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W, 2019 4%, 5 b [E B XTI [R] JE X R A L
NI X HR (Litopenaeus vannamei) 5E i, T & R 410
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1.1 HmRE

BEALZESE 11 BAETER 10 ERHEEE 4 7 #ay it
1S E X R, T T BGISEQ - H11) —
RIEHFAIMT . RENNAL, (L5 E-A
1575 4% 5L DNA, DNA Jfi & i & NanoDrop 2000
53 6B T (Thermo Fisher, 32 [E) FI350 A 4 56 i
HL Ok AT IEAG o {8 ] BGISEQ 443 %t 21 B AR
) DNA FEAS JEA7 X0 5, i A R B h 150 bps
S0 3o i AR N B3 A SR ST S5 B A S AR B
I

1.2 ET BGISEQ &M EF AN FH1E
SHT

i 17 NGSQCToolkit 14" [ BRI Z B0
J7 R IR B R AT A% o (] BWA B % DNA
DU 1 v JoiE et 500 Lkt 381 o 6] A X R 22 5 R 4
(ASM1692082v1) Fll FLAA¥EEXT IR 225 FE N 4 (ASM
378908v1). fifi i Picard T. H.fi (https://github.com/
broadinstitute/picard) X175 2| () BAM SC#E1THET
I E S B, GATK #4" il T4 4k SNP,
{8 F PoPoolation 2 F A1) 38 4+ I o 5040 Ay S50 A4
BESE Fy, ZARBUN T i TG 451 5 3L
FIFPEEEY, PTRHZSEG 1B3hEE 1R/ R 10 kb,
WA 5 kb, fR/ANFEAFERTTECN 41>, f/h
Bl 0T 20, e/ SRR BE R 10x, S K IR
& 200%,

1.3 RNA-Seq #IEALIE
RNA-seq Z045 5 B & 2 14 Hp [ B 0 IR 42K 4
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HIESTHE LGS 1 Fy (AR R TS B (K 1-a),
DL LA X R 5 R 20 O 2 % i), Scaffold 2550
(&35 . NW_020870010.1) 1 Scaffold 3683 (& 5%
F: NW_020871268.1) 25l A 2 A4~ ik 35 14 1§
(&l 1-b), Scaffold 2550 [ &£ 21 4 880 kb, Fy, I
f F 250~450 kb [X $ . Scaffold 3683 (14 i 2 Hy
800 kb, [fiiFy WA T 450~730 kb 1) X 35,

2.3 RNA-seq 81 % I K 84 A 17 KRB H
&

H4 [ BT R RNA-seq 24 5 PLAATE XTI 1)
S BN X, ARAT T o [ B XA 8 R 3Rk
W R T FEENERRBEN, TENAT,
A 543 A FENTEMEPE TS IR, 1 043 AN JE N 78 M
P m ik e, MEPE R R IA R R R
1004, MEPERFRINMIEREE N 1112,

Ve TR 2 4 Scaffold b frE 2% S ik it
(#2). 7F Scaffold 2550 I, JEPH LOC113814658
(h7 . 423 402~432 118 bp) Al LOC113814660 (fii
B 456 470~481 711 bp) 7ENLAh 253Kk, Hi,
LOC113814658 JZMfitkmi35, 1 LOC113814660 J&
MR RIR (K2) TEPERES, JER LOC113814640
(7 & . 125 412~131 933 bp). LOC113814649 (i

EESIHiE

F 1 PEARITEEEBENFHIELETER
Tab.1 Mapping profile of the F. chinensis DNA resequencing data

SR 45 bt b/ %
reference genome sex fraction of mapped reads
FEEXTER  F. chinensis M female 89.95
H#  male 89.37
NYWESIEF L. vannamei M female 60.33
H#  male 57.72

IR BB/ % L% L%
average depth  coverage (>0x)  coverage (=4x)  coverage (=10x)
55.08 83.89 78.54 71.77
55.62 83.92 78.49 71.79
19.30 52.22 37.42 26.40
20.77 52.68 37.53 26.74
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Fig. 1 Value of F;; between male and female shrimps across the genome of F. chinensis

(a) genome of F. chinensis was used as reference, different colors representing different chromosomes; (b) genome of L. vannamei was used as reference,

different colors representing different Scaffolds.

B . 78 831~81 919 bp) Fll LOC113814660 (fii &
456 470~481 711 bp) 2= 57 3Rk, HIH MMt RE R
ik 7E Scaffold 3683 |-, g H i ik i 4 4> 22 5
FIRFE, 2910 LOC113825080 (i : 583 785~
644 864 bp). LOC113825079 ('8 : 650265~705 188
bp). LOC113825087 (fii & : 711 662~716 375 bp)
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*2 EREEFLPESTER Scaffold 2550 F0 Scaffold 3683 ERIFIEEE
Tab.2 Expression information of genes on Scaffold 2550 and Scaffold 3 683
Scaffold ffff ‘e %géfff log,(FC) FDR Fl F2 F3 Ml M2 M3

2550 WA muscle LOC113814658 -3.13 0.0150  13.58 872 1447 1.36 121 1.12
LOC113814660 3.09 0.0286 7.06 1860  17.86 10474  201.63  60.67

LOC113814650 1.23 0.2757 0.61 2.08 1.43 3.74 5.16 0.74

LOC113814645 1.46 0.3502 0.00 498 1.69 2.95 6.68 7.57

LOC113814657 0.95 0.3622 0.48 2.41 0.26 2.27 2.12 1.49

LOC113814651 0.70 0.4099 821 6170 1642 32.91 47.18 5236

AR gonad LOC113814640 8.67 0.0029 0.00 0.00 0.00 8.46 7.10 9.76
LOC113814649 7.39 0.0102 0.00 0.00 0.00 423 2.58 432

LOC113814660 1.61 0.0488 640 1790 12,07 43.68 4340  28.05

LOC113814657 2.25 0.2414 0.28 0.15 0.46 3.02 1.13 0.33

LOC113814645 1.07 0.3373 2.78 0.92 2.75 3.17 3.55 3.77

LOC113814650 —0.42 05201 2921 1484  29.19 11.64 23.23 9.09

LOC113814651 0.33 0.6812 3589 2249 3240 36.27 2824 4957

LOC113814658 0.10 0.8996  23.65 2524  29.19 30.38 2227 3859

3683 WA muscle LOC113825078 1.95 0.1682 0.00 1.91 0.85 4.54 3.34 3.60
LOC113825079 —0.69 0.7911 0.61 0.50 1.24 2.04 0.00 0.00

AR gonad LOC113825080 5.77 0.0020 0.00 0.15 0.46 6.35 17.75 9.54
LOC113825079 5.13 0.0039 0.00 1.07 2.14 20.10 5357 3848

LOC113825087 4.17 0.0089 0.28 0.15 0.92 2.57 9.52 7.10

LOC113825086 434 0.0407 0.00 0.00 0.15 1.06 1.77 0.89

LOC113825089 2.66 0.1655 0.00 0.15 1.22 3.63 1.77 4.99

LOC113825078 -1.33 0.4435 0.28 1.38 3.82 1.06 0.48 0.67

VE: Fl. F2. F3¥3)2HEUFAIFPKM, M1, M2, M3 N3EMELFFFPKM.

Notes: F1, F2, and F3 refer to the FPKM of the 3 female shrimps, and similarly, M1, M2, M3 refer to the FPKM of the 3 male shrimps.
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[® 2 Scaffold 2550 %1 Scaffold 3683 +Z S RKIAEREMRIAER
(a) Scaffold 2550 AL, 1.LOC113814658, 2. LOC113814660; (b) Scaffold 2550 1%, 1.LOC113814640, 2. LOC113814649, 3.LOC113814660;
(c) Scaffold 3683 T/, 1. LOC113825080, 2. LOC113825079, 3.LOC113825087, 4. LOC113825086.
Fig. 2 Expression of DEGs on Scaffold 2550 and Scaffold 3683

(a) Scaffold 2550 muscle, 1. LOC113814658, 2. LOC113814660; (b) Scaffold 2550 gonad, 1. LOC113814640, 2. LOC113814649, 3. LOC113814660;
(c) Scaffold 3683 gonad, 1. LOC113825080, 2. LOC113825079, 3. LOC113825087, 4. LOC113825086.

REAE 4 i CBP80/20 i 4 i 43 A1+ (CBP80/
20-dependent translation initiation factor), FEPERT,
FLPH LOC113814640 F1 LOC113814649 H 7E M
Fik, WMEPETRARRIL . BTN gAY E A e AR
& ¥ 5 19 % 115 DDB_G0290503 (putative leu-
cine-rich repeat-containing protein DDB_(G0290503)
N2 E% B R A 51942 8l 32 /& (hyaluronan medi-
ated motility receptor), I & AT ME P 45 S 1
KM FE . 7 Scaffold 3683 I, AR v fifi ik tH 4
M REFFRIRER, TSRS, HEOT For
. EAHERAE, HA i L0C113825079 Al
LOC113825087 ¥ 2t hJH B — R i 32 R A G R
1 1 (peripheral-type benzodiazepine receptor-asso-
ciated protein 1), M2 — ol Z (A& —Fh 2k
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Preliminary investigation of
sex-linked loci of Chinese shrimp (Fenneropenaeus chinensis) based on
the reference genome of two Penaeus shrimps

WANG Qiong ', Ll Jian ", HE Yuying "*’
(1. Key Laboratory for Sustainable Utilization of Marine Fisheries Resources, Ministry of Agriculture and Rural Affairs,
Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China;
2. Function Laboratory for Marine Fisheries Science and Food Production Processes,

Qingdao National Laboratory for Marine Science and Technology, Qingdao 266071, China)

Abstract: Fenneropenaeus chinensis is one of the most commercially important cultured shrimps in China. It
belongs to the family Penaeidae of Crustacea. F. chinensis exhibits a significant sexual dimorphism, the color of
adult female shrimps tends to be blue, while the males tend to yellow, and the females were noticeably bigger in
body size than males. However, no sex-determining region has been reported. A closely related species, Pacific
white shrimp, Litopenaeus vannamei, which also belongs to the Penaeus, has been completely sequenced, and an
assembled genome of F. chinensis was published recently, which accelerated the progress of genome research on
shrimp culture. Sex-differentiation study has been carried out only in recent years, and this study aspires to screen-
ing out the potential sex-linked regions on the genome of F. chinensis. A total of 11 male and 10 female F. chinen-
sis shrimps at 4-months-old were picked randomly, and the DNA samples of these 21 shrimps were extracted from
muscle and sequenced using the BGISEQ platform individually. 104.5 Gb clean data of female and 115.4 Gb clean
data of male were obtained, and the reference genome of F. chinensis (assembly ASM1692082v1) and L. van-
namei (assembly ASM378908v1) were both used. The mapped result was used to evaluate the genetic differenti-
ation between two sexes across the genome, and fixation index (F) was calculated across the genome. According
to the results using reference genome of F. chinensis, there were many disorderly peaks of Fi; on the genome, and
the F; value showed an overall increasing trend on LGS. According to the results using reference genome of L.
vannamei, there were 2 most significant peaks located on scaffold 2550 (Accession: NW_020870010.1) and scaf-
fold 3683 (Accession: NW_020871268.1), respectively. Many variants were found showing genetic differentiation
between the two sexes. The 2 peaks of the F; value on 2 scaffolds indicate that the corresponding regions on the
genome of F. chinensis may be responsible for sex differentiation. RNA-seq data of gonad and muscle of female
and male F. chinensis shrimps at 5-months-old were aligned to the reference genome of L. vannamei to obtain the
expression information of genes on these two scaffolds. On scaffold 2550, two genes expressed differentially in
muscle, while three genes expressed differentially in gonad. On scaffold 3683, no DEG was found in muscle. Four
DEGs were filtered out in gonad, all of which had higher expression levels in males. Coincidentally, they all loc-
ated on the range of F; peak. Two DEGs encoded peripheral-type benzodiazepine receptor-associated protein 1,
which is a key factor in steroid hormone biosynthesis. The peripheral-type benzodiazepine receptor was detected in
many peripheral tissues but showed uniquely high densities in the adrenal cortex and in Leydig cells of the testes.
Therefore, it is speculated that these male-biased expression genes were involved in the sex-specific physiological
mechanism of male shrimps and participated in the sex differentiation of F. chinensis. In this study, we preliminar-
ily located the sex-linked regions in genome of F. chinensis and filtered candidate genes related to the sex differen-
tiation. The study provides a basis for further research of sexual dimorphism in F. chinensis.
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