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2021), 2021 4F, Fe[E FLAY X HF 258 7=l 197.74 J7 t
(R Ml A A 8 e b 0 B A B 45, 2022), o L
N =502 — o PSR R PN AR 7 R 1 S At
(EHERLEE, 2018), [ PN T FLYN iR (1) 75 K
BAEREIN, BT, 3 E AR AR R R SR = ik 100 7T,
HRE R R 1.3 JTAC R (A AR AN 8 ol e i A 3
JRAE, 2022), SR, FEFLAAXTHRSEBR AR P2 R 3, i
A7 2 S I A 7™ B9 A3 Yk 22 57 B R (Arcos et al, 2003 .
2004), Arcos Z£(2003)%F 106 247 K3 B IR A% A4 FL4h
XTURHERR 36 d NS BRASIR AT ST, B 48%I1)
WEHRVEAG 200, 18%AUMERR =0 1 K, 15%RY MR 7=
B2 W, 1% MERR =51 3 WK, 8% MERR =Bl 4 YRk
W, B MEAE2021) % 371 B2 15 B0 IR AT Y FL A
XTHRBERRUEAT O 30 d = BRARRE S, KB 51%
I HERRAS =B, 26% 1 MERR ™= B0 1 K, HA 23%Y M
HRF=EE 2 Ykak 2 WP b FREEAETTE N E SN
30 J3 XF FLYNXFURFRIR,  BEXF R A% 2958 200 FE0T,
TEALRNRMY 4.2 27T, Bl 40% M AR 77 AE A
PRI B, BEAEAS HESR AR s S 8 000 T
JCo AL ol K AR R AR AR RE, B
FIFLAAXTER | 2R E 0 E 1 AL A R 5 2 TR AL
% AT RE AR

U & B e sh W B R ) LAY, E
S S HE SR P B i S SR R AT A,
S F 2 B W) B R SR Ak R i R e AT R e T
(IR, 5228 8 BN SR & B 2 Z R R FEE R
i, BEAE N N A 2 X S sh Y I R A
R R R ITFIE, & BLOPREANAE h B E BRI &4 . N
JoT X RN 2R AR S 2 R A L2 43 2 5 T B0 kL 1B K
(FEAKMEE, 2005a), [FIES, A vasa FED (3522,
2021). #1214 i (cathepsin) Z % 3L [F (Cheng et al,
2022)% Z RPN TEIN Lk B F b RS B Y)hE .
R X H-ERE S RXO-SG)EAH s
RN E , TEINE MR T AR o
i E T EMEM ., B XO-SG & BURB 0 H & 31
{3 ML A % % (crustacean hyperglycemic hormone, CHH)
(Chen et al, 2020). Wi} il ¥ 2 (molt-inhibiting
hormone, MIH)(Chen et al, 2020). I 740l =
(vitellogenesis/gonad-inhibiting hormone, VIH/GIH)
(Jayasankar et al, 2020), KHi#% B 10 #4 % (mandibular

organ-inhibiting hormone, MOIH) (Jayasankar et al/, 2020)
SETE W 52 s W AR BE 5 T A AR AR T AR, AEARTE]

FRIHPREE T FLAAXS HFME AR S50 ) A R 22 57 19001
AP =S AR

AIF 52 VAT BRI 91 7E A0 7 43 T A g 35 1R) 2 B
BRI R BT K 22 Sk L N, g e
Tl B LA B A . A e . R R B AR
KA E AR R E A 2 FEH(TRX2) . 73 85 B
LK 3 (PARD3). WiligHE CB4 JEH(PLCAH) MG A IR
A5 R Bk T4 2L (RERE) (Sui et al, 2022), Hrr,
i 34 5 H (Thioredoxin, Trx)) 20 A TlAEY) . 4
YIRS N, S 4 Y — P AR R
S5 RN EE RS RN, BATREGEET . P
AR AN o8 S g A (520164, 2011); PARD3 J&
MR EERERE T, S5RGBT  Masfb.
BB A NN AT B 2 A 1 2L F R (L et al,
2017); PLCP4 ZEWENEEE C FLHFEEM— b, %3N
b 1) 2 1 B AL B B BEWLEE 4,5- BRI B L
-1,4,5- = BERR A B Hh (BRTR, 2021); RERE (K2R
-HRR_JKNEEFH)) e —FE O R RS ER, 5
RERE FHIC ISR 45 P A SO AT K L HIR A 0
JIE S5 5 I 22 B A R e R 1p36 BARZERF
(Jordan et al, 2018), iR FE AT ZAE A AR P v
JETF, H s D REF I i R ILIRGE o ARFIE LA
— A JE S e R 5 B A O Ok R T R AR AR
L A ) RN ZER R A B 5T X 5, Ko i e 2
FEINAS R BP 512 B B GEAE I . AR . RAK
A0 S AT AL SRS, R S A P Ot E
PCR J7 % (qRT-PCR)43 M7 LA | 3 58 46 8 K& K 7
AR BT I MERRAS R D5 I BB SRR AR ) 2R 0K
B, DAY Ry LA Yo e AR B3 7 7 A 25 3 4 AL
il fE 2%

1 #wRER=E
1.1 SLIEHRE

S5 FH R Xof 0 e AR ke S Aol BB A R
(LAY T 2021 4 6 AEE N 439 BRI A
T X AR D SR A TR, H BRI B . KN B
R FERBEWEN, KOELEF R 4 HFH
(Tinikul et al, 2011): &5 (T 301 HE 0 1 B S 7 A4 S
PEAT BRI TOE BRI HOE A St /ANVER BT )
E SR B S (R PR BRI G, RSN EEAR R AT 5 KAk K
(TR ) A 1) B BEAARFR R SR G, DSk i B 35 L
THAE UL IR S BT (IV ) ME S 179 B 81 % 7 3k
NI ARG, 7R3 3k B Y R T 5 40 R UL 2% 31 B
B OMERRERE 00, LA ER IR S T ~IV i & B 7281k
FR AL UL 1
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Fig.1 Developmental changes of the ovaries of P. vannamei from stage I to IV

a: I/ﬂﬁ; b: H/ﬂﬁ;

a: Stage | ; b: Stage Il
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Fig.2 Spawning frequency map of 439 female shrimp
in a production cycle (30 d) of P. vannamei

FEORIUCH O I AR 4L, RF 3 IIE
R B I AR R A, NEREE R F BV
IR AR MRS i, DR R ek F M
W, AR MER RN BN SR T IV,

B BA S Al T~V 300 A R R 2850 il 1 ~
I S50 T R ) 30457 £ B .2 400, Lkt 332 3% T3 FH A 4
LU W (FELE R, GL101)H, ZH40 5 [ 5 W HL A /N

C: Hl,ﬂ;ﬂ, d: IV,E);HO
; c: Stage III; d: Stage V.

F 110, BRESERUR BT 4 COKRRATE, AT A
PR ilAE

Wi B A T~V TR 0 ARG i el T ~
T AT, A 4Pkt 3 B8 T ok b, fgRAF
HUOP SR AIRARAL LY, WMARAE, TS RNA (94
ORI PR 3 305 £ I

1.2 EE%EF

R 5 1 R A 300 A PL A X IR 5 Sy oy B A R
132 B LB PR T 45 R, DL Fy Fl nRatio fff
FE BT BR TR AR B E (F,>0.162, nRatio>1.2), ik
F| 121 22 A FE N (Sui ef al, 2022), FEfFEGEIEH
BRI B L B R EEIGEN TRX2 .
PARD3 . PLCB4 Fl RERE 3L, 431 HAE LA i 2%
B 153 B REVR P SN 5] & B B U1 51 K HR A9 4 21
R AE R Rk

1.3 FEIHE

131 ¥k #I1F H FLGA XTI v B (1
~IV ) FIAIC ZE 58 1 4L (T ~TI3 ) B S8 40 20D ] 52 P
Wy, PRI B0 S GUE T3, LBKRES | £
. Uk A R eSS K . IR R g
JBoK 3t S AP BR AR , R GO T3 T
1.3.2 gRT-PCR /¢, fdif] RNA-easy™ Isolation
TR B (VMR ) 43 0 X L %ok M O SR R AP 4 4L A 7
RNA $2HU, B3R5 10 RNA AEACR FH SRR BHEE IS L Tk
AN 52, SR NanoDrop A6 7 K6 i o
1 OD fH. Bt A4S, fH HiScript® M RT
SuperMix for gPCR (+gDNA wiper )i 7] & (VEMERE) % 3k
P RNA FEABEA TR #3445 cDNA, SCH /R
R S B T
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& LA XF iR TRX2 . PARD3. PLCB4 1 RERE
FEH B mRNA P9, R A TAY TR RO A
PR |5 LB B it qRT-PCR BT U514
IRANHLUE ] 18S ME NN S (R TSR EE 2R, 18S
TEMRAR ) RIK A E ), URERLHLUE ] B-actin VE N

WS, 4 ADDIReIE RN 256 K Brifs 25 | 975 3 an
1R,

i 36 15 0 F A=W R B8 2 W 7300/7500 52 €
PCR 1¥, ## ChamQ Universal SYBR qPCR Master
Mix 20 & (U R ) U I A5 2R A 7 S B A

* 1 9RT-PCR FTH3I#F 7

Tab.1 Primer sequences used in qRT-PCR

A Gene 1E1815 14 Forward primer (5'~3") JZ [ 5]# Reverse primer (5'~3")
f-actin GTGTGACGACGAAGTAGC GATACCTCGCTTGCTCTG

18§ TATACGCTAGTGGAGCTGGAA GGGGAGGTAGTGACGAAAAAT

TRX2 GCCACTCGCTCAAACCTCTACTG CGACCTCAAAGGCATGGAGAAGATC
PARD3 GCCAAGAACACCGACACCTATCAG GCAGCCTCCATAGCAGCAAGTC
PLCp4 AGGTGTTCTGGAATGCTGGTTGTC GGCTTGAGTAGGTATCCGCAGTTTC
RERE AAGAACGCTATGAGGCACGCTAAC TGTTGCATCTGTTGGTCTGGCTAC

1.4 HFIBELAE 5SS

BT 27T YR | B N AEARE S AR AR N 2
SEHE, SZISECHE M SPSS 26 BRI VET 2 R I 4
1, P<0.05 HZEREFH, P<0.01 NESWEE,

2 ZR54HHh
21 AR
211 1#Hypg = B S () 3a): FE DR

21 i 00 B B iAo 0 O R 40 B A D R 4 i S R
SHRIRTE , DECHRIE RAFIER, (RBUN, B
Y M SR AR A — I g s G, IS I, 5
P B 20 LA B, DR 20 B AR AR, L D) 24 i e i
HRIF UG TR WL/ INERIE 114 B 8 50K (8] 3b).

TREHE T (B 3c): B SAE ALYt 5 31 A0 240

BomZ, NE 4 RZHOI0RAM, B AR/ N2
SRR, MMHEP ST R, WS B 5P i Ok 1) B
(E 3d).
212 N#HypE T A (K 3e): EEHONEE
A R B REAR AN B, R R AL T (A 3a)4H
e, BRERAMITFIRAR K, HES LB 55 %, DR
BAR K HA 3 2 (K 3. b).

TREHE T (B 3g): OIS 328 i O B & il )
DIEEAN AL A, SARETE 120 1T WIAR LL, BP & ks
WIE R, IRE5E 4 T Hop SE A UL FIE ML S = Bl
J1eH T AR B 5 & B A5 BLAE LA 3h),

213 My B (K 3. EE P
A HUE BN BEA I ZE B, AT T DN (& 3a), B
D20 e 5 B s/, O R AT AR ARG G, A i o

TE K B BRI B0 o5 Jokr (18] 3j), AR T (& 3a),
DN BE 20 i P P sEOR B 3G £ o AHE T 1T (A 3D),
T30 9 9 -5 40 B T oy o 300 B e (151 35), {EL LRSS Bz I
EINEE YT

T 7 2 (8] 3k) = 15 F P A B A B9 120
MO A%, FJs e T BRIE 10 5P B B0RE , [H7E AR 25
J1H I OR300 B REAR I, JF AR B B A s B
(K 31),
214 WVipgp o EAE I (E 3m): IE B
AR BRREAN T e, RBUR IR K, HHEE ST,
TR 1) B B R TN 1RSSR A PR Rk
KR, A Y 0N B 40 i © Jo 2k 1 o3 BE R 9 AL
B, LR 2 R) 4 e 2 R A W R IR REAE AR, AT
— KRB WS (E 3n).

22 gRT-PCR &R

221 TRX2 A B kx5 54 IR, B
T4 T ~THY) TRX2 J D9 ) 3k e 34 v TR B0 4l
HET, MPAn iR E R Edfl FxR
(P<0.05 B¢ P<0.01)(/& 4a); IRAK T, &5 5 J14H TRX2
FER R TS 4L, 1T Rk e frdl
[i] 2 57 2. 3 (P<0.05)(I&] 4b); = ZFH 4, GRS
IRAT Y TRX2 3 [H A 28 38 1 T30 38 B Al K
1E IV S BT (K] 4e)s ARSAE 20, 5P SL AR
Wi TRX2 FEA (R 8 B BB H FREESE, B 1
195 Mk 25 5 135 (P<0.05) (] 4d).

222 PARD3 A Rwy Rk 554 g, THE
FHES14 PARD3 R Y Rk i i & I TR 2
41(P<0.01), TT3YIAN YIS & TR 258 1 41(& Sa); R
Wirb, B 140 PARD3 DN (36 ik 40 i 25 A
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Fig.3 Ovarian tissue sections of P. vannamei in high-fecundity group (stage I ~IV) and low-fecundity group (stage I ~II')

afllb: FERNA T WEALYI A c Fid: RER A T WO EALYI A e B f: 2 5 2 TR SLA 21 F s

g Al he AREHE S0 MIAONSAALYI s i A0 j. = B I MBOp S SN0 s kR 1 IREE5 0 4L B 41 28]

m M on: EER AN EALYI A, OG: WFEMM; 00. ¥ILINFAME; OCL. BYEA W rE4ni; Y. BIH
Woki; OC2: BREEE P BR 4NN ; OC3: BPEE & HUSHIMONEEANM; CR: e BifE; OC4: BN ELAuAE.

a and b: Ovarian tissue section of high-fecundity group in stage I ; ¢ and d: Ovarian tissue section of low-fecundity group in stage

I ; e and f: Ovarian tissue section of high-fecundity group in stage Il ; g and h: Ovarian tissue section of low-fecundity group in

stage Il ; i and j: Ovarian tissue section of high-fecundity group in stagelll ; k and 1: Ovarian tissue section of low-fecundity group

in stagelll ; m and n: Ovarian tissue section of high-fecundity group in stage IV.

OG: Oogonia; O0: Primary oocytes; OC1: Oocyte in the early stage of vitellogenin synthesis; Y: Yolk granules; OC2: Oocyte in
vitellogenin synthesis; OC3: Oocytes in the late stage of vitellogenin synthesis; CR: Cortical rod; OC4: Mature oocyte.

B AR TR B4 41 20 (P<0.05 3% P<0.01) (&l 5b);
BIH 14, PARD3 FEH () 33K & B A8 T RIS TR )
s, EINV AR S KE, 5 IR IAE b 22 5
B3 (P<0.05) (K 5¢); IR%FH 4, PARD3 JEF K
F ik 5 O AR AR AL 2L AR R B RS LT
# (K 5d).

2.2.3 PLCp4 A By F K5 54 YR g, PLCp4
FERTE B A T~ 25k e 38 v TR 208 )
A, H DA Z 18] 3% 22 5 (P<0.05)(Kl 6a); HR
1irh, PLCB4 FE K7 55 B5H J) 4 () e ik IR TR
BN, H T~ 25 02 (K 6b); = %5 )
o, PLCR4 LR )22 3k 76 B 51 rp 22 0 T v 1
e, BRARZE 2 52 SRR AR S T i a3 (K] 6c); IREE
FEIA T, PLCP4 FE BT T ~ T 5P 51 52 5k
TG TR R, AR TR A 6d).

2.24 RERE X W&y %3k 5 57 [E =S Y|
J1#l RERE &N (W) Rk i o 3 m FARE I 14
(P<0.01) (¥l 7a); ERARH, 1= %58 )40 RERE LM (1)
Fih i 3 TR S 120 (P<0.05)(K 7b); e B0
JidH, RERE FENMFBEAE T ~IV I B S FIHR
i HR G 8 3 22 55 (P>0.05) (I Te); IR ZH S 4,
RERE LN Rk AR L B8 TR LT
POMRAR T RERE W335 5 5 5 M N BRI (Bl 7d).

3 it

IS N AR 3 2 A0 30 45 MLk X B9 2 7 4
SY AR o B3R 25 45 (2004) i 3 Xof PLAN X U Y B
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PRI ] o 22K A2 55 (2005b)HRHE IR A IIEZS . 9
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T K5 73 22 B BEL (Delroisse et al, 2021), ARBFFEHT,
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Ovarian Histology and Expression of Related Candidate Genes
in High- and L ow- Fecundity Populations of Penaeus vannamei
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LUO Kun', FU Qiang', CHEN Baolong', LIU Dongya', XING Qun®, SUI Juan'”, LUAN Sheng'”
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Production Processes, Qingdao Marine Science and Technology Center, Qingdao 266071, China;
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Abstract The Pacific white shrimp Penaeus vannamei is one of the most productive shrimp
species in China and the world. Domestic demand for P. vannamei has increased annually because of
its fast growth, easy breeding, strong resistance to stress and disease, and high meat yield. The
primary challenge in the development of the shrimp industry is seed rearing. The demand for
broodstocks of P. vannamei in China is as high as 1,000,000 pairs per year, and the total weight of
shrimp seedlings exceeds 1.3 trillion. China needs to import 300,000 pairs of P. vannamei every year.
The cost of each pair of P. vannamei is approximately 200 USS$, thus equating to hundreds of millions
of USS in total. During the production of P. vannamei, the spawning frequency varies greatly among
female shrimp. Cultivating high-fecundity P. vannamei through genetic improvement is an effective
way to reduce the cost of seedling farms and improve economic benefits.

To further study the molecular mechanisms of fecundity differences in female P. vannamei, the
ovarian histology and expression of four candidate genes in populations with high- and low-fecundity
were analyzed in this study. Before the experiment, the 7-month-old parent shrimp of P. vannamei
were fed a commercial parent shrimp fortified diet, a maturation promoting diet, and squid for
nutritional enhancement. After one month of promoting maturity, the unilateral eyestalk of female
shrimp was cut using forceps, and next-generation family construction began after 15-20 days of
recovery. The spawning frequency of 439 female shrimp in the 30-day production cycle was
calculated and used to indicate fecundity. Those with a spawning frequency of 0 were included in the
low-fecundity group, while those with a spawning frequency of >3 were included in the
high-fecundity group. The ovarian development of P. vannamei was divided into four stages
(proliferation, small growth, large growth, and maturation) according to the color, size, and shape of
the ovaries. In the high-fecundity group, the ovaries exhibited development up to stagelV, indicating
their attainment of maturity. In the low-fecundity group, ovarian development was limited to stagelll,
with progression to stagelV proving difficult. Ovarian tissues from the same part of female shrimp of
stage I —IV in the high-fecundity group and stage I —Ill in the low-fecundity group were taken and
immediately immersed in tissue fixative for paraffin sectioning. The research team previously
identified candidate genes related to fecundity in genomic regions undergoing selective sweep in
isolated populations. These included thioredoxin 2 (TRX2), partitioning-defective 3 (PARDS3),
phospholipase CB4 (PLCp4), and arginine-glutamate acid dipeptide repeats (RERE), which play
important roles in oocyte maturation, cell proliferation, and early development in other species.

D Corresponding author: SUI Juan, Email: suijuan@ysfri.ac.cn; LUAN Sheng, Email: luansheng@ysfri.ac.cn
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gRT-PCR was used to analyze and compare their expression in the ovary and eyestalk tissues of high-
and low-fecundity females at different stages of ovarian development.

The results of paraffin section showed that the ovarian development of the low-fecundity group was
slower than that of the high-fecundity group. In the high-fecundity group, stage I ovaries primarily
consisted of oogonia and oocytes during the early phase of yolk formation, with the emergence of small
spherical yolk granules. Stage I ovaries in the low-fecundity group primarily consisted of oogonia, with
no observable yolk granule formation. Stage Il ovaries in the high-fecundity group were mainly
composed of oocytes with vitelline formation, accompanied by a notable augmentation in both the size
and number of yolk granules. Stage Il ovaries in the low-fecundity group primarily comprised oocytes in
the early phase of vitelline formation with yolk granules beginning to form. Stagelll ovaries in the
high-fecundity group consisted mainly of oocytes during the late phase of yolk formation. Many spherical
yolk granules were formed in the cytoplasm, and cortical rods began to appear, although the lengths of the
cortical rods were short. Stagelll ovaries in the low-fecundity group were composed of oocytes during
yolk formation. The cytoplasm was full of spherical yolk granules in the absence of cortical rods. In the
high-fecundity group, stage IV ovaries were filled with mature oocytes, large yolk granules filled the
entire cytoplasm, and thick cortical rods were formed in the oocytes. qRT-PCR showed that the four genes
maintained high expression levels in the mature ovaries of the high-fecundity group. Their expression
levels in the ovaries of the high-fecundity group were higher than those in the ovaries of the low-fecundity
group in the small and large growth stages. TRX2, PLCf4, and RERE expression levels were significantly
different between the groups (P<0.05). In eyestalk tissues at different stages, TRX2, PARD3, PLCf4, and
RERE expression levels in the low-fecundity group were higher than those in the high-fecundity group.
The results suggest that these four genes may play important roles in the ovarian development of
P. vannamei. The expression levels of all four genes in the high-fecundity group were lower than those in
the low-fecundity group in eyestalk tissues. However, in ovarian tissues, except for the PARD3 gene in
stage I , which was expressed at lower levels in the high-fecundity group than in the low-fecundity group,
the expression levels of all four genes in the other stages were higher in the high-fecundity group than
those in the low-fecundity group, which is opposite to the expression trend in eyestalk tissues. Therefore,
we speculate that these genes also promote cell proliferation, development, and target gene expression in
the eyestalks of the low-fecundity group. Their high expression in the eyestalks of the low-fecundity
group may enhance the secretion of ovarian inhibitory factors, thereby inhibiting ovarian development.
Further research is needed to reveal their functional mechanisms. The above results provide an important
reference for the in-depth study of the molecular mechanisms of differences in the fecundity of female
P. vannamei.
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