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e ARAE TG SR A FEAR O L DRk, T A R 4
B SR A A 1) 38 A 22 RE I RS AL S5 4 L X T AR A
JE A MERCE R A MR R F R g AL B R AR
ZOCH B BT 4 L DA AH N 0 B A 5 AR 2 )
Br e Xt AR s A A By 2 B A AT Y O 5 5%
LRI AH AT X, 0 35 PR 2H v A7 e 1 722 S5 67 AR
AR A A5 A AR B BOR A [R)RE A ]
B 25 . TERZ BAEL 70> FhRich , AT IR
% 25 1% (single nucleotide polymorphism, SNP) J& 3
PR 2H v i i L 3t AL 72 S B 2, I AR A T I 4
S R 357 i o U S s 1 G L8 e i S T MY A £
& J¥ 5] (simple sequence repeats, SSR)#xic A Lt ,
SNP 43 Fhr i A T8 A 19 358 1 B P R0 T ey 11 3
I, B SRS b Sz W ol R DA AR RRE ) 19 352 4% 2 4
P, IF DL SEORE 20 64 ROBE B 72 FhRE A SRR 4540, ik 24
A TAT W AL bRic ikt s BB I 7 B R 1 &
Ji | 4k PR A H ) 5 ik 8 By ] T B P i | A
Sk il | R B0 A 22 Bl 22 % 10 28 0 B AR 8 A% o o
B I, B DR AL P R L R
JEIE AR A R SNP 4 F bR g 43 B 4 3 550
AL 2R S IR AE E5 A A S GE

AAIFGE R FH A B PR 20 H 0 e 1R S B £ 4
WE B A 5 A IR GE A AR 1Y SNPs, I % Hoast & 2 4
MRS AL S5 A FEAT LB M L Rl SR GEPE TP A 3 30
RS BT IR G RHIE, BIE N A2 I ER T
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B 38 A4 200 B A DG S A, O A N7 00 £ P 5T % U
TRAP o
1 #MRlEREE
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AT Y BB AR A S VRN . A
B U R T 2B A T A A AR I 4 o B AR A 7
(9 FRFEAER o AT BARI I A e B2 0 0.01 pg/L 19 22
Kk 22 (levonorgestrel, LNG)Z8 4B 12 H #% XX
SR RV B 28 60 H e, sZhE S 1 XX T REE O i
£ 90O XX D M 0 5 T R XXOME AR afE A7 T 5600
RN ARAT A ME T B AR o A U RN SR E T
AL B L I el & SR AT BR 28 W) (R E X)), 1
G e e AR PRV R F IR S B R o B AR B
AR R R DN T VL DX T R A5, A 8 3 £ 5
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YEFEINT T 433 10 = [RK Fiol A BR A 7)) 3845,
HAAFERILE L
x1 &Ll FESHMFAERERESRERER
Table I Sampling and origin information of all-female,
wild, and other cultured populations

of yellow catfish T. fulvidraco

v rs - . % EPE L
kA A A e FEAEC R
. . . . Sample 1/ %
Populations Sampling locality ~ Code . .
size Female ratio
S MEREA
All-female pop- I Wuhan AF 30 100.0
ulation
. RO (R
wij Eﬁlﬁi If)LuhuLake in ~ LH 30 20.0
i ation
popuiato Wuhan
I Wuhan WH 30 56.7
oAl F s BRI T Qianjiang QJ 30 100.0
Other cultured BH#r Yangxin YX 30 80.0
populations 317 Jingmen M 30 90.0
H1M Jingzhou IZ. 30 93.3

K AR F M DNA AR S, e T 2 0 AR i £
A TR IR ST 42 J5 FH B T T /K A0 RN i, B B 45
FEAS WA B VR 5 IR T — 80 CrkAs , LA I 2kt
ATEWF TAE, S BT iR r s 4% 2 Fet: SR AL R .
IR 7SR 2RISR T 210 s S BB A AR
1.2 EFEZHDNAK

DNA $iE 5, 4 3 PR 21 50 P B A AR st A% 27 o0 Mt
DT TR R B A PR A R S8 . B P8 R H il
i DNA $2 B0 & M e 22 A R A PR A
F) ) $EH 210 /> 8 500 B8 25 FE A 09 DNA, SR )5 {8
1.5% B Wi B i oL Uk 7 R0 DNA 1) 40 5 1 52 48
P, 5 (i 9¢ Ot 2 2 Y (Qubit 4.0, 3£ [ Thermo
Fisher BHE 22 5] ) XS FE 5 09 DNA W B 1517 1)
FE R
1.3 £ERFEAFNF

IS A 4 4 119 DNA KE i 8 YZSeq™ Tnb
Library Prep Kit (B30 75 A B A BR A A, 5K
U)K 3L 4] DNA SEATREALFT B, A S0 . R 5
i FAREER ¥ Sh P 21 22 DNA $EBGRH & (UG 13
IR A BRA R #E T 248 Be 5Bk i e 10 v BER
/NTE 300~700 bp B CFE . #% , ffi  DNBSEQ-T7
WAL RN A R e A BRA /) ik A7 4 5
PN Y o FH Fastp 44 (IRAS 0.23.1) X J5 46 T 5 4k
Pa #4745, 3l B Clean Reads #47 FilFor#r . fii
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F SAMtools Fll Mosdepth 31 {443 51l Gt i L x5 il 7
TR AL PR 41 78 15 5 5 Sentieon B/ b X ¥ i f 2 2%
& ZH (GCF _022655615.1, www. ncbi. nlm. nih.
gov) , AT HE ARk DAL 2 5t 1% A8 S A I AN 3 A 5
Plink v2.0 X 5¢ JA S A 00 f) B 2 45 B4 s i il
JH CMplot T B, BT ah td 1 et B4 0 i
SNP#(H .
1.4 BHES ST

JH Plink T8 1A P4 44> SNP 37 510 (9 WL 2% &
J& (observed heterozygosity, Ho) FlIHH 2 24 & i (ex-
pected heterozygosity, He) , 3 ¥ E R 57
TR BEAS SNP 7 s 19 2 28515 B3 i (polymor-
phism information content, PIC, A= H L CFER),
AXWF

C=1—>p;

N, C RS A SNP AL I ZAFEE &
T, py NG AL R AR B PR AR PRI
55 LR PIC {EED S 1982358 M i b r A 55
A7 R B AR - 7 Fl - RS PIC (R T 254
TR PICAE R F-HAE LR

fifi 1 veftools T. 25 F15 ) % 11 (--window-pi
10000 --window-pi-step 10000) 7 A -4 B~ 1 1
1 NDAH s B2 ) , T A 28 FND {E /I (E R R %
A1 ND o ff ] EIGENSOFT % 4 , )
smart PCA F2J7 Wi FL 58 7 A BE4A (8] 19 382 1% 70 L 48
¥ (fixation index, Fy) FEAE] AT Reynolds” it 1% #E 24
(Reynolds” genetic distance, DR; 43 DA D 3R )

55 35 9 3t 3l 1 OGB4 A (gene flow, Nms 22 LA
N, ) o Hob, D5 N, i F ARG 315 A5
e
Dy=—In(1—F,)
N,=1/4(1/F,—1)
AR RENIEE

2% A plink v1.9 43 H7 T A @ TR SNPs, 48
1P FE A Z [ st R BE 25 . b5 A FH MEGA 43#r
THEAT 3 1 35 4% FE 25 R0 [ 04 1 4B 42 1) (neighbor-
joining, NI) , 5 J& i FH i TOL W 3 £ 47 7648 v] ¥4k
IR B OAREAEA TR R IR MRS L
BRRCREL,
1.6 ERSHH

il EIGENSOF T #6111 i) smart PCA #2 /7
Xif # i fa 7 A ) SNPs (MAF 0.01, plink -indep-
pairwise 50 10 0.5)#47 3 55343 #1 (principal compo-
nent analysis, PCA) , il 1 Tracy-Widom 5 55 %] FF1iE
(ELAY S35 VEHEA T VP Al 40 ggplot2 #4745 R AT 4
b, HE W PCA 43T A

2 FHRE5HMH

21 SEENFHESH

ABFFEXT 7 A BRI 210 2 8B40 JE 17 SCEAY
R A BEDR AH F e, 0 5 AR A R AR 2 IR .
1 8 )5 MRS 648 348 749 4~ Clean reads, £ HEIA L
XFRBRT 97.0% , VXM PR EE S 9.9 X, P-4
& (coverage rate at least 5X )& 81.9%, & B /i 4%
JEATEE AT DL T IS 22530 HT

1.5

R2 EFgacl HESHMAFERECEERAENFEMER

Table 2 Whole genome re-sequencing information of all-female, wild, and other

cultured populations of yellow catfish T. fulvidraco

TS AR B XA/ %% P TR BE (F) Wy B s (5 A)/ 2% SNP# L/ (4/kb)
Populations Clean reads Mapping rate Sequencing depth (X) Coverage ratio (5X) SNP density

AF 84 574 448 99.0 81.3 3.1

LH 87 825 820 97.8 71.5 14.7

WH 88055 156 99.2 81.1 3.9

QJ 87934 078 99.3 10.4 83.9 3.8

YX 90 985 125 99.2 10.7 84.7 2.5

M 105009 727 98.9 10.8 85.5 3.1

Iz 103 964 395 98.8 10.6 85.1 3.9

it 5 i S % ZL 4 (GCF _022655615.1)
FeXF, 7 AN BEAR 2L 345 12 598 430 4> i o 45 s
SNPs, SNP 7 YLt i b (1) 43 A %5 S % B ge it DL
1, SNPHUETE 1 S afk 2, 26 5 etk I i

D ENA) B AR YR BRI A, Bk
SIS Z (R 1B) o Horb, AF R ) SNP % &
J9 3.1 4/kb, LH B {4 ity SNP % i Oy 14.7 4/kb,
WH.QJ . YX.IM JZ #4535 3.9.3.8.2.5.3.1.3.9
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A /kb($2).
22 BEEEZHEN

i€ 3 1] WL, AF A EER ND {i . PIC .Ho & He %
5124 0.000 5.,0.046 9.0.052 5F10.046 9, AHIL T LH
SPAERER , AF BEIR 1Y 25 5t Z R S 808N H S
Ol R B REOR AR LG, AF FREEAO ND {55 WH . IM Bf
& AH TR, PIC 5 He Lt IM BEIA 25, Ho [ WH. QJ.
YX BEREBEL o bk Gk I X A% 2 RE MRS IR
SR SR 3 26 55 5E AR 55 B A A 1 e M A S
Xif T A MEPE AN AR F A BT R BE (52 3 TR 2 ) , WH B
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TR s B MEVE He 51 R 100 % B9 QI REAR TE AR fR A1, K
B 43 3% HE ME M A 19 PIC . Ho Fl He Y98 4 11K .
AF 2 MEFRHE Y ND  PIC \Ho Fll He {H ¥4 5 £ 3% 51 M
PR B A R OC B 1 7 4 A O, A AR T B AR
B

BERAD T AR R P PR a8 Ak A A R 3 4
FoR o 5 AF AR LA, QTRFIAR B HE AR 4 1 45 21
F o 5/n0.028 0) (it fE 1 B DR #/7(0.028 4) , HFE
PR3t 20 Nm fie K, 2 W W 35 a8 (e OC I i Ay 8 . Rk
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Fig. 1 SNP distribution statistics of seven populations of yellow catfish T. fulvidraco
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Table 3 Genetic diversity index of all-female, wild , and other cultured populations of yellow catfish T. fulvidraco

ZBFEBARPIC)

20N AR ZAEE(ND) Polymorphism Mz & B (Ho) WA (He)

Populations Nucleotide diversity information Observed beterozy’ Expected beterozy’
content gosity gosity
AF(42Hf All-female) 0.000 5 0.046 9 0.052 5 0.046 9
LH(#74: Wild) 0.0017 0.178 4 0.197 4 0.178 4
WH 0.000 5 0.048 7 0.0511 0.048 7
QJ 0.000 6 0.048 4 0.050 6 0.048 4
IRES T YX 0.000 6 0.047 4 0.0515 0.047 4
Other cultured populations M 0.000 5 0.044 3 0.054 0 0.044 3
Z 0.000 6 0.049 7 0.0550 0.049 7
24l Mean 0.000 6 0.047 7 0.052 4 0.047 7
LH($) (FP2E Wild) 0.004 1 0.302 2 0.508 3 0.3523
WH 0.000 6 0.0480 0.050 9 0.048 0
QJ 0.000 6 0.048 4 0.050 6 0.048 4
BRI 2 INED) YX 0.000 6 0.047 0 0.0515 0.047 0
Other cultured populations ™ 0.0005 0.0439 0.053 6 0.0439
Z 0.000 6 0.049 3 0.054 3 0.049 3
SEHH Mean 0.000 6 0.047 3 0.052 2 0.047 3

R4 EF &2 FESHMFERENEEEBRESMLIER(F,) EEES(DR)FMERRS (Nm)

Table 4 Genetic differentiation index (F,,),genetic distance (DR),and gene flow (Nm) between

all-female, wild , and other cultured populations of yellow catfish 7. fulvidraco

REfA 1 HifA 2 MR I A% 2 A B (F,) BEHEE (DR) HEH A (Nm)
Population 1 Population 2 Fixation index Reynolds' genetic distance Gene flow
AF LH 0.067 0 0.069 4 3.4813
AF WH 0.0300 0.0305 8.083 3
AF QJ 0.028 0 0.028 4 8.678 6
AF YX 0.0290 0.029 4 8.3707
AF M 0.086 0 0.089 9 2.6570
AF 17 0.0310 0.0315 7.814 5
LH WH 0.056 0 0.057 6 42143
LH QJ 0.056 0 0.057 6 42143
LH YX 0.056 0 0.057 6 4.2143
LH M 0.080 0 0.083 4 2.8750
LH Iz 0.056 0 0.057 6 4.214 3
WH QJ 0.0010 0.001 0 249.750 0
WH YX 0.000 0 0.000 0 FEBRK Infinite
WH M 0.058 0 0.059 8 4.060 3
WH JZ 0.003 0 0.003 0 83.083 3
QJ YX 0.000 0 0.000 0 TEBR K Infinite
QJ M 0.0570 0.058 7 4.136 0
QJ IZ 0.002 0 0.002 0 124.750 0
YX M 0.0570 0.058 7 4.136 0
YX JZ 0.002 0 0.002 0 124.750 0
M IZ 0.059 0 0.060 8 3.987 3
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=YX IR, H 5 AF AR F.. DR, Nm 43 51 R
0.029 0,0.029 4 F18.370 7, AL HIUE RIAE# G . 7E
5 AF FhREROXS b, TM BEAA Y 2 A T 1 By i
F RN F K (0.086 0) \DR A (0.089 9) , H.
Nm #z/MN2.657 0) ; LH BFAERER 5 AF Fhf 4 401k
WAHXS B 2, F (0.067 0) FIDR(0.069 4) 314K, Nm
M3 /IN(3.481 3) o X ELLE LA AF FifiE 5 QT YX
PR 0 352 12 75 S TE R ARRL, 1 5 TML LH A9 385 5%
AR AN, WH QI YX FNIZ A FREERER Z
[B) 119 Al F8 B30T O, $ 7 3K 4 A BEIR I 3 A5 75 5 g
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2.3 BEEEEN

e A A M BT AR 5 H Al 3R GE RE R SNPs 2
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0.1
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= )
c.j 0.0
[a\]
@)
[ %
-0.1
| | | g
-0.4 -0.2 0.0
PC1(6.7%)

FORN 37, Horh LH B4 52 3] & 1382 4% 44k, 43
2%, — S A BT A B B 0 S — NS
2 MfE AF FREEFN 4 SRR IR (WH . QI YX JZ) Y
23 AV B 00T 5 55 3 R A R) A % B R AR 17 IML AR A
AR R — BRI B . B 9
WL AR LH BER I B o 8RR B e, $7R
TR A AE R 406 BRI A, 1AL 15 5o 2=
SRR 5 AF FREA 1A 20 IORE 2 o AR 5 v, ¢ W
VR P9 HE — 5 (Bt AL A8 S o T R At 35 1 A A
PR ASSE T, BB M AA A RS ORISR, ]
BN AL — B . X5 R KT WA
Brab R —30 (& 2B) , B 507 SCREAR 138 1% 4 fh 16 2K
(14 43 A7 &5 SR AR B EPAIE , E— 4 SRR T A BRI Y s A5
IR SR

AF ,

® LH )
B
WH 5
J =
YX ——
=
o M o
==
S,
1z = y
%, &
%, &

@

G

: ?
J’"”‘”J

e

A B A B A 5 A SRR R SNPs 8304 (PCA) o BN ARER TAMREAS 7] (0 S [R] — TR, 23 ] B BT 1A% 15 5t 25 S
N TASBERORBOR N 338, IR M RF IR gt (e 28 57 . B. B Ao 74 5 HAL IR B RF A R GE R B s AR R AR IR
Mo 43 SCHE B I WS A% JCICRE I B M 1% T 5 28 S/, SR 2 A, WL 2 IR AISE 5 E5E R . AL Principal component analysis
of SNPs of all-female, wild , and other cultured populations of yellow catfish. Each scatter represents one sample, and samples of the same color
belong to the same population. The closer the spatial distance, the smaller the genetic background difference. Seven populations are roughly clus-
tered into 3 groups, reflecting inter- and intra-population genetic differences. B. Phylogenetic trees of all-female, wild, and other cultured popula-
tions of yellow catfish; Nodes of different colors represent different populations. Branch distance reflects the degree of genetic relatedness: the

closer the distance, the smaller the genetic background difference, and vice versa, intuitively showing the population genetic clustering relation-

ship.
B2 EfSasi FESHMFEREEEENSHN
Fig. 2 Genetic structure of all-female,wild,and other cultured populations of yellow catfish T. fulvidraco
3 i T2 A B e AR S 0 MR

PN TSR MRy 22 08 1 o R A e BERE AR TICE 2,
FEHE MG A& Z BV A B T4 2 I 2 B Al ]
IR S e R R DI AS T INPIR P o S e
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— 2 WA 3 A 8 R B D 1o, kg BRI 7 4 AT
K FEARBEROR SCHFRIFE T 0 AW S0 25 91 £ 4 e o

Wy ol A 3t A% 22 B P A5 3 B A 3 L BE ) WO
FEP, DRLING  8t A Zo R AT, % BT v 1 3 P A
Fa T RT3 T b g A A XUR: , T A f A%
7 A1 o 22 380, 5 R A L AT 2000 ) BRI AR A
PRLIH , G0 R S ) 382 2 22 A5 1P 7 LE 0 ) 5 3 ) vl
R A e B 7 B Ao S5 B R OR 4 S 5 I A AR
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T WAL TSR AE TR A SASFRAE R AR AT 2 S X
ZHF W, FFH SNP 73 Ao ) Host & 248 1 F st
TR EEH AT LU AT, 5 R R W2 MERF A S5 AL 4 5
A FEFHREAR A 358 % Z2 FEPEIKOE AR T, S48 T AR
R, FEIRIEEER I, M AF BEAR S HAb SR 5 BEA )
TG KRB EY), R BH AAE AE  BE AR A A
FGRREIE A,

FEPH 4 E ) S A RS R AL R E , DL
TS A o R PR A 3R A A A, R 2 AR B
A OGN Y B T R A TR C R 2 A
WA IR Z FEVE ] 2 25 77 5 AR [ s B A AE 25 7 1
SEIE A RN, BT 5 SNP g 2380w AT
ity e AR PN ORI R] (a8t AE 2R R R AR R
— A AGE, A 8K R WA 5t 1% 2 A 1 8
AT A MERP A% T R 2 AR MR B0 S I AT
KO B 5 HA SR FE AR LS AL . B R 2
J& (heterozygosity , H) 1§ Bt — FE P JAg - 5437 JL A 2 2%
BRI, 43y W 22 & B Ho AL 2 7% 5 JiE He,
ST BEURE AL AR AR E AT B A 8 AL
PERY 5 — A EAR bR o A TH BRI R B 52 R, 5]
R HEPEAS AR S B MEYE Bl 100960 B QI BEIR R &
ARSI, YXBEAR Y Ho 55 50 BR AR ], A% 58 1
RH) PIC \Ho Fll He ¥4 B R . AW 52 % B, HEAA
R TSR S BRI S 4 MERRRE 55 O 5 A A A
), B AR PIC . Ho A1 He {H ¥ {% T B £ BE A . 3
— 2 R MERP R Y388 15 AR PE AR S A
AR 5 AR S B R A R SRR AR Y . B AR
REAR I8 1% Z R PR T T 45 FR AR, X Fh st 1%
25T RE F BRI T 207 1, —J& IR FA B A
TEIE R B, MR 2248 N T B0 i #3840
FERYE 230 B 0T, I R A 20 & AR
FTAh 7, S BOR L ZREMERRAR N ok A R
WA E  FEFR kR R R R R K
PR L SRR 205 B — /N o AR R o
RARLEVER , X Hvh & FBGRAE ZHEEREAIL, ABE
5% PG B A At R A Z AR S R e
FI A T3 B A i 43 B A VT b b i O 4k B S £ B
BEARBE S AR R 22 57, X P 22 Sl ge A H T
WFFE L MR TR] . Schmidt 25 248 | 24 4 JE (31
i N 25 5 % SN 5 286 . BT
TP 20 T AL, T e R EOTAL 45 R A
EWZE . AR ERENAENTEA, )2
Ay EE 2 Z AT TIRA BT, A TR 2R A

ZHA PR X B i TR BRIC T

FEREHE ZAEVE R IR 2 5 B 02 S AR N 1Y
B S AR A% O A8 b, TR AR 1] 382 1% 73 A R B2
M 7R 1 AN [ Z 0] g a4 78 S KT o BEAAR TR) 7Y
A o AR BE AT DLGE o AR ] 35 15 o A A8 B (F ) i
FEPPEAG L LA Fy H 0.05.0.15.0.25 S %40 FLRR , BE 44
[i] 388 4% 3 AL AR B B Fst T m R AR B L rp 45
B BORRREE M RS ARG, A
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Comparative analysis of genetic diversity and structure
of all-female, wild ,and other cultured populations
in yellow catfish Tachysurus fulvidraco

CAO Jinghua',LI Tao', LI Bin', LIANG Haowen', LIU Ya*, SHEN Fan’,HE Yan', SHEN Zhigang'

1.College of Fisheries/ Key Laboratory of Freshwater Animal Breeding/Ministry of Agriculture ,
Engineering Research Center of Green Development for Conventional Aquatic Biological Industry in the
Yangtze River Economic Belt/Ministry of Education ,Hubei Provincial Engineering Laboratory for Pond
Aquaculture , Huazhong Agricultural University, Wuhan 430070, China;
2.HuBei HuangY ouYuan Fishery Development Limited Company , Wuhan 430299, China

Abstract In order to explore the genetic diversity and structure of all-female yellow catfish
( Tachysurus fulvidraco) population and to reveal their genetic differences from wild and cultured popula-
tions, this study focused on yellow catfish in Hubei Province. A total of 210 individuals were collected from
1 wild population (ILH) and 6 cultured populations (WH, QJ, YX,JM, JZ, all being breeding parent popu-
lations) containing the all-female population (AF) in Hubei Province. Whole-genome resequencing was
performed on these individuals, and the genetic diversity and genetic structure of the 7 populations were sys-
tematically analyzed. The results showed the following: In terms of genetic diversity , the nucleotide diversi-
ty (ND) , average polymorphism information content (PIC) , average observed heterozygosity (Ho) , and
expected heterozygosity (He) of the all-female populations were 0.000 5,0.046 9,0.052 5 and 0.046 9, re-
spectively. the corresponding indices of the other cultured populations were 0.000 6,0.047 7,0.052 4, and
0.047 7, respectively , with no significant difference between the all-female population and the other cultured
populations. However, the ND, PIC, Ho, and He of the wild populations were 0.001 7, 0.178 4,0.197 4
and 0.178 4, respectively, which were significantly higher than those of the all-female population and other
cultured populations. Further analysis of female individuals revealed that the ND, PIC, Ho, and He of the
all female population showed no significant difference from the average values of the female individuals in oth-
er cultured populations (0.000 6, 0.047 3, 0.052 2, and 0.047 3, respectively), but both were much lower
than those of the wild female population (0.004 1, 0.302 2, 0.508 3, and 0.352 3, respectively). Regarding
genetic structure characteristics, the results of phylogenetic analysis and principal component analysis
(PCA) revealed that some individuals in the all-female cultured population that had a close genetic relation-
ship with the other 6 populations, and some individuals from the cultured populations and wild population al-
so shared similar genetic backgrounds. In conclusion, the genetic diversity of the all-female was similar to
that with the other cultured populations, and both were significantly lower than that of the wild populations,
This suggests that in future yellow catfish breeding , targeted improvement of the genetic diversity of female
parent populations is of great significance for ensuring germplasm quality and the sustainable development
of the industry.

Keywords yellow catfish ( Tachysurus fulvidraco) ; all-female population ; whole-genome resequenc-

ing; genetic diversity ; genetic structure ; genetic breeding
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