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(Micropterus salmoides)JE 2 PRI 5 (4 5 FnHE A R
AR SCE, IR E T 2o Ia FRE . eI
AP, &R BT B R A R
FEHY I 2 —, Wang 250Ul i 20 M 58 G B AR
(Procambarus clarkii) E+ | BRI PR 2 18] i85
&, BE R R ] B AR v I A R R
AWML Dai S ARIEATE | IR K ok
37 1 B 95 [ XFHIR (Penaeus  vannamed) HY A SR G
PR L (1%) U0 A TR 3 ) K T W L R 42 3R A5 AH
X VR A PR, TR A0 08 M R T v )
Pan 25T T A )45 07 20 e A o i
(Eriocheir sinensis) it £ FH & K8 35 U4 1) 5%
Wi o AE DL RS, Christian ZECWF5E T K 4T 5
(Crassostrea gigas)7E A [F] 77 58 30 855 1) A KK i,
WA T 7 Bk XU T % B0 ) g o R SR S PR A
R Yildirim %5 V98 T R R 258 7 ikond 2016 DL
(Mytilus galloprovincialis);= [ 12 S5 F8 BRI 52 0
PRBE St B &R, R,
RPACRE b SR E Y L], 2T 2 E R = &
BLEL L —, MR S A R B A A G
FIEE R, BRI IS B B8 B A oE 2
TR . PUR AP E SR, CAWR
SPX PR TFE T QTL SEfE . AL
SNP fifi e FISE R SRR 45 37 o Sun S5 iod 4
SR X FT WGCNA G507 558 T 5 SR E |
SHORIES B A5 1 PR G 170 G i DR - 0 1 1 1 R AR
3% SNP; Liu 45 PVl i 3 3k F 2 fig 20 7 & BR
microRNA: miR-210 7] G818 75 = B B0 #H ¢ 3
Akt f36i5; Chen 21OVt I S 41 40 #4878
PEZ B IR MY IncRNA-mRNA AR L, (HH
T 0 2 1 e %8R DG st A2 IR 45 L ) A 8 D,
{UIET GWAS 2 JE 41 o B 4 1) 1 > rl B
5012 e R A S e e T A DG R A 5T
h8R LB = o AT 22 B AR A st AR L2 7Kk ™
I EBEEE A BB N A, AL 4] O HK
43 M1 (GWAS) FIE £ bR 43 M7 (selective sweep) 3§
T Bk B e TR AH 5G SNP RIS AZ AL il i AT 114
HETFB BRI ER 43 042 18 T i 5L X RN i
BE SNP HA L 1 o 8 o T g XS m 34,
I T REA RN TS B 35BS 4 A i

AR %) [ B % I (Fenneropenaeus  chinensis) A T
TEF BTN A BEAR A TR B B A B, T 3
92~166 32 1EHE SNP (i 5, /i et A T H
JE BRI A B s G Ik E W Mg, RE
R Al FH e BT R A0 M i A fd i (Salmo . trutta)
TSI R P R AR SR 2 OC R A AL 22 5, 15 B
SR SR VY SR R[] — PR, IR R 21 4
GREARICIEIR o 0 2 UVl T S 43 T Ak 4B 07 1
| = £ WL (Hyriopsis cumingii) 1) 5 425 919 k4
TEIER o AT LA R — LR W] — FR A IR B G & 1
R A 22 R 2 ISR A R S R, I
G DR 2 FR P R B R A AT, A I2E R SRR G
PRI, 42 4 o E SE P B OGS I, B =
R A OG SNP AR BSER AL, DI IR &R | S
Hh B SRR G AR TR P AL A pE R R B s, JF A
R Sy B = U0 et 1)) = R B N E VA et o
ik 3 900 4

1 #MREFE

1.1 Rl

SIS FT 20 2020 4 4 H Rl —HE R
BRI —FRHEAE FAKMW 3.5 FidflZ,
T 2023 4F 11 A HiZF b IE P REYLE L 250 Sk
MEWAKEZ R 50~140 g), 4555 7E/K Vet rhig
7t 2d, MHBERNEYHEZ | RESRRE.
12 XWHE
121 RSERMERGITMBEREE LHRIGHK
) 2 A I 5 75 (2120101010078 1.3) E B i 5
FISRE, SRIEHR RIS, B8 e S AR I
FHHTF RV (R BE S, A58 2] 0.01 go o B 54>
FEARMPNAL, tricsrde T 95% L BEr, —20 C
PRAF . RIT ARG Z

BWP = B T x100%

o, BWP iy H |2 % (body wall proportion), WT
MR TE (total weight), BWW N1A&EEH (body wall
weight)

ST BR AR E AR Y B AR, B 250 4>
FEAK R RS LA 15 g MIaIHE 2R 6 41
BRI E R 10%REEARTE 25 AMEN R
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R H ), &2 R RARE 10% A
I 25 MERMCH R dl). iR 50
AP NIH LR S eI il R BB K
34 BR A R A 7 4 3k PR A J 0 )T

1.22 SNP TERKN5FERE #/H Omega Hik
3% DNA $& U0 & 52 R 41 DNA, FAG 5
B H I DNA FEMBEHLITW A 350 bp #Y
B%, R TruSeq Library Construction Kit {7
o R EE A SO FE T Tlumina PE150 -4,
XP I AR A 5 R A 7 B sk i, R U A 2
F9 A 280 58 TR AP 0 aof BWA 0.7.8 e
5§12 2% 34 (NCBI ¥ 5 PRINA901209)
HEATHEAT . R ] SAMtools 1.3.1113EAT SNP f#6:
DU, 5 o RN 07 15 2 = BT i SNPs (i 45 1
N BEEE =2 H <50, RMS M & =20,
maf=0.05, 54 <0.1), FIH] ANNOVAR "
X SNP Ko 25 SR i AT

123 HEEEEMSEHNAFEEHLD)IH L
FITARAT 4 2 AR 50 A (A I R 4 500 5 4845 11
SNP %4E fyI3Emt, iz F Treebest-1.9.2 #4111 E&
BHE B, 5 A5 1 (neighbor-joining method) 4
#ARGUAN; i GCTA64-1.24.2 #fFdk4T &
185343 T (principal component analysis, PCA); 7]
- Admixture! B EERE R AL S5 R, RIS AY
LR K e LE 2 3] 8 Z[E], Jfi#id CV error
HEATEGUE . {# ] Haploview KB 1158 4507 3 K 1Y
MR RB(r), FEEEAT R & B2 4% 211
LD w25,

1.2.4 SEFHEBRSWI GOLKEGG EENMT (fi
A veftools ZPFLL 40 kb X [HIfE A SIE 11, L
20 kb X [AME R B0, 43R A H A P
ratio Fl Fy, FHEE G HL Fo Al Pi S BE5R T 5% X
R e K, {8 bedtools (V2.29.1)! R4
S BN A T BN 2 RSN, XTH H
2H i B A DI ReE B @ T 5 NCBI £048
J 5 DR 1) 8 FURH DG SCRR I X6 B 43 B, Wi 5 AR K
KB AHOC Y T RE kR R S i O Y e ik
AHFEEH L Goatools (v0.6.5)* 17 GO (gene
ontology) & #E/3Hr; i i KOBAS (v3.0)? k4T
KEGG (Kyoto encyclopedia of genes and genomes)

il

LT,

25 fRiEEE SNP RMABEEBMFE I
ik e N g T SNP v 55 8, i RiE
AT PR3 A Y Fisher A58 P AG 562 0
5 DRI R GT iy A AR ) e 3 FRLERL R 2240 Hr M s
B, TETE 2 DR AR h R AL A B 2 R
(P < 0.05) HAF 18 AL 2500 LR £ SNP A N i A o
T H R A e SNP, Seit A [a] 3 R AU AR g =
RUZ% S Bk, 3 — 20 RAG A N A S P B
A, FIH Popgene32 #{4ALBELE 11454 SNP i
S 1 e /NG A FE A (minor allele frequency,
MAF). WLl %44 FE (observed heterozygosity, H,) .
HE 7% & FE (expected heterozygosity, H.)Fl[E & $5
M (fixation index, F), JF#£17 Hardy-Weinberg ¥
cigioallle

2 #ER5HMH

21 HEARMERSET

X SR £ 1) [] — b v ] — A K PR 37 A R Bt
PUREER) 250 MNREAARE I 45 R R, %5258
BEVRE M8 K (91.00420.55) g, Bz - 34914 Ky
(61.0246.74)%. *F M\ 6 A EE 24 PN 0 35 A A0 w5
R AU (L 20) RV Y R R B (L 40) 9 5t
THEERE, H 45 L AR EFHES 5N
(100.23+18.40) g H1(98.54+17.19) g, #H[A|ZEFA
B35 (P=0.74); L 41 J R (51.37+3.12)%,
H 40 i R {E h(67.9542.58)%, #H[A] 2% F ik
(P <0.0001) (& 1),
22 SNP =t 5

Xof G 3 Y 2 ANREAR 50 SRR TR, 3R
15 461.2 Gb EE &, AR A S L i
BIm T 96%, BFEAS RN 0.02% X LT, Q20
SEYTE96.27%L) |, GC &1 37%~38%=2 [H]
5SS %R A AT T, BEREEAE 24 Hxt
HHN 90.96%, FREIMFIRE R 11.25%, V¥ 5
JE R 88.29%. A SAMtools {4 i it $k 15
7398410 N B ) SNP, B E 3 () SNP 437 5,
TERE A g R IR 1, 7 3696235 PNHEN
X I, 559604 SFESR BT XK, 2418301 /N7E
FEAA] X 3, AR SR ) 37X A 214630 > SNP,
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Fig. 1  Statistical results of body weight and body wall proportion among groups of Apostichopus japonicus
a. Body wall proportion; b. Body weight. H represents high BWP group, L represents low BWP group.
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Tab.1 Statistical information and annotation results of
SNP detection obtained from the genome resequencing

SNP 257 SNP type & number

FER i upstream 214630
FHA T downstream 207613
FE[A Ui/ H T upstream/downstream 9364
3% dE B X UTR3 234410
59 lE #E X UTRS 57485
53l B X /3 il B X UTRS/UTR3 174
T L EZEAS stop gain 1744
exonic AR 2 4E stop loss 261

[f] X 287 synonymous 361238

JE[A] X %€74F non-synonymous 196360

AFIZEA! unknown 1
M T intronic 3696235
Y447 55 splicing 594
F:[H B X intergenic 2418301
HAhZE] other 0
e transitions 3891069
fifft transversions 3507341
el S LR ts/ty 1.109
St total 7398410

TEEL T i X A 207613 > SNP, 7F 3/ E B
PEIX A 234410 4> SNP, 50w AR B IX A 57485 4>
SNP. X SNP Frict iSRG 1145 5 % B L 4 1Y)
SNP 7 3891069 4>, Hiffi[) SNPH 35073411, #%
P 5 Eif i) SNP HE-N 1.109,

23 BHEBEESERSTFESAEEIH

BT AR SNP X 50 A FEAS Y £ 2 4 ik
PR AN 18 o A (B 2), SRR 50 MR
AW AL . admixture FEUR IS AL S5 4 5
Bréti 2R 7 24 000 AF H i {8 K=2 1} CV error
fe/bh, T8 K=2 BRI XA B2, GERT 50 4>
FEAM BB LA 2R A BN, ~AEA R
FEEF(AE 3), EYATMGIHLER LR LD (1
(E) BB 5 BB i T i R, H 415 L4
IR R — 2, XU I P 2 A A2 R R R
25K 4).
24 ETRFBHEBRIWHERZHE

L 40 kb XIHJAE g 1 Sl 1, B Fg A1 Pk
S JEE T 5% Y X I D fe it X I (] 5). A H 40
PEF|Z PRI 524 4>, fdE 282 ANE LY
413, Hh o 214 N HA DR IR, B L4
i e 2] 57 He PR X IR AL 484 A, AUFE 244 AL
1 370 NEERE, Hdf 193 DNHEADIREER. X
A BT BT A0 1 3 A ik e 3 R gk A
THRETIN, 255 KR EHpE s, ks 5 4
HERKEFMHILHWYIHEEMA: Elongator complex
protein 2 (ELP2), Transmembrane protein adipocyte-
associated 1 (TPRA1). G2/M phase-specific E3
ubiquitin-protein ligas (G2E3). Tyrosine-protein
kinase receptor Tie-1 (TIE1)#1 Dedicator of
cytokinesis protein 1 (DOCK1), 1Fh /58 556
TE Y 5 0 2 1R A G By e e B (R 2).
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Fig. 2 Phylogenetic tree and principal component analysis of Apostichopus japonicus
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a. Phylogenetic tree; b. Principal component analysis.
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Fig. 3 Population genetic structure of Apostichopus japonicus populations with different BWP based on whole genomic SNPs
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0.10 AN, PR B E R 30 R RE (] 6). T 30
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activity) 1 22 & i /K fi# 1 3% %k (serine hydrolase
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Fig. 4 Linkage disequilibrium of Apostichopus japonicus activity), #2812 4>,
populations with different BWP based on whole genomic SNPs qggmgigzﬂ(}l zﬂ)g e IZinﬁﬁ“ﬁ%ﬁ'_E@J 0 413
25 BHEEZEZFXEAERMN GO fl KEGG MM KEGG #dRIEMTE 401, 55t
BESH A 44 A AhE N, FESEEERNAS. EY
X R A (H )2 S B e B 413 G, EERBERE S E A XK. N KEGG
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R 4 0 '8 S oar 0 °
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0.08 | | Hefiisiz bt - 0.08 F " ramrercsn ‘
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= o
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Fig. 5 Selective sweep analysis of Apostichopus japonicus populations with different BWP based on Fy & Pi
a. High BWP group (H group) screening results; b. Low BWP group (L group) screening results.
®2 WRIMSRSEHEEREXIGENGEER
Tab.2 Thescreened candidate functional genesrelated to Apostichopus japonicus high body wall proportion
4P L D i S g - 1 < N
= {.V‘Egﬁ . JFE[H ID gene ID K 2 FER ¥ gene annotation
number location annotation gene ame
1 exonic evm.model.chr18.1113 ELP2  JEffiF& 5 M 2 elongator complex protein 2
2 exonic evm.model.chr6.297 TPRAL  B5JIEZE G4 fIAH S 1 Transmembrane protein adipocyte-associated 1
3 exonic evm.model.chr4.272 G2E3  G2o/M W5k E3 {Z REHEREF G2/M phase-specific E3 ubiquitin-
protein ligas
4 exonic evm.model.chr5.1213 TIEL E¢EMRE I EFSZIK Tie-1 tyrosine-protein kinase receptor Tie-1

5 intergenic evm.model.chr21.862  DOCK1 [ Fi43%¢ % & H 1 dedicator of cytokinesis protein 1
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the most enriched GO terms (L group vs H group.0.05.H group.selected)

LB ETIHITIET) ciliary or bacterial-type flagellar motility |
NP R HFE 40132 3 bacterial-type flagellar cell motility [
155N T signal peptide processing

FHHL vesicle organization |

BR[ESE carbon fixation -

JREBERAHHEFE citrulline metabolic process |

peptidyl-citrulline biosynthetic process from peptidyl-arginine
MRS R 1E M peptidyl-arginine modification [

JRNEERE WA HGEFE citrulline biosynthetic process

P IATE AR regulation of microtubule motor activity [

T IATE M 42 negative regulation of microtubule motor activity [
AL organelle organization

NHE SR 2T regulation of cytoskeleton organization
R A4S cytochrome complex assembly
EHREAKLE protein complex assembly [

JiE B4 fiBARi3HI A2 lipid catabolic process f

ETIHEE bacterial-type flagellum [

{55k E A4A signal peptidase complex

GOE% GO term

Y& vacuole [

KHEIRESY thylakoid part [

RHE/K thylakoid [

#R{K mitochondrion [
Li4@AR4% spindle pole

2 FRIIBKEG TS serine-type peptidase activity

22 IR/ BRI serine hydrolase activity [

TL3AYEM: motor activity [

Y2 R K KI5 M serine-type endopeptidase activity |-
TR, EXREINARRERIEAMNEBHET |

electron transporter, transferring electrons within cytochrome b6/f, com/l[i}ex of photosystem II activity
T manganese ion binding |

BRI P N BB IR IL B 1% M phosphoenolpyruvate carboxylase activity |

D
=N=]

Y53 FE biological process

5 10 15
FFHHE number of genes

4F18E molecular function

MIZE S, cellular component

Ko SHZwm il BRI 22 7 3 Y GO & A Hri ik

Fig. 6 GO enrichment analysis bar chart of selected genes related to Apostichopus japonicus high body wall proportion

WAL, BEEHT 20 /) KEGG i B2 il i W
7, 35 5% 25 5 (P<0.05)) KEGG @A 6 1,
£ F5AR I8 42 (metabolic pathways). HHFEIE4-916
A - 7 42 77 & %)) (glycosphingolipid biosynthesis -
ganglio series) . g {Jj ik {1} (fatty acid elongation) .
#E M O-F B4 Y& A (mucin type O-glycan
biosynthesis) . Jg iR X i} (fatty acid metabolism)
T RNA B4 HRNA polymerase), HARiftigie
BHEINNERNRZ, N 191,
2.6 HEZEIEX SNP L SH L

AR R ELP2 45 5 A 55 %
FHC A E T RESE B Y 576 1~ SNP i/ s i 47 2
PRIASTE 2 A HEIAR R 22 500 b, TRiEiS 2I7E 2 AR
PR A S R R A 25 22 51 28 /1> SNP

BL(F 3), X 28 4> SNP i 5 1AL ZREE 43 BT
SR ILEE 4, f/NEATIERSR A 0.0833~0.4787,
WL 2 & BE K 0.1667~0.4468, M1 244 K
0.1544~0.5045, Fr4 {7 53945 G Hardy-Weinberg
A, 2G0T 28 A4~ SNP 7 s AYAS ] A543 I
HIRIANMRI 2 R 22 5, AT 4 AN
K250 SNP3 (TT). SNP4 (CC)., SNPS (TT)
F1 SNP16 (CC).

3 irtig
31 HAR/HEREERIM

XTI Sk, Al Y o e
B HATNER IR — . REEEAE SR T
SRR R, AR 4 R AR R AR R A SO
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statistics of pathway enrichment

HER . BEBRM T2 E PRI valine, leucine and isoleucine degradation |«
F 25 SNAREAH H./EF] SNARE interactions in vesicular transport - .
RNA%3Z RNA transport |
RNAR AT RNA polymerase | .
E R Yy A -6 Y, ribosome biogenesis in eukaryotes -
T EALYIEEAK Peroxisome |- qovalue
YRR A EREZ G nicotinate and nicotinamide metabolism |- 1.00
Fh7E F BIO-F B A= 95 i mucin type O-glycan biosynthesis - . 0.75
ARI§H5E ¥ metabolic pathways @) 0.50
YEBHA lysosome | o 0.25
WG B W& - 25 &3] glycosphingolipid biosynthesis-ganglio series - . = o
BB BRAC I fatty acid metabolism |- . gene_number
EBRIEK: fatty acid elongation |- . . jo
SR IS fatty acid degradation | 015
PR endocytosis
DNAZK #il DNA replication -
T ER{Ci5} butanoate metabolism -
AHLFIE R 4= -6 i biosynthesis of unsaturated fatty acids |-
HWER ., RAZRAMAEMRICH alanine, aspartate and glutamate metabolism
2-E BRI 2-Oxocarboxylic acid metabolism - | | |

0 0.2 0.4 0.6
rich factor

K7 520 AR G 22 57 3L R ) KEGG & 470 Hr Ui &
Fig. 7 KEGG enrichment analysis bubble plot of selected genes related to Apostichopus japonicus high body wall proportion

%3 RSHEEMBEXFEESNPLANERRMRIAER
Tab. 3 Genotype and phenotype differences of candidate SNP loci related to Apostichopus japonicus body wall proportion

L A5 AT oy
v 5, AR M KRR genotype distribution B % ﬁfjgﬁ LA R
locus  location type genotype W HAZ LA L AR average body one way ANOVA advantageo
4 Ham=/% 4 ZHN3/% p wall proportion Povalue us genotype
Hgroup frequency L group frequency
SNP1 intronic C/A cc 17 68 11 44 0.0445"  62.25+8.33" 0.0032"
CA 8 32 9 36 58.68+7.99"
AA 0 0 5 20 48.48+5.05°
SNP2 intronic T/ A TT 17 68 10 40 0.0489"  62.73+8.31° 0.007"
TA 8 32 11 44 57.33+8.21°
AA 0 0 4 16 50.03+5.49°
SNP3 intronic T/ A TT 17 68 10 40 0.0437°  62.74+8.27° 0.0051" TT
TA 7 28 12 48 56.62+8.01°
AA 0 0 3 12 48.92+6.15°
SNP4 intronic C/T cC 17 68 9 36 0.0338"  63.28+7.91° 0.0023™ ccC
CT 8 32 13 52 56.7+8.12°
TT 0 0 3 12 48.92+6.15°
SNP5 intronic C/A cc 17 68 10 40 0.0489"  62.65+8.21° 0.0065"
CA 8 32 11 44 57.54+8.36°
AA 0 0 4 16 49.53+5.17°

(f¥%% to be continued)
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(8233 Tab. 3 continued)

S ey TORIEI s
{3745, frE O HpEm genotype distribution ° W P A e
locus location type genotype HZ4  H4U0%% L4 L 4U%% aVlTrage boclly one way ANOVA advantageo
4 ZHA0 4 ZH0 0 p wall proportion P_value us genotype
H group frequency Lgroup frequency
SNP6 intronic T/ C TT 17 68 10 40 0.0489"  62.65+8.21° 0.0065"
TC 8 32 11 44 57.54+8.36°
cc 0 0 4 16 49.53+5.17°
SNP7 intronic A/G  AA 17 68 10 40 0.0489°  62.65+8.21° 0.0065"
AG 8 32 11 44 57.54+8.36"
GG 0 0 4 16 49.53+5.17°
SNP8 intronic T/ A TT 18 72 10 40 0.0241°  62.75+8.08° 0.011" TT
TA 7 28 11 44 56.5+9.06°
AA 0 0 4 16 52.22+1.08°
SNP9 intronic G/ T GG 18 72 11 44 0.0457"  62.22+8.42° 0.0041"
GT 7 28 10 40 58.09+7.72°
TT 0 0 4 16 47.76+5.53°
SNP10 intronic T/C TT 17 68 10 40 0.0489°  62.65+8.21° 0.0065"
TC 8 32 11 44 57.54+8.36"
cc 0 0 4 16 49.53+5.17°
SNP11 exonic G/C GG 17 68 10 40 0.0489"  62.65+8.21° 0.0065"
GC 8 32 11 44 57.54+8.36°
cc 0 0 4 16 49.53+5.17°
SNPI12 exonic A/T AA 17 68 10 40 0.0489"  62.65+8.21° 0.0065"
AT 8 32 11 44 57.54+8.36°
TT 0 0 4 16 49.53+5.17°
SNPI13 intronic T/ A TT 17 68 10 40 0.0489"  62.65+8.21° 0.0065"
TA 8 32 11 44 57.54+8.36°
AA 0 0 4 16 49.53+5.17°
SNP14 intronic A/G AA 20 80 13 52 0.0360"  62.24+8.08° 0.0046"
AG 5 20 8 32 56.23+8.54°
GG 0 0 4 16 49.53+£5.17°
SNP15 intronic G/A GG 18 72 10 40 0.0241°  62.81%8.11° 0.0036"
GA 7 28 11 44 57+8.25°
AA 0 0 4 16 49.53+5.17°
SNP16 intronic C/T cc 22 88 18 72 0.0263"  60.5248.78° 0.0258" cC
CT 1 7 28 53.01+6.04°
TT 0 0 0
SNP17 intronic A/T AA 0 6 24 0.0186"  51.49+2.7° 0.0406"
AT 9 36 9 36 59.78+9.64°
TT 16 64 9 36 61.51+8.34°
SNP18 intronic T/ A TT 3 12 5 20 0.0270°  58.0249.64° 0.0339"
TA 6 24 13 52 57.28+8.71°
AA 14 56 4 16 64.18+6.68"
SNP19 intronic A/G  AA 0 0 7 28 0.0158"  51.42+2.77° 0.0297"
AG 9 36 8 32 60.6+9.52°
GG 15 60 10 40 60.99+8.48°
SNP20 intronic T/C TT 0 0 6 24 0.0252°  50.8242.73° 0.0284"
TC 9 36 9 36 60.43+9.42°
cc 16 64 10 40 61.16+8.36"

(¥4 to be continued)
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S ey TORIEI s
5 5, A= ¥ - 375 1| genotype distribution ~ ° B P14 A=
locus location type genotype HZ4  H4U0%% L4 L 4U%% average boclly one way ANOVA advantageo
4 ZHAN (] 4 ZHAN (] p wall proportion P-value us genotype
H group frequency Lgroup frequency
SNP21 intronic C/T cc 0 0 6 24 0.0105"  51.72+2.7° 0.0341"
CT 9 36 10 40 59.4349.57°
TT 16 64 8 32 62+8.13°
SNP22 intronic G/ T GG 0 0 7 28 0.0087"  51.71x2.54° 0.0203"
GT 10 40 11 44 59.36+10°
TT 14 56 7 28 62.29+7.6°
SNP23 intronic A/C  AA 5 20 6 24 0.0273"  59.73+9.85" 0.0229"
AC 5 20 13 52 55.83+8.71°
cc 13 52 4 16 63.8+6.81°
SNP24 exonic G/A GG 7 28 13 52 0.0413"  57.339.11° 0.0439"
GA 10 40 11 44 58.96+8.53°
AA 7 28 1 4 66.38+6.06
SNP25 intronic C/G cC 0 0 5 20 0.0276"  50.72+3.04° 0.0421"
CG 9 36 10 40 59.95+9.39°
GG 16 64 9 36 61.51+8.34°
SNP26 intronic C/G cC 0 0 5 20 0.0392"  50.72+3.04° 0.0494"
CG 9 36 10 40 59.95+9.39°
GG 16 64 10 40 61.16+8.36°
SNP27 intronic A/ T AA 0 0 6 24 0.0088"  51.25+3.01° 0.0212"
AT 10 40 11 44 59.52+9.43°
TT 15 60 7 28 63.13+£7.91°
SNP28 intronic G/A GG 6 24 6 24 0.0198"  59.21+7.75° 0.0034™
GA 15 60 6 24 64.15+7.92°
AA 3 12 11 44 54.36+8.06°

T *3R 35 22 57 (P<0.05), **RR Al 35 22 57 (P<0.01); H 2195 th BOR AL, LA AR N BOR AL, [RIF B b AR A Rl 73 1% SNP 4 [ Y
(B AE7E 35 22 5
Note: “*”indicates significant difference (P<0.05), “**”indicates extremely significant difference (P< .01); H group represents high BWP
group and L group represents low BWP group. Different superscripts on the same column of data indicate significant differences between
SNP genotypes.

x4 NSHEERMBEXBRIE SNP LR BEESHFME

Tab. 4 Genetic diversity of candidate SNP loci related to Apostichopus japonicus body wall proportion

l{c\)ch\s chiﬁiﬁme chriiifni%o%tion E’i/ﬂ;j{l\\fl%gﬂ WA I Ho IIER L He Ve 45 2 F P{H P-value
SNP1 chrl8 19760880 0.27 0.34 0.3982 0.1375 0.2939
SNP2 chrl8 19766773 0.27 0.38 0.3982 0.036 0.7429
SNP3 chrl8 19766802 0.2551 0.3878 0.384 —-0.0203 0.944
SNP4 chrl8 19766828 0.27 0.42 0.3982 —0.0654 0.6939
SNP5 chrl8 19766970 0.27 0.38 0.3982 0.036 0.7429
SNP6 chrl8 19767183 0.27 0.38 0.3982 0.036 0.7429
SNP7 chrl8 19767200 0.27 0.38 0.3982 0.036 0.7429
SNP8 chrl8 19767681 0.26 0.36 0.3887 0.0644 0.5958
SNP9 chrl8 19767761 0.25 0.34 0.3788 0.0933 0.4614
SNP10 chrl8 19767930 0.27 0.38 0.3982 0.036 0.7429
SNP11 chrl8 19768011 0.27 0.38 0.3982 0.036 0.7429

(¥4 to be continued)
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(823 4 Tab. 4 continued)
AN v v AN A s
fs R RORAE REIIEN e, mmaEH, BUERECE P Pvalue
locus chromosome  chromosomal position ~ Jii* MAF
SNP12 chrl8 19768097 0.27 0.38 0.3982 0.036 0.7429
SNP13 chrl8 19768399 0.27 0.38 0.3982 0.036 0.7429
SNP14 chrl8 19768751 0.21 0.26 0.3352 0.2164 0.1055
SNP15 chrl8 19769367 0.26 0.36 0.3887 0.0644 0.5958
SNP16 chr6 8424028 0.0833 0.1667 0.1544 -0.0909 0.5577
SNP17 chr4 1710431 0.3061 0.3673 0.4292 0.1353 0.3063
SNP18 chr4 1713610 0.3889 0.4222 0.4806 0.1117 0.409
SNP19 chr4 1714182 0.3163 0.3469 0.437 0.1979 0.1437
SNP20 chr4 1714270 0.3 0.36 0.4242 0.1429 0.2775
SNP21 chr4 1715982 0.3163 0.3878 0.437 0.1035 0.424
SNP22 chr4 1717256 0.3571 0.4286 0.4639 0.0667 0.5893
SNP23 chr4 1717441 0.4348 0.3913 0.4969 0.2038 0.1449
SNP24 chr4 1717623 0.3776 0.4286 0.4749 0.0882 0.49
SNP25 chr4 1718721 0.2959 0.3878 0.421 0.0695 0.5749
SNP26 chr4 1718753 0.29 0.38 0.416 0.0772 0.5351
SNP27 chr4 1719001 0.3367 0.4286 0.4513 0.0406 0.7211
SNP28 chr5 33067131 0.4787 0.4468 0.5045 0.1048 0.4284

P {E RN 2 Hardy-Weinberg -5 40
Note: P indicates deviation from Hardy-Weinberg equilibrium.

AT LIRS Z 0] B s B, fEE
FK = F 1) Z2 A58 S UE B H IR R — AN A1
Bk, 228 23 DL A SR IR 2R 1 e [m] 52
M, Yu SR Cai 25 Bl GWAS 43K H 4]
IR FN GS FE PR BEFE A3 B At 8 4yl K o e
R IBAL RN, 5 H T AR 3845 ) Y99 (0.54,
0.51), [AIAT Yu ZE55E 5T 31 AMAHIIERE I 35 4
{83 SNP, Cai S5 I3 17 L PRI 41 BEPR 45 5 A bR 730
PRI Tan 5P PTG SRR GWAS 23E R4
K OBR 4y A A 52 A 1B XY (fast-growing
white-feathered chicken) = 7[R 1 P fR 0 3t A& AL i,
TE T R & & AR 5 N % Jeong 25126
AR L i 5 A7 IS B (MY D)X 8 2R R 5 7 P
AN, WidEEE SNP FES AT A B 1 A4
SNP 13 152 HA TN i AR EE AR OC SNP, 7E
KPS T T, Al-Tobasei 255315 S hT
fi§ (Oncorhynchus mykiss) fa F 7= & it 14 1 K
0.25~0.20, [RIHf5E TAREEEE SNP St X 77
JHE DRI L U0 9 o B P R T S Van Vu PSSy T

1% 15 (Crassostrea. angulata) 1 {4 32 81 K13,
T GWAS 2 FER A AL T 345 R &
(BN LH 2 F )M R SNP, X 3 /) SNP BTk 7%
PR BURE AR Y 9.2%, 7EHIZH, GuoJETF
GWAS 4 5L ZH G A3 T 55 31 1 AN FTRE S 2
Bz BRAA AR SE IR, DA R 12438 R ] B3 e 5 e ]
SN ATE B, T (B 4225 Mo ) S AR %) fie J 2
FIA . AT BB AHZIRE] T 5
Bz BRMIFCIEH, IR R T A SNP HAE I
R, 0] Ry S BT R 2 R R s A PR 4 b PR
FhA5E
32 B R Rk E E A K R R AT

Xif R R B s A2 3 1Y KEGG /sl
2%, R 4% (metabolic pathways) & £ | i) &
Wi Z, FWH R R2EFHUHE S 2 0T
4 VI AF 56 B9, QT ok 7 4 A= ) A R % 3K B RE
AN, JEHERR Y, b sh i
fifl, R K & BRI . Wang S5 414y
Brda 7 T 761t 58 37 5 PR 5% 5 5 SR Al (I ctalurus
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punctatus)#H 4 F i fifi (1 ctal urus furcatus) 24 2E K
PEH B AENLH], WRED Nz NS
£ [A] I IR 3 A 3R A R T R K (fatty acid
elongation)FIi5 i B2 {14 (fatty acid metabolism) P
A5 B W R R OC ) B o R S BE S AT Z R0 s i
e, HLATLL& B A g iR, Qi %401p 5
R BLAE ARV TR s I Z2 A RN Big 7 e R LA el
S ERK AR, XRU T IRIRER 20
AR LTS AR A A R . Ak,
W EEES THEA O-BH AW S i (mucin
type O-glycan biosynthesis)i& e, A iff 57 £ B %
5 1 O-ZFMHAE IR HL (Schmidtea mediterranea) i) it
Ma kB . e A R K AR A R D,
ORIE [ AT e ) S AR RE A KRR L R AT L,
VERFRAEA K AFAE Y H %, HASGEEKZ 5
AR R B R B
33 WHREERMBXINBEEENZHE

Mei 253 HiEsz ELP2 KNS 532 fik i
AR SRR, TR S A8 E IR R Rk K
- EHEE . Tao ZPYBESEINN ELP2 N 55K
1A (Ovis aries) g e MR CHR, 2SS 5K
e ARG B R R RN . TR T G A
B IX 3Z 1A (GPCRs)Z I ) TPRAL JE K Ty R fu 5
WG & B 515 514 S, Zepeda-Batista %555 1
GWAS Sl Hr 2 3L TPRAL 54157 LA (1 HE A= 1
X — A MR A B . G2E3 2 114 41 At J&1 41 i)
BN, LiPYBFST & BLE % (Bombyx mori) 1
G2E3 23 5 Mz 5% /K F- T 141 4% 4f ' 5 Brooks 55411
KB G2E3 Xt F i B /)N B (Mus musculus) 5 31 iR i
KAEFRAEMAT 2 XEZEPT, Carlantoni 0
W58 kP Tiel fE3E D i (Danio rerio) N f2 Fl.Ly
i5% % v K HE B TR Moore PO gY
AP XE 5 £ 8L 48 B %) Rl (2 B 5 L 1 i 2 2
1) 2 Dockd BE K FRIk T o 24 L AR 1 1,
A G0} v R R BRI (H 4 & 4 0 2k R A T T
REVEREFIZ I, Wifiks] bk 5 Dz Beny i,
HEWTX 5 AEER AR 2 5012 B R AR 1 ik
DIReSEH, AHR A5 A] I R s B S ML o
FRAEREPR AL

34 HEEHEX SNP RAEBEFEE

BT IREHEA 1 SNP v 5 248 S 2 R PHIR 25 57
PRa ol U OB s A N S S B 6 R 1
FHCFE D M JEmE, Ok 28 N7 2 BRI TP A AE
i BRI 22 S 1 SNP v s, HE— 5 XA R
A7 A PR R 5 R AT A SCPE 3 B, JF Ik
4 > SNP o7 s i 4fi G B4R Ry P 45 DR 1 3R 0 o1
D5 1t R 3R, EIAIX 4 1> SNP I8t A& 30N,
e, R LAY 5 R BEEL A B RS AR ST TT
BRJE . Liv U SR SAK | AE, A%
PTG 4 4> SNP {7 s AL LA AL, Ny
TRIZAERKMPURE T FARiC B E MR, i
BEEHRHZ<S0 1 SR, Gao % YE T] 5
(Coilia nasus)N f¢ % 1 (endothelin 1, Ednl1)3k [
Y8 5 1 SNP A7 s FIPL AL RIS, Sy ] 54 i
Bk E AR EFRIC; Zhang 2RV ST A B 4R
It e PR AU 5 328 S5 45 5% A ] T 8 ] 8 (Cyprinus
carpio){L iR AU RS B o ABF5E T & 8y
B FEAA DG SNP AL R 4358 PR 0K 1 FH T B A
FArFARC Bl B R R I &, T il
&Y )N =N

Zi LTIk, AHESE LA R R 22 7 A BEAR R
YRS, 38 A 4 5L PR 4L FE I RN 3% 5 BR A AT,
i 2 L1 5 e B SEAH G ) S B A I i A T ) e 2
, 2L BIRH OC L R Y ) 28 N PRIR A DG 1Y
SNP i i} 4 NEAIEF T, A1 CHEIE 45 5% A
TS R — FHE LB R i st L R AL
il f b dE pEERAL, JF b h e R S R e+
AR ST PR BRIE RN 4 FhRic o
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Screening of genes and single nucleotide polymor phism (SNP) markers
related to the body wall proportion of sea cucumber (Apostichopus
japonicus) based on selective sweeping analysis
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Abstract: The body wall is the main edible part of the sea cucumber (Apostichopus japonicus). The body wall
proportion (the proportion of body wall weight to total weight, BWP) is an important economic trait and acts as an
important indicator for assessing the quality of sea cucumber. Studying the genetic regulatory mechanisms of
BWP can provide a scientific basis for sea cucumber breeding. To screen for candidate functional genes and
molecular markers related to BWP, 250 randomly selected sea cucumber individuals from the same breeding batch
and in the same culture environment were used to measure individual body wall proportions. After sorting by
BWP, the top 10% (25 individuals) with the highest BWP and the bottom 10% (25 individuals) with the lowest
BWP were assigned to the H and L groups, respectively. Using whole-genome resequencing and selection sweep
analysis, the selected regions were screened, genes and key pathways were excavated, and single nucleotide
polymorphism (SNP) loci and dominant genotypes related to BWP were determined. A total of 7398410
high-quality SNPs were obtained from the whole-genome sequencing. Analysis of the population genetic structure
showed no obvious difference in genetic structure between the two groups. Based on the selection sweep analysis
of Fst and Pi, 524 and 484 selection regions were screened in the high and low BWP groups, respectively, and
annotated to 214 and 193 candidate functional genes, respectively. Pathway enrichment analysis obtained 1199
predicted GO categories and 44 KEGG metabolic pathways, among which four significantly differentially
enriched pathways related to BWP were identified: metabolic pathways, fatty acid elongation, fatty acid
metabolism, and mucin-type O-glycan biosynthesis. Through retrieval and analysis of functional genes, five
functional genes possibly related to high BWP, ELP2, TPRAl, G2E3, TIE1l, and DOCK1, were screened.
Furthermore, 28 SNP loci within these five related genes were screened and four dominant genotypes related to
BWP were obtained. The results provide basic data for exploring the genetic regulation mechanism of the BWP of
Apostichopus japonicus and lay a foundation for the development of molecular-assisted selection technology and
genomic breeding chips. Relevant research results also provide a basis for the selective breeding of high-quality
Apostichopus japonicus varieties.

Key words. Apostichopus japonicus; selective sweep; body wall proportion; SNP; functional gene; selective
breeding
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