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Histopathological analysis and transcriptome profiling on the organs of mud

loach Misgurnus mizolepis exposed to non-selective herbicide Basta

Se-Won Hwang

Department Fisheries Biology, The Graduate School,
Pukyong National University

Abstract

Basta herbicide, contains the active gradient of glufosinate ammonium, is
widely used as a non-selective herbicide worldwide, and is rising concerns for
potential environment and human health impacts. However, there has been no
comprehensive  investigation in the global molecular mechanism of glufosinate
ammonium and Basta’s toxicity for fish species.

This study, which has the ultimate goal of analysing the toxicity of Basta
includes (1) analysis of acute toxicity and its lethal concentration (LC50) (2)
histopathological analysis of gill and liver tissues exposed to subchronic
toxicity from Basta (3) global transcriptome profiling of brain, gill and liver
tissues from mud loach Misgurnus mizolepis exposed to Basta.

From the result of the analysis of acute toxicity, LC 50 values were 14.7
ppm (48 h) and 12.0 ppm (96 h) in larvae, 33.2 ppm (48 h) and 30.8 ppm
(96 h) in juvenile, and 43.4 ppm (48 h) and 38.7 ppm (96 h) in sub-adult of

mud loach.



In subchronic exposure tests, histological changes in gill and liver were
evaluated with histopathological indices, allowing the damage quantification of
fish which was exposed to different concentrations of Basta. Basta induced
different histological alteration in a concentration - dependent manner.
Clubshaping, epithelial lifting, and fusion of the lamella was observed in the
gill, and lipidic vacuolization of the hepatocytes, nuclear pyknosis, leukocyte
infiltration, hydropic degeneration and necrosis was found in liver.

In transcriptomics, identifying differentially expressed genes (DEGs) under a
given condition was mainly performed by using RNA-seq data. To do this, the
brain, gill and liver of mud loach sub adult exposed to 38.7 ppm (96 h) of
Basta was used.

The RNA sequencing data was generated by using the main equipment of
next generation sequencer (Illumina HiSeq 4000 NGS platform). After the
NGS analysis was completed, Clustering and assembly were performed with
unigene by using the de novo assembly program Trinity and CD-HIT-est.
Annotation was performed by using the Blast2Go program through the NCBI
nr DB, KOG DB, GO, and KEGG databases.

As the result of sequencing, total of 59,666,606 raw reads of brain in
control, 76,898,472 raw reads of brain in experimental group, 71,834,144 raw
reads of gill in control, 62,847,956 raw reads of gill in experimental group,
53,836,300 raw reads of liver in control, and 62,803,310 raw reads of liver in
experimental group were produced. As the result of trimming, assembly and
clustering, 138,239 unigenes (average length of 764.9 bp) of brain in control,
157,017 unigenes (average length of 744.6 bp) of brain in experimental group,
104,035 unigenes (average length of 6959 bp) of gill in control, 107,232
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unigenes (average length of 606.9 bp of gill in experimental group, 82,805
unigenes (average length of 736.4 bp) of liver in control, 122,321 unigenes
(average length of 668.5 bp) of liver in experimental group were generated.

Using the BLASTX program, sequences were blasted against NCBI nr, GO,
KEGG and KOG databases. This process successfully annotated 77,081
unigenes (32.43%) in brain, 61,952 unigenes (37.45%) in gill and 76,169
(42.84%) in liver in NCBI nr databases. Total 18,004 unigenes (7.77%) in
brain, 15,245 unigenes (9.22%) in gill, 16,949 unigenes (9.53%) in liver were
annotated in KEGG.

Analysis results in Egg NOG DB, 32,487 unigenes (13.6%) in brain, 27,128
unigenes (31.9%) in gill, 28,468 unigenes (16.01%) in liver were matched. GO
terms were assigned to the predicted M. mizolepis genes to classify their
function. Blast2GO successfully annotated 64,822 unigenes (27.27%) in brain,
52,693 unigenes (31.85%) in gill and 65,288 unigenes (36.72%) in liver
according to the three main GO classifications (BP, biological process; CC,
cellular component; MF, molecular function).

An overview of the number and ratio of assigned genes related to a specific
term was provided by GO annotation. In the GO analysis of brain, unigenes
involved in cellular process (GO:0009987, 15.6%) were most represented for
the biological process. Regarding to the molecular function, binding
(GO:0005488,45.6%) was the most represented, followed by catalytic activity
(GO:0003824, 28.3%). Genes related to the cell (GO:0005623, 19.9%) and cell
part (GO:0044464, 19.8%) were highly represented for the cellular component.

TRLs, IRFs, ILs, CCLs, TNF, STATI, fos, MYD88 and RACI1 genes

related to toll-like receptor pathway of innate immune system were

- Xii -



differentially expressed. Also, CASPs, IKBKG, STATs, IL3 and FADD genes
related to TNF, MAPK and NF-xB signaling pathways in apoptosis were
differentially expressed. Various genes related to arginine, proline, alanine,
aspartate, glutamine, serine and threonine metabolism pathways and TCA cycle
were differentially expressed in liver.

These results will be used for good biomarker to health condition analysis
of freshwater fish in paddy field, stream and river that in natural environments
contaminated with Basta. Also, global transcripts profiling data will be used to
evaluation of gene expression and early warning system to monitoring of

fishes exposed to herbicide.
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s gA 4 7}s3lth(Wang et al, 2009; Anders and Huber, 2010).
A st 22 Aoz Jdd FF APl wE AAA ZzAAd

i3k A7) & E T ATt A Z2A Atrazine©] TS zebrafish®] ZAALA] &
2 (Weber et al., 2013), d1o]o] J] ¥ 7|sl= EolE FA4317] 3 4=



A Deltamethrin =~ A gle] W&  =°](louse)®] FAA Z=E9dd
(Chavez-Mardones and Gallardo-Escarate, 2015), glyphosate®} Roundup®l =%
brown trout®] AFSIAEH A FEo] g AANAH Z29ddy 5o AT}
2134 = v} QITH(Webster and Santos, 2015).

AT = AHEFo] BedxE B8 b A7t o] FoAA
e HAEAd A=A Q] glufosinate ammoniumS Y EZ = Bastaol| o3l
=

3 osA QA Fad AT T NTGAE geE 54 i

e



I. A5 2 ¥
1. NEER

Basta (2-Amino-4-(hydroxymethylphosphinyl) butyric acid ammonium salt,
DL-Phosphinothricin)= 1980'd ©|f= 22 o= o]&T < U= FHH
AlzAolet. vio]d AF Arold oA /R WAdEA A=A =2 1970
tioll ZHEElew, 19841 a0l F=olA S=HAT. AT AlBEHL 3
+ Bast glufosinate ammonium 18%, EHZAAA| o} A=A E E&sta S
ok 20161d 7% EvEl WIAdEA AlzA AR 33%E AHASkAL
G AEREES], 2017). A ATl AT Bastaws  18.02%
glufosinate-ammonium as the active ingredient and 9.91% surfactants (Bayer

Crop Science, 2013)°] T}

o O

HsC=P ONHy
OH  NH,

Fig 2-1. Structural formula of glufosinate ammonium.

2. Basta2| " F}A| o tf S4B}

7 NEAE
(1) Ao
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A2 34 FA AP (short-term static toxicity test)S 2]38] Z}of, X]of, ]
do] wFHAE 7+ AZIEE ¥ S Tl Lol w=o w 24,
48, 72, 9613t FF = EF A ZTH24, 48, 72, 96 h, LC50). A Ao AL
3t Bastat™ 18.02% glufosinate - ammonium as the active ingredient and
9.91% surfactants (Bayer CropScience, 2013)©]T}. ©]fF+= Basta nominal
concentration®l] Wt =F AT w|Ado] AT 48 h, LC50E #7157
HAsiAM =71 S4B 7= Basta s =0 wet 44 g2 JAdsie. =
T3 7 AP EE 10 L FxolA A¥7 & 2078 & 3RS BUbskdt

ZF A= A
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kA, 2 AR 7 E3Ah AxzA ] gk ZH7F 48 h¥} 96 he] LCS0
of thal] XALES HIE O Z probitT logit BA4S E3te] AASIAIL, 95%
ARJAE &3 34 SAF7E vFSAE 47 02 Basta 55
T 24, 48, 72, 96N ) mEAIAHGT. Aol APTS 0, 12, 14, 16, 18,
20 ppmO. 2, o] AFTFT-LS 0, 25, 30, 35, 40, 45 ppm, VA AL 0,
30, 35, 40, 45, 50, 55 ppmO.E MAF I F=xd 27 200 E 4319
i, 3WHE A Fste] Hrhet Tt

& B5aa APT BEE AR A9} BLsA AT o AT mE
#AHE2 Care and Use of Laboratory Animals (National Research Council,
2011), U.S. EPA (1990b)8] Aol we} sttt 24 A 1mfth x| Apo] £}
SASEE BE3 Z1FsAaL AR HAlE SA AA A

(2) olHE FAAE

olTHd FAAFE L Aol AT v AFHTFS Bastaol 279 4F
5o Z}7] ©E Basta 52 2F¢ 4F T =EAHT 0, 2, 4, 8, 16

ppm3} 0, 4, 8, 16, 32 ppm AITIH TS Fxo ZHz 20vd]E F&
3taL, 3REE Agste] EAT

25 AAR Fx=S ol &3,

1C R, pHE 6.98~6.99 MR, =443 6.8~72 mg/LYT} ©] A

T BE H{AHEL Care and Use of Laboratory Animals (National Research



Council, 2011), U.S. EPA (1990b)2] A F el w} sttt L& o] {2
F= 71858 UA SA AAS A

() =333 4
olvhd HA4%7Ie v FHAES FIHE A TR Adste] 1L
op7w], ¥ =2 tis] detd RS AFste FEgAnAH oz BHEY
o TS5 F o vFHA AWML 7 oltv], ¥ ZZ ]
3 et AAS AFste FEAv| AR AFSIATE A HHL
Presnell and Schreibman (1997)9] ¥ell wel 2A8IA 0™, Basta ==
52 S T2, 10% EELH o] =] 1t 2443 53 B
Atk ofe v5E dE& AlgRo BFAIZ L, xyleneo| AUt I

gdol Zujgk & 5 m FAZ ZAE AE F hematoxylin-eosin (H&E)2
=z S

o

us

Z) WMo 33 dAu Aoz 7 A 1L(E400, Nikon Co.,
Tokyo, Japan), X8 7l gt2 AL & Y93} h(Moticam Pro 205A; Motic
Co., Hong Kong, China).

@ BI=ZFH 4
ol7lule] zASH BAL EA 7t iRuiT 5o G AAEA
oh AFe B AP WEEL A A Sold Wl nej
£ 23 Aol £8 V89T, AAF o el 2 rgick 2
5] =4

© ol 2ol

_’]D_



Hued et al. (2012)°] &g W& ol &3ttt 7 Wx284d ol 47}
A HEEFH 9 R /7SI 8ol (reaction pattern 1 = Rph)= &

Welsks AdeE Dsbm, E &AW o (reaction pattern 2
= Rp2)v= A9 7|53 Ay &40 Yehues AAolH, X1 Adm ol
(reaction pattern 3 = Rp3)= AXU Z2 A w2 AAH S Lo

- RpHS AT FAET 2L O WSIYE e
=

of o3t
of ¥4 Slv HWHd wEt 74 WHolE yEdllYh #lo] w2 TadAE o
FAZ AR oz 2 WHolZ Vel thBernet et al, 1999). o}7}uje} b
2L op7bn] Ajdoly FEFS jre 7 A REO| Wi g EWS ¥o
o gAY} A Wt 0~674A HFE Hrletdth 0 = HIRlE, 2 =
AuZE Y 4= BFEE, 6 = TFER F Holo dd A+ 4 RS

I & (Rpory = reaction pattern index for an organ)®ll Wel Tz A5 &
stk 23 7 wbsddEel ugk Age FHEAATHan = gill
hitopathological index; HIl;;, = liver hitopathological index)& ¢ ¥AISIA
o AA Wl 2AsE ASHLE 2 olFel obbulet 1t A5E tskal
Al 2FSF A TH(Table 2-1, Bernet et al., 1999).

ot SAIAE

A3te] ZAAE= SPSS Version 21.0 (SPSS Inc., Chicago, IL, USA)
programe AR83}S] One-way ANOVA-test& A A S & Tukey’s test® 3t
o] frolds AFsATh
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Table 2-1. Importance factors assigned to gill and liver histological alteration

for each reaction pattern

Reaction pattern Alteration W

Gills
Circulatory disturvances lamellar aneurysm 1
Regressive changes Epithelial lifting 1
Fusion of the distal end of secondary 2

lamellae

secondary lamella shortening 2
Necrosis 3
Progressive changes Epithelial cell hyperplasia 1
Mucous cell hyperplasia 2

Liver
Circulatory disturbances Sinusoid dilation 1
Blood congestion 1
Regressive changes Hydropic degeneration 1
Lipid degeneration 2
Hepatocyte picnosis 2
Fibrosis 3
Necrosis 3
Inflammation Leukocyte infiltration 2

After Bernet et al. (1999) and Hued et al. (2012).
W: importance factor.
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3. Basta ;=20 & NGS £4& 38 AAA Z=29dd
7}. Basta =& ¥ RNA sample
Bastaoll =A% v|FELA] Misgurnus mizolepis V]’ 18] LC50 (48 h)E

H7h & AL MAE T E2TH 50 ppm AP AP AAE HFe

N
N
N
(9]
o
=
iu)
=2
>
[
X
(o]
o
AN
L
=)
N
)
o
~
M
ol
ol
£
12
i“iﬂ
i)
X
i
o
ofo
e}
|l
b

L}. RNA sequencing 3 assembly
(1) Total RNA isolation
Total RNAE TRIzol™ Reagent (Invitrogen, USA)$} RNeasy Kit (Qiagen,
Valencia, CA)E ©] &3t X, ol7tw], 3 2RO 2HE FE3ch EeElH
RNA®] quality®} quantityE Z7A3}7] 938l Nanodrop-2000 spectrophotometer
(Thermo, USA)&} Bioanalyzer 2100 (Agilent Technologies In., Santa Clara,
CA, USA)E o] &35ty sxo JHE &l

(2) RNA-seq library 73 3 Illumina sequencing

Total RNASIA mRNAE AA|5t7] 93 TruSeq RNA Sample Preparation
Kit V2 (Illumina, San Diego, CA, USA)E AF&3I T mRNAS] poly-A&
poly-T oligo7} F2¥ magnetic Oligo (dT) beadsE AM-&3te] A 1,
mRNAE  sonications ©| &3t THIAHTH THI}E o random
hexamer priming® 2 single-strand cDNAZ}IH S 2 HA33 O™, DNA
Polymerase 12} RNase HE AF83} double-stranded ¢cDNAE A5t T
short ds-cDNA fragment®] endv %©o] &4Fo] glon= dAH cDNA =

e shte AGZE A/kEE B BPRHS AN F ligationdh itk
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=52 agarose gel electrophoresisg ©]-83te] HEgstal AT o
% 9 gPCRE ©]83}o] ¢cDNA libraryE Agilent 2100 Bioanalyzer=
QCE &2I3H AL, Illumina Hiseq 4000 platform (2x150 paired-end reads) 2.2

sequencing 3} % TF.

(3) Raw data 83X 9 Data trimming
Illumina Hiseq 4000 sequencing A& AYAtHE A Foll A adapter sequence
o e EFHQI AIdE AASE trimming FAHE FHIT] 95
cutadapt software (ver 1.11)& A&} 2™, low-quality reads (quality score

280]3H)E A| A% clean reads (high-quality reads)E AY/3 s+t

(4) De novo Assembly % Clustering

#19] clean reads (high-quality reads)ZX4-E] Trinity program (V 2.4.0)< ©]
23t de novo assemblys G383} A T} Trinity program®] A4 #%2 k-mer
size 25, 4 contig A o] 200 bpO| O E 3} clean reads=F-E| contigs=
assemblyst A TF. Trinity assembly 23} 2§ H contigse= CD-HIT-est (CD-HIT
version 4.7, 2017)& AF8SFY  identitys= 95% XS 2  clusteringdt % o
Clustering® A EE2 contigs®} singletonS & 2+ ABZol thgh unigene set
o2 A3t o H, BLASTX9} Blast2GO #4104 €] annotations 913l At
&= At

(5) Differentially expressed gene analysis
De novo assembly®l| ]3]l A% unigene contig set52 RNA-seq T &
Aol o7 referenceE  ©| 83T Bowtie2 (http:/bowtie-bio.sourceforge.

net/bowtie2) softwareE default parametersE ¥ 2] A E]¥ unigene contig
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sequences & ] & (index)st=T o] &3} 1L, Cuffdiff software
http://cole-trapnelllab. github.io/cufflinks/)+= fragments per kilobase of exon per
million mapped fragments (FPKM)< 32} Hd S H7lst=t] AHE-sHA T
FPKMYH 2 32 43 Hrbes A Aol #HAAkel ME seqeuencing©ll
ik Btsh, MEXHY BAS v, FAAY] HlaE AF3T. Bastaol =
=54 & HFEA 9 Bastaol == | FERA o] 72 AEo| thek DEG

B A FHA TE profilesS R-package®] gplotS ©] &3} Scatter

(il

plot¥} volcano plot= Z/d3lRow XS DEG w&4olA FCat 2017 q#k

0.05°]3}? contigg= ©|-83}%] heatmap= 233t

T}. Annotation
(1) Database T-= 9 annotation
iz Bastaol =F® P EEA] unigeneo] THEF  annotation
BLASTX program¥} Blast2Go ZZ 1S Al&3le] Z}b contigE 2] A A4
7155 &2lsr] YA 4383 A T Annotation® unigenes©l| ) Uiz
o ATt FFE FEH 44 =24 TdEEHE contigss: IS,

annotation¥t Z1-& ven diagramS 2 YEFY S th(Pirooznia et al., 2007).

(2) Functional annotation of unigenes
HFTHOoZ gHE ZF MEE unigene set®] annotations 33517 913}
NCBI BLASTX Z =713 (e-value option: 1.0E-3)3} Blast2GO ZZ13 (ver
4.1.9) & 0] 83t default SHACE FAAE 7|H5HE BFEE GO (Gene
!
KEGG (www.genme.jp/kegg/pathway.html, Kyoto Encyclopedia of genes and

St
1%
ol
rlr

Ontology) 4S5 FY3tH o, 18|31 metabolic pathwaysS

Genomes) pathway +4]-& A A8 T
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m 2 3

1. Basta SAA &

7t 454

(1) FHHAE
(7h Aol
iz Agols A9V T #HAAE A5 #EHA Zkoy ZE
o AJZte] FTtel wel #HARRRO]l SRS
24N A 7HE e F=l 12 ppm ATl 16.7% HAEIS
b

(Table 3-1).

3, 74 &8 20 ppm ARTS 433%7F HAEATH BATAE 2 A
T FF FHAEo] &F F7l o, 2AIZMA = 20 ppm A H T2 +F
HAFEo] 98.3%74A] F7FEFA THP<0.05). 9641 Aol = 12 ppm ATl

51.7%2 &% S7F wet #HAbEe]l S7HE 0™, 18 ppm¥ 20 ppm &3
o 7 HAEo]l Zh7t 98.3%2 100% = LFEFSLTH(P>0.05).

(h Ao
BT Basta APToA AHels=et AR STt whet #HAFo] solwt
S}, 25 ppm AT AE AZAZE F7Fe} FHFOl 5% HAEE F
3t TH(Table 3-2). 24AZHA 25 ppmS A|L)3 RE Ao wE==7}
et HAEo] SUlste ARE HoH, 53] 7M=& 5 45 ppm
AATE 81.7%2 HAFES YA (P<0.05). 48A1F B 72A13ER 30~
45 ppm AT FHHARE0] 24A17HA BT} kzt FUFATH 96AIZHA
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Table 3-1. Cumulative mortality rate of larvae Misgurnus mizolepis exposed to

Basta herbicide for the acute toxicity test*

Duration of Concentration (ppm)

treatment

(hours) 0 12 14 16 18 20
24 0? 16.7+1.7° 21.71.5° 31.7+1.4° 36.7+1.7° 43.3+1.8¢
48 0? 21.7+3.3°  50.0£5.0° 63.3+2.2% 68.3+1.7¢ 68.3+2.2¢
72 0? 45.042.9° 583£1.7° 71.7+1.8% 833+1.8° 98.3+1.7
96 0? 51.743.3°  68.3+1.8° 83.3+£2.2% 98.3+1.7° 100.0+0°

*Values (meantSE of three replications) in the same row
superscript are significantly different (P<0.05).

_17_

not sharing a common



Table 3-2. Cumulative mortality rate of juvenile Misgurnus mizolepis exposed

to Basta herbicide for the acute toxicity test*

Duration of

Concentration (ppm)

treatment
(hours) 0 25 30 35 40 45
24 0" 5.0£0.0°  30.0+2.9° 50.0+2.9° 71.7+1.7¢ 81.7+1.7°
48 0" 5.0£0.0°  43.3+1.7° 53.3+4.4° 86.7+3.3° 91.7+1.7°
72 0" 5.0£0.0°  483+1.7° 56.7+3.3% 96.7+1.7° 98.3+1.7°
96 0" 5.0£0.0°  63.3+1.7° 75.0+5.0° 96.7+3.3°  100.0£0°
*Values (meantSE of three replications) in the same row not sharing a common

superscript are significantly different (P<0.05).
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AH AL AR & Aol E HolA & Fhoy M =2 5 71
¢l 45 ppm A@TAA = 100% HAFSEATE 40~45 ppm A PT9 48~96
ANA FAAAES FAZALCE FostAE FUATHP>0.05).

(th) 1]

HEZe Al Msh glol el A A SHolA gpAT Bastal

AelsEo] tet HUd F59 JFE BY
= %

FAY, szl A %

BE AdToA AeElsEet A A oet FAHANE] e
o, 53] 4AA 7 =2 AHYsE 50 ppm AP E 583%2]
TAHAES YERN QI TH(Table 3-3). 48AIZEA ol = 24X Bt} 2FgF S7}
St AEFS BAA, 96AIZEA o= 50 ppm A FONAE 95% FHASS H
RO 45 ppm A BT FAFHSE FoSHA = L UATHP>0.05).

30 ppm AT FHAAELEL UAINEEH NRAIAE 5.0%E HY
2ol 7 o 96A Al = 11.7%S Kol Rk F7H8kSiTh 35 ppm A
72 FHHAAEC] %t TUtekE A EAFIL, 45 ppm E 50 ppm A
droAe A Aol wel FRHAAEC] FUEEO 96AA
80.0%, 95.0%% YEF AT

(2) HEAAETE
(7h Ak
u) kx| z}oje] Basta Al ZA| X glo] w2 48A1ZF H 96AITEA ] A
HAHE AEE AIROR Probit #4& F3 WA AFEE(LCS0)E TS

=
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Table 3-3. Cumulative mortality rate of sub-adult Misgurnus mizolepis exposed

to Basta herbicide for the acute toxicity test*

Duration of Concentration (mg/L)

treatment

(hours) 0 30 35 40 45 50
24 0? 33+1.7°  5.040.0° 31.7+1.7° 43.3+1.7% 583+7.3°
48 0? 5.0+0.0°  6.7+1.7* 36.7£1.7° 51.7£1.7° 81.7+4.4¢
72 0? 5.0+£0.0°  11.741.7° 41.744.4° 63.3+3.3% 93.3+1.7°
96 0? 11.743.3®  21.7+1.7° 63.3+3.3° 80.0+5.8° 95.0+2.9¢

*Values (meantSE of three replications) in the same row not sharing a common
superscript are significantly different (P<0.05).
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48 A ZE A WA A EEE 14.740.3 ppmo] o™, 96A1%F HEEX AL S
= 12.0£0.4 ppmol ATt whEbA 48AIZHA LCS50%kel tlg 96A1ZEA S LC50
TEHE 122 UEYT HEEFE logld #(XF)3 Probit ah(YS)IHe] 48
]
o, 9617 ABA L Y = 7.4737X - 3.0457, ABASFE R* = 09952 e}

)6]'

>
o~

218 Y = 4.7974X - 0.5951, AT AG+= R* = 0.8885%F UEFGHO

s

% TH(Table 3-4, Fig. 3-1).

o] APTE WBAZFAA WX Als == 33.240.3 ppmo] U
o, 96417t WEEAAFE == 30.8+0.7 ppm©| ATh 4841k LCS50 Fhell
g 96A1ZF LCS50%LS] HERIE 11200 ppm ©|3th 48413t AHElE =
logl0 #(X5F)Z Probit gE(YS5)ZFe] 442 Y = 11.6X - 12.654, 34
FE R = 095622 UERGOH, 96AI17F A S Y = 7.6884X - 5.834, 74
HATE R® = 081262 YEFETH(Fig. 3-2, Table 3-4).

(th "4

A% 8cm AT 484 A HEFEXAFEEE 43.240.9 ppm©| Ao,

&

96 A1t QA AFE S 38.7+0.9 ppm©] T} 48A1ZHA LC50 #koll tigh 96

g

AR LC50%ke] F=HE 1.1+0.0 ppm ©] At} 48413t A ElF = loglo
(XZ)3} Probit (Y)Y A4S Y = 11.777X - 14307, @A FE R?

rr

= 0.9348%2 UENGFOH, 96A17F AL Y = 13.146X - 15.8, FHA <+
R’ = 0.97372 YEFSTH(Fig. 3-3, Table 3-4).
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Table 3-4. Acute toxicity values of Basta herbicide to different growth stage

of Misgurnus mizolepis

Growth stage ECUE Ratio
48 h 96 h (48 h/96 h -LC50)

Larvae 14.7+0.3 12.0+0.4 1.2+0.0

Juvenile 33.2+0.3 30.8+0.7 1.1+0.0

Sub-adult 43.4+0.9 38.7+0.9 1.1£0.0
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Fig. 3-1. Linear relationship between the probit response and log concentration

of Basta in the larvae A (48 h) and B (96 h) mud loach Misgurnus mizolepis.
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Fig. 3-2. Linear relationship between the probit response and log concentration
of Basta in the juvenile A (48 h) and B (96 h) mud loach Misgurnus

mizolepis.
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Fig. 3-3. Linear relationship between the probit response and log concentration
of Basta in the subadult A (48 h) and B (96 h) mud loach Misgurnus

mizolepis.
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W obgty SHAPS 25 AP

(1) ot7tv]9} 2re] e =254 s}
(7} Bastadll =ZF% Aol ojrjr] 2

149 &<+ Bastaoll =0 wE wFEA] Aojol g #elxzz st W
3}= Fig. 3-4° YEAT. dZz7H v7bA 2 4 ppm Basta AP
optwl o] FE7F FAHIL AR AHAA G AL F2jo] AHHSIY
ThFig. 3-4B). 8 ppm L&A= 22k A ] FoAE7t 352 5o H ]
A= % (hypertrophy)o]l TR EHASH, 23 AMFE°] FH= Tl W
E}FtTh(Fig. 3-4C). 16 ppmIlEFolAs= HAAEZE0] YElOH, AJaM

7} vt A = @Zdo]l UEFSTHFig. 3-4D).
Y Eok =2H opru] 2Z L 2 ppmolA 23 AT Eo] §HHE
H’go] YEl S M (Fig. 3-5A), 4 ppm AFToNA= obrtr] &9 IA7}
UEFTHFig. 3-5B). 8 ppm A @ Tl B2 23k AFe] A xze F
217 BFo] YERGTHFig. 3-5C). 16 ppm A @ Tl A& 23k Aol ZrolA

o, %5 = @4¥o] YEFSTHFig. 3-5D).

[\
o0

of

(ol

(\}) Bastaoll &% #to]o] 7+ =3

149 &< Bastaol] W+

3-6C), 16 ppm A@TolA = WY A= FEol B, thFo
A Z oA A E A o] YEFTH(Fig. 3-6D).
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Fig. 3-4. Histological gill sections from individuals after the subchronic toxicity
test performed for 14 days in the mud loach Misgurnus mizolepis larvae.

(A) Control, (B) 4 ppm Basta, (C) 8 ppm Basta, (D) 16 ppm Basta.

cgl, clubshaping of gill lamellae; ec, epithelial cell; el, epithelial lifting; fsl,
fusion of the distal end of secondary lamellae; h, hypertrophy; mc, mucous
cell. Hematoxylin and eosin staining. Scale bars indicate 10 pm.
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Fig. 3-5. Histological gill sections from individuals after the subchronic toxicity
test performed for 28 days in the mud loach Misgurnus mizolepis larvae.

(A) 2 ppm Basta, (B) 4 ppm Basta, (C) 8 ppm Basta, (D) 16 ppm Basta. el,
epithelial lifting; fsl, fusion of the distal end of secondary lamellae; ne,
necrosis. sls, secondary lamella shortening. Hematoxylin and eosin staining.
Scale bars indicate 10 pm.
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Fig. 3-6. Histological liver sections from individuals after the subchronic
toxicity test performed for 14 days in the mud loach Misgurnus mizolepis
larvae. (A) Control, (B) 4 ppm Basta (C) 8 ppm Basta, (D) 16 ppm Basta.

hd, hydropic degeneration; he, hepatocytes; hp, hepatocyte picnosis; leu,
leukocyte infiltration; lip, lipid degeneration; sin, sinusoids. Hematoxylin and

eosin staining. Scale bars indicate 20 pm.
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Fig. 3-7. Histological liver sections from individuals after the subchronic
toxicity test performed for 28 days in the mud loach Misgurnus mizolepis
larvae. (A) 2 ppm Basta, (B) 4 ppm Basta, (C) 8 ppm Basta, (D) 16 ppm
Basta. hd, hydropic degeneration; leu, leukocyte infiltration; If, liver fibrosis;
lip, lipid degeneration; ne, necrosis. Hematoxylin and eosin staining. Scale bars
indicate 20 um.
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Fig. 3-8. Histological gill sections from individuals after the subchronic toxicity
test performed for 14 days in the mud loach Misgurnus mizolepis sub-adult.
(A) Control, (B) 8 ppm Basta, (C) 16 ppm Basta, (D) 32 ppm Basta.

cgl, clubshaping of gill lamellae; ec, epithelial cell; eccm, extracellular
certilagious matrix; el, epithelial lifting; gf, gill filament; gl, gill lamellae; mc,
mucous cell. Hematoxylin and eosin staining. Scale bars indicate 10 pm.
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Fig. 3-9. Histological gill sections from individuals after the subchronic toxicity
test performed for 28 days in the mud loach Misgurnus mizolepis sub-adult.
(A) 4 ppm Basta, (B) 8 ppm Basta, (C) 16 ppm Basta, (D) 32 ppm Basta.
cgl, clubshaping of gill lamellae; d, desquamation; el, epithelial lamella; eh,
epithelial hyperplasia; h, hypertrophy; mc, mucous cell; ne, necrosis; slf,
secondary lamella fusion; sls, secondary lamella shortening. Hematoxylin and
eosin staining. Scale bars indicate 10 pm.
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Fig. 3-10. Histological liver sections from individuals after the subchronic
toxicity test performed for 14 days in the mud loach Misgurnus mizolepis
sub-adult. (A) Control, (B) 8 ppm Basta, (C) 16 ppm Basta, (D) 32 ppm
Basta. he, hepatocytes; hp, hepatocyte picnosis; lip, lipid degeneration; ne,
necrosis; sin, sinusoids; sind. sinusoid dilation. Hematoxylin and eosin staining.
Scale bars indicate 10 pm.
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Fig. 3-11. Histological gill sections from individuals after the subchronic
toxicity test performed for 28 days in the mud loach Misgurnus mizolepis
sub-adult. (A) 4 ppm Basta, (B) 8 ppm Basta, (C) 16 ppm Basta, (D) 32 ppm
Basta. bc, blood congestion; hd, hydropic degeneration; he, hepatocytes; hr,
leu, leukocyte infiltration; lip, lipid degeneration; If, liver fibrosis; sin,
sinusoids. Hematoxylin and eosin staining. Scale bars indicate 10 pm.
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Table 3-5. Histopathological indices (HIs) after subchronic exposure to Basta in

the larvae of mud loach Misgurnus mizolepis

Treatment HIs Concentration (ppm)
duration 0 2 4 8 16

Higirpi 0.8+0.4°  0.8+0.4°  1.9+£13*  1.040.0°  1.8+1.1°
HlGin rp2 0.740.8°  3.4+0.8°  3.4+03°  3.5+1.0°  7.5+0.2¢
HIGiirp3 0.5£0.1°  2.2+£0.0®°  2.7+0.8" 34400  53+£1.1°

Hlga 19403 6.3+1.2°  8.1+0.8°  7.9+1.0°  14.6+0.2°
> weeks HlLivrp1 1.1£0.1°  1.0£0.0°  1.0£0.0>  1.0+0.0  1.0+0.0°
HlLivrp2 0.040.0°  2.6+0.6°  6.1£0.1°° = 8.6+£1.9°  7.5+0.8°
HILivRp3 0.3+0.5°  3.240.1® 21404  6.9+3.0°  3.0+1.2%
HIpiy rps 2.0£0.0°  2.0£0.0°  4.4+0.0™  9.6+0.0°  2.0+0.0"
Hlgsy 3440.5°  8.8+0.7°  13.6+04° 26.1+1.19  13.4+2.1°
Hlro 52+0.8"  15.041.9° 21.6:0.4™  34.0+2.1¢  28.0+2.3%
Hlgirrp! 03+0.4*  1.4+0.6°  1.9+0.1*  4.4+0.6°  4.5+0.7°
HlGirp 1.140.1*  6.8+1.5°  7.240.8° = 83+12°  92+0.8°
HIGirp3 03404  3.4+0.5°  49+12°  63+05°  6.0+1.0°
Hlgu 1.6+0.8°  11.5+1.4° 14.041.9°° 19.042.3%  19.742.5°
4 weeks HILiv.gp1 1.1+0.1% 2.9+0.0° 3.1#1.6>  32+03°  4.2+03°

Hlpivpp2 0.8+1.1°  9.041.4°  9.4+1.9°  9.8+1.2°  10.2+0.9°
HILiv.rp 03+0.5°  3.80.7°  5.7+0.6°  6.5£0.6™  9.0+1.4
HILiv.rpa 13+0.9°  6.8+2.0°  8.4+0.5°  8.8+12°  7.6+0.8"
HIi, 35425 2258270 26.542.2°  283+03°  31.0+3.5°
HIry 5.143.5%  34.044.1°  40.4+42™ 473420  50.7+6.0°

*Values (meantSE of three replications) in the same row not sharing a common
superscript are significantly different (P<0.05).
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Table 3-6. Histopathological indices (HIs) after subchronic exposure to Basta in

the sub-adult of mud loach Misgurnus mizolepis

Treatment Concentration (ppm)

d - HlIs

uration 0 4 8 16 32
HIGirrp1 0.8+1.1°  0.9+0.2*  2.0+0.0®°  3.840.9®  5.1+1.0°

HIGiirp2 0.4+0.0°  3.3+0.4°  6.0+0.8°  7.940.7° 11.6+0.1¢
HIGirps 0.240.3*  2.7+1.4°  6.7£0.68°  7.6£1.5*  8.8+0.3°

HlGi 1.3£0.8°  6.9+1.6" 14.7£1.4° 19.3+3.1™  255+1.4°
HILiv.rpt 0.6£0.1°  1.0+0.6°  1.8+0.4®  33+0.8°  5.3+0.1°
2 weeks
HIpiy rp2 0.4+0.5°  4.7+0.7°  57+0.3°  934+03°  9.8+0.3°
HILivrp3 0.0£0.0° 2.0+0.8°  6.8£0.7° = 6.5£1.4°  6.1+0.2°
HIpiy rp4 0.0£0.0°  2.0£0.1  3.6£0.1 2.6+02%  3.0+0.1°
HIpi 1.0£0.5°  9.6+0.4° 17.9+0.5° 21.7£0.19 24.3+0.8°
Hlro 23404  16.5£1.9° 32.7+1.9° 41.0£3.0° 49.7+2.2°
HlGiigrp: 1.0£0.4°  0.8£0.4°  22+412° 14405  1.6£0.8
Hlginrp2 2.1+0.4*  10.7£0.3®  11.0£0.1°  11.5£0.1° 12.0+1.4°
HIGi rps 1.540.3*  8.0£0.2°  8.0+0.1°  82+0.1>  9.0+1.4°
HlGi 3.5+0.4°  18.740.5°  19.0+0.2°  19.7£0.2°  21.0+1.4°
HILiy rp1 1.0£0.3*  1.8+0.4®  3.7+0.8"  3.9+0.5°  52+0.1°
4 weeks
HIpiy rp2 2340.1°  7.0£0.5°  9.9+2.1%  12.340.0°  11.3+0.9°
HILiy rp3 2.0+£0.4*°  2.5+0.1*  6.9+1.7°  7.1£0.4°  8.2+0.2°
HILiy rpa 2.0£0.4°  3.5+£0.7°  3.3+1.0°  83+1.0° 10.9+0.2°
HIpi 7.3+0.1°  14.7£1.6™ 23.8+5.6™ 31.6+1.1°  35.5+0.8°
Hlro 10.840.2*  33.3+2.2° 42.7+£5.8™ 51.4+0.9°  56.5+0.8°

*Values (meantSE of three replications) in the same row not sharing a common
superscript are significantly different (P<0.05).
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2. Basta®ll =& % PSR 239 HAA EH

7t AAA 4

Basta®l| =& v|HFA 9 o, oprim], T Ao tig A3
o 4] RNAE FZ3}9 Illumina HiSeq 4000 platform® 2 H7|4E &
A9} assembly 2 3E Table 3-7° YEFY AT}

Sequencing A3}, 7z} A O ZHE 81~11.6 Gbp (3.8~76.9 M reads)2]

nRL

T

t
u)
BN
BY

Mo
1%
ot

raw readse FR3FFTH adaptor AE Z low-quality A ES A AT Ht
o7} 53,411,383~76,249,11671 2] clean reads (98.7% high-quality reads)E
At At Trinity Z2IW-E o] &3 De novo assemlys THg A}
103,516~213,0137H(78,378,725~160,083,964 bp)| contigssS A A A Th 1
2]l CD_HIT estE ©]-8-3F%] unigene set> 82,805~157,017 contigss 2} =
2o ZHE 4FE3FTE Unigene contigs®] Y 4ol= 606.9~764.9 bpH S
™, N50= 797~1293 bp¥th. DEG 4= 913 reference sequence &-8&
2 73.2~88.9%A TH(Table 3-7).

1}, Unigenes®] annotation

Bastaol]| =% n]Fgx|9] XA tdt 25T FHAAZE annotation
3t7] 918t 2 Aol 93 F5%E NCBIo A A| &3k UniGene DBE
o]-&3to] BLAST A& AAISIATE £ Blast2GO ZEI1H-& o] 83}

GO term, KEGG pathway +4S A A|3A T

_40_



Table 3-7. Summary statistics of transcriptome sequencing for mud loach

Misgurnus mizolepis exposed to Basta

Brain Gill Liver
Con Exp Con Exp Con Exp
Nq. of
f:;{fsd'e“d 59,667 76,898 71,834 62,848 53,836 62,803
(x1000)
Raw
data 8/30? bases 92.1 945 91.1 925 95.1 93.7
No. of
bases 9,010 11,611 10,847 ~ 9,490 8129 9,483
(10° bp)
Nq. of
Raw paired-end 53633 76249 70,655 61793 53441 62,042
sequences (31 000) /983 /992 /984 /983 /993 /988
after / rate (%)
trimming No. of
ith .
gfj;adapt) bases 8233 10,763 9,732 8,572 7,548 8,693
(10° bp) /914 /927 /8.7 /903 /929 /917
/ rate (%)
No. of 181,241 213,013 134,097 176,709 103,516 169,393
assembled / / / / / /
contigs 138,239 157,017 104,035 107,232 82,805 122,321
No. of 141,758 160,084 93,546 97,364 78,379 120,566
bases / / / / / /
De nove (10° bp) 105,740 116,911 72,393 65,083 60,981 81,773
assembly  Smallest 224/ 224/ 224/ 224/ 224/ 224/
(Tw'ltht contig (bp) 224 224 224 224 224 224
/Gﬁigr)le Largest 1171/ 13311/ 14247/ 7960/ 9,769/ 11,497/
(with contig (bp) 11,171 13,311 14247 7,960 9,769 11,497
CD_HIT  Average 7822/ 7515/  697.6/ 551/ 7572/ 7118/
_est) length (bp) 764.9 7446 6959 6069 7364  668.5
Median 408/ 390/ 399/ 408/ 425/ 408/
length (bp) 409 397 401 378 418 397
1368/ 1305/ 1073/ 1368/ 1219/ 1368/
N50 (bp) 1203 1245 1056 797 1158 969
Mapping
DEG rate (%) /
analysis 0 ) o 828/ 82.3/ 87.4/ 78.8/ 83.0/ 72.0/
(Tv(v)ltgat) e tos] 84.7 83.3 88.9 79.8 87.1 73.2
P samples)
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(1) BLASTX #4& %% annotationd 7}
m ez o, oprbu] Teal b ZZe] NGS AREFE A4 7

©] unigene set=%] annotations A AIS}7] 918+ NCBI nr databases

>
(il

oft
ol
i

o] BLASTX (E-value < 1.0e-3)E 339t 183 Blas2Go ZEI1H &

il

AF-83Fe] gene ontology (GO)%} eukaryotic clusters of orthologous group
(KOG)E #43tHom, T3 Kyoto encyclopedia of genes and genomes
pathway (KEGG pathway) #2S AA|Ste], ofef] Table 3-8 22 A}
= A

ol AH{E=ZHE, NCBI nr DBEFE = brain, gill 123 liverZ25-F
Zyz} 77,081, 61,952 181l 76,169 contigEo]l AHAME oM, o]E5L Zt A
9 ZA  unigene setol X3 contigg Foll 22t brainolA 32.43%
(77,081/237,713), gilloll A 37.45 % (61,952/165,438) 12| T liverol A 42.84%
(76,169/177,795) 7} A= ATt KEGG pathway 2| A, braino| A 7.77 %
(18,004/237,713), gilllAl 922 % (15,245/165438) L& T liverdl A 9.53 %
(16,949/177,795)7F  ZALHA L™, ©wIAEOE  BLASTXE 7I¥te= 3
Blast2Go Z=2I#o] 23k  GO-term A4S brain®lA 2727 %
(64,822/237,713), gillol Al 31.85 % (52,693/165,438) 18]I liverol A 36.72%
(65,288/177,795) 2 A= AT Orthologous Group Annotations A A|S}7]
23t Blast2GOoll Z3E o] U= toolS ARESIIHSM, ©] tool> Egg
NOG DBE ©|&3tt} Brainol| A= F 13.67 % (32,487/237,713) 18] AL gill
oAM= 31.85% (27,128/165,438) 12|l liverol A= 16.01% (28,468/177,795)
2 AAEAT
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Table 3-8. Number of unigene annotations obtained from the different protein
databases, using BLASTX search

Database
Size Tissues NCBI nr Egg NOG G0 DB KEGG DB
DB DB
Brain 77,081 32,487 64,822 18,004
All Gill 61,952 27,128 52,693 15,245
Liver 76,169 28,468 64,288 16,949
Brain 10,198 3,927 8,120 331
=300 bp Gill 10,943 4,967 8,879 657
Liver 12,342 3,626 9,801 557
Brain 31,651 12,645 25,820 3,343
300-1,000 bp Gill 29,689 12,307 24,816 4,494
Liver 36,339 11,899 29,869 4,564
Brain 35,232 15,915 30,882 14,331
= 1,000 bp Gill 21,320 9,854 18,998 10,094
Liver 27,488 12,943 24,618 11,828
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(2) BLASTX Z2#¢] 255 &4

BLASTXE &3t 4% ZF ME9] unigene set=9] annotation 2759
NI EE BEX3517] 3t E-value®t similarity 2325 2435FH T E-value
TX= 4 AMESAA 1.0e-50~1.0e-5 Akolol A brain 30,349 contigs
(39.37%), gill 26,548 contigs (42.85%) 12|l liver 35.440 contigs (46.53%)=
71 w@ol BEXE X3, E-value #t°] 004 braine 15,801 contigs
(20.50%), gill 9,786 contigs (15.80%) ZLZ| Il livere 10,990(14.3%) XS
TH(Fig. 3-12). Similarity &304 81~100%7} brain> 39,735 contigs
(51.55%), gill> 32,670 contigs (52.73%) ZLE2]3L liver= 39,354 contigs
(51.67%)°]2, o2 BHe BEIXE HQ FIHE 61~80%>F brainol A
30,930 contigs (40.13%), gilloll 4] 24,447 contigs (39.46%) 123l liverol A

30,524 contigs (40.07%) Th(Fig. 3-13).
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Fig. 3-12. E-value distribution of BLASTX hits against NCBI nr DB.
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Fig. 3-13. Similarity distribution of BLASTX hits against NCBI nr DB.
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o}. Amnotation A& T FAA 7T dF

(1) KEGG pathway ¥-4}& 53} annotation
AAdE 7+ AES unigene contig setE< KEGG pathway mapping
(http://www.genome.jp) © ] ¥t metabolic pathway mapi=2io] &&FH 3o,
T3 contigE DEGEAY referencerqld TFof &-8339 . DEGZEZAZEH
H 83 d3H Ao]E Hol= contigse BLAST2GO softwarel] 23l
A1) annotation®] AF&E o] Z} AMET2] metabolic pathwayel ZF &
Az A& 9 752 zelE A3
KEGG pathway &4 A & &2 50,19870 2] unigenes©] T3 DB
annotation® = &1 & JATE 300 bpeldtal A 1,54570, 300-1,000 bpoll
A 12,40171,68
1,000 bp 4ol A 36,25370 2] annotation 2= AT = YA = =
=

2 g zToA 16,8237], Aol A 16,8567H, ©}7}] 2 ZToll A
15,9927, A& FANA 1556870, 7+ F2 oA 14,9057, 230l A

15,03570 2] unigene©] pathway©ll 724 =] ITh Metabolism, genetic information
processing, environmental information processing, cellular processes, organismal
systems, human diseases®] 67}A] Z}E|alg] oA 4671 KEGG pathway”}
X =s AL AT 4= AATH Metabolism ZHE| 2] ol A 12702] pathway
2 M g2e A3YE Ao, global and overview maps 1,455~1,55771,
environmental information processing 7}E| 312 o A] signal transduction 1,798~

22,1672 Be A5 A5 5 JAH(Table 3-9).
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Table 3-9. KEGG (Kyoto encyclopedia of genes and genomes) pathway
analysis associated with the transcriptome of mud loach Misgurnus mizolepis
exposed to Basta herbicide

Brain Gill Liver

Function Category
Con. Exp. Con. Exp. Con. Exp.

Global and overview maps 1,522 1,557 1,455 1,472 1,457 1,508
Carbohydrate metabolism 324 336 328 319 309 333
Energy metabolism 162 165 165 168 159 165
Lipid metabolism 276 287 270 272 277 291
Nucleotide metabolism 203 198 194 196 192 190
Metabolism Amino z_lcid metabolism_ _ 311 311 274 291 291 294
Metabolism of other amino acids 72 74 72 76 68 65
Glycan biosynthesis and metabolism 226 231 189 191 185 187
Metabolism of cofactors and vitamins 140 135 129 126 135 139
Metabolism of terpenoids and polyketides 35 36 32 33 35 33
Biosynthesis of other secondary metabolites 36 33 31 27 33 28
Xenobiotics biodegradation and metabolism 57 62 58 65 63 64
Genetic Transcription 166 167 173 169 171 171
Information Tran_slatlon : _ 383 389 392 395 388 387
Processing Foldl_ng,_ sorting and. degradation 374 382 377 373 371 366
Replication and repair 210 210 209 219 185 188
Environmental Membrane transport 28 29 26 25 25 26
Information Signal transduction 2,160 2,167 2,001 1,939 1,798 1,830
Processing Signaling  molecules and interaction 337 325 282 249 233 230
Transport and catabolism 586 595 580 578 582 583
Cellular Cell growth and .death 661 651 664 664 584 581
Processes Cellular community: eukaryotes 368 374 340 346 315 308
Cellular community: prokaryotes 6 7 7 6 6 6
Cell motility 108 110 102 104 94 88
Immune system 988 969 1013 940 921 890
Endocrine system 899 890 778 755 738 742
Circulatory system 174 172 148 141 129 133
Digestive system 228 233 191 192 220 224
Organismal Excretory system 94 95 78 79 79 84
Systems Nervous system 599 589 420 405 388 402
Sensory system 102 105 78 80 73 80
Development 182 178 167 167 141 143
Aging 143 138 121 124 130 137
Environmental adaptation 96 96 70 71 71 69
Cancers: Overview 769 771 767 746 676 670
Cancers: Specific types 684 672 658 665 591 581
Immune diseases 169 166 177 149 151 153
Neurodegenerative diseases 436 427 418 418 411 412
Substance dependence 208 208 129 120 110 115
Human Cardiovascular diseases 228 235 234 212 193 194
Diseases Endocrine and metabolic diseases 279 281 272 245 262 265
Infectious diseases: Bacterial 406 412 416 405 399 400
Infectious diseases: Viral 970 961 1010 953 896 896
Infectious diseases: Parasitic 245 255 261 233 211 228
Drug resistance: Antimicrobial 0 0 0 0 0 1
Drug resistance: Antineoplastic 173 172 166 165 159 155
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Fig. 3-14. Venn diagram showing the contigs exclusive to control-brain (green
circle) and exp-brain (blue circle) in the Misgurnus mizolepis transcriptome.
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Fig. 3-15. Venn diagram showing the contigs exclusive to control-gill (green
circle) and exp-gill (blue circle) in the Misgurnus mizolepis transcriptome.
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Fig. 3-16. Venn diagram showing the contigs exclusive to control-liver (green
circle) and exp-liver (blue circle) in the Misgurnus mizolepis transcriptome.
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Fig. 3-17. Venn diagram showing the contigs exclusive to control-brain (green
circle), exp-brain (blue circle), control-gill (red circle), exp-gill (yellow
circle), control-liver (orange circle) and exp-liver (brown circle) in the
Misgurnus mizolepis transcriptome.
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Table 3-10. Up & down regulated contigs from KEGG pathway analysis
associated with the transcriptome of mud loach Misgurnus mizolepis exposed to
Basta herbicide

Function Category Brain aill Liver

Up Down  Up Down Up Down

Global and overview maps 1,202 1,219 1,097 1,166 1,325 1,141

Carbohydrate metabolism 304 271 271 265 308 251

Energy metabolism 120 126 111 137 146 106

Lipid metabolism 229 247 250 221 260 228

Nucleotide metabolism 165 154 134 174 179 163

. Amino acid metabolism 254 274 229 240 268 257
Metabolism . . .

Metabolism of other amino acids 63 64 66 60 68 60

Glycan biosynthesis and metabolism 193 170 151 164 167 171

Metabolism of cofactors and vitamins 110 117 99 115 126 124

Metabolism of terpenoids and polyketides 26 34 21 26 32 28

Biosynthesis of other secondary metabolites 26 33 18 26 28 28

Xenobiotics biodegradation and metabolism 56 54 52 43 62 51

Transcription 154 95 89 156 153 131

Genetic Translation 321 276 233 373 366 275
Information ) . .

Processing Folding, sorting and degradation 313 270 251 320 325 309

Replication and repair 188 164 127 200 176 152

Environmental Membrane transport 24 27 21 18 26 24

Infonna_tion Signal transduction 1,787 1,936 1,606 1,815 1,759 1,643

Processing Signaling molecules and interaction 244 300 182 254 210 215

Transport and catabolism 491 511 484 494 538 522

Cell growth and death 551 569 519 582 540 515

Cellular Cellular community: cukaryotes 202 334 292 303 286 290

Cellular community: prokaryotes 6 6 5 5 4 5

Cell motility 88 93 89 87 85 85

Immune system 751 857 662 913 834 820

Endocrine system 751 788 666 683 700 665

Circulatory system 141 149 122 133 125 108

Digestive system 203 202 180 178 214 205

Organismal Excretory system 83 83 62 68 81 76

Systems Nervous system 449 519 341 374 398 341

Sensory system 89 91 67 74 76 67

Development 153 158 133 144 130 134

Aging 122 121 109 99 124 112

Environmental adaptation 79 85 60 63 70 69
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Fig. 3-18. KEGG pathway on the up & down-regulation of DEG analysis in
brain tissue. M: Metabolism, G: Genetic information processing, E:
Environmental in formation processing, C: Cellular processes, O: Organismal
systems.
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Table 3-11. Candidate contigs from differently expressed genes analysis in
brain tissues of mud loach exposed to Basta

Contigs C&;ﬁg{g“ E&%&a;n log2(FC) dl(:l:u{n t:ts;t_ p_value q_value
Exp_Brain TR46907|c4_gl il 1.34933 43.1973  5.00062 up 6.02923 0.00005 0.008705
Exp_Brain TR41995|c0_g3 i2 3.92707 116.128  4.88612 up 5.87075 0.00005 0.008705
Exp_Brain TR37267|cl_gl il 4.40185 96.0179  4.44712 up 5.26506 0.00005 0.008705
Exp_Brain TR45368|c4_g3 il 3.05855 96.2276  4.97553 up 4.95446 0.00025 0.026542
Exp_Brain TR46968|cl1_g4 il 4.52174 95.4855  4.40033 up 5.2231 0.00025 0.026542
Exp_Brain TR43973|cl_gl il 3.90169 63.9031 4.03372 up  4.7971 0.00025 0.026542
Exp_Brain TR45896|c4 gl il 0.743497 40.9195 5.78232 up 6.18081 0.0003 0.031186
Con_Brain TR21830|c1_gl il 1578.64 97.9302 -4.01078 down -6.13323 0.00005 0.008705
Con_Brain TR36786|cl gl il 200.613 11.9765 -4.06613 down -5.26699 0.00005 0.008705
Con_Brain TR26987|c2_gl il 1289.4 61.6035 -4.38755 down -6.56178 0.00005 0.008705
Con_Brain TR34559|c0_gl il 183.111 6.60201 -4.79367 down -6.28626 0.00005 0.008705
Con_Brain TR33868|c2_g2 il 1085.52 242839 -5.48224 down -6.59554 0.00005 0.008705
Con_Brain TR34784[c0_gl i3 50.0949 0.708342 -6.14408 down -6.2369 0.0001 0.013692
Con_Brain TR38385|c10_g3 i2 324.493 8.06988 -5.22603 down -6.26969 0.00015 0.018192
Con_Brain TR39268|c1_gl i3 25.6897 0.681107 -5.23716 down -5.52932 0.00015 0.018192
Con_Brain TR39037|c5_gl i4 192.249 2.19013 -6.45582 down -7.07762 0.00025 0.026542
Con_Brain TR26774|c0_gl il 35.4279 1.1271 -4.97419 down -5.18166 0.0003 0.031186
Con_Brain TR35282|c0_g3 il 100.657 1.87225 -5.74853 down -6.15701 0.00035  0.03564
Con_Brain TR29128|c0_gl il 49.6307 1.50212 -5.04616 down -5.05087 0.0005 0.048841
Exp_ Brain TR36015|c0 gl i2 0 5.31102 inf up nan 0.00005 0.008705
Exp_Brain TR40000|c1 g3 i8 0 16.0183 inf up nan 0.00005 0.008705
Exp Brain TR59486/c0 gl il 0 3.44668 inf up nan 0.00005 0.008705
Con_Brain TR34559|c0_gl il 183.111 6.60201 -4.79367 down -6.28626 0.00005 0.008705
Con_Brain TR38291|cl_g5 il 45.6803 0 -inf down -nan 0.00005 0.008705
Con_Brain TR38877|c2_g5 il 3.21056 0 -inf down -nan 0.00005 0.008705
Con_Brain TR11736|c0_g2 il 5.09743 0 -inf down -nan 0.00005 0.008705
Con_Brain TR36973|c7_gl il 1.25284 0 -inf down -nan  0.0002 0.021991
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Fig 3-19. KEGG pathway on the up & down-regulation of DEG analysis in
gill tissue. M: Metabolism, G: Genetic information processing, E:
Environmental information processing, C: Cellular processes, O: Organismal
systems.



Table 3-12. Candidate contigs from differently expressed genes analysis in gill
tissues of mud loach exposed to Basta

Contigs C((i:li)_&a;n Ez&lgﬁlér\?[hl log2(FC) up/down test_stat p_value q_value

Con_Gill TR19866/c0_gl il ~ 42.181  798.683  4.24296 up 485052 0.00015 0.023948
Exp_Gill TR28004[c3_gl0 il  3.12923  80.4622  4.68443 up 4.88553  0.00025 0.038382
Con_Gill TR24255|c0_gl il 317338 184091 -4.10753  down  -4.70422  0.00005 0.008532
Con_Gill TR67958c2 gl il 582446  332.635 -4.13011  down  -5.46653 0.00005 0.008532
Con_Gill TR32567|c6 gl il 174264  6.17201  -4.81939  down  -5.54649  0.00005 0.008532
Con_Gill TR10609/c0_gl il ~ 988.912  7.55923 -7.03146  down  -7.47058  0.00005 0.008532

Con_Gill TR29374|c6_gll i2  1012.74  13.4982 -6.22935 down -6.50433 0.0001  0.016681

Con_Gill TR23997|c0_gl i2  10.2543 0 -inf down -nan 0.0001  0.016681
Con_Gill TR23290/c0 gl i2  9.49411 0 -inf down -nan  0.00005 0.008532
Con_Gill TR10839/c0 g2 il  16.5639 0 -inf down -nan  0.00005 0.008532
Con_Gill TR24268|c0 gl il 14.6915 0 -inf down -nan  0.00005 0.008532
Con_Gill TR19963|c0 gl il ~ 35.523 0 -inf down -nan 0.00005 0.008532
Con_Gill TR18601|c0 gl i2 15775 0 -inf down nan  0.00005 0.008532
Con_Gill TR32295|cl gl i4  43.0385 0 <inf down -nan  0.00005 0.008532
Con_Gill TR21661c0_gl i2  14.9612 0 -inf down -nan  0.00005 0.008532
Con_Gill TR10285|c0 gl il  11.2131 0 -inf down -nan 0.0001  0.016681
Con_Gill_ TR20645|c0_gl il ~ 31.7302 0 -inf down -nan  0.00005 0.008532
Con_Gill TR17232|c0_gl il ~ 42.5073 0 -inf down -nan 0.0002  0.031072
Con_Gill TR26621|c0_gl i3  8.61545 0 -inf down -nan  0.00005 0.008532
Con_Gill TR21312/c0_g2 il  10.6429 0 -inf down -nan  0.00005 0.008532
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Fig. 3-20. KEGG pathway on the up & down-regulation of DEG analysis in
liver tissue. M: Metabolism, G: Genetic information processing, E:
Environmental information processing, C: Cellular processes, O: Organismal
systems.
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Table 3-13. Candidate contigs from differently expressed genes analysis in liver
tissues of mud loach exposed to Basta

Contigs C((;:Ii,—lgi,[a)m E?El;llg\?[m log2(FC) dl(:lxn test_stat p value q_value
Exp_Liver TR25947|c3_gl i3 2.08392 328693  13.9452 up  6.78383 0.0013  0.02161
Exp_Liver TR20592|c0_g3 il 430351  3307.17  9.58587 up 4.7903 0.0015  0.02161
Exp_Liver TR33245|cl_g2 i2 1.37955 626941  8.82799 up  4.59329  0.00235 0.02161

Exp_Liver TR30645/c0 gl i3 0.623198  209.886 83957 up 420744  0.00205  0.02161
Exp_Liver TR29545/c16 g4 i2  34.0193 630822 7.53474  up 3.98567  0.0031  0.02161
Exp Liver TR26374/c0 gl i2 0550301  78.9245 7.16411  up 3.58999  0.0029  0.02161
Exp_Liver TR26607c0_gl il 0.793421  73.3298  6.53017  up 328469  0.00375  0.02161
Exp_Liver TR21915/c0_gl il 0.785436 654535 6.38083  up 3.19392  0.0043  0.02309

Exp_Liver TR17813/c0_gl il 12.7546 265232 77001  up 401526  0.0044 0.023325
Exp_Liver TR21170[c] gl il 219857 1818.15 636976  up 3.39457  0.0045 0.02385
Exp_Liver TR24046|c4 gl1 il 112651 176428 7.29108 up 3.83979  0.0048 0.025215
Exp_Liver TR24450(c] g5 i4 174562 2170.15 695792  up 3.66878  0.0048 0.025215
Exp_Liver TR68456/c0_gl il 939546  1243.02 7.04767 up 3.68314 0.005 0.025454
Exp_Liver TR22792/c0_gl il 323341 363728 6.81366 up 3.58729  0.0051 0.025961
Exp_Liver TR21359/c0 gl il 340437  3209.51 6.55882  up  3.49516 0.00515 0.026213
Exp_Liver TR25745/c0 g2 il 175692 129549 620431  up 33051  0.0053 0.026974
Exp_Liver TR29094/c9 ¢33 il 639957 934402 7.18992 up 3.79339  0.00535 0.026993
Exp_Liver TR27645/c] gl il 102098  908.728 647581  up 3.44341  0.00535 0.026993
Exp_Liver TR32045[c0_g2 i3 952875 601.559 598028  up 3.18029  0.0059 0.029132
Exp_Liver TR14911[c0_gl il 22.1927 205174 653062 up 3.41175 0.006 0.029374
Exp_Liver TR21258/c] gl il 340824  995.024  8.18956  up 4.25625  0.00625 0.030529
Exp_Liver TR35640/c0 g3 i2 0400957  17.865 547755 up 273365  0.0065 0.031359
Exp_Liver TR20666/c0 gl il 522205 445135 641348 up 3.35905  0.0066 0.031839
Exp_Liver TR35214[c] g3 il 1.67241 135352 6.33865  up 3.30656  0.0072 0.032351
Exp_Liver TR26745/c2_gl il 19.6662 148199 623567  up  3.32625 - 0.0068 0.032351
Exp_Liver TR33362[c0_gl_i3 124649 133314 674081  up - 3.49416  0.00765 0.033349
Exp_Liver TR24945/c]l gl i2 455097 670.639  7.20322  up = 3.7325 0.008 0.034393

Exp_Liver TR35401(c0_gl il  0.530296 - 32.9958 595934  up 3.13571  0.0081 0.034673
Exp_Liver TR35181]c0_g4 il 0338507  12.0086  5.14874 — up 258267  0.0082 0.034673

Exp_Liver TR26645/c3 gl il 226566 711575 11.6169  up  5.82907 0.012  0.035281
Exp_Liver TR28745/cl g8 il 1.63096  1850.04  10.1476  up 5.13802  0.01285 0.035281
Exp Liver TR29546lcl gl i2  0.627929  657.635 10.0325 up 5.08019  0.0129 0.035281
Exp_Liver TR34737|c4 g2 il 145214 562331 859709 up 437862  0.01315 0.035281
Exp_Liver TR175/c0_gl il 456813 119377 8.02971  up 4.10253 0.013  0.035281
Exp_Liver TR26644/c0_g3 il 279251 466572 738439  up  3.81705  0.0092 0.035281
Exp_Liver TR6124[cl gl il 123653 1022.59 636978  up  3.29844  0.0102 0.035281
Exp_Liver TR28841lcl gl i2 2.18895  170.761 62856  up 3.26878  0.0084 0.035281
Con_Liver TR23045|c0 gl _i2 26928 18457 6.09892  up 3.17564  0.00975 0.035281
Exp_Liver TR25116/c0_gl il 2.8403  192.868 6.08543  up 3.18727  0.0097 0.035281
Exp_Liver TR25081[c0_gl il 8.04441 501.051 596083  up 3.13726  0.00975 0.035281
Exp_Liver TR32797|c] g3 il 1.95963 120446 594166 up 3.10963  0.0085 0.035281
Exp_Liver TR22536/c] gl il 596783 360556 591687 up 3.05861  0.01235 0.035281
Exp_Liver TR34510[c2_gl3_il 103481 579319 580693 up 3.09766  0.00875 0.035281
Exp_Liver TR26845/c0_g2 il 156222 768.81 562096 up 3.01006  0.0115 0.035281

Exp Liver TR33244[c13 g21 i2 654843 321991 561973 up 295982  0.0104 0.035281
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Con_Brain Exp_Brain

Contigs (FPKM) _ (FPKM log2(FC) dl(:gs{n test_stat p _value q_value
Exp_Liver TR29342|c0_g2 il 346151 166294  5.58619 up  2.94232 0.0101 0.035281
Exp_Liver TR31569|c0_gl il 0.400833  18.1343  5.49957 up  2.75722 0.0084 0.035281
Exp_Liver TR33744|cl_gl i2 2.22482  92.4238 5.3765 up  2.82263 0.0121 0.035281
Exp_Liver TR24823|c0_gl il 349307  1418.28 5.3435 up  2.85021 0.0118 0.035281
Exp_Liver TR33443|c2_gl i2 441359 176328  5.32017 up  2.82951 0.0132  0.035281
Exp_Liver TR29684|c3_gl il 9.93038  362.756  5.19101 up 2.77177  0.01275 0.035281
Exp_Liver TR34632|c0_g2 il 0.640748  22.0661  5.10593 up  2.56093 0.0084 0.035281
Exp_Liver TR31930|cl_gl i2 0.655335 22.063  5.07325 up  2.54433  0.00855 0.035281
Exp_Liver TR35666|cl_gl il 0.273703  8.58444 497104 up 249214 0.0111 0.035281
Exp_Liver TR31928|cl_g2 i8 0.827904  23.6139  4.83403 up  2.41917 0.0108 0.035281
Exp_Liver TR34041|c0_gl il 0.459061  13.0772  4.83222 up  2.40696  0.01255 0.035281
Exp_Liver TR32134|c5_gl i2 0.500219  13.6491 4.7701 up 2.37806  0.01195 0.035281
Exp_Liver TR25445|c0_gl il 1.90546  754.248  8.62876 up 4.38563  0.01355 0.035482
Exp_Liver TR27554|c4_gl i2 2.24243  795.168  8.47005 up 4.21019 0.01345 0.035482
Exp_Liver TR30045|cl_g4 i2 1.1767  283.125  7.91055 up  4.04522 0.0135 0.035482
Exp_Liver TR32739|c0_g2 il 2.08006  304.286  7.19266 up 3.69175 0.01375 0.035543
Exp_Liver TR31345|c6_gl i2 0.684787  64.3587  6.55434 up  3.37213 0.0137 0.035543
Exp_Liver TR28745|cl gl il 230631  196.877  6.41556 up  3.28847 0.0138 0.035543
Exp_Liver TR32945|c3_gl il 2.29241 435363  7.56921 up  3.76378  0.01385  0.03567
Exp_Liver TR28887|c0_gl il 0.623647 11793 7.56299 up 3.75976 0.0141 0.036309
Exp_Liver TR25342|c0_gl il 2.54069  230.607  6.50408 up 3.33688 0.0141 0.036309
Exp_Liver TR24845|c0_g2 il 5.68213  11787.2  11.0185 up 543836 0.01415 0.036434
Exp_Liver TR35007|cl_g6 i2 0.628663  24.3471  5.27532 up 2.74013  0.01415 0.036434
Exp_Liver TR35766|c14_g30_ i1  0.432757 17.686  5.35291 up 2.78131 0.0143 0.036819
Exp_Liver TR26052|c0_g2 il 2.88925 127411  5.46265 up 2.8061 0.01435 0.036946
Exp_Liver TR33645|c5_g3 i8 12.9927 5724  5.46126 up 2.83463  0.01445 0.037018
Exp_Liver TR21204|c3_g5 il 0.142989  3283.14  14.4869 up 6.96577  0.01495 0.037518
Exp_Liver TR30120|c0_gl i2 0.753702  96.5065  7.00049 up 3.48012 0.0151  0.03789
Exp_Liver TR28333|c0_gl il 0.824516  19.9367  4.59574 up  2.28624 0.0151  0.03789
Exp_Liver TR34845|c0_gl il 0.254021  55.8782 7.7812 up  3.87955 0.0152 0.038122
Exp_Liver TR15141|c0_gl il 44395 104391  7.87739 up 3.9276  0.01525 0.038246
Exp_Liver TR35630|c0_g2 il 0.150479  10.1464  6.07527 up 3.0089 0.0153 0.038369
Exp_Liver TR32047|c4_g4 i4 0.226736 ~ 98.2226 = 8.75889 up 4.34362 0.01535 0.038491
Exp_Liver TR35260|cl6_gl7 il 1.02351 1048  9.99989 up  4.94516 0.0154 0.038611
Exp_Liver TR33108|c9_gl i3 0.668879  150.642  7.81517 up  3.89652 0.0154 0.038611
Exp_Liver TR29350|c0_gl i2 0.540515  381.039  9.46139 up 4.6692  0.01545 0.038735
Exp_Liver TR29250|c13_gl i2 1.13847  4685.86 12.007 up 595842  0.01585 0.038897
Exp_Liver TR30566|c5_gl2 il 1.64054 727.67  8.79297 up 436041 0.01565 0.038897
Exp_Liver TR35838|c9_g4 i4 0.352093 599735  7.41222 up  3.69036 0.0156 0.038897
Exp_Liver TR35840|c2_g4 il 0.396327  35.6854 6.4925 up 3.31718  0.01585 0.038897
Exp_Liver TR33853|c18_gll i4  4.64269  178.535 5.2651 up 2.76285  0.01595 0.038897
Exp_Liver TR32919|c0_gl il 6.98808 266919  5.25536 up  2.81695 0.0157 0.038897
Exp_Liver TR29941|c0_gl i3 0.816032  19.5687  4.58378 up 2.28338  0.01565 0.038897
Exp_Liver TR35482|c0_gl i2 0.133541  16.2713 6.9289 up  3.42307 0.0164 0.039372
Exp_Liver TR35705|c0_gl i4 0.164498  10.2034  5.95484 up  2.93581 0.0164 0.039372
Exp_Liver TR35443|c0_gl i2 0.159479 9.5095  5.89793 up  2.92646 0.0164 0.039372
Exp_Liver TR27005|cl_gl il 0.508499  98.0394  7.59097 up 3.76407  0.01645 0.039487
Exp_Liver TR32738|c0_gl i2 0.719753  14.3846  4.32088 up  2.14968  0.01645 0.039487
Exp_Liver TR34010|c6_g2 il 0.398696  38.2543  6.58419 up 3.25961 0.0165 0.039602
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Exp Liver TR29182|cl gl il 0.580711 12.1888  4.39159 up  2.19404 0.0165 0.039602
Exp Liver TR24214|c0 gl i3 0.324918  14.6546  5.49513 up  2.72135 0.0168  0.04032
Exp Liver TR35376|c2_g5 i3 2.35687  96.3352 535312 up 2.80735  0.01695 0.040677
Exp Liver TR31344|c0 gl i6 1.96736  132.403  6.07253 up 3.10182  0.01705 0.040911
Exp Liver TR29663|c4 g2 i5 1.28579 77952  5.92186 up  2.92604 0.01705 0.040911
Exp_ Liver TR28001|c0_gl il 345022 112481  5.02685 up 2.61432  0.01705 0.040911
Exp_Liver TR34559|c0 gl il 0.359013  6.85467  4.25498 up 2.11135  0.01715 0.041148
Exp Liver TR34547|c0 gl i4 2.22852  70.3756  4.98092 up  2.62398 0.0173 0.041504
Exp_ Liver TR33193|c0 g2 il 0.405886  44.8936  6.78929 up 3.3628 0.0174  0.04162
Exp_Liver TR27476|c0_g2 il 1.30117 61.375  5.55977 up 2.85776 0.0174  0.04162
Exp_ Liver TR32388|c0 gl il 1.62046  48.3255  4.89831 up  2.53113 0.0178  0.04162
Exp_ Liver TR21260|cl_gl il 175.83  5053.32  4.84498 up 2.58105 0.01755  0.04162
Exp Liver TR18988|c0 gl i2 1.36603  134.171  6.6179%4 up 3.27664  0.01815 0.042196
Exp Liver TR24450|cl_g5 i3 63.1242  1832.19  4.85923 up  2.60336 0.0182  0.04231
Exp_Liver TR35260|c16_g24 il 41.9784  1421.68 5.08181 up 2.6631  0.01825 0.042425
Exp Liver TR31816|cl_gl i2 0.532905  40.6848  6.25447 up 3.08747  0.01835 0.042652
Exp_ Liver TR32930|c0_g4 il 0.688083  12.6519  4.20063 up 2.0885 0.0185 0.042999
Exp_ Liver TR28720|c0 gl il 0.982622  30.7484  4.96773 up 2.5753 0.0188 0.043669
Exp Liver TR34346|c2 g2 i2 0.219852  14.6818  6.06135 up  2.99475  0.01885 0.043782
Exp Liver TR34792|cl g3 i2 0.448828  21.7778 = 5.60055 up 2.78314 0.01885 0.043782
Exp_ Liver TR33435|cl g2 il 0.295017  17.6547  5.90311 up 2.91856 0.0191 0.044359
Exp_Liver TR23250|c0 gl il 5.52348  155.652 4.8166 up  2.56404 0.0195 0.045276
Exp Liver TR34871|c2 g2 i2 0.841475 51.216  5.92753 up 2.9308  0.01965 0.045375
Exp_ Liver TR29340|c4 g5 il 2.99837 177.196  5.88502 up 2.98124 0.02 0.045375
Exp Liver TR34743|c0 gl i3 0.730714  33.9692  5.53878 up 2.73394  0.01985 0.045375
Exp Liver TR34252|c0 gl i2 0.245681 10.9589  5.47917 up  2.72206  0.02045 0.045375
Exp Liver TR32345|c4 gl il 0.480975 21.4125  5.47635 up 2.77073  0.02035 0.045375
Exp_ Liver TR31390|c0_gl il 0.431427 18.007 5.3833 up 2.6639  0.01965 0.045375
Exp Liver TR28102|c4 gl6 i4 1.00256  41.1164  5.35795 up  2.64208 0.0205 0.045375
Exp_Liver TR35071|cl gl i6 1.0929 42436  5.27905 up  2.61525  0.02005 0.045375
Exp Liver TR31646|c6_gl i2 1.0217  32.6948  5.00002 up  2.46767  0.02095 0.045375
Exp_ Liver TR35703|cl_g4 il 0.218752 6.5346  4.90073 up  2.42055 0.02045 0.045375
Exp Liver TR35612|cl_g2 i3 0.919331  26.3168 = 4.83925 up  2.55025 0.02 0.045375
Exp_ Liver TR29946|c0 gl il 1.72935  48.3531  4.80531 up  2.51498  0.02075 0.045375
Exp_ Liver TR25744|c0 gl il 14.638 363361  4.63361 up  2.47336  0.02055 0.045375
Exp Liver TR34171|c0_gl i4 0.258363  4.45023  4.10641 up 2.0517 0.0206 0.045375
Exp_Liver TR33200|cl_g2 il 0.433943  7.41718  4.09529 up 2.0349  0.02095 0.045375
Exp Liver TR33514|c0 gl i6 0.380386  14.8496  5.28682 up  2.62518 0.0212  0.045586
Exp_Liver TR24857|c0_gl il 1.2734 454669  5.15805 up  2.55162 0.0212  0.045586
Exp_ Liver TR35699|c0 gl i2 0.475254  22.7039 5.5781 up  2.82404 0.0216 0.046347
Exp Liver TR21204|c4 gl il 0.274663  6303.13  14.4861 up  6.53224  0.02165 0.046448
Exp Liver TR33075|c3 g4 i2 0.82934  15820.7 14.2195 up  6.43287  0.02165 0.046448
Exp_ Liver TR24847|c4 gl il 0.130647 14713  13.4591 up 6.11169  0.02165 0.046448
Exp Liver TR27147|cl_g3 il 0.457596 119432 11.3498 up  5.19259  0.02165 0.046448
Exp Liver TR24153|c0_gl il 2.01503  106.667  5.72617 up  2.89955 0.0217  0.04655
Exp Liver TR27554|c4 gl il 0.324422 22304  12.7471 up 5.8025 0.02175 0.046655
Exp_Liver TR34635|cl1 g3 il 0.138261 193291 13.7711 up  6.24312 0.0218 0.046757
Exp_ Liver TR30608|c0 gl i2 0.771184  35.6364  5.53013 up 2.7892 0.0218 0.046757
Exp Liver TR35164|c0 gl i4 0.327612  10.7895  5.04149 up  2.49681 0.0218 0.046757
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Exp_Liver TR27045|c0_gl il 0.085628  283.878  11.6949 up 5.35425  0.02185 0.046861
Exp Liver TR33160|c0 gl il 0.199894  144.607  9.49868 up 436129  0.02185 0.046861
Exp_Liver TR32142|c0_gl i4 0.151216  108.144  9.48213 up  4.35269 0.0219  0.046966
Exp_Liver TR35625|c0_g2 i3 0.24603  10.2315  5.37803 up 2.65161  0.02195 0.047072
Exp_Liver TR32896|c6_g7 i3 0.280775 212811  9.56594 up  4.39229  0.02205 0.047284
Exp_Liver TR23146|c0_gl il 0.04409  26.6959  9.24197 up  4.23928  0.02215 0.047493
Exp_Liver TR31442|c0_gl il 0.142082  31.1834  7.77791 up  3.55558  0.02215 0.047493
Exp_Liver TR32273|c3_g2 i2 6.29683  174.735 4.7944 up  2.48794 0.0222  0.047597
Exp_Liver TR33920|c2_gll i2 453249  1226.03  4.75755 up 2.5428 0.0222  0.047597
Exp_Liver TR31544|c3_gl i2 0.531564 14.853  4.80437 up  2.37569 0.0223  0.047804
Exp_Liver TR33405|c5_gl0_il 0.255217  67.3081  8.04291 up  3.67422  0.02235 0.047909
Exp_Liver TR30858|cl_gl il 0.519227 350472  9.39872 up 430141  0.02255 0.048329
Exp_Liver TR35837|c4_g3 il 0.054558  24.4585  8.80833 up  4.03789 0.0226 0.048329
Exp_Liver TR33216|c9 gl il 0.186842  56.0852  8.22965 up  3.77303 0.0226 0.048329
Exp_Liver TR32944|c2_gl i2 0.095366  21.0486  7.78604 up  3.55949 0.0226 0.048329
Exp_Liver TR32408|cl_g2 i3 0.285649  40.1187  7.13389 up 3.60532  0.02255 0.048329
Exp_Liver TR33428|cl_gl i3 0.116548  15.2374  7.03054 up 3.21521  0.02275 0.048645
Exp_Liver TR32691|c0_g4 i3 0.602296  19.6393  5.02713 up  2.56497  0.02275 0.048645
Exp_Liver TR29399|c0_gl il 0.151795 52.671  8.43874 up  3.87051 = 0.02285 0.048851
Exp_Liver TR35021|c5 gl i2 3.30329 419429  6.98838 up 3.1965  0.02285 0.048851
Exp_Liver TR27443|c0_gl il 0.183386  29.1735  7.31363 up  3.34777 0.0229 0.048919
Exp_Liver TR29562|c0_gl i2 0.161136  20.6764  7.00356 up 3.2034  0.02295 0.049022
Exp_Liver TR34281|c0_gl i7 0.358527 11.6107 5.01723 up 24693  0.02295 0.049022
Exp_Liver TR24644|c0_gl il 2.23873  84.7262  5.24205 up  2.65199 0.023  0.049127
Exp_Liver TR28645|c17_gl0_i2 1.46022  34.6769  4.56972 up 240763  0.02305 0.049232
Exp_Liver TR34544|c0_g4 i2 0.189263  24.8124  7.03452 up  3.21669 0.0231 0.049333
Exp_Liver TR32528|c6_g4 il 11.4662  297.682  4.69831 up 2.4733 0.0231 0.049333
Exp_Liver TR32655|c2_g8 i3 2.6101 64.788  4.63355 up 2.39313 0.0231 0.049333
Exp_Liver TR35205|c0_gl il 0.038261 9.2578  7.91864 up 3.61652 © 0.02315 0.049434
Exp_Liver TR25856|cl_gl il 0.433507  99.1198  7.83697 up  3.94254  0.02315 0.049434
Exp_Liver TR32169|c0_gl i3 0.132139  19.4406  7.20087 up  3.29185  0.02315 0.049434
Exp_Liver TR34205|cl_g2 i8 0.114908 24.487 7.7354 up  3.54371 0.0232  0.049537
Exp_Liver TR26509|c0_gl il 1.07204  118.337 6.7864 up 343541 0.0232  0.049537
Exp_Liver TR31976|cl_gl i5 0.540329  16.1413  4.90078 up 243031  0.02325 0.049642
Exp_Liver TR33074|c3_gl il 0.152546  13.2328  6.43874 up  2.93932 0.0233  0.049747
Exp_Liver TR35629|cl_g2 i4 0.083591  16.7125  7.64337 up 3.49977  0.02335  0.04985
Exp_Liver TR35562|c2_g2 i2 0.208593 595591  4.83556 up 2.39144 0.0234  0.049955
Con_Liver TR20826[c6_g8 il 299424 395991 -6.24058 down -3.28773 0.0036  0.02161
Con_Liver TR20826[c6_g3 il 5412.38  56.4838 -6.58228 down -3.49439  0.00375  0.02161
Con_Liver TR15881|cl_gl il 1831.54  12.1141 -7.24022 down -3.80951  0.00295  0.02161
Con_Liver TR18426[c2_g4 il 11117.6 37.704 -8.20391 down -4.26133 0.0031  0.02161
Con_Liver TR4615|c0_gl il 115418 191196 -591567 down -2.94663  0.00445 0.023588
Con_Liver TR19707|c0_gl il 179.261 211151 -6.40764 down -3.36706 0.0062 0.030288
Con_Liver TR41421|c0_gl il 606.258  1.28653  -8.8803 down  -4.4284 0.007 0.032351
Con_Liver TR22987|c6_g9 il 3186.31  1.72983  -10.847 down -4.77002 0.0077 0.033564
Con_Liver TR19326[c2_g4 il 2041.66  1.33244 -10.5815 down -4.65548  0.00785 0.033839
Con_Liver TR22416|c1_gl il 10.3828 0.389202 -4.73753 down -2.35506  0.01115 0.035281
Con_Liver TR15773|c0_gl il 6.63205 0.176697  -52301 down -2.27116 0.013 0.035281
Con_Liver TR22941|c4 gl il 74.0621 1.6836 -5.45911 down -2.87403  0.01325 0.035281

- 64



Con_Brain Exp_Brain

Contigs (FPKM)  (FPKM log2(FC) dl(:gs{n test_stat p value q_value
Con_Liver TR20776|c0_gl il 126.475 287136 -5.46097 down -2.88941  0.01125 0.035281
Con_Liver TR3791|c0_g2 il 923499  204.549 -5.49659 down -2.90927 0.01015 0.035281
Con_Liver TR5949|c0_gl il 99.7776 195821 -5.67111 down -2.46976 0.0129 0.035281
Con_Liver TR23429|c1_gl il 20053.6  384.758 -5.70376 down -3.01094  0.00835 0.035281
Con_Liver TR22438|c0_gl il 39126 0.074498 -5.71479 down -2.48967  0.01255 0.035281
Con_Liver TR12593|c0_g2 il 12.8641 0.231863 -5.79393 down -2.52532 0.0123  0.035281
Con_Liver TR23334|cl_gl i6 9.1943  0.16212 -5.82561 down -2.53717  0.01255 0.035281
Con_Liver TR20023|c0_gl il 10.6385 0.182207 -5.86757 down -2.55616 0.0114 0.035281
Con_Liver TR10293|c0_g2 il 8.53669  0.13559 -597636 down -2.60567  0.01165 0.035281
Con_Liver TR18766|c0_g2 i2 3.9386 0.057621 -6.09494 down -2.65398 0.0109 0.035281
Con_Liver TR14652|c0_gl i2 4.18865 0.057428 -6.18859 down  -2.7032 0.0101 0.035281
Con_Liver TR12197|c0_gl il 23.7576  0.309398 -6.26278 down -2.73658 0.0123  0.035281
Con_Liver TR13803|c0_gl il 3.29522 0.042283 -6.28417 down -2.74505 0.0101 0.035281
Con_Liver TR15118|c1_gl il 8.56936 0.100765 -6.41012 down -2.80293 0.011 0.035281
Con_Liver TR22920[c0_gl il 9.38377 0.107185 -6.45199 down -2.82177 0.0117 0.035281
Con_Liver TR18991|c0_gl il 20.8006 0.226656 -6.51997 down -2.85234  0.00905 0.035281
Con_Liver TR16494|cl_gl i2 442029 0.478874 -6.52835 down -2.85607 0.0102 0.035281
Con_Liver TR21563|c0_gl il 39.7335 0.403828 -6.62047 down -3.41112  0.01025 0.035281
Con_Liver TR22472|c0_gl il 8.03439  0.075001  -6.74314 down -2.94396  0.01095 0.035281
Con_Liver TR22426[c10_gl_i6 24.5191 0.209942 -6.86778 down  -3.0086  0.00895 0.035281
Con_Liver TR21465|c4_g2 il 261.666  2.06395 -6.98618 down -3.56603 0.0132  0.035281
Con_Liver TR23017|c0_gl i3 10.0514 0.067174 -7.22529 down -3.16538  0.00975 0.035281
Con_Liver TR16400[c0_g2 il 48.5246 0.315106 -7.26674 down -3.18499 0.0093 0.035281
Con_Liver TR287|c0_gl il 100.238 0.521609 -7.58625 down  -3.3239 0.0092 0.035281
Con_Liver TR22447|c0_gl i2 33.0925 0.447952 -6.20701 down -3.16118 0.0135 0.035482
Con_Liver TR19746[c0_gl il 5.43386 0.098748 -5.78208 down  -2.5176  0.01395 0.035926
Con_Liver TR18694|cl g2 i2 7.9363 0213782 -5.21425 down -2.25909 0.01455 0.037018
Con_Liver TR21726|c7_gl i3 2.51758  0.05922  -5.40982 down -2.35128 0.01505 0.037767
Con_Liver TR19339|c0_gl i3 4.89465 0.121031 -5.33776 down  -2.31967  0.01515 0.038013
Con_Liver TR12203|c0_gl i2 589.827  12.1321 -5.60339 down = -2.84226  0.01535 0.038491
Con_Liver TR23192|c0_g2 il 21.4502  0.603819 -5.15073 down -2.23535 0.0154 0.038611
Con_Liver TR14178|c0_gl il 12.8366  0.409923 -4.96877 down -2.15323 0.0157 0.038897
Con_Liver TR23257|c6_g6_il 2.92568 0.086649  -5.07745 down -2.20178  0.01595 0.038897
Con_Liver TR20559|c0_gl i2 2.98155 0.088303 -5.07746 down -2.20179  0.01595 0.038897
Con_Liver TR23277|c2_g8 i9 254751 0.634852 -5.32653 down -2.31076 0.0156 0.038897
Con_Liver TR19526[c8_gl il 3235.87 249644 -7.01814 down -3.59329  0.01555 0.038897
Con_Liver TR7572|c0_gl il 54312 191905 -4.82281 down -2.39407 0.01645 0.039487
Con_Liver TR13852|c0_gl i2 19.8808 0.428926  -5.5345 down -2.40835 0.0165 0.039602
Con_Liver TR20947|c9_gl il 179.706  5.83704 -4.94426 down -2.58435  0.01695 0.040677
Con_Liver TR21792|c1_gl il 4.08666 0.124074 -5.04165 down -2.18619 0.0171  0.04103
Con_Liver TR13615|c0_gl i2 12.8754 0.422399 -4.92986 down -2.13562 0.0173 0.041504
Con_Liver TR22060[c0_gl il 9.972 0.401676 -4.63378 down -2.30059 0.018  0.04185
Con_Liver TR22421|c5_g2 i2 18.9272  0.300715 -5.97592 down -2.95411  0.01815 0.042196
Con_Liver TR20953|c0_gl i2 70.2125  2.26396 -4.95481 down -2.60152  0.01835 0.042652
Con_Liver TR19526[c7_g4 il 89.7457 0.838985 -6.74105 down -3.42306  0.01835 0.042652
Con_Liver TR22426[c9_gl il 11.5618 0.587542 -4.29854 down -2.13386 0.01865 0.043324
Con_Liver TR21938|c3_g3 il 32.349 0.815528 -5.30984 down -2.72569 0.0188 0.043669
Con_Liver TR19684|c0_gl_i6 3.37749 0.115732 -4.86709 down -2.10366 0.01905 0.044244
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Con_Liver TR15309|c0_gl il 6.10583 0.261334 -4.54622 down -1.96227  0.01925 0.044705
Con_Liver TR19172|c0_g2 il 3.59293 0.148562 -4.59603 down -1.98477  0.01945 0.045162
Con_Liver TR54112|c0_gl il 4.20368 0.173793  -4.59621 down -1.98485  0.01945 0.045162
Con_Liver TR21521|c0_gl il 4.62783 0.191312 -4.59634 down  -1.9849  0.01945 0.045162
Con_Liver TR5343|c0_gl il 522739  0.21607 -4.59652 down -1.98498  0.01945 0.045162
Con_Liver TR23006[c3_gl i3 6.49163 0.324463 -4.32245 down -2.13521 0.0204 0.045375
Con_Liver TR19828|c0_gl i3 229331 0.107862 -4.41018 down -1.90071  0.02095 0.045375
Con_Liver TR10089|c0_g2 il 24518 0.115312  -4.41023 down -1.90073  0.02095 0.045375
Con_Liver TR15985|c0_g7 il 18.7222 0.877163 -4.41576 down -1.90311  0.02095 0.045375
Con_Liver TR22464|c0_g2 il 2.00686 0.089154  -4.4925 down -1.93796 0.0201 0.045375
Con_Liver TR22533|c6_g2 i3 11.2887 0.500455 -4.49549 down -1.93925 0.0201 0.045375
Con_Liver TR55399|c0_gl il 24.8732 1.07942 -4.52627 down -1.95299 0.02  0.045375
Con_Liver TR20376|c0_gl i3 1.45743 0.061346  -4.5703 down -1.97109  0.01955 0.045375
Con_Liver TR10915|c0_g4 il 6.48222 - 0.272561 -4.57184 down -1.97176  0.01955 0.045375
Con_Liver TR14969|c0_gl il 4.55444 0.185092 -4.62095 down -1.99603 0.0208 0.045375
Con_Liver TR22533|c6_gl8 il 15.053 0.610451 -4.62403 down -1.99736 0.0208 0.045375
Con_Liver TR1138|c0_g2 il 12.7738 0.509641 -4.64756 down -2.00584 0.0198 0.045375
Con_Liver TR9141|c0_gl il 1.78007 0.068882 -4.69166 down -2.02544 0.0196 0.045375
Con_Liver TR35617|c0_gl il 7.41542  0.286634  -4.69325 down -2.02612 0.0196 0.045375
Con_Liver TR13852|c0_gl i3 11.6456 0.449777 -4.69443 down -2.02663 0.0196 0.045375
Con_Liver TR20119|c2 g4 i2 26.0325 1.0026 -4.69849 down -2.02839 0.0196 0.045375
Con_Liver TR22478|c1_g2 i5 226381 0.083552 -4.75994 down -2.05744 0.0201 0.045375
Con_Liver TR20826[c6_g9 il 721691  13.1353 -9.10179 down -4.57748 0.0215 0.046223
Con_Liver TR22926[c17_gl i5 477957 149475 -4.99891 down -2.631  0.01995 0.045375
Con_Liver TR255|c0_gl il 85.4762  2.54901 -5.06751 down -2.60573 0.021 0.045375
Con_Liver TR13991(c0_gl il 97.3949  2.62881 -521137 down -2.67688  0.02075 0.045375
Con_Liver TR16528|c0_gl il 3.32821 0.153491 -4.43852 down -1.91357  0.02135 0.045907
Con_Liver TR12418|c0_gl il 4.93831 0.251849  -4.29339 down -1.84794 0.02145 0.046119
Con_Liver TR22126|c5_gl1 il 5.74768 0.293065 -4.29369 down -1.84807  0.02145 0.046119
Con_Liver TR53744|c0_gl il 1.77018 0.090351 -4.29221 down . -1.84744 0.0215 0.046223
Con_Liver TR20095|c0_gl i2 227807 0.103104 -4.46564 down -1.92579 0.0217  0.04655
Con_Liver TR18847|c0_gl_i6 3.43258 0.155316 -4.46602 down -1.92596 0.0217  0.04655
Con_Liver TR23116[c5_gl2_i6 43.6999  1.69571 -4.68767 down  -2.4491  0.02215 0.047493
Con_Liver TR15189|c0_g2 il 3.42277 0.164157 -4.38202 down -1.88622  0.02225 0.0477
Con_Liver TR23064|c1_gl il 443296 0.212554 -4.38237 down -1.88637  0.02225 0.0477
Con_Liver TR12081|c0_gl il 80.8112 393182 -4.36129 down -2.16222 0.0223  0.047804
Con_Liver TR15846[c0_gl il 49.5617  1.76008 -4.81551 down -2.46802 0.0227  0.048541
Con_Liver TR20826[c6_gl il 765989  18.0484 -5.40738 down -2.73166 0.0228  0.04875
Con_Liver TR19526[c7_gl2 i5 744723 30.7203 -4.59944 down -2.45774  0.02285 0.048851
Con_Liver TR22412|c0_gl il 9.61686 0.327896 -4.87425 down -2.47373  0.02335  0.04985
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(2) Blas2GO #241& F& annotation
(7hH Blast2GO 4
ContigE<2 KEGG pathway mapping, Blast2GO®°l 2]} gene ontology &4
183 Blast Aol 23t FHAALS] annotation®] AFEE o] ZF ZZA9] g%
T3 AH metabolism pathwayet ZF FHALe] o= L 7]53F 2o
EA3FA T =3 o] & contigsE DEG #499] reference A€ T &&3}
Hom, 1 A ZF 2o O ExFH AF 2 unigene contigsS FH T

3t referenceZ 5B DEG 45 93t mapping rate= 72.0~87.4%%H oW, &

Ll

S|
= 249 AT ERT9 unigene contigs= 3]3S reference = H-F

DEG #41-& $3} mapping rate= 73.2~88.9%5 Rt}

(4}) GO distribution by level 2

BLAST2GO softwares &3l GOTA] A3} ¥ X2 oA 64,8827l unigenes
Z <300 bpolA 8,1207H, 300-1,000 bpolAl 2582070, = 1,000 bpollA
30,8827112] GO terms A¥-E5 AUTh,

GO X427} term group T ZAAE AW HEWA 3709 7FEIALE] biological
process, cellular component, molecular function® & F/F3}% oM, i 2 o
4] biological process 7FHIILZ] Al 27 groups= 7FAI ™ 249,25771(50.2%) =
71 23k ™, molecular function 7FEIALZ] Al 17 group 76,44471(15.4%),
cellular component®] 4] 20 groups, 170,78471(34.4%)7} AUt F8 I

g

5= cellular process (GO:000987)7F 38,95771(15.63%), single - organism
process (GO:0044699)7} 31,95271(12.82%), metabolic process (GO:0008152)7}
27,41970(11%) =22 32l % I th(Fig. 3-21).
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GO terms Numbers of sequences
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Fig. 3-21. The top 20 most enriched GO-terms in Brain. Gene Ontology (GO)
annotation associated with the Basta - exposed brain tissue of transcriptome of
Misgurnus mizolepis. Horizontal axis show the GO terms in the next level of
the three main GO classification, the vertical axis show the number of the
genes annotated in the trem, the sub-term and the ratio between this number
and the total number of annotated genes. From left to right are the GO three
main classifications; biological process, molecular function and cellular
component.
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Biological process 7}E|3L2]ol 4] sequence distribution 739 50= 2R 8}+=
A % regulation of transcription, DNA-templated 7} 7Fg =4 FRlE ]
™ oxidation-reduction process®} transcription, DNA-templated”} Th5 o2
A= A TH(Fig. 3-22).

Molecular function 7}E|3LE]oll 4] sequence distribution 7$] 50& 2R 8}+=
2 % ATP binding ## sequence’} 7Hg =4 A AS ™, metal ion
binding, zinc ion binding =22 2= A THFig. 3-23).

Cellular component 7}E| 2] ol A] integral component of membrane®©] 7}
A YEFSE S, nucleus, cytoplasm =22 1 H I THFig. 3-24).

OFX A3 thz7e olrtv] =AM 52,6937) unigenes & <300 bp
o A 8,87970, 300-1,000 bpolAl 2481670, = 1,000 bpoll Al 18,9987H2] GO
terms A5 AU, GO termsZ IS AW HETA 3719 7}H 1P| biological
process, cellular component, molecular function®. 2 &/F3}% o™, o}7tn] %
2] biological process ZFE|ALE]lA 27 group= 7FAI™  204,38071(49.7%)
molecular function 7}E| LB NA 17 groupS 7FA™ 63,61771(15.5%), cellular
component| A 19group= 7FA ™ 143,08871(34.8%)7} &A= AT}, Biological
processOl| A1 cellular process(GO:000987)7} 32,3417}(15.82%), single-organism
process (GO:0044699)7} 25,92971(12.69%), metabolic process (GO:0008152)7}
23,75570(11.62%) <o 2 A=}

_69_



GO-Terms Numbers of sequence
500 1000 1500 2000 2500 3000

[=]

regulation of transcription, DNA-templated

oxidation-reduction process

transcription, DNA-templated

. rotein phospho Eylatlon

intracellular signal transduction

signal transduction

i : proteolysis

positive regulation of GTPase activity

G-protein coupled receptor signaling pathway

. _ transmembrane transport
positive regulation of transcription from RNA...

small GTPase mediated signal transduction

phos?ho lation

cell adhesion
tion from RNA..

- L NA integration
homophilic cell adhesion via plasma membrane..
regulation of transcription from RNA polymerase..

: protein ubiguitination

intracellular protein transport

angiogenesis

cell differentiation

transport

I metabolic Frocess

multicellular organism development

; immune response

ion transmembrane transport

cilium assembi

. nervous system developmen

regulation of Rho protein signal transduction

peptidyl-serine phosphorylation

brain development
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heart development
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protein ubiquitination involved in ubiquitin-.
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methylation
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cell-cell signaling
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regulation of apoptotic process
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Fig. 3-22. The top 50 most enriched GO-terms of biological process in Brain.
The x-axis is the corresponding number of sequence and y-axis is sequence
distribution of biological process.
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GO-Terms Numbers of sequence
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Fig. 3-23. The top 50 most enriched GO-terms of molecular function in brain.
The x-axis is the corresponding number of sequence and y-axis is sequence
distribution of molecular function.
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GO-Terms Numbers of sequence
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Fig. 3-24. The top 50 most enriched GO-terms of cellular component in brain.
The x-axis is the corresponding number of sequence and y-axis is top 50
sequence distribution of cellular component.
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Molecular function 7}E|3LE]o 4] binding group (GO:0005488)2 29,25571
(45.99%), catalytic activity group (GO:0003824)2  18,94371(29.78%),
transporter activity group (G0:0005215)2 2.83170(4%) o2 YENGT
Cellular component Z}E|LE]o Al  cell group (GO:0005623) 28,8647l
(20.17%), cell part group (GO:0044464) 28,75271(20.09%), organelle group
(GO:0043226)2 19,81771(13.85%) =2 2 UEFGTH(Fig. 3-25).

Biological process 7}E|3L2]oll 4] sequence distribution 739 50= 2}A|8}+=
Z & regulation of transcription®} DNA-templated”7} 7} =41 A E A S
™ oxidation-reduction process®} transcription, DNA-templated”} Th5 o2
QA = A TH(Fig. 3-26).

Molecular function 7}E| L8]0l 4] sequence distribution ¢ 50& 2R 8}+=
Z % ATP binding &8 sequence”’} 7H3 A FUHAoH, H A3 &
2] o}7}v] ZZ o A= metal ion binding, zinc ion binding, DNA binding <
o= A= ATKFig. 3-27).

Cellular component 7}E| 12| ol 4] integral component of membrane®| 7}
=7 YEFSS™, nucleus, cytoplasm, membrane w2 2 &2l E S Th(Fig.
3-28).

GO®A ZA¥ 3+ ZA oA 64,2887l unigenes & <300 bp o4 9,80171,
300-1,000 bpoll A 29,8697H, = 1,000 bpolA 24618712 GO terms A=
ATt GO terms AF}E A EH 3709 7ZhH|ilE] biological process,
cellular component, molecular function®Z FE{F3IF o™, I+ ZZ A
biological process Z7FH|ILE]olA] 27 groupoE 220,12071(50.2%), molecular
function ZHE| LA 16 group o2 67,77871(15.4%), cellular component®l] A}
19 groupo-Z 150,86771(34.4%)7} &A= At
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GO terms Numbers of sequences
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Fig. 3-25. The top 20 most enriched GO-terms in gill. Gene Ontology (GO)
annotation associated with the Basta - exposed gill tissue of transcriptome of
Misgurnus mizolepis. Horizontal axis show the GO terms in the next level of
the three main GO classification, the vertical axis show the number of the
genes annotated in the trem, the sub-term and the ratio between this number
and the total number of annotated genes. From left to right are the GO three
main classifications; biological process, molecular function and cellular
component.
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GO-Terms Numbers of sequence
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Fig. 3-26. The top 50 most enriched GO-terms of biological process in gill.
The x-axis is the corresponding number of sequence and y-axis is sequence
distribution of biological process.
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GO-Terms Numbers of sequence
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Fig. 3-27. The top 50 most enriched GO-terms of molecular function in gill.
The x-axis is the corresponding number of sequence and y-axis is sequence
distribution of molecular function.
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GO-Terms Numbers of sequence
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Fig. 3-28. The top 50 most enriched GO-terms of cellular component in gill.
The x-axis is the corresponding number of sequence and y-axis is sequence
distribution of cellular component.
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Biological process®lA] cellular process (GO:0009987)7} 34,71171(15.77%),
single-organism process (GO:0044699)7} 28,45371(12.93%), metabolic process
(GO:0008152)7} 26,99170(12.26%) =S 2 &= .

Molecular function 7}E|3L2]ol 4] binding group (GO:0005488)2 31,11971]
(45.91%), catalytic activity group (GO:0003824)> 21,23471(31.33%), molecular
function regulator group (GO:0098772)2 3,23471(4.8%) <2 & UEIST
Cellular component Z}E|LE]o Al  cell group (GO:0005623) 30,42971
(20.2%), cell part group (GO:0044464)2 30,30871(20.1%), organelle group
(GO:0043226) 20,85271(13.8%) =05 L}ERTHFig. 3-29).

Biological process 7}H|3L2] oA sequence Distribution 3¢ 505 =X 3}+=
Z % oxidation-reduction process’} 7H& =A &AFHSU S ™, regulation of
transcription, DNA-templated®} transcription, DNA-templated”} T3S 2 &<l
= Ao (Fig. 3-30).

Molecular function 7}E|3LE]ol A sequence distribution ¢ 50& 2R 8}+=
A % ATP binding &8 sequence”’} 7} =4 UHAYeH, = %F 3} o}
7hu] A oA ek 2]l b ZA oA zinc ion binding, metal ion binding,
nucleic acid binding =22 &RIF A TH(Fig. 3-31).

Cellular component 7}E| 12| ol 4] integral component of membrane®| 7}
=7 UEFSS™, nucleus, cytoplasm, membrane Qo2 &2l E S Th(Fig.

3-32).
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GO terms Numbers of sequences
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Fig. 3-29. The top 20 most enriched GO-terms in liver. Gene Ontology (GO)
annotation associated with the Basta - exposed liver tissue of transcriptome of
Misgurnus mizolepis. Horizontal axis show the GO terms in the next level of
the three main GO classification, the vertical axis show the number of the
genes annotated in the trem, the sub-term and the ratio between this number
and the total number of annotated genes. From left to right are the GO three
main classifications; biological process, molecular function and cellular
component.
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GO-Terms Numbers of sequence
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Fig. 3-30. The top 50 most enriched GO-terms of biological process in liver.
The x-axis is the corresponding number of sequence and y-axis is sequence
distribution of biological process.



GO-Terms Numbers of sequence
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Fig. 3-31. The top 50 most enriched GO-terms of molecular function in liver.
The x-axis is the corresponding number of sequence and y-axis is sequence
distribution of molecular function.
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Fig. 3-32. The top 50 most enriched GO-terms of cellular component in liver.
The x-axis is the corresponding number of sequence and y-axis is sequence
distribution of cellular component.
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(th) Orthologous groups from contigs

=77 Bastao] =& AT S ZHE dofF contig ALES ol E
Aol F5F reference L2 ALE3R oW, o] FFE contig HEES
BLASTXZ ZA3l9a, I AEE HlEoZ COG9 blast2GOE A 334
;. EggNOG databaseZH-E] eukaryotic clusters of orthologous group (COG)
B4 A3}, ¥ A A = 32,48771(36.9%) unigeneS o}7FE] oA 27,12871
(30.8%), It Ao A= 28,46871(32.3%)2] unigeneS 2o} orthologous group
< T3 300 bp ©lske M FZA A 3,927 AL, ofrtu] ZZ oA
4,9677, It ZZA A 3,62670 € ZUATE 300~1000 bp FHAAE ¥ =F

Ll

S 12,6450 AL, ob7kr] 222 1230770, ZF A4 11,8997H Atk

H A AE 7)Fo] EEAA Z2 AELS 13,78371(22.15%)°1 R .1,
signal transduction mechanism-> 8,1957)(13.17%), posttranslational modification,
protein turnover, chaperones< 6,306711(10.13%), intracellular trafficking, secretion,
and vesicular transport 5,79671(9.31%), transcription< 5,21571(8.38%) %3 TF
(Fig. 3-33).

ol7bm] A A& 7]l & GHAA LS AEL 11,32471(21.53%) A
S ™, signal transduction mechanism< 6,2607l (11.9%)% 3., posttranslational
modification, protein turnover, chaperones<- 5,774711(10.98%), intracellular trafficking,
secretion, and vesicular transport< 4,285711(8.15%), transcription< 4,2507}
(6.27%) A THFig. 3-34).

b 2R A E 7Fol dHAA F2 AL 12,1067] (22.1%)H S,
signal  transduction = mechanism<  6,1947](11.3%)%1 3., posttranslational
modification, protein turnover, chaperones= 6,0937ll(11.1%), intracellular trafficking,

secretion, and vesicular transport< 4,81971(8.8%), transcription 4,4197}

(8.1%) A ThH(Fig. 3-35).
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Fig. 3-33. Top orthologous groups from contigs of brain tissue.
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Fig. 3-34. Top orthologous groups from contigs of gill tissue.
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Fig. 3-35. Top orthologous groups from contigs of liver tissue.
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(2}) Differentially expressed gene analysis

Mapping®! RNA-Seq reads®] T3 &S TopHat¥} CummenRbundE ©]-&3}
o H7}5IH T Unigene data®] FAIEA o5t tZ=T 3 Bastao| ==
AgT AtololA] dASA 2 AHES HO|= unigene contigss SIS
o 1 A% xSy 2Ad87e ¥ FZHoA AHAE unigene contigsE
reference geneS 2 3t ZF AFFolA HASA ©E  contigs groups

scatter plot¥ volcano plote = UEFH It} Scatter plotoll A 3 HE2
2T R AFTNA log2 (FPKM)FEel & s YehdH, o5t HE& 4
P BT 2T olA log2 (FPKM)FEe] & e Uehdo 25 JAE52 o
Zad AP gel zol7t log2elW o] gEe WEH, A& HES dix
T3 AFT #ANA gl FAFLE {FOT HES FEATTHFig.
3-36A).

¥ ZA oA A 110,114 702] unigene contigsoll A THE A & A
98,2567/l R 3L, 4,9297) contigs”7} up-regulation®] 1 2™, 6,92971 contigs”}
down-regulation=| AT} °]|F BEAFHOE {2l contigs= 6637HATE. °|F
up-regulation> 3217 3L, down-regulation< 34171 T}

Volcano plots2 Y2 p value logl0 #S YEMH, X2 log2foldE Y}
Bt H, o] ZES °l83tY filterings 3tH o4 Jdow LR o7 B
o] Y= FAA Z2 transcript?t 2 4 U Q value cutoff= 0.059]

q valueZ} 0.059] FPKM#S YedT 234 g
AASHA FHEHA = AS UERH, w3 A H2 A ddH=
e Uepdth w3t Yi2Es dA-A A THEE contigss: YEMHIL QU
ok AA 110,114709] unigene contgisoll A S HHAEFA] S contigse
98,2567 R 2., up regulation contigs= 4,92971 R 3L, down regulation contigs
= 6,92970 A Th.
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Exp_Brain (Log2(FPKM- 1))
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Fig. 3-36. Overview of differently expressed contigs distribution trends in brain
between control and experiment. (A) Scatter plot. The x-axis is gene
expression quantities (in logs) of control group and y-axis is gene expression
quantities of exposed to Basta. (B) Volcano plot. The red rectangle and red
dots indicates contigs with differences in expression. The log2fold of brain
tissue from control and exposed to Basta group is indicated the mean
expression level for each contigs. Each dot represents one contigs.
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FAFCE fFogt e YUERNE  contigse 6637/MATE ©lF  uwp
regulation contigs= 32171 %3, down regulation contigs= 3417l Th. o] A&
W7 Ao g eI THFig. 3-36B).

ol7tu] ZZA A Al 80,860 7Nl unigene contigsll A WAE A ke A
2 72,58071 %93, 3,2207] contigs”} up regulation® 1 2™, 5,0607H contigs7}
down regulationE| Tt ©olF FTAIHSZE /9% contigse 347/MF T olF

regulation 10971 %1, down regulation< 2387l SAT}. Volcano plots< Y
=L p value logl0 &S YEMH, X5F2 log2foldE YERM, o] k& 9]
83t filterings oA o Jdom WA o7} @ol U= FAA
transcript?t =2 4 At Q value cutoff= 0.059) 4] 3} ar, W3t =
valueZ} 0.059] FPKM#k< YERATH 2S5 H2 dAA A LA $e
S YE A, B3 A Je dAsH B E = AS vERdT B33 v =
= dASA A5 FEE  contigss: YERNI JTh A 80,86071 2
unigene contgisoll Al x5 EHAEHZA] 2L contigse 72,5807 A S™, up

ot
rlo

rlo
e}

regulation contigs= 3,2207] 313, down regulation contigst= 5,0607] AT} &
AFoZ Fo3k & UEM= contigse 34771%Th ©] F up regulation
contigs= 1097] 3L, down regulation contigs= 2387 At} ©o|A L Wit A
° 2 Yel A TH(Fig. 3-37).
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-Log10 p-value
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Fig. 3-37. Overview of differently expressed contigs distribution trends in gill
between control and experiment. (A) Scatter plot. The x-axis is gene
expression quantities (in logs) of control group and y-axis is gene expression
quantities of exposed to Basta. (B) Volcano polt. The red rectangle and red
dots indicates contigs with differences in expression. The log2fold of gill tissue
from control and exposed to Basta group is indicated the mean expression
level for each contigs. Each dot represents one contigs.
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b Z2Zo A HAA 92,1187012] unigene contigsoll A HHEA Fe A
81,01970H 3L, 6,6847 contigs”} up-regulation®] 1 2™, 44157 contigs”}
down regulation®= T}, ©o]F FAHFLE {7 contigse 26,3917 T} ©]
% up regulatione 20,8537l 3L, down regulatione 5,5387 4T} Volcano
plots Y=< p value logl0 #& YEMMW, XFL log2foldE YEMH, ©]
= ol &3t filteringS sHH A Ao LAxol7E Wol vYe {4
A4 =2 transcript?t ZEbd 4 ATh Q value cutoffi= 0.05914 3k
A& q valueZ} 0.059] FPKM#ke UERATH =54 2 dA3HA T3
HA e AS UERH, B A e A A HAEHE As Ve
w2t Y 2s dA5H 25 TdH contigsE UER A At AA 92,1187
9] unigene contgis®lAl 5 WHE R -2 contigse 81,0197HH M, up
regulation contigsT 6,6847]1 %13, down regulation contigst= 4,41571 T &
AFoZ Fo3 e YEIYE= contigss 26,39171 T ©]% up regulation
contigs= 20,8537] 131, down regulation contigsi= 5,5387] %t} o]H & w7t
Ao = YeEIATHFig. 3-38).

ul R A of| A Basta A 2]t TLE¥ izl AA A TE profile
< T FAAE oldist=d T2 =72 AFSET. RNA-se
st i Bastao] =EH XA SdA FY3HA 2s TEH FHAE
(DEGs)= Wd ¥ =E Fo] RPKM valuesE HIE O Zyp EE= down
regulation 3 ¥ S heatmap o 2 YEFY AT}

& %21o] DEGOIA] log2 (Fold change) ko] 4o]4tolal, q@kel 0.05 ©]3f

R
St
d
l

2 FHEH KEGGEA Q] pathwayoll A up & down regulation®] @2 *}o]&
Ho]& category?l chemokine signaling pathway, neuroactive ligand -receptor
interaction, RNA transport& DEG2] &% #ES X3} heat mapl =

el om, clusters 6702 -85 A THFig. 3-39).
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Fig. 3-38. Overview of differently expressed contigs distribution trends in liver
between control and experiment. (A) Scatter plot. The x-axis is gene
expression quantities (in logs) of control group and y-axis is gene expression
quantities of exposed to Basta. (B) Volcano polt. The red rectangle and red
dots indicates contigs with differences in expression. The log2fold of liver
tissue from control and exposed to Basta group is indicated the mean
expression level for each contigs. Each dot represents one contigs.
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Fig. 3-39. Heat map generated from Misgurnus mizolepis transcriptome data
displaying differential gene expression values in brain between the control and
the Basta-exposed group. Dendrograms indicate formation of clusters according
to statistical analysis. The bar color reflects gene expression level.
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ofb7lm] %A 9] DEGolA log2 (Fold change) #ke| 4o°]/do]al, qake]l 0.05

Ol

o3}l =3 KEGG £249] pathways up & down regulationol| A &

A2k ztolE ERY  chemokine signaling pathway, cytosolic DNA-sensing

-

pathway, hematopoietic cell lineage, ribosome®lA] DEG #E ol F&3% 4t

v 22 9A] DEGAIA log2 (Fold change) #t©l 4°]’de]lal, gzkel 0.0

(93]

o]}l FEH KEGG £49] pathway T up & down regulation®] A -2

Jo
=
2L

9] zo]lE H YT metabolic pathways, ribosomeol4 DEGS] &3
HES Z3ste] el eH, 9719 cluster® T8 5 A THFig. 3-41).
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Fig. 3-40. Heat map generated from Misgurnus mizolepis transcriptome data
displaying differential gene expression values in gill between the control and
the Basta-exposed group. Dendrograms indicate formation of clusters according
to statistical analysis. The bar color reflects gene expression level.
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Fig. 3-41. Heat map generated from Misgurnus mizolepis transcriptome data
displaying differential gene expression values in liver between the control and
the Basta-exposed group. Dendrograms indicate formation of clusters according
to statistical analysis. The bar color reflects gene expression level.
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V. 1 &

2 A+ phosphinic acidsl A ZA|Q] BastagE O E 3to] w|H TR
of MXE §4 S4E& FEEE HUisty 2ATE A4S AASATH
TS Bastao =% Al UEFLE RNA sequencings F3l &

g dEstal A Lddte FAAE B4 FE AxAd % FAA

Aol Aaets B o7 dAside Brlsty] 93 ZxAEE &3}

ANEYEFo2 Agsy] i s 233 st FAMHA
& FJrists o HtEA 23 EE (B E T shyolth =3 B T2
FHuete] =, &3, A4, AFA 5o #F

F(@FTFALZAE, 200101 A A

H
THAE o2 8 Bastaol] tik 54FAH3 ol s w
A

U 53 2% w2k FHALES] g2A yston, 5 TEE JdojAHA
100% #HAF YElvg+= E-4E BT Basta &% 731 2 EHo]

o ZA4%7L] g AT 5, 2007 FAS AHE A o F A
FANA FokY A4S A wWE T tiAEA e WSl et
TH(Seikai, 1982).
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Basta®] &AL  glufosinate ammonium 18.02%°]™, HSEHZELS
1-methoxy-2-propanol (propylene glycol mono methyl ether)¥} 7€} T2 A&
o2 FA4FHY 9. Koyama et al. (1997) AREAHA  sodium
polyoxyethylene alkyl ether sulphate”} X35 o] QQthil stR oW o] JELS
E7]o4 LD50 1,600 mg/kgel H4H717F H Ak =3 Genapol2 Basta®t
Livertyol /4 &A= AH&Eon & HAEE H7IEATIL 3R THKEML
2002a&b). EZF OXD-080H Ao Z F=oA uj§ vre T2 XHYE JP&
o mosquito fisholl 3|& 7] X th= X317} A TH(Cabral et al., 2001).

ZZo]Foll A Bastad] X AFEEE 96AIF LCS50 value:= 13.1~65 ppm7HA]
FH LS TH(U.S. EPA, 1986, 1990b). TFE ©]& 9] Basta LC50+ sheepshead
minnow< 13.5 ppm (U.S. EPA, 1990b), rainbow trout< 27 ppm (96 h)Z H
T HATHU.S. EPA, 1986). Roundup®l =% yddgyole] LC50 =
36.8 ppmA L™, 5 ppmZ 15 ppmol] == AFHTFAA olrtr] 12+ Al G2
Ao M =Z7F Blis A oL 22 A G2 F@EFol oWt Th(Jiraungkoorskul et al.,
2002). B AFolA w]Eet ] 96A17F B AMs = #Fo] 12 ppm, X o]
30 ppm, VA3 ©o] 38.7 ppmOE UENY, IRk o w2 AHZ HEolF Hi¢
A=t A o]y Al %A TE, Heger et al. (1995)9] &<Fe] 4148
o g AL =Y = A #AVE At Baet X5
=2

ob7brl= W& HWAS VA o b fxstal 7] W&
ob7tu] FAlE= B2 stEol itk FFHIIe A AAARE <

21Elo] 2TH(You et al., 1978; Perera, 1993; Ballesteros et al., 2007; Ayoola,

NI

-

2008; Albinati et al., 2009).
AzAl w2F ol7le] AW AL WY REE sfze] @] T

< AT, Ao B oprtle HA BFHEC FAE olhe] of

ofy

_98_



7Ha) o] AbA F e AARAZIA Eh ol A oA T Yol g A
A3 2taTFo] TFEA I Nowak, 1992). F=3F I Ho} ofyfujo A 2
Aol ST AL FASEY 2 T ofFo WgoE Z U4y
Z A THBols et al.,, 2001, Strazyzewska et al., 2016). o}7}7] HH4d 3¢ &
ME S49 WEe HAneAY dRgtadel i, ngAsaE Wl
71Z}o]| tH(Ferguson et al., 1992, Movahedinia et al., 2012). T3+ 7}2=n o
O oA HH, S s FaAze A 2, A9 5o deld
THBols et al., 2001, Muller et al., 1991).

_—

23 Wl 2% G A7 HEe] L2AY FokAls HBAE X
I 2ak AR EREel 93 2 SAFHAY HAAETE Bol IHH= F
| R BasaleFo] M2 RAW H, A% EF w7}
TF S7Fk o™, Hlgirpe®t Hlgirps A 7 8 ppm3} 16 ppmoll A F7}
HAoh 2@ wet AEE TR T2 =7 ARt FAR &
< HAThNero et al., 2006).
webx] B Ao mgdo] ARdwe BE oprhn] A A HAAM I #
ZEon, ol o 2E 2 U 1242 ]] ol #telH, |53

A e A2 s ohitekE olilelg BR stiad 5Ee 4

2
ol
2

o

i)

‘|_

ol
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H(microcirculation)ol] o E Fest b E&4ol
A $koh(ljaz et al., 2003; McCuskey et al., 2004). o5& F=3 FIFE &3} o]

% 4F =49 olF # tAe LSHF FEF FASHHH(Takashima

Ll

and Hibiya, 1995).

T3 IPM|E ] FAE = parenchyma cell(FAIEZ)o A £ FAAEF &
HESo A EH|E = vlE&e EdF Y3l A E K (Gingerich, 1982). 2
W o F/o| s AxA L A AFolA IFAEZS hyaline droplet, A& ¥
Z3te} Mg HE A2 HIAAGAR] W3S o] BalE ltk(Szarek et al.,
2000; Jiraungkoorskul et al. 2002, 2003; Albinati et al., 2007, 2009; Langiano
and Martinez, 2008). ¥ A Fo|A %= Basta®ll =% v|FHA| oA F =32
k2 W ol= Hued et al. (2012)8] ATFAFHL} o] AFLoA FFHA O]
doAu= AREH A=A AEZIAATE HElY $E STk wel vt
g zZskA W37l AT E=F 27 AEd AP T HG 4573 A
A TolA HIyy A7k =41 eSS o= A e7]3te] dojfol wz}
kel ¥wo] H& Alste ZAo=w AddAT H B AT Ao 2573 8
ppm AT oA Hlyy A7F 16 ppm AT ET 238 &4 £48 AL
R A 5 =ASH WAH3TF Hlepe®t Hluwgs AolA © 8ol &<l
HA7] wEolth o] 3 S Kang et al. (2014)°] HITHEAIE S iAo
2 3 Basta =24 FAAE H&E v} o

Basta®] &< glufosinate ammonium®] TYAF 2] IR}t AHG
AA 7 ] whet 258 FA0] O Al vebd & ATHUS. EPA, 1990a).

T3 G EQ glufosinate ammoniumTt AFE-S wjrRT SAE EZJSH

o
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AzAL SABAY ARolA SAo] H 4% A7E JERATHKEML,
2002a). - Aol A= glufosinate ammonium¥} Basta®ll gk Hl A S
WA ol FF olo] U HES WaY Aol

Glufosinate ammonium®] T =] W Ao tis F2 Al =" o]

U 4o mE goFst A3yl 9 tk(Schulte-Herman et al., 2006). 200 ppm
ol A glufosinate ammonium®| FFAJel| s HrFskH A, AEAA FRA=
del AL jle Aoz ey o A= o] Fd di vE
A9} x| gFTh(Ebert, et al., 1990; Lajmanovich, 2014).
2 AFolA Bastas A3 w A ] HAAE A4S A oxidative
stress response, immune response, energy metabolism & 27 & A 5)A
Abs HHAE AT ©]= Atrazin?} nonylphenolS A 2§ F-A|7]Eo] X o]
e S0 mE 17 2 el g deA I mE fA EE o
T, AgEH o7 SAEA mE HAAA 24, MEsFeS A o
Ak el ARl AARA £423 FAFsHTH(Kassahn et al, 2007;
Shelley et al, 2012; Yadetie et al, 2013).

HT FHoTolA Bed Hdol wSsts WHgHHE FAA toll-like
receptors (TLRs: Zhao et al,, 2013; Zhang et al., 2014a; Pietretti et al., 2014),
interferon regulatory factors (IRFs: Santana-de Anda et al.,, 2011; Zhang et al.,
2015), interleukin (IL; Uribe et al., 2011), tumor necrosis factor (TNF; Aoki et
al, 2008) &9 Tt 7ol dg A77F SUtsta Utk B A=
innate immune system®| A GT-E 3= toll-like receptor pathway HH -
A2&<2 TLRs (TLR1, TLR3, TLR5, TLR13), IRFs (IRF1, IRF3, IRFS5,
IRF7), ILs (IL8, IL12A, IL12B), CCLs (CCL3, CCL4, CCL14), TNF, STATI,
fos, MYD88, FADD, IKBKG, RAC1©] 4= it}

Toll-like receptor (TLR)> W Hvtol| #HHA EXH| Eolxdo= <14
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stal AGAM| ] FA T cytokine Aol o] 2A st T A Gl BAFTH
(Janeway, 2002; Kawai, 2008). & 723} > ZZ oA+ TLR57} FC 22

=7 FdF0em, 7+ £F o4& TLRI, TLR3, TLR137} #dFHJ o &
3] TLR3S Ag79 7+ ZFoA FC 42 =4 HH= AT Glyphosate S}
Roundup®l =Z&% brown troutol| = AT 7+ ZZF oA 5~24u] =7
AHE AHoZ Husle B A Ao} v =53 tH(Webster and  Santos,

2015).
IRF72 E& XA WHHE o E3 AdTe 1F ZZdA =4
B EQh ¥ A A= IRF1F IRF97E, ol XA o)A = [RF80] %

A @ EAda, 7+ A A= IRF3, IRF5, IRF9 EF =4 3=t

|1]O

IRFs (interferon regulatory factors)= AXE52], &3, AZAIE, TFIHS
sl 2 ddAG DNA AR #Sk= JAK-STAT  signaling
pathway®] QS-S S} (Aaronson and Horvath, 2002), innate immune
responsel| 4] Hiol 2l 24 Zhde] ik WolE st VTS sk Ut
(Santana-de Anda et al., 2011).

Tumour necrosis factor (TNF)+= glyphosate$} RoundupS mouse® =EAF
< W oxidative stressE FEITHE EI7F  ITHEl-Shenawy, 2009).
Glyphosatet} Roundup®] =&3}%9-S @ TNF-« 7} A H A S, TNF-a 9
TNF- 5 22 cytokine> JHAH|EZ e} AALolo] 8o S4H((Benedetti et al.,
2004)3HA1 & F e 1 2A A ZpAllo] A= A= 3HTH(Pratt and
Kaplan, 2001). 7F =2 oA TNF2} tumor necrosis factor receptor superfamily
memberQ]l TNFRSFs (TNFRSF1A, TNFRSF6, TNFRSF9, TNFRSFI13B,
TNFRSF14, TNFRSF17, TNFRSF19)7} A@de] 1+ 24 oA =4 G AT

Interferons (IFNs)= HHA|2®] Zdo| thekdt 93-S 71x 1 nHlolg 2
of ¥hgsle W tE AzFH o5 AdEHe= AEd oAddd
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cytokine©] TH(Samuel, 2001). Interferon gamma (IFN- 7y )< interferon type Il ©]
WM EZEslo] 7], NKAMEZ &3} macrophage &3} IgG
FA FF Ag fx, Th2 JA, MHC Td 771 A4EE e =22
A2 ATh(Robertsen, 2006). IFN-y = FA|7| Fojet A d AoE
EE3 2 ofFolA FRAE v UTH(Zou et al, 2004; Zou et al., 2005;

il

Igawa et al., 2006; Milev-Milovanovic et al., 2006; Robertsen, 2006; Stolte et
al., 2008). Grayfer and Belosevic (2009)< IFN-y & ©}7}H], A1 9 v 2o
A e 2AEY ¢ =4 ddHATT Bt FANE e} oo

IFN-y & EZf5E4 dojuvs tia Az A B elol 2728, 4hshd
A4, SFHFLEAT 22 IdiF 7S Skl UTH(Sun et al, 2009;

Arts et al, 2010; Grayfer et al, 2011). ¥ AT = ofrfue}l = Z3Z o
A IFN-y 7} 25 @astgon, 7k A= IFN-o = =4 Td3A T

Chemokine> T YA 2Hlo] FQ3F IS 3} N-terminal cystein-motifs
of @} C, C-C, C-X-C, C-X3-C 47IAE &EFHATH(Rollins, 1997). M &2}
A A E S50 E8lEE CCL4e SASE M EY NFAYITFEZEE
2] = A H(Wolpe et al., 1988). FA|7/fEoje] 49 AAQTF= CCL4 2
A =& BHS FE5FF tH(Mackenzie et al, 2004). ThE ATFANAE
CCL47} ZAY ZEHs Z2F o] dAMNEE RoEs AdFS g o=
U e TH(Hasegawa et al., 1999; Kitaya et al,, 2003; Yadav et al., 2010). ¢
o]} o] FollAl CCL4x= 5ol sl SAFe] He 9gS #57F + AU
ow O Yoyl CCL4 HAMAE HAH R dAF5S fFEste obd4k e
FEA 71%5S = Ao ® HuHAtH(Zhang et al, 2014b). B AT =
zFolA 16v) A T AL HYgoy AFdFodAe A HAFXA

é

Q
a
=
N
(9]
rr
o
£
)

2

oA F= GASH T-cell HE oA WA
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B stal JQTH(Zabel et al, 1999; Vicari et al., 1997). Zebra fisholl A CCL25
= SAHA F2 AR TFEX oA = A, ofrtu], Ao A W E
= 7

T4 of

Aoz ®BuE v UTh(Lu et al, 2012; Arockiaraj et al, 2015). ¥ A5
qME o =

7}n] ZA A= CCL4, CCLS, CCL257} x5 waHEgom, 1+ A oA

Aol A CCL2, CCL3, CCL22, CXCL13°] =t5 3 HYI, o}

CCL2, CCL3, CCLS8, CCL13, CCL14, CCL18, CCL19, CCL24, CCL25,
CCL26, CCL28°] =5 HAFHUT. CCL13ZY CCL2SE 742 up T+ down
regulation 235 H+=U|, cDNA G771 L] w9 FASE EAoZ E uf
NF 59 duplicated gene¥d Ao = A=

Caspasest= Xfr&=olAl 157 familyZ2 TFAEHAJS™ casp2, casps,
casp9, caspl0 ZNAIAS] HATS Sk=  WHH  casp3, casp6, casp7-
downstreame ZAsl= &S dth o] FHAE IA 271A AEHE
A T8¢ 98-S 3t=t FASE X% 3 death receptors?l =2]& A|EZEH
9] 48719} tumor necrosis factor-related apoptosis-inducing ligand (TRAIL)E
ddste]  AzFske QA A= nEZSoldA AErd=
cytochrome Coll 93] YA 2o I3t FADD, casp8, FAS®} &7
pro apoptotic activityol] 3] dFTH(Sakamaki et al., 2007). o]} Fofo A
casp3, caspb, casp7, casp97} &= AT Takle et al., 2006; Reis et al., 2007),
AFAI 7+ 22 A casp3, casp7, casp8, caspd’} =A LHE A= 53
casp3, casp9d] A-F tEzToA = AT LA Fta, APTolA 2zt
83w, 5.58) = LA

FADD+ mouse®] ¥ 2HAIA  F knockout®| ™ X Ale]l o] =21, NFkB
pathway S T4 ARl o] dS 71420 (Sakamaki et al., 2012). T3
zebrafishol A= & A #AHo] Jdy By Hl Q)O1(Gregory-Evans
Ho] Q& By ofyg} o

riy

et al, 2007), FADDE= Al ZAME I WA
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Al 2A7re] YAage] Y<elolth(Razaghi, 2017). ¥ Ao = thxToll A
Aol Ik 22 A 4] A= E=A FA AT
STATsv= AMZAME, AlE2F2, AEZEset AES 33 fg AESH
Z Wkg-Eol T3t T} STAT familyoll A STATI-S A|EAFE O] ThoFsh
A&S sl Jvk AlE Felu Aol whel STATIS Al
APE T BIAZARE R BF RS EA AlEAE S 2EEaL THKim
and Lee, 2007; Kostanian et al, 2010). £ AF A= AIATY > =29
Al STAT19] L& o] tjxFol Hls] FC -4.82 SrolxTh
RAC1S GTP Aol RAS super familyoll <3h= GTPaseol ™, Al
Aol 24, Alx=74 AF4d ¢ @ild JlyolA o] &4dste #-Ho]
AHRidley, 2006; Xiang, 2016). =423 AT ¥ XA A F=A EIH
AN

AFA7 amino acid metabolismol|] Tt unigene=°] A THEHJL

e
i
r {
in
x
5
o
5 M
it

i

™, arginine and proline metabolism pathway, alanine, aspartate and glutamate
metabolism pathway, glycine, serine and threonine metabolism pathway©ll A T
F3t 71eS Al AT 1 9ol glutathione metabolism, glyoxylate and
dicarboxylate metabolism, citrate cycle (TCA cycle)oll #H ¥ unigene =& &
A & AR

Arginine and proline metabolism pathway® glutamate =5F-E] argine?}
proline®] AFAFE A% T 2% pathway T U=, B AFfoA o]
pathway®} ##HQJ= HARAELS AGXT, AMT, ALDH 7Al1, ALDH 18Al,
arg, creatine kinase, DAO GATM, GOTI1, GOT2, NOS2, P4HA, proC, SMS,
speB, speE, alanine®] 1o, tiF-& b A oA A5 LAHJAG

GOT (glutamic-oxaloacetic transaminase, aspartate aminotransferase: AST)+

AR ARR AGHE Ea0H, B34 2EL 8]l wE A
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% glom, o] ARE ZHFE e AxAC =FW /W £4L
A + glom ofF APYHE ZHY 5 A& oF SHH Av =
A=~

T2 o]&d & Uu(Zikic et al, 2001). GOT1S o}7tu]o A, GOT2=
ZA A FC 22 =A HAHJCH 2P 3F 2HANA FC 52 =

FRAAZ BA FAR Y
AT T ooek A7} ALDH AAMA F2& TAaA 7= 237 By
H A th(Wang et al, 2007). £ AFA= AFT olrln] Z& A 2.34]
=A FEE AT

DAO (D-amino acid oxidase)v= AT It XA A *Fo& ddFS
B, AESE 7lee dEAd AA FAIRE moused| A1 NMDA
receptor®} & 283 D-serines 3ot ASE ¢#IA AH(Duffy et

al., 2008).
Alanine, aspartate and glutamate metabolism pathway©ll 4] asnB, ABAT,
argG, AGXT, ASPA, CAD, glsA, GOTI1, GOT2, glnA, GLUDI 2, PPAT,
purA7} A5 HAE AT
B dFoA Bastaol =Ed AIATY

2

XA A glnA7} thETo] W
3l 308 =A EAEHUY. Glufosinate ammonium-= glutamine synthetase
(ghA)E At AW dEYol w55 S7HAXIT. %3 glufosinate
ammonium< F 9| ¥, A FZA I s AA oA glutamate synthetaseS
AAA 712, A9 ZrolA  gulamate carboxylase”} S AIET™,  glutamate
dehydrogenase= F 2] oA JAF T HIFJATHFAO, WHO and IPCS,
1992; Cox, 1996). 3t QIZFo A% glutamate synthetase’} A E AThL H
¥ vk JATHHSD 2003).
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Glycine, serine and threonine metabolism pathway©ll 4= ALDH7A1, DAO,
gevT, SDS7F AT Serine glycine> Tl shAl A3 o] A
AZA G2 tAEEE & dHA Aok AES F4ksts FH|
AL, HZode FTELTAAR IdFS HIAE AR dEAd U
(Amelio et al., 2014). threonine< threonine dehydrogenase (TDH)$} glycine
C-acetyltransferase (GCAT)®ll &3l glycineS.ZHE A E T Thereonine 7
|25 A soh B 23
A3 o] AR FAA F 53] DAOE WET I 2HA FC 42 9
A S YeEh AT

Glutathione metabolism pathway©ll 4] GGT1 5, GSS, GCLM©o] ®AE e

)

2+ histone methylation®] @A TAE T3

, GGT1 5& W& 3t 2494 FC 2& down regulation® 1 2™, GSS+
AT I ZAoA FC 452 up regulation® T} Glyoxylate and

a9

dicarboxylate metabolism pathwayoll A HAO, hyi, pgp7} T =AU, =ZF 4
T I 22 0A s TEEHIAH.

Citrate cycle (TCA cycle) pathway©llA+= IDH3¢} PCK7} AdT Xt

=

Z_‘

BN

o A &A= SATE Aminoacyl-tRNA biosynthesis pathwayoll A& gltX7} &3 &
13L, nitrogen metabolism pathwayoll4l&= CA, one carbon pool by folate
pathway©ll 5l == MTHFD27} "3 & I T}, Carbonic anhydrase (CA)+= ©] 7l A
A+ 7] 27 (Randall, 1982; Henry and Heming, 1998; Tufts and Perry, 1998;
Henry and Swenson, 2000; Tufts et al., 2003; Evans et al., 2005; Esbaugh and
Tufts, 2006)3 ©]=%"(Maetz, 1971; Maetz and Bornancin, 1975; Haswell et
al., 1980; Pelis and Renfro, 2004; Evans et al., 2005; Tresguerres et al., 20006)
of &3t BLOCIS3= E4¥ #H, WeldaA, dad 5 AlE &7a
of AAl P FaF dTS 3 o, B AFAE ¥ ZZ A
A = AT
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ole} o] AzA Eod WE HAA 4 AF= glyphosated] =Zol

£ WY #H transcriptsd s Edo| ik AFH(Tanguy et al, 2005;
Marchand et al., 2006; Evrard et al, 2010)2} glyphosate formulation®©] ©]F<}
do <toje] WIAE HHFAL(El-Gendy et al, 1998; Kreutz et al, 2010;
Latorre et al, 2013) 7ol W& Ao ot Hgd & J=(Kelly et al,
2010; Kreutz et al, 2010) <A E BEAF 7<= AE JEF AT

AzAG] OF 2L FAGAL WP oA 5 ok FANA W

_1.4

sto] Ao g, WA, 43 A= FAA DA WP o) &A
WA F9 ol E S7HAE

A @Az HAL R
&3 gEo tg AHEZASY 374 =

< Aasti Ao mEkA] B AFolA #EE T

_[C1>_
AzA e FAFARH A7E sty ojgd 5 3L Aol
=

2
@)
=
Q
=
fov]
(¢}
—
jov]
—_—
~
[\
(e
—
W
~
rlo
2

2
R
o
to
i
rlo

)
2
»

(o]
o
o
ox

>
2L
il
rlo
2
o
fru

BAAARZ Uehd AAR S gk FAAE0] AR of9A BAHE
Ao = F3F real time Q-PCRS ©]-83F wradaF Bxo] H Qs 7ol
T} T3¢ Bastad] W7IUS #d A g AEH 2 s A s

Fo

2 wrge oSt YRE ATY AL Zol B ATA o
= B2E nRg AR B4 ARE woknd S4¢ o
e ATl glo] 71z fAHA ARE F8E 5 Y Zolth
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