-like

miR-16a complement C3-like miR-
429a

NHS 2-like isoform X2

miR-16a A Chain A, Orally Active 2-Amino Thienopyrimidine 
Inhibitors Of The Hsp90 Chaperone

miR-
429a

novel MHCII alpha chain

miR-16b growth factor receptor-bound 2 miR-
430a-3p

maternal embryonic leucine zipper kinase

miR-16b von Hippel-Lindau disease tumor suppressor miR-
430a-3p

complement C3
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miR-16b PRELI domain-containing 1, mitochondrial-like miR-
430a-3p

stromal cell-derived factor 1-like

miR-16b basic leucine zipper transcriptional factor ATF-like 3 miR-
430a-3p

endoplasmic reticulum aminopeptidase 1-like

miR-16b ETS translocation variant 5-like isoform X2 miR-
430a-3p

von Hippel-Lindau disease tumor suppressor

miR-16b sumo-conjugating enzyme ubc9 miR-
430a-3p

CCAAT enhancer-binding alpha

miR-16b complement C3-like miR-
430a-3p

interferon regulatory factor 8

miR-16c-
3p

transferrin receptor 1-like miR-
430a-3p

actin-related 2 isoform X2

miR-16c-
3p

zinc finger 629-like isoform X1 miR-
430a-3p

ras-related Rab-32

miR-16c-
3p

canopy homolog 3-like miR-
430a-3p

Dual oxidase 1

miR-16c-
3p

DNA-directed RNA polymerase III subunit RPC6 miR-
430a-3p

transport Sec61 subunit gamma

miR-16c-
3p

exosome complex component RRP46 miR-
430a-3p

ras-related Rab-33A-like

miR-16c-
3p

importin-7 miR-
430a-3p

ribosomal S24

miR-16c-
5p

DNA-directed RNA polymerases I, II, and III subunit 
RPABC3

miR-
430a-3p

calcineurin B homologous 3-like

miR-16c-
5p

Sorting nexin-10 miR-
430b-3p

maternal embryonic leucine zipper kinase

miR-16c-
5p

growth factor receptor-bound 2 miR-
430b-3p

stromal cell-derived factor 1-like

miR-16c-
5p

ADP-ribosylation factor 6 miR-
430b-3p

endoplasmic reticulum aminopeptidase 1-like

miR-16c-
5p

PRELI domain-containing 1, mitochondrial-like miR-
430b-3p

von Hippel-Lindau disease tumor suppressor

miR-16c-
5p

ETS translocation variant 5-like isoform X2 miR-
430b-3p

F-box only 9-like

miR-16c-
5p

complement C3-like miR-
430b-3p

CCAAT enhancer-binding alpha

miR-16c-
5p

A Chain A, Orally Active 2-Amino Thienopyrimidine 
Inhibitors Of The Hsp90 Chaperone

miR-
430b-3p

S-phase kinase-associated 1

miR-17a-
3p

cpG-binding -like miR-
430b-3p

ras-related Rab-32

miR-17a-
3p

MHC class II beta chain miR-
430b-3p

Dual oxidase 1

miR-17a-
3p

ADP-ribosylation factor 6 miR-
430b-3p

stromal cell-derived factor 1-like

miR-17a-
3p

transcription factor miR-
430b-3p

death ligand 3

miR-17a-
3p

sorting nexin-3 miR-
430b-3p

ribosomal S24

miR-17a-
3p

c-C motif chemokine 25-like miR-
430b-3p

calcineurin B homologous 3-like

miR-17a-
3p

nucleophosmin-like miR-
430c-3p

maternal embryonic leucine zipper kinase

miR-17a-
3p

small ubiquitin-related modifier 3 miR-
430c-3p

cpG-binding -like

miR-17a-
3p

PAX-interacting 1-like miR-
430c-3p

stromal cell-derived factor 1-like

miR-17a-
3p

complement C3 miR-
430c-3p

DNA-binding inhibitor ID-2

miR-17a-
3p

cullin-1-like, partial miR-
430c-3p

endoplasmic reticulum aminopeptidase 1-like

miR-17a-
3p

AP-1 complex subunit beta-1-like isoform X2 miR-
430c-3p

cpG-binding -like

miR-17a-
3p

calcineurin subunit B type 1 miR-
430c-3p

von Hippel-Lindau disease tumor suppressor

miR-17a-
3p

LIM domain-binding 1 isoform X2 miR-
430c-3p

CCAAT enhancer-binding alpha

miR-17a-
3p

angiopoietin-1 receptor isoform 3 miR-
430c-3p

fatty acid-binding , liver

miR-17a-
3p

E3 ubiquitin- ligase TRIM39 miR-
430c-3p

ras-related Rab-32

miR-
181a-2-
3p

ubiquitin-conjugating enzyme E2 D3 miR-
430c-3p

Dual oxidase 1

miR-
181a-2-
3p

Red miR-
430c-3p

dynein light chain 2, cytoplasmic-like
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miR-
181a-2-
3p

transferrin receptor 1-like miR-
430c-3p

calmodulin

miR-
181a-2-
3p

peptidyl-prolyl cis-trans isomerase FKBP1B isoform X1 miR-
430c-3p

proto-oncogene tyrosine- kinase Yrk-like isoform X2

miR-
181a-2-
3p

AP-2 complex subunit mu-A-like isoform X2 miR-
430c-3p

stromal cell-derived factor 1-like

miR-
181a-2-
3p

complement C2-like miR-
430c-3p

calcineurin subunit B type 1

miR-
181b-3p

cell division cycle 5 miR-
430c-3p

spermine oxidase-like

miR-
181b-3p

hsp90 co-chaperone Cdc37-like 1 miR-
430c-3p

calcineurin B homologous 3-like

miR-
181b-3p

proteoglycan 4-like isoform X1 miR-
430c-3p

zinc finger 574-like

miR-
181b-3p

Cathepsin S precursor miR-
430c-3p

serine threonine- kinase D1-like

miR-
181b-3p

PAX-interacting 1-like miR-
454a

ubiquitin-conjugating enzyme E2 A

miR-
181b-3p

redox-regulatory FAM213A isoform X3 miR-
454a

phosphoacetylglucosamine mutase-like

miR-
181b-3p

forkhead box O3 miR-
454a

von Hippel-Lindau disease tumor suppressor

miR-
181b-3p

transferrin receptor 1-like miR-
454a

ADP-ribosylation factor 6

miR-
181b-3p

tyrosine- kinase JAK1 isoform X1 miR-
454a

src substrate p85-like

miR-
181b-3p

transcription factor E3-like miR-
454a

complement component C7

miR-
181b-3p

LSM14 homolog A isoform 3 miR-
454a

SNF-related serine threonine- kinase-like

miR-
181b-3p

BCL2 adenovirus E1B 19 kDa -interacting 3-like miR-
454a

S-phase kinase-associated 1

miR-
181b-3p

complexin-2 miR-
454a

Ubiquitin FUBI

miR-
181b-3p

voltage-gated potassium channel subunit beta-2-like 
isoform X2

miR-
454a

spermine oxidase isoform X1

miR-
181b-3p

60S ribosomal L13a miR-
454a

calmodulin

miR-
181b-3p

40S ribosomal S27 miR-
454a

transferrin receptor 1-like

miR-182-
5p

tyrosine- phosphatase non-receptor type 6 miR-
454a

sumo-conjugating enzyme ubc9

miR-182-
5p

src kinase-associated phospho 2 miR-
454a

14-3-3 beta alpha

miR-182-
5p

stromal cell-derived factor 1-like miR-
454a

phosphatidylinositol 4,5-bisphosphate 3-kinase catalytic subunit 
gamma isoform

miR-182-
5p

src substrate p85-like miR-
454a

dynein light chain 2, cytoplasmic-like

miR-182-
5p

interferon regulatory factor 8 miR-
454a

nck-associated 1

miR-182-
5p

peptidyl-prolyl cis-trans isomerase-like miR-
454a

myelin expression factor 2-like

miR-182-
5p

c-C motif chemokine 25-like miR-
454a

myelin expression factor 2-like

miR-182-
5p

F-box only 5-like miR-
455-2-
5p

tafazzin

miR-182-
5p

plasminogen activator inhibitor 1-like miR-
455-2-
5p

CD83 antigen-like

miR-182-
5p

ras-related Rab-32 miR-
455-2-
5p

NDRG1-like isoform X1

miR-182-
5p

nucleophosmin-like miR-
455-2-
5p

ADP-ribosylation factor 1

miR-182-
5p

TSC22 domain family 3 isoform X2 miR-
455-2-
5p

40S ribosomal S7

miR-182-
5p

tyrosine- kinase FRK-like miR-
455-2-
5p

dynein light chain 2, cytoplasmic-like

miR-182-
5p

BRF1 homolog, subunit of RNA polymerase III 
transcription initiation factor IIIBa

miR-
455-2-
5p

dynein light chain 2, cytoplasmic-like
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miR-183-
5p

F-box only 9-like miR-
455-5p

DNA-binding inhibitor ID-2

miR-183-
5p

sorting nexin-3 miR-
455-5p

band 3 anion exchange -like

miR-183-
5p

interferon regulatory factor 8 miR-
455-5p

NDRG1-like isoform X1

miR-183-
5p

cAMP-dependent kinase type I-alpha regulatory subunit miR-
455-5p

proto-oncogene tyrosine- kinase Yrk-like isoform X2

miR-183-
5p

nucleophosmin-like miR-
455-5p

c-X-C motif chemokine 14-like

miR-183-
5p

NDRG1-like isoform X1 miR-
455-5p

c-X-C motif chemokine 14-like

miR-183-
5p

apolipo E miR-
457a

DNA replication licensing factor MCM2

miR-183-
5p

caspase 3a miR-
457a

growth factor receptor-bound 2

miR-183-
5p

tyrosine- kinase JAK1 isoform X1 miR-
457a

von Hippel-Lindau disease tumor suppressor

miR-183-
5p

proto-oncogene tyrosine- kinase Yrk-like isoform X2 miR-
457a

c-C motif chemokine 25-like

miR-183-
5p

sumo-conjugating enzyme ubc9 miR-
457a

PREDICTED: uncharacterized protein C12orf29 homolog isoform 
X1

miR-183-
5p

transforming isoform X1 miR-
457a

ras-related Rab-8B

miR-183-
5p

MHC class II alpha chain, partial miR-
457a

DNA topoisomerase 2-binding 1-A-like

miR-184 zinc finger 629-like isoform X1 miR-
457a

ETS translocation variant 5-like isoform X2

miR-184 activin receptor type-1B isoform X2 miR-
457a

nck-associated 1-like

miR-184 ubiquitin-conjugating enzyme E2Q 1 miR-
457a

complement C3-like

miR-184 sodium potassium-transporting ATPase subunit beta-2-
like isoform X2

miR-
457a

A Chain A, Orally Active 2-Amino Thienopyrimidine Inhibitors Of 
The Hsp90 Chaperone

miR-184 sodium potassium-transporting ATPase subunit alpha-3-
like

miR-
457a

probable global transcription activator SNF2L2-like

miR-
190b

complement C3 miR-
457a

probable global transcription activator SNF2L2-like

miR-
190b

tyrosine- phosphatase non-receptor type 6 miR-
460-5p

cpG-binding -like

miR-
190b

cpG-binding -like miR-
460-5p

beta-galactosidase-1 2-like

miR-
190b

transmembrane 14C miR-
460-5p

rogdi homolog

miR-
190b

plastin-2-like miR-
460-5p

tyrosine- kinase CSK

miR-
190b

beta-2-microglobulin precursor miR-
460-5p

NDRG1-like isoform X1

miR-
190b

F-box only 9-like miR-
460-5p

splicing factor, arginine serine-rich 3

miR-
190b

transferrin receptor 1-like miR-
460-5p

Dystrobrevin binding 1a

miR-
190b

beta-2-microglobulin precursor miR-
460-5p

U4 tri-snRNP-associated 1-like

miR-
190b

Cathepsin S precursor miR-
460-5p

mediator of RNA polymerase II transcription subunit 12

miR-
190b

exosome complex component RRP46 miR-
460-5p

LIM domain-binding 1 isoform X2

miR-
190b

elongation factor 2 miR-
460-5p

phosphatidylinositol 4,5-bisphosphate 3-kinase catalytic subunit 
gamma isoform

miR-
190b

cullin-3-like isoform X1 miR-
460-5p

complexin-2

miR-
190b

death ligand 3 miR-
460-5p

ras-related R-Ras-like

miR-
190b

ras-related Rab-8B miR-462 ras-related Rab-10

miR-
190b

rab5 GDP GTP exchange factor-like isoform X2 miR-462 actin-binding anillin

miR-
190b

redox-regulatory FAM213A miR-462 MAP kinase-activated kinase 2

miR-
190b

complement C1s subcomponent-like miR-462 prefoldin subunit 2

miR-192 heat shock 70 miR-462 basic leucine zipper transcriptional factor ATF-like 3

miR-192 redox-regulatory FAM213A miR-462 prefoldin subunit 2
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miR-
193a-3p

DNA mismatch repair Mlh1-like miR-462 mitogen-activated kinase 7-like

miR-
193a-3p

transcription initiation factor TFIID subunit 3-like miR-
727-3p

complement C3

miR-
193a-3p

serine arginine-rich splicing factor 3-like isoform X2 miR-
727-3p

SAM and SH3 domain-containing 3-like

miR-
193a-3p

cullin-1-like, partial miR-
727-3p

beta-2-microglobulin precursor

miR-
193a-3p

ubiquitin-conjugating enzyme E2 A isoform X2 miR-
727-3p

beta-catenin-interacting 1

miR-
193a-5p

band 3 anion exchange -like miR-
727-3p

beta-2-microglobulin precursor

miR-
193a-5p

interferon regulatory factor 5 miR-
727-3p

plasminogen activator inhibitor 1-like

miR-
193a-5p

anamorsin miR-
727-3p

apolipo E

miR-
193a-5p

heat shock 70 miR-
727-3p

insulin-like growth factor 1 receptor 1

miR-
193a-5p

adenosine deaminase CECR1-A-like miR-
727-3p

unc-93 homolog B1-like

miR-
193b-3p

DNA mismatch repair Mlh1-like miR-729 transmembrane 14C

miR-
193b-3p

tyrosine- phosphatase non-receptor type 6 miR-729 Interleukin enhancer binding factor 2

miR-
193b-3p

transcription initiation factor TFIID subunit 3-like miR-729 nucleophosmin-like

miR-
193b-3p

cellular tumor antigen p53 miR-729 calmodulin

miR-
193b-3p

serine arginine-rich splicing factor 3-like isoform X2 miR-729 eva-1 homolog C-like isoform X2

miR-
193b-3p

cullin-1-like, partial miR-729 ras-related Rab-6A isoform X1

miR-
193b-3p

ubiquitin-conjugating enzyme E2 A isoform X2 miR-729 phosphatidylinositol 4,5-bisphosphate 3-kinase catalytic subunit 
gamma isoform

miR-
193b-3p

A Chain A, Orally Active 2-Amino Thienopyrimidine 
Inhibitors Of The Hsp90 Chaperone

miR-729 MHC class I antigen, partial

miR-
194a

pituitary tumor-transforming gene 1 -interacting -like miR-729 phosphatidylinositol 3,4,5-trisphosphate 5-phosphatase 2B-like

miR-
194a

src kinase-associated phospho 2 miR-729 WD repeat and FYVE domain-containing 1-like

miR-
194a

complement C1q subcomponent subunit C miR-729 MHC class I alpha chain, partial

miR-
194a

probable BRICK1-like miR-729 zinc finger Gfi-1b-like

miR-
194a

armadillo repeat-containing 6-like miR-
735-3p

ubiquitin-conjugating enzyme E2 D3

miR-
194a

beta-catenin-interacting 1 miR-
735-3p

Red

miR-
194a

c-C motif chemokine 25-like miR-
735-3p

c-C motif chemokine 25-like

miR-
194a

PREDICTED: uncharacterized protein C12orf29 
homolog isoform X1

miR-
735-3p

GA-binding alpha chain

miR-
194a

basic leucine zipper transcriptional factor ATF-like 3 miR-
735-3p

WAS WASL-interacting family member 1

miR-
194a

heat shock 70 miR-
735-5p

CCAAT enhancer-binding alpha

miR-
194a

Dystrobrevin binding 1a miR-
735-5p

Dual oxidase 1

miR-
194a

beta-actin miR-
737-5p

Ras-related C3 botulinum toxin substrate 2 precursor

miR-
194a

guanine nucleotide-binding subunit alpha-13 miR-
737-5p

stromal cell-derived factor 1-like

miR-
194a

calcineurin subunit B type 1 miR-
737-5p

hsp90 co-chaperone Cdc37-like 1

miR-
196a-5p

translocator miR-
737-5p

beta-galactosidase-1 2-like

miR-
196a-5p

stromal cell-derived factor 1-like miR-
737-5p

SAM and SH3 domain-containing 3-like

miR-
196a-5p

rogdi homolog miR-
737-5p

argonaute-3 isoform X2

miR-
196a-5p

mediator of RNA polymerase II transcription subunit 12 miR-
737-5p

CCAAT enhancer-binding alpha

miR-
196a-5p

cornichon homolog miR-
737-5p

26S protease regulatory subunit 7

miR-19a-
3p

ubiquitin-conjugating enzyme E2 A miR-
737-5p

zinc finger 629-like isoform X1
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miR-19a-
3p

DNA-directed RNA polymerases I, II, and III subunit 
RPABC3

miR-
737-5p

S-phase kinase-associated 1

miR-19a-
3p

serine threonine- kinase PAK 4-like miR-
737-5p

Ubiquitin FUBI

miR-19a-
3p

ADP-ribosylation factor 6 miR-
737-5p

actin-related 2 isoform X2

miR-19a-
3p

SAM and SH3 domain-containing 3-like miR-
737-5p

plasminogen activator inhibitor 1-like

miR-19a-
3p

complement component C7 miR-
737-5p

actin-related 3

miR-19a-
3p

SNF-related serine threonine- kinase-like miR-
737-5p

ADP-ribosylation factor 1

miR-19a-
3p

MHC class I alpha chain miR-
737-5p

E3 ubiquitin- ligase pellino homolog 1

miR-19a-
3p

c-C motif chemokine 25-like miR-
737-5p

AP-2 complex subunit mu-A-like isoform X2

miR-19a-
3p

PRELI domain-containing 1, mitochondrial-like miR-
737-5p

bA2 globin

miR-19a-
3p

40S ribosomal S7 miR-
737-5p

cullin-1

miR-19a-
3p

spermine oxidase isoform X1 miR-
737-5p

transport Sec61 subunit gamma

miR-19a-
3p

dynein light chain 2, cytoplasmic-like miR-
737-5p

Proteasome (prosome, macropain) 26S subunit, ATPase, 6

miR-19a-
3p

transferrin receptor 1-like miR-
737-5p

calmodulin

miR-19a-
3p

cullin-1-like, partial miR-
737-5p

proto-oncogene tyrosine- kinase Yrk-like isoform X2

miR-19a-
3p

serine threonine kinase raf1 miR-
737-5p

beta-galactosidase-1 2-like

miR-19a-
3p

guanine nucleotide exchange factor VAV3 isoform X1 miR-
737-5p

ras-related Rab-33A-like

miR-19a-
3p

tyrosine- kinase FRK-like miR-
737-5p

leptin receptor gene-related -like

miR-19a-
5p

cell division cycle 5 miR-
737-5p

MHC class I alpha chain, partial

miR-19a-
5p

cytoplasmic NCK1 isoform X1 miR-
737-5p

phosphatidylinositol 4,5-bisphosphate 3-kinase catalytic subunit 
gamma isoform

miR-19a-
5p

translocator miR-
737-5p

chromobox homolog 1

miR-19a-
5p

stromal cell-derived factor 1-like miR-
737-5p

sulfotransferase 6B1

miR-19a-
5p

MAP kinase-activated kinase 2 miR-
737-5p

amyloid beta A4 precursor -binding family B member 1-interacting

miR-19a-
5p

cpG-binding -like miR-
737-5p

mitogen-activated kinase 9 isoform X2

miR-19a-
5p

transmembrane 14C miR-
737-5p

cell division control 42 homolog isoform X1

miR-19a-
5p

plastin-2-like miR-
737-5p

MHC class I alpha chain, partial

miR-19a-
5p

ADP-ribosylation factor 6 miR-
737-5p

twisted gastrulation homolog 1-A-like

miR-19a-
5p

SAM and SH3 domain-containing 3-like miR-
737-5p

zinc finger Gfi-1b-like

miR-19a-
5p

activin receptor type-1B isoform X2 miR-
737-5p

ras-related C3 botulinum toxin substrate 2

miR-19a-
5p

DNA topoisomerase 2-binding 1-A-like miR-738 Red

miR-19a-
5p

tumor suppressor candidate 2-like miR-738 chromobox homolog 1

miR-19a-
5p

nck-associated 1-like miR-
92a-5p

cpG-binding -like

miR-19a-
5p

proto-oncogene tyrosine- kinase Yrk-like isoform X2 miR-
92a-5p

DNA-directed RNA polymerases I, II, and III subunit RPABC1

miR-19a-
5p

MHC class I alpha chain, partial miR-
92a-5p

40S ribosomal S14

miR-
19b-3p

ubiquitin-conjugating enzyme E2 A miR-
92a-5p

ATP-dependent RNA helicase DHX8

miR-
19b-3p

ubiquitin-conjugating enzyme E2 D3 miR-
92a-5p

mitogen-activated kinase 9 isoform X2

miR-
19b-3p

DNA-directed RNA polymerases I, II, and III subunit 
RPABC3

miR-
92a-5p

complexin-2

miR-
19b-3p

complement component C6 miR-
92b-3p

tubulin beta chain

miR-
19b-3p

serine threonine- kinase PAK 4-like miR-
92b-3p

stromal cell-derived factor 1-like
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miR-
19b-3p

ADP-ribosylation factor 6 miR-
92b-3p

MHC class II antigen beta chain

miR-
19b-3p

src substrate p85-like miR-
92b-3p

AP-2 complex subunit mu-A-like isoform X2

miR-
19b-3p

complement component C7 miR-9-
3p

interleukin-10 receptor subunit beta-like

miR-
19b-3p

transferrin receptor 1-like miR-9-
3p

MAP kinase-activated kinase 2

miR-
19b-3p

SNF-related serine threonine- kinase-like miR-9-
3p

rogdi homolog

miR-
19b-3p

MHC class I alpha chain miR-9-
3p

SAM and SH3 domain-containing 3-like

miR-
19b-3p

spermine oxidase isoform X1 miR-9-
3p

src substrate p85-like

miR-
19b-3p

dynein light chain 2, cytoplasmic-like miR-9-
3p

sorting nexin-3

miR-
19b-3p

transferrin receptor 1-like miR-9-
3p

26S protease regulatory subunit 6B

miR-
19b-3p

serine threonine kinase raf1 miR-9-
3p

catenin beta-1

miR-
19b-3p

guanine nucleotide exchange factor VAV3 isoform X1 miR-9-
3p

LSM14 homolog A isoform X3

miR-
19b-3p

dynein light chain 2, cytoplasmic-like miR-9-
3p

microtubule-associated 1A

miR-
19b-3p

myelin expression factor 2-like miR-9-
3p

catenin beta-1

miR-
19b-3p

tyrosine- kinase FRK-like miR-9-
3p

C-type lectin domain family 4 member F-like

miR-
19b-3p

myelin expression factor 2-like miR-9-
3p

mitogen-activated kinase 9 isoform X2

miR-19c-
3p

ubiquitin-conjugating enzyme E2 A miR-9-
3p

notch-regulated ankyrin repeat-containing

miR-19c-
3p

ubiquitin-conjugating enzyme E2 D3 miR-9-
3p

Indoleamine 2,3-dioxygenase 1

miR-19c-
3p

complement component C6 miR-9-
4-3p

interleukin-10 receptor subunit beta-like

miR-19c-
3p

serine threonine- kinase PAK 4-like miR-9-
4-3p

MAP kinase-activated kinase 2

miR-19c-
3p

ADP-ribosylation factor 6 miR-9-
4-3p

cpG-binding -like

miR-19c-
3p

SAM and SH3 domain-containing 3-like miR-9-
4-3p

rogdi homolog

miR-19c-
3p

src substrate p85-like miR-9-
4-3p

SAM and SH3 domain-containing 3-like

miR-19c-
3p

complement component C7 miR-9-
4-3p

sorting nexin-3

miR-19c-
3p

transferrin receptor 1-like miR-9-
4-3p

26S protease regulatory subunit 6B

miR-19c-
3p

SNF-related serine threonine- kinase-like miR-9-
4-3p

LSM14 homolog A isoform X3

miR-19c-
3p

MHC class I alpha chain miR-9-
4-3p

microtubule-associated 1A

miR-19c-
3p

PRELI domain-containing 1, mitochondrial-like miR-9-
4-3p

nck-associated 1-like

miR-19c-
3p

40S ribosomal S7 miR-9-
4-3p

catenin beta-1

miR-19c-
3p

dynein light chain 2, cytoplasmic-like miR-9-
4-3p

C-type lectin domain family 4 member F-like

miR-19c-
3p

transferrin receptor 1-like miR-9-
4-3p

mitogen-activated kinase 9 isoform X2

miR-19c-
3p

U4 tri-snRNP-associated 1-like miR-9-
4-3p

notch-regulated ankyrin repeat-containing

miR-19c-
3p

serine threonine kinase raf1 miR-9-
5p

tubulin beta chain

miR-19c-
3p

guanine nucleotide exchange factor VAV3 isoform X1 miR-9-
5p

von Hippel-Lindau disease tumor suppressor

miR-19c-
3p

dynein light chain 2, cytoplasmic-like miR-9-
5p

Wiskott-Aldrich syndrome homolog

miR-19c-
3p

myelin expression factor 2-like miR-9-
5p

beta-galactosidase-1 2-like

miR-19c-
3p

tyrosine- kinase FRK-like miR-9-
5p

serine threonine- kinase PAK 4-like

miR-19c-
3p

myelin expression factor 2-like miR-9-
5p

beta-2-microglobulin precursor

miR-
19d-3p

ubiquitin-conjugating enzyme E2 A miR-9-
5p

Red
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miR-
19d-3p

DNA-directed RNA polymerases I, II, and III subunit 
RPABC3

miR-9-
5p

dynactin subunit 5

miR-
19d-3p

cleavage and polyadenylation specificity factor subunit 
1-like

miR-9-
5p

tumor necrosis factor receptor superfamily member 14-like

miR-
19d-3p

complement component C6 miR-9-
5p

plasminogen activator inhibitor 1-like

miR-
19d-3p

src substrate p85-like miR-9-
5p

TSC22 domain family 3 isoform X2

miR-
19d-3p

transferrin receptor 1-like miR-9-
5p

NEDD8-conjugating enzyme Ubc12

miR-
19d-3p

SNF-related serine threonine- kinase-like miR-9-
5p

Golgi phospho 3

miR-
19d-3p

MHC class I alpha chain miR-9-
5p

twisted gastrulation homolog 1-A-like

miR-
19d-3p

c-C motif chemokine 25-like miR-9-
5p

adenosine kinase

miR-
19d-3p

spermine oxidase isoform X1 miR-9-
7-3p

interleukin-10 receptor subunit beta-like

miR-
19d-3p

dynein light chain 2, cytoplasmic-like miR-9-
7-3p

MAP kinase-activated kinase 2

miR-
19d-3p

sodium potassium-transporting ATPase subunit alpha-3-
like

miR-9-
7-3p

cpG-binding -like

miR-
19d-3p

guanine nucleotide exchange factor VAV3 isoform X1 miR-9-
7-3p

rogdi homolog

miR-
19d-3p

dynein light chain 2, cytoplasmic-like miR-9-
7-3p

SAM and SH3 domain-containing 3-like

miR-
19d-3p

myelin expression factor 2-like miR-9-
7-3p

src substrate p85-like

miR-
19d-3p

tyrosine- kinase FRK-like miR-9-
7-3p

26S protease regulatory subunit 6B

miR-
19d-3p

myelin expression factor 2-like miR-9-
7-3p

splicing factor, arginine serine-rich 3

miR-
19d-5p

ubiquitin-conjugating enzyme E2 A miR-9-
7-3p

probable ATP-dependent RNA helicase DDX41

miR-
19d-5p

transmembrane 203 miR-9-
7-3p

LSM14 homolog A isoform X3

miR-
19d-5p

rogdi homolog miR-9-
7-3p

nck-associated 1-like

miR-
19d-5p

beta-catenin-interacting 1 miR-9-
7-3p

catenin beta-1

miR-
19d-5p

plasminogen activator inhibitor 1-like miR-9-
7-3p

C-type lectin domain family 4 member F-like

miR-
19d-5p

dynein light chain 2, cytoplasmic-like miR-9-
7-3p

mitogen-activated kinase 9 isoform X2

miR-
19d-5p

mediator of RNA polymerase II transcription subunit 12 miR-9-
7-3p

notch-regulated ankyrin repeat-containing

miR-
200a-3p

transcription elongation factor SPT6 miR-9-
7-3p

Indoleamine 2,3-dioxygenase 1

miR-
200a-3p

cytoplasmic NCK1 isoform X1 miR-99 kinase C alpha type

miR-
200a-3p

stromal cell-derived factor 1-like miR-99 complement factor B
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