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Development of Microsatellite marker based on Next-generation

sequencing for genetic diversity analysis of Larimichthys crocea

Hae-ryeon Jeon

Department of Fisheries Biology, The Graduated School,

Pukyong National University

Abstract

Demand for large yellow croker (Larimichthys crocea), which is used as a
raw material for Gulbi of high economic value, has been increased. In this
study, a microsatellite marker was developed using a next-generation
sequencing method for efficient gene management of broodstock used for
artificial seed production, and for the genetic analysis of the breeding
populations. More than 15G bases of total reads were generated through
Next-generation sequencing (NGS) with a quality score of Q20 of 99%
reliability for 94.5% of the total. From microsatellite regions selected through
the calculated results, 192 markers were selected. Out of 75 sets of markers
selected through PCR screening, 24 markers were selected after confirming
amplification and diversity by performing genotyping by synthesizing dye

labeled primers. Based on the range according to the dye, we developed 2 sets



of multiplex PCRs in which 8 loci are 1 set. Genetic analysis of large yellow
crocker seeds and broodstock groups using the developed marker indicated that
the average number of alleles for the total 144 individuals was 13.66 by
applying allele richness. This was similar to the number of alleles (K) with an
average of 13.62. The average expected heterozygous rate (He) was 0.857, and
the average observed heterozygous rate (Ho) was 0.770. The polymorphism
information index (PIC) showed an average of 0.835, which confirmed that
genetic diversity was well maintained and that there was no linkage imbalance
between markers. In addition, the evaluation of the exclusion power of 16
markers showed a high discrimination power of 7.248 X 10 The
microsatellite marker developed in this study is expected to be useful for
genetic analysis and genetic diversity identification of large  yellow crocker

populations in the future.
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2002; Li 2005; Liu et al, 2015; Lou et al, 2015) % I x}39H (Xiande et
al, 2012) & ®B2 A7 FdHAY. Aoz AL oiH] FA A
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B3t AF 2= YA (Larimichthys crocea)®] AT W 2 A A
(Park et al. 2022), $=4F ®loj3 soji o]Fo #F(lee and Park,
1992), #=x7]¢k F-A9o &% & Hlal(Park and Oh, 2020), t+% PCR

AaFdegd #Hrier a4 gddds L£Ast= HHS Microsatellite,
Amplified fragment length polymorphism, Single nucleotide
polymorphism “s°] 1o o Ao A AFEE &= microsatellite marker
© A 3 gE@EAel i wkE AP AR AQAAde] Eo A
(co-dominant)& WERHol 4 thefd dhefo] &olste] {FHA A=

A4, AVFAE L BE G0 Fol FEHE BAGAL Aol §89

i

vl A o] th(Guyomar et al., 2006, Hauswaldt and Glenn, 2003; Pettay and
Lajeunesse, 2009).
ol Ao A] A A 7] E (NGS, Next Generation Sequencing) 415
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2. Microsatllite marker set 7§

7}. DNA &

oyul HA FellA =2 7t 3 8MAE AEste] NGS &4 &
APstg o, MeE A A =wjn] ZZ o E.ZN.A. mollusc DNA
kit (Omega, USA)E ©]&3}o] Proteinase K (20mg/mD ¢} lysis bufferol
ZAE 60CoA AXZE o] &d3d] =<9 & A=A Aledd B

w2} genomic DNAE F=3}Fth. Spectrophotometer (Nano-400A)E
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. NGS (Next Generation Sequencing) &4

DNA QCZ %33 DNALE libraryE #12star 2100 BioAnalyzer
(Agilent, USA)#&H] 2 DNA High sensitivity chipS ©]&3to] #|=z4
library®] Alelz=, % % 55 HAFsIATh Quality & Hlo|HE A4
3t7] 91% library % % BF 7|2 H4 20 ul, ¥%E H4 5nM oY
HE % o™ 2709 Library Al 2sk3

HiSeq X¢] HiSeq system (llumina, USA)S ©]&3}o] RawdataE A4t
39, SOAPdenovo2 ZE 1S o] &3 De novo assembly +41<
2183 400bpe] Insert sizeE 7FA& ReadE Genome size®] 154]

o] 42l 15Gb o] AAFstH o™, FLASH tools ©] &3 Read 13 2&

=

N

Lo

Heksk % AssemblyE &3kt Contig graphs A2

[}

o

%
untangled assemblyE a3} 3L, A4kE Total base readsE <13sH

NGSE s1%@ 7 @719 AFE Qe 7Fow sgow, ot 9]

o

10018 2edg W 17e A71% 2% Bejg B2 99%°) A4

et SE2 i HH olel st datad] AEE sl dvh



t}. Microsatellite region <l % primer design

AR data® Q20°] 90% ©] A<l reads®t Wil ZEH S AAEFS o,
De novo assembly ¥ microsatellite region%t AW&ta wrEE=
sequenceE 2= MISA tool(http://pgre.ipk-gatersleben.de/misa/)&  ©] &
3ol PCR product’} 100-450bpe] =7]E 7}A+= microsatellite regions
kel

At g o o 2 BL 8 Primer3(http://bioinfo.ut.ee/primer3-0.4.0/primer3/
inputhtm)E ©]-83}¢] microsatellite marker design= 3}tk vA = WHE
= 9719 707} trinucleotide, tetranucleotide® YH=-%] = microsatellite
regions A3}, Annealing temperature= 53-60C, GC contents+
40-60%°. = AAsIH, FHAE o whEE A de] glil msDNA repeat-<
8 ol ®bES RbESH dHFHAA} £ 15-40709 WA AR

=R R v

U] zFel ¥ w7 5 microsatellite region®l 4] 13 repeat motifE 7]+ o &2
Tm#k(annealing ~ Temperature)= 58-60C, %% fragment sizeE
100-450bp W¢IE F3L primer A|2t& H&stAT o] % wpAL Al

FH of9g selste] Adsty



2}, Multiplex PCR set 7/1¢<& 3 vlA Ad 2@ A=

NGS#4  d"HeolHE o]&ste] 14 Adse vz Fxo| s PCR
screening= A A Y. PCRY 4% AccuPower PCR PreMix (Bioneer,
Korea)Z o]l&3t9lem  Veriti 96-Well Thermal Cycler (Applied
Biosystems, USA)E ©o]&3lo] 533 AAstaL, o4 Alo]= Ulo|Ae] &3

e §32 31315t Gel electrophoresist™ 1.5% agarose gelS o83} il

Ol

120V, 303t #elste] SEHAES A7]E gl
&A%t microsatellite regionol Wt F& wlA ALS WA|sH] 8] EE

ul7fol] et FF H-9| fragment sequences ©]-83}¢] Multiple alignment
TE RS Adsid. =Y, 22 AEE vprl= NCBI BLASTES
Fo] 7)1&E0] 529 microsatellite vFA S A AE = wpAES Alo]
& 55, ClustalW multiple aligns &3kl &<2131%]

PCR screening % <T&5A A7 €539 vl7io] il Dye labeled

A=)

M

o
oo X
ol

]

of

primer (Applied Biosystems, USA)$AS ZastAtt. dF Dyeo 4%,
Atolz= W F7b3 W9} random Al FAstER sklem, AWE =
(forward primer): 57 Z9] FAM, VIC, NED, PET % 4 7}# ¢ d34&
A 8. PCR 292 ZF whA {rell Abol=7F HAA Fs set
g 8979 mAR FAEE groupe YR TSI AA FHE 4

(genotyping)< AAlSIAH. T3 oF g & &<lsta, Null allele

AC)
K

Adtel vpAE o] g3te] FxF 9670 A genotypingS 7335 tE PCRE
&t 3 ABI-3500x] Genetic Analyzer3500xl (Applied Biosystem, USA)
g olgdtel A/ WE RFHES mAw A719% sgov, 2 vpAd



3t T35 allele ladderE A2t GeneMapper version 4.0 (Applied

i AL

Biosystems, USA)s wAZ2 W& o]&ste] BE JJAE scoringshal
Aziek A FREEZ ERSY AEE AFSI HE v HEE

AE3FA T Scoringe] $5% dlo|HE Microsoft Excel (Microsoft, USA)

=E o] &3t FHESR oW, Micro-checker program 222 o83 Null

=

alleles eHQlshalivh. =3k, w7 A9y 5l dF e ddstr] 96
3

exclusion power 2Helalth,



7 AVEAL 9% DNA 29 2 444 52

=]

>0

d HAE ALdE YA o] 417RAC] ik DNA 55

—

213332tk DNAdvance Kit (Beckman, USA)ES &-&3lo] A 2A7F A&

\0

3l W o] wEl genomic DNAES F=s3lgth

FE R ¢RE S F AP ATk

. F%% genomic DNA&
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PCR $%& AccuPower PCR PreMix (Bioneer, Korea)S A}&3}%

%ol ¢x¥ PCR 2HE2 DW= 10X dilution A7l &, SZEAE 109}
GeneScan LIZ500(Applied Biosystems, USA) Size Standard ¥ Hi-Di
Formaide (Applied Biosystems, USA) =3 &5 1192 3435 & 9559
2B WS AIAFAT.  ABI-3500x]  Genetic  Analyzer3500x]  (Applied

Biosystem, USA)E o]&3lo] A7 2 EHYLEE AR H7d% 39

o™ GeneMapper version 4.0 (Applied Biosystems, USA) #4132 1315
o] g3l BE JAES scoringsti A7 9} TAAE FHEZ EFY

A2E Ak

_11_



o FAA GER EARA

HFAom ey v E o] &sto] FA onet A He] Yk ehA
A Bl FAA g H3rkE AAER e FAAERT dEFAA Rs
(Allele  frequency), TW&ABXEA(PIC; Polymorphic Information
Content), WHfFAA <, olFHFAE #&AX 9 7|gX(Ho, He)e
Cervus 3.07 softwares GE3sto] AF=3F3l o™ (Marshall et al, 1998)
FSTAT ver293 softwaredl A= HAx MFE F5 722 dydFdA

+E H A3+ allelic richness ¥ Fis #S 391389 tH(Goudet, 1995).
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m 2 3

1. Microsatllite marker set 7

7F. DNA & Library QC

AE 879 A =2jn] ZZ oA DNAZS 333, Spectrophotometer £}t
&=
[e)

Gel loadingS %3] DNA9 QC(Quality control)E <¢13a}¢lth(Figure 1).

F=3% DNA9 A-¢ EF 260/28004 == 1.8-2.1 Akolel gle] NGS
wA A& A FEHALH, T EI 30-400ng/ulE A e A F=

H A (Table 1).

—

—

== LCi LC. Lot LloRie g ic
W 26 27 28 29 30 31 32 33

Figure 1. Analysis of genomic DNAby agarose gel ecectrophoresis.

Broodstock sample genomic DNA 26-33
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Table 1. DNA concentration QC (Quality control) results

Sample name Con.(ng/ul) Final volume(ul) Total Amount(ug)
LC26 12.037 50 0.602
LC27 4.536 50 0.227
LC28 3.112 50 0.156
LC29 6.975 50 0.349
LC30 8.312 50 0.416
LC31 12.236 50 0.612
LC32 5.044 50 0.252
LC33 8.981 50 0.449

DNA QCZ= %3 % % %7} High quality rangeo] %3 %+ LC26,
LC31 7NA DNAE Library A|#te] o] &8kt Library A%} $-o &= 2100
BioAnalyzer (Agilent, USA) &H % DNA High sensitivity chips
o] &3kl AZtE library®] Alol=, s& H FE & AALSA tH(Figure 2, 3).
FX% 134.15nM (LC26), 155.54nM (LC3D)dl sll9Est= A8E dido=z

NGS sequencing 2 %13 &} ]t}

_’]4_



LC26 . LC31

¢ ¢ £ e 4
= o
Tem e
j Jou
fm b
: z
Faed | ] fao
fo
1000
pev)
] %} 8 _‘L . o A -
d el e A e o B " d ] 4 4 ddd ddf =

Figure 2. LC26, LC31 library QC result

LC26 TruSeq Nano DN 54,67 134,15 627 Pass

LC31 TruSeg Nano DNA (350) 62.08 155.54 614 Pass

Figure 3. LC26y LC31alibrary QC redult
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. NGS (Next Generation Sequencing) &4

H A 9] Total read bases® 74 15G bases ol AAlo] daHHFgom
99% A LEE 7|soz AAHE HolH(Q20) = WA 945%, 94.54% =
A3 & YEeERJ It (Table 2).

s
rlo

Table 2. LC26, LC31 results of NGS raw data generation

Library Name | Total Read Bases | Total Reads GC (%) Q 20 (%)
LC 26 16,376,219,384 108,451,784 42.1 94.5
LC 31 17,130,328,182 113,445,882 42.18 94.54

_’]6_



t}. Microsatellite region <l % primer design

A2rE datas 99% A FEE 7|Fo2 AHHS AAS H, Assembly”f
d5d ZAHAE %3] microsatellite region®t AW 3E tH(Figure 4,
Table 3). °]& HIEO=Z tri-, tetra- = WHE-% = microsatellite regions
A& el repeat motifE 7| F 2 Tm #S 53-60C, 5% fragment

size7} 100-450 bp B9 = T3 primer designe %33}

_17_



Figure 4. Microsatellite region ratio through assembly completed results. A: LC 26, B: LC 31

A B
o o 1% e o 2F 1%
m Dinucleatide m Dinucleonds
m Trinucleotide m Trinucleotide
m Tetranucleotide m Tetranucleotids
Pertanucleotide Pentanucleotids
Hexanucleatide Hexanucleotide
Table 3. Number of microsatellite regions by unit size
sample name Dinucleotide Trinucleotide Tetranucleotide Pentanucleotide Hexanucleotide
LC26 226,373 117,639 39,607 10,293 2,501
LC31 238,618 119,932 40,973 10,501 2,593

_18_
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2}, Multiplex PCR set 7/1¢& 3 vA Ad 2@ A=

Microsatellite #}# 71&el Al &Y Microsatellite region®l <55 &=
FE WA 7] 95t AEE 75709 vAE o ® NCBI BLASTE
43lo] 7]Eo] 5 =% Fragment®] microsatellite region® & 7§
= vAE Alolol microsatellite region®] T EEH A &= AS ASoHS
o Clustalw multiple aligns £3] Multiple alignment =418 A] &3}
Metaat &&= vpA 7H] sequence’t FEE A e AL Tl

PCR screening ¥ 24 HAAZE 229 7570 "7 tis] Dye labeled
primer &84S == Pt FF Dyeo AF, Alo]=W FIHE
o] random 8}A F#3E S 8% AL, Labeled primerv AWE &2al

(forward primer)¢] 5~ 2o FAM, VIC, NED, PET 5 4] 7}%¢] d3&=4S

(genotyping)& AAlstel SF o b 5 12 24S AAFES

3} tH(Figure 5).
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5. Secondary selection of 75 marker multiplex set configuration
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Z otA Aol FFod ulAo ths] o H-SA=A}
thFdol FuE 24709 mAES 3z HA9Eg
Dyeoll w& ranges iL¥3dto] 8 loci7} 1 set”} ¥+= multiplex PCR set

2709k F7F TR 1) setS A

A 2709 multiplex PCR setS 7|Who 2 FAl FAF 9670 Ao o &l
multiplex PCRS A A3 & genotypingS E5F AA38t3th Dyeo| wE
range’t el WA FHAE &4 % v 4 A, Table 4, 59
Zol EFH2 9 PCR 5% §&o] A As AdAdsislen FHEF
Aoz F 27019 multiplex PCR set (8 loci X 2set)S A3t H=F
A 167 w79 label?} range: Figure 60 YElWow nl7] AR
Table 6, 70.& e AT

2
-0,
N,
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Table 4. Microsatellite marker set-A genotyping peak.(continued)
Marker name Genotyping
I LaCr(3) 003 | | LaCr(3) 067 ]
140 210 280 35.0
LaCr(3)_003 .
16000
12000
BOOD
LaCr(3)_067 =
o 2 TT
sz 98.985
L
140 240 280 350
LaCr(3)_004 =
16000
12000
BOOD
LaCr(3)_056 = | ,\
L — = |k'_""'| - |I
|sz 134.23i1.23 |sz 267.08

_23_




Table 4. Microsatellite

marker set-A genotyping peak.

Marker name Genotyping
LaCr(4)_103 I I LaCr(3) 075 |
70 140 210 280 350 420
LaCr(4)_103 s
16000
12000
BOOD
LaCr(3)_075 4000 J M
0 et T T = T T
sz 107.66 1z 138.83 sz 309.571.36
I LaCr{3) 028 E
70 140 210 280 350 420
LaCr(3)_023 Eis
16000
12000
BOGD
LaCr(3)_054 Agors
0 T IL'JIL =
sz 105.58 sz 240.62 .63

_24_




Table 5. Microsatellite marker set-B genotyping peak.(continued)
Marker name Genotyping
LaCr(3}_ 017 ] LaCr(3)_ 047 [ LaCr(4)_186
LaCF(S) _O 1 7 o 0 140 210 - 28D 350 420
16000
LaCr(3)_047 s
8000
4000 .h “
LaCr(4)_186 - . . ) I\ .
sz 115.69 14011 sz 222.9804 sz 365.53 sz 427.81
| LaCi(4) 107 | LaCr(3) 096 |
?_I] 140 210 2m 350 420
LaCr(4)_107 . s
16000
12000
BGO'CI.
LaCr(3)_096 !
(] - |‘II\_A}|L - JIII
sz 175.63 1.51 |sz 402.00

_25_




Table 5. Microsatellite marker set-B genotyping peak.

Marker name Genotyping
[ iacr@ozs | | [aCr(3)_062 I
T0 " 140 210 280 350 420

PO M0 e w2l . 2W : 5 ..
LaCr(3)_028

16000

12000

BOOO
LaCr(3)_062 40004

0 l.I T ‘.‘—JIL T i
sz 151.56/48 |sz 205.70% 235.86/
L T e e
7o 140 210 280 350 420

20000

16000
LaCr(4)_127 =

L]

4000

o Y .-JI'-'\J\JI'._JI. I
sz 184.90/64|

_26_



Figure 6. Final selected mulplex PCR set combinations

_27_

Set | ABI labeled Mame Ilange 100 (110|120 (130|140 |150 (160 |170 (180 (190 |200 (210 |220 | 230 (240 |250 (260 |270 | 280 (290 |300 (310|320 |330 | 340 |350 | 360 | 370 | 380 (390 410 (420 | 430
A FAM LaCr(3)_003_F | 89-173

A FAM LaCr(3)_067_F | 247~325

A viC LaCr(3)_004_F | 92~164

A viC LaCr(3)_056_F | 196~-295

A MED LaCr(3)_075_F | 306-348

A MED LaCr(4)_103_F | 94~194

A PET LaCr(3)_023_F | 99-177

A PET LaCr(3)_054_F | 211~236

B FAM LaCr(3)_017_F | 102~147

B FAM LaCr(3)_047_F | 199-235

B FAM LaCr(4)_186_F | 357437

B viC LaCr(3)_096_F | 345-414 —:
B MED LaCr(3)_028_F | 121169

B MED LaCr(3)_062_F | 199~-262

B PET LaCr(4)_127_F | 153~345




Table 6. Microsatellite marker set-A information

Repeat

Dye Name Sequence(5’ to 3) . Size range
Motif
LaCr(3)_003_F GCAGTCTGCAAACTTGGAAAC AAG 89-173
FAM LaCr(3)_003_R TCGAGTGTACACACCAGTGG
LaCr(3)_067_F ATCCACGTGTACAGCTGTCC
GTA 247-325
LaCr(3)_067_R CGCAGCTGAAAGTTCAAGATTGG
LaCr(3)_004_F CCATAACAGCTATTGTCTATTGCAATTGAC GTT 99-164
VIC LaCr(3)_004_R CATCCCTCAAATCCTTCAGGTTGG
LaCr(3)_056_F GTCTCGTCAGGTGCCTTTGA
ATA 196-295
LaCr(3)_056_R CCTACGCTCAAAAGCCATGC
LaCr(3)_075_F AGACTCCGAGTTTGTTTGCCT
AGA 306-348
NED LaCr(3)_075_R AAACGTCTGGAGGCGCTTTA
LaCr(4)_103_F CGTGTGTGCTCGTATGAGGA
AAGG 94-194
LaCr(4)_103_R CACCTCATCCAGCATGATGC
LaCr(3)_023_F CATGGGGCACTGATTCTCCA AGA 99-177
PET LaCr(3)_023_R CCGTTTGAAGTTCGACTGGC
LaCr(3)_054_F ATCTGGACCGAGAGGAGACAATAG TTC 911-936
LaCr(3)_054_R AGGTGTGTGGCGATGATTCA
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Table 7. Microsatellite marker set-B

information

Dye Name Sequence(5’ to 3") Repeat Motif Size range
LaCr(3)_017_F TTAGCAGGTGACCCAAGCTG ATA 102-147
LaCr(3)_017_R CCATGTGCTTTCTGTTCCACTCTG
FAM LaCr(3)_047_F CTCCCTGGTATGACGAGCAC ATG 199-235
LaCr(3)_047_R AATGTTGTCTGGCGGTTTGC
LaCr(4)_186_F CCCTCTTTGTCGTATCCGCA ACAG 957437
LaCr(4)_186_R TTCTTTTTGCAGCCCGAAGC
L T
aCr(3)_096_F CCAAAGACAAGCCTGTGTCTCC AAG 245414
VIC LaCr(3)_096_R AGGCAGGGCACGTTTCTTTA
LaCr(4)_107_F CCTGGCATCTGACAAAGTTTAATGG CATC 113-209
LaCr(4)_107_R GGAAAACCTTGCCAGGAGGA
L A
aCr(3)_028_F CTCCACATCAAACTCCAGCA AGA 191-169
NED LaCr(3)_028_R GCTCAGATGTGACTCCACCA
LaCr(3)_062_F GACGTGTTGCGCAAGACTTT TTC 199-269
LaCr(3)_062_R GTGACTGCAAACCTGTGACG
AT TGGTAAATAAGTTA
PET LaCr(4)_127_F GAGATGGATGGGTGG G GC ATAG 153-345

LaCr(4)_127_R

CCAAGATGTGGATGGGTAGCTTC
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Multiplex PCR9] 7% annealing temperature] W& <3 2 multiplex

PCR Al #H7tete AlYF w29 d3dFS ®ol w7 =49 touch-down

g

CR ®2jog 2-%5 Y3 F1 annealing temperatureo] wWE kS
Aglellar oo Ee o]l Alef gk HAo] A P WS HATH

X5k AeH(Table 8).

e

Table 8. Multiplex PCR conditions

Initial Step Pre-denaturation 95C, 10 min
Melt 94C, 60 sec
1st Step :
Annealing 58C, 90 sec
(9 cycles)
Extend 72°C, 60 sec
Melt 94C, 60 sec
2nd Step .
Annealing 57C, 90 sec
(5 cycles)
Extend 72°C, 60 sec
Melt 94C, 60 sec
3rd Step )
Annealing 56°C, 90 sec
(25 cycles)
Extend 72°C, 60 sec
Final Step Final Extension 65C, 5 min
Final Step 8C Hold
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¥ genotyping dataZ 7]% % null allele checkE % 83}
o™ null allele®] B 59t}
null allele <21 Az 1670 »}7 E5F null
Vel (Figure 7). HA 9671 A 2
W =5 24 A 5 S * M %

F7F GRste] F7EAQ FAo] ded Zog AZHw olyd A=

el Hid AEA R AEE Aow AR,

Scoring®] &%
micro-checker ZZ13& E3
Genotyping A IZ 9]

allele 7FsAol gl AHo=

ofo
ol
O
R
o

genotyping datas 9|

i
olN
N
N
>,
i)

Summary Statistics Null Allele Estimates

Locus MNull Prezent Qaosterhaut Chakrabarty Brookfield 1 Broakfield 2
LaCi(3) 003 no 0.0367 0.0394 0.0345 0.0345
LaCi(3] 004 no 0.0513 0.0621 0.0519 0.0519
LaCi(3) 017 no -0.0127 -0.0138 -0.0125 0
LaCi(3] 023 no 01124 01z 0.0968 0.0968
LaCi(3] 028 no -0.0032 -0.0029 -0.0028 0
LaCi[3] 047 no -0.0608 -0.0573 -0.0555 0
LaCi(3] D54 no 0.0161 00123 0.0107 0.0107
LaCi(3] D56 no 01377 0.1657 01315 01315
LaCi(3] D62 no -0.0106 -0.0089 -0.0083 0
LaCi(3) 067 no 01166 01323 0.1069 0.1069
LaCi[3] 075 no -0.0063 0 0 0
LaCr(3] 036 o 0128 01447 01113 0113
LaCi(4] 103 no 0.0124 0.0175 0.0159 0.0159
LaCi(4] 107 no (1.0046 0.0067 0.0058 0.0058
LaCi(4] 127 no -0.0253 -0.0254 -0.0247 0
LaCi(4] 186 no -0.0829 -0.0512 -0.0436 0
Mo loci show evidence for a null allele
Thiz population iz probably in Hardy ‘W einberg equilibrium,

More Info i LClose |

Figure 7. Multiplex PCR set marker null allele test results (16 loci)

Mk mbA ] v A 2 (Exclusion power)®EAlS fFdxtzte] HEH S =43
woz PHFHA F(no. of alleles)et =2 & }

frequency)= AlAtE T o]l WYHFHAA7
U o
(Evett et al.,

a=2A Exd o

Pi® -3
1

i

P= 1+43)Pi* - 4
i=1

(Pi= allele frequency)
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A FARE 9670A, olm A S/pA e NRE 16719 wA 9
Exclusion powers ¥7}st Az 7248 X 10902 =& wdeS ek
QoM o] 999999999 o] Ao 7 AF o] wE Ho wiA AEE A

= &9 5 3tH(Table 9).

Table 9. Discrimination calculation values for each marker

Maker Power of each marker
LaCr(3)_003 0.0671
LaCr(3)_004 0.1212
LaCr(3)_017 U 5%
LaCr(3)_023 0.1086
LaCr(3)_028 0.0771
LaCr(3)_047 0.1502
LaCr(3)_054 0.1786
LaCr(3)_056 0.0873
LaCr(3)_062 0.0869
LaCr(3)_067 0.1128
LaCr(3)_075 0.1984
LaCr(3)_096 0.2130
LaCr(4)_103 0.1282
LaCr(4)_107 0.0769
LaCr(4)_127 0.0658
LaCr(4)_186 0.0966

Exclusion Power 7.248E-16
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2. Aefa

£

A 24 9 fA4 GGy 37

7b FA A

B Ao A /e multiplex PCR 2 setZ o] &3t FA 2+ 96714 ¢

T34 g 2 AdfAdey BAS AAEAY. JAA 96/hA el o gk
HFAAe] = 11-1908 HF 4LME Yewgew 1 =

LaCr(4)_127 ntAClA = 1970 = 71 @ol vetwth 7HAl 79 o] m&
NHFAA ¢ BAA(allele richness)E  AH&3lo] B3 A=
9.89-179470 = Bt 1404702 dHHFAAe] FEK)eF FASHA YERd
Aes & F Utk & JHAY LocidlA -+ 7K dHEFHA7 A= 24
Yetd= Bl&d oldAdAE ZIdAl(He)e B 0.860, ol FA &
HZEA(Ho)e= Bt 07675 YHEHAT. B8 4B A+ (PIC)+= B 0.841,
SUAFFIS)= B 011082 w5 & ZhS e Sltk(Table 10).

—~
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Table 10. Genetic diversity and population genetic analysis of 96 seeds

Loci N Na Ar Ho He PIC FIS
LaCr(3)_003 96 17 16.94 0.708 0.890 0.875 0.205
LaCr(3)_004 96 14 13.89 0.688 0.849 0.829 0.191
LaCr(3)_017 96 16 15.89 0.698 0.870 0.853 0.199
LaCr(3)_023 96 10 9.89 0.760 0.823 0.794 0.077
LaCr(3)_028 94 16 15.90 0.649 0.885 0.870 0.268
LaCr(3)_047 96 17 16.84 0.729 0.868 0.850 0.161
LaCr(3)_054 96 10 9.95 0.729 0.776 0.747 0.061
LaCr(3)_056 96 15 14.79 0.792 0.855 0.835 0.075
LaCr(3)_062 95 15 14.96 0.874 0.882 0.866 0.010
LaCr(3)_067 96 12 11.95 0.885 0.883 0.867 -0.002
LaCr(3)_075 96 10 10.00 0.760 0.839 0.814 0.094
LaCr(3)_096 96 15 14.89 0.906 0.888 0.873 -0.020
LaCr(4)_103 94 12 11.94 0.532 0.809 0.780 0.344
LaCr(4)_107 95 15 14.96 0.874 0.882 0.866 0.010
LaCr(4)_127 94 18 17.94 0.787 0.899 0.886 0.125
LaCr(4)_186 91 14 14.00 0.901 0.869 0.850 -0.037

Average 95.19 14.13 14.04 0.767 0.860 0.841 0.110

¥ Number of individuals(N), Number of Observed Alleles(Na), allelic richness(Ar), Observed heterozygosity(Ho), Expected heterozygosity(He),

Polymorphism information contents(PIC), Inbreeding coefficient (FIS)
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. ofm Ag

B oA A /hdtEl multiplex PCR 2 setZ o] &3k A ojw] 484 9

A4 g B JdRAstd E45 AAsEAT dA 487 Al g
NHFAAY] = 182 Hyr 131912 yEwtew o F

LaCr(3)_003 mtA el A= 1870= 7 wol vetwth 7HAl 479 Hxjo] m&
22 = 24X (allele richness)E 483t 43 A= 8-1871=2
Bt 13190 = dEgFdae] (K& sdatA ved A4S 5 5 39
& 7HAe Lociold F 708 WHidwrdA7E A= g=24 Yeids H&9d
ol HIAE 7INA(He)s Hir 0854, olFHTAE AFX(Ho)x Hit
07738 4YeEtIdt P ZRAF(PICO)E H 0829, LA G (FIS)+=
Het 00972 g 2 S HEF AT (Table 11).
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Table 11. Genetic diversity and population genetic analysis of 48 broodstocks

Loci N k Ar Ho He PIC FIS
LaCr(3)_003 48 18 18 0.938 0.912 0.895 -0.028
LaCr(3)_004 48 17 17 0.667 0.879 0.859 0.243
LaCr(3)_017 48 14 14 0.854 0.890 0.871 0.041
LaCr(3)_023 48 9 9 0.813 0.804 0.765 -0.011
LaCr(3)_028 48 16 16 0.521 0.890 0.872 0.417
LaCr(3)_047 48 15 15 0.833 0.882 0.860 0.056
LaCr(3)_054 48 8 8 0.604 0.770 0.727 0.217
LaCr(3)_056 48 14 14 0.646 0.790 0.765 0.184
LaCr(3)_062 48 11 11 0.938 0.872 0.848 -0.076
LaCr(3)_067 48 14 14 0.896 0.843 0.817 -0.063
LaCr(3)_075 48 8 8 0.833 0.842 0.812 0.011
LaCr(3)_096 48 13 13 0.833 0.864 0.839 0.036
LaCr(4)_103 48 10 10 0.604 0.789 0.755 0.236
LaCr(4)_107 48 13 13 0.833 0.885 0.863 0.059
LaCr(4)_127 48 17 17 0.833 0.895 0.876 0.070
LaCr(4)_186 48 14 14 0.729 0.860 0.836 0.154

Average 48 13.19 13.19 0.773 0.854 0.829 0.097

¥ Number of individuals(N), Number of Observed Alleles(Na), allelic richness(Ar), Observed heterozygosity(Ho), Expected heterozygosity(He),

Polymorphism information contents(PIC), Inbreeding coefficient (FIS)

_36_



=4
%9

o a
™

o

=
)
=

HE&3 ufARZ Riwgow

AAH o 7t w7

g9}l PICO] 7% 05042 w Agt

=
=

16702l wFAZ} 7bE 9l o multiplex PCR 2 set”}

o

=

A wpA o] HEH A ko exclusion power7} 7.248 X 107

Gl

2 99.9999999°. = 4t

25 0562

o

ToR

o)
W

T
o}

(Bosttein et al., 1980) exclusion power®] %+ v}

Tor

Jarel 5

0.860% 0.854=

-

R

g 20219 SRSk o w9
71 = (He)

=

=

F

A
pul

 0.79E.t}h

(e}

=]

NEE mAE F3)
I

12% 9]

ToR

Fo] kel

et s

AEddol

-
R

F = A Rousset

wo A7 AAY E

Ay A
it

& Raymond 1995). AFd o] 7+47F dojyAY,

ol el A1l wAYS

o) FAR A E o]y

B3

o
2
Nro
B

)
pyl

X
ToR
v

_37_



Aol Ao Al I F¥olut s WEtE e AEolr] wiiL
olg] gt A3 b et o FFETh Yy o9l IR
(PIC)+= #H1t 0.842, 0.829=2 tgAd A4
7V 7hg- Hat 0110, 00972 w2 s YERATLE o=
FEfel o] 5ol F¥E e diws] Yrta & 4 drh )]
AL ARy A4 el FA7F & Hal e Aem .
71Ee ATE Woj ofFeb PIC#EHS Hlus| RS o, AAst Fx7]9]
A% 307MAE 35719 AR EAEES w 0.367-09400.= H
% 2. ™ (ZhenmingLu et al,, 2013), Woje] A 24719 wlAZ 3070A &
A8 S w 0.348-0.8230.% Ht 0576°]AtHMiao and Liang et al.,
2015). 3 AALE BRA O] A 23070 S 12709] miAR EA s
0.297-0.698%2 Hif 0532(Sun et al, 2011)E YEIUE A& HES o FA4¢
AT Hojg ol JFEHY g ATt =2 A FA F
AATE EZH o] T AAMN FAle A4 thdd PICR e A+
A2 = Hat 0.672(0.383-0.866, n=38), A1t 0.731(0.283-0.866, n=68), 3t
0.580(0.064-0.885, n=30)°¢] X 315 HZhenminglLu et al., 2013; Ye and
Hua et al., 2012; Guo and Wei et al., 2005). o] <50 Ax}o] Hl&] s
Aol TR} ojmo] PICHte] A o= =2 AES IAT T dnen,

el Azt Fu) FAle] Gy A5t A oR Brhe A% e

FiU
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Tk A Aol A H A= Critically Endangered (INCU, 2016) 5+ 9

R4

WEely] slazon AA4® v Adwel wol s AolH,
ol 2la] AA F4 sHol Wol Astuoe] ATHQ FHiol ofH Aow
9 ol Fy

o JHHZhang et al, 2017). 2822 ALH 3|5 9 o<

at7] 913 WRvE 283 Aoty aeu, 4 dYgAS sk g

2]

b}

s e AldsA HW 2d Jase a8 ool dFEs v
F A7) wEol(Allendorf and Ryman, 1875; Yoshida et al., 2000; Ward,

2006), WA Fl glo] AEHHQ RUHYS Sl A s FED

% glofof B,
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