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Wi, & FXTUR LvIAG FEH KRS 5N £ A2 5%
BN W ) SR R kAR B R R ER IR . ST 4
TR TR B 5T B WK SR B o R AL
PRAE T EERYE, XYM T EF A E
BT E Y.

L RS
1.1 SRR
{5 1% e M L 44 75 Xt WF (Litopenaeus vannamei)

KHTHBHHITAFREAAK 12 cm+0.2 cm, {&
i 10.5 g£1.5 g).
1.2 Fik
1.2.1 R YIR

W 60 B HE 4 IE M ML X IR A M R4, —
287 FH P A W5 KT 58 21 B4 B 1 DA K358 2 W A 0 IR A
TN AVE X R, IEF R SR FE(25+1) CRE R
KPR e —JE Ja, UM M R A ORI S A2 T
R, 80 CUKF -1
1.2.2 5 RNA £ ¢DNA &1

{4 ] Takara 2> 7] i RNAisol 77 42 AG Mok
HLA A1) B RNA, {8 Nanodrop 2000 A6l 4 5 e
JE 52, RNA BTar kol i 1 1.5% 0 3 BE e 0
KA. i Thermo /A ®]#J Revert Aid Fist Strand
cDNA synthesis Kit #17 AG FilfE §4141 cDNA 25—
A
1.2.3  LvIAG F:FE TR KA B3 s A o ol &5

i FH 26 E B PCR 43 B XTHR AR LI R 2E R %o FR 2 45
HXTHR AG 218N LvIAG FE R FGR ARG . )
FEJT, RS LvIAG FERRKIRIK, HEHULE 2 iz ke
DR 2 T 7K T o W B KA 9 A MR AR RS S5 RNA B
FATF55 4L R, 55 A0 K R 20 v g B2 3 R Rk vk
A KA 9 AMARTRE S RNA 6 T s 2a
JF> o SRyt G it iz B U 68 35 PR TR A 52, i BBURE X iR g
Qb T8 Rz (B3] FRALERERY 9 KB B RNA FEALEE 3 4>
RA e, BHES 3 MY FEERE . 5
4 3 AMRES A6 444 EAT1 . EAT2 #l EAT3, % H&ZH
3ANEER /B4 4 ECTL, ECT2 il ECT3,
1.2.4 FEFANF

RNA FE ik 2 N S B A4 YRk 2 w0,
MM Oligo (dT) AYMEER & 4E EAZ /Y mRNA,
M B G VR BT T cDNA WUEEA . 2lifk

.hmAmmf

Ja BOUUE cDNA 2853 AR i 52 53 poly(A) R )R 5
M43k %3 . Fl AMPure XP beads ffiit 200 bp 72
£l cDNA, #E47 PCR §"44, ff5 il AMPure XP
beads Zlifk PCR ¥, AP SCHE o FF BAE A st
i B 7k . Qubit2.0 Fluorometer LA J Agilent 2100
bioanalyzer 4 /7 LR RE 2l | WRE S 528G,
FFE FRUER) SCEEfE A Tllumina HiseqTM 2500 il # 4%
HEAT UK Bl 7 o
1.2.5 U5 H0E e a

5 %5 reads HEXT T H Bowtie2(version 2.2.8)5
AR RNA(TRNA)F 145 clean reads. F|H FL
4 It IF 2 7% 5 R 24 (PRINA438564) A & 51, fii H
HISAT2.2.4 4 Xl J¥ (¥ clean reads 7F 275 JE [H 4]

AT X
1.2.6 £YEEHT
B SR RO 0 BT 2 TR Bk gk BN W) AT S0 S 4 4y

Bre AR AR, AR B . P S X . R
b, HEEEREG . FEARKLRSN . iR
AT SRR TIRE R A 25 55 Rk 3 I O 1 b v
e SRR AR EBR<0.01,

i 3 AAH I B9 InterProScan BY Pfam 4% 5 Hp ALK
AR RIF AT E E0H . ] KEGG H shiE Bk
% 25 22 SRR EL M B 5 KEGG B 5 517 He T,
X 95 T fh 5 PR 30 S R A T R
1.2.7 ERREER PCR

XoF O 15 21 A 51 2% S IR A, fdTH Primer3.0
plus IR G Y1 (FE 1), (262 5 PCR
YRE S R R GR O . LANRAR VI BR AT JS AU ARG S RNA
SR cDNA BN, (I 18S rRNA fE RN S
FEN, PSRN 95 CHIZEM: 4 min; 95 CASE
15,56 ‘CiB:k 20s, 72 ‘CHEff 30 s, ¥ 34 40 4
PEIR . (R 2724CT B IE R (MG 26 1k, X8k
W R B T 2 00U AT R R, Bl P<
0.05 FI P<0.01 1A & 351 25 5 FAl W 35 25 5% (1T
Wb

2 &R

2.1 BRARIERST LvIAG £ B XA W%

il 1 real-time PCR BEA:i, HR A% 40 Bk 4l h
LvIAG FE PRUE {2 T i 41 29 b (R AR X 3R 38 1 5 X0 A
I EEZ 122 (& 1), EHIRWIGESET
LvIAG HEH W FIK5 B3 Fi
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Tab.1 Primer information and annealing temperatures of the primers used in this study
EIRZE FIMFH(5-3") B KR/ C
LvIAG-qF AGTGTCAAGGTCAGCCGATAC s4s
LvIAG-qR CGAGATTCCACGTTGGATTCAG
Lvi8S-F TATACGCTAGTGGAGCTGGAA 56.0
Lvi8S-R GGGGAGGTAGTGACGAAAAAT
LvDsx-F TTGACTTCTTCAACGGCGGA 540
LvDsx-R CCTGGTCACAATAGGCCGTT
LvCYP2LI-F GACCTACCTGGAGGAGAGCA 550
LvCYP2LI-R ATGGAGGACGAGTCGAAGGA
LvCYP330A41-F GCTGATAGACCACATCGCGA 540
LvCYP33041-R TTAGACGGGGCATGTAGGGA
LvCYP34-13-F TGTCTCAAGCCGTGGTCTTC 540
LvCYP34-13-R ATCCAGGAACTTGGCTTCGG
LvCYP494-1-F CAACTTCACGGTCGTCTCCA 540
LvCYP494-1-R AGATAGGCCCCCACCATCTT

15

Kk

S
T

LvIAGHE R kM5 %

Bl 1 BRAEUIER AL BEAH 5% BRAH LvIAG F R A AR M A v 1
eIy S il
Expression levels of LvIAG in the AG tissues of shrimps
from the eyestalk ablation group and the control group

k2 SR I 3 (P<0.01)
**_ very significant difference(P<0.01)

Fig. 1

F2 KULEMMRBARERNERANFHRERER

2.2 HFABBESMAERRZEARLEE
U I s e | S s i = o
230 724 552 4%, Zead ik AR S AR ) BT i R A1) 4t
226 147 040 2%, 7 2 rEcdEng 98.01%, MF{EE
Gt DR 2. ARAT A P A 5 27 B R AT XT3
83.05%~85.39%, i JE 5 Q20 i [ A 97.74%~
98.18%, Q30 7E 93.62%~94.44%., VL b B4k 156 WA 55 5%
A R AR T R RS, AT TR S 25 e AR R
KT
AT ARG 25 R sk Ny, RIS 267 4
ZFFGRFEN, HfA 238 MR LA
DR ZE I LR E 2),

23 EFRBABGERIM
KEGG 3 B 5 4 D45 5 i, AW D1 Bk xt

Tab. 2 Testis transcriptome data of the experimental and control groups

FEA JRUGIIIFRR R D8RI Ede 2 IR P e i A 525 RENAIXTR% 185 Q20/% i ik/a Q30/%
EATI 41226768 40 656 024 426 190 84.25 98.18 94.44
EAT2 36926920 36277964 459 630 83.05 98.08 94.17
EAT3 37261 594 36 596 756 469 834 85.39 98.13 94.31
ECTI 37158 024 36458 004 484 496 84.38 97.75 93.62
ECT2 41577978 40 590 662 778 120 85.21 98.03 94.15

ECT 36 573 268 35567 630 743 490 85.23 97.74 93.68
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Fig. 2 Volcano plot of the DEGs in the testes of the experi-
mental and control groups
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Endocrine and metabolic diseases -.1
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Folding, sorting and degradation [[JJJJ?
1

H@A RTICLE

WG S5 S 2l v 22 S R R DY 32 B AR R R AR
WhEe, Wiz 550 % (Transport and catabo-
lism) . BR7K LG Y188 (carbohydrate metabolism) .
{55915 H.AE (signaling molecules and interaction)
(A 3).

A GO BHi A, K HRAW U I 5 36 201 v M5 (4G
H22  RIRFE DR IRAE Y2 AR L AR 4 Ao+ 2
REZ A BEATGE oA, e AR B 3 AR 15k 7
o, ZERAE 4 s AR EERE, b
AR} 2 (metabolism process). Fi— =¥ 2 (single-
organism process) LA S 4275 B (cellular process)-
g M 2 oy K2, B 45 4 (binding) Al A4E £k 15 74
(catalytic activity) i FEH EER L .

ECT-vs-EAT
L 20
I- 9
L 5
L 5
= 5
L 4
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o1
Il
. |5 7
uction # 3
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Fig. 3 KEGG pathway classifications of the DEGs in shrimp testes from the experimental and control groups

E: EAT HIRAN IR S804, BCT Jy X IR 21
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Tj/; nucleic acid binding transcription factor activity [~ | . ) . .
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SR

Bl 4 XHURRG S22 SRR JE N GO w47
Fig. 4 GO enrichment analysis of the DEGs in shrimp testes
T AT ST AR XX B2 R R R @RS SO0 A AR X X BR 2 A R IR A

24 EFARAXANIRSEEZZTRIE (4% P450 i R LvCYP3al3 . LvCYP49al .

A B IRE SN R ThAE, W IRMVIBRATIE K 8 LvCYP330al Ml LvCYP2LI., 17 AL R G EHEE A
2 R RINER T2, B T —R9 500k FEvZ Z PGl E1(ubiquitin-activating enzyme E1), i2
B WML ARG ANZ F1b R G5B R (R 3). 2 {815/ E2(ubiquitin-conjugating enzyme E2)FliZ %
PERI R B AR LvDsx BRI iAW 2% i, N4 5P KT USP21(ubiquitin specific peptidase 21)3
WRGH M E SRR ZH LR, 8 BB ERERRES, ™ E3 2 ZEHKN SH3RFI(E3
] §E2 5 MF [ ) DR % K R B S I JHEH 20 it ubiquitin-protein ligase SH3RF 1) £ ¥ T i ik .

x3 WNIMEEERREEENRES X

Tab.3 Classification of DEGs in the testes based on their functional annotation

Resrk Ril5 HEIN 4 Log2(FC)
Yok H ROT77752.1 doublesex 1.50
NI R 55 ROT68651.1 juvenile hormone epoxide hydrolase 1.64
ROT74813.1 cytochrome P450 3a-13like 5.26
ROT76613.1 cytochrome P450 49al 3.98
ROT74254.1 cytochrome P450 CYP330A1 5.17
ROT79833.1 cytochrome P450 CYP2 L1 3.13
ZELRSG ROT70512.1 ubiquitin-conjugating enzyme E2 6.33
ROT79743.1 ubiquitin-activating enzyme E1 5.43
MSTRG.31565 E3 ubiquitin-protein ligase SH3RF1 -1.29
ROT70729.1 ubiquitin specific peptidase 21 4.64
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h T B IR R S 4 T S R 2 R IR FE R B AT A
P, BT 5 2R RIKIENA LvDsx. LvCYP2LI .
LvCYP330al .LvCYP3al3 .LvCYP4941 #4T RT-qPCR
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Fig. 5 Comparison of the RNA-seq and RT-qPCR expression profiles of several DEGs in the testis

H* 2R

3 W

A5 3 Ak R M LA U KT I SR A T B R A 4
B, e TRBEMR T LviaG FEFPRE, R
IR AR D) B — & F2 B2 b bR 1 HR AW PN 2000 2R & rh 41
MRS A B R R FECATEE S, 38k 0 HR AW U1 B i
Jo X WR A SR AT LB SR A A b, S B — R Y]
S5WRET . WM. ZRAEDI TR 2ZERR
IREH, EATATREZ R “IRAN-TE HETERR-FEE” N
IR Z SRR R E T
30 HAKLFAXERZ “BRARITHMIR-

MR Nkt LAERELT

AR P 3Rk 3 D D R 5 AR AR M R R (JAG)
B T HLA R ki TP 52 sh i sh it B o Ak R AN,
T A 35 M 1 M AR SRS F & 2B S O T AL R R OC AR
JHPOL, BRAREIBRIG, LvIAG 3EH ki 8% FFh, X
ESHRAR N 3 W 3 G v 26 38 43 WA S TR A 4 ] X 4
CHH Z5 2 IR R DI ) IR IR 51 Y
LvIAG FEHRXFE, X THENAK T IEEAR
HEAEH]

Doublesex(Dsx)/& Dmrt ZWEM L, EAE AR
G BT e ) ORI AR I -, B IR AR 5 4 A
it B 1R B A WX IR (Fenneropenaeus
chinensis)™T, FcDsx BRI, DERFMNKT

35 (P<0.05); **: 2254 i 3 (P<0.01)

FeIAG HEH M FRIKIK-, R FeDsx X FelAG 5
(IR B IE ) PR P E R PR, R R R B R
H, Dmre FE0 BT 4E R PERR & B I DIRE . ZF0 H %
PR Dt FEDRTE A 2 90 R 0 A R A
FRHER2T10 S5y Dmre SERLE B 5T Sh W kG S5 el S 1k
mRak, WIHATRES S TR 7 A& A >, fe A
o, IRAEVIRRIG ARSI LvDsx JEPR KA
L, R LvDsx ATREAE “HRAW-IR A1 -5 51
W TS 5 R LR MR

32 @iéE P450 B A X B % “RRARATE
MRR-AE L Ao bt A ELF

TEHEHESI Y, G B2 [ e Y Ao 7 5 2 At £
R P450 RS, G5 HAEGERE CYPI9al
Xt T HE S WP R b A & B R T AR P
WS, BB 24 P45S0 K L GE B
AT NIBEEFES T (RSB ERER). F501S
75 0 4 e 2 00 Joie ) 5 ORI R A ) T RE R . e R 5
g, AiEEE P450 Bk AT LLA S A4
Fh S [ B R, Lol e SR A R R
P450 I EE MR, TEEFER R I RSPk &
(Calanus finmarchicus)™, 4 % = hg Vi i 2% 1 i
PEAMA, KRNI & SR IERY 208, 1l CYP330al
FEIX AR Rk ey, RIS 5005 5 Al
FIRG B il 77 8 3 ok B B3 AR % 53 TR M (Carcinus
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maenas)™, CYP330al W% GEHAG T 20E
A PE P,

A ST Bl PR BRI Ik % 32 AR AR 2D 2 [ ks
HE ., =P T (Portunus trituberculatus) ) 5P 54121
TR T 17-0 FRIEALZEPY, 380 J8 4F (Homarus
americanus) g 5 1 & IZE R 245 5540 R 20-0-F2 HE 20
Fii] 361 B XF iR (Penaeus monodon) 5P 5 v k) 22 i n]
eG4 20a-dihydroprogesterone®®!, #RM, 2 [H s
WMEEN YR T . K. ENE L B
7 1 ) ELAARAE F DA S A L (525 P4SO 2 75 5 5k s
[ B 2R A S AR AR R N W . AR R Y
LyvCYP2L1 FEH, ] 5 3 PR 5 A X6 iy b v R 3
R (Panulirus argus) P HRIE, X2 (A B 152 i (1) 5
I R B REARVEFET . LvCYP2L1 KAl P450
FNG B AR AR VD B 5 1 3 B, il e T AT AE
Z CRAR-EHEVERR-AEH oI s, 7 LANTE
X HFAS 5k B o B b B AR

3.3 REMMAXARERRET T 6945 R

1Z & /35 M K 4 42 (ubiquitin-proteasome  sys-
tem, UPP)7E 40 i i 4% . AL A=) 2k L 281
FIGEF A B P R EEEEEACY, 2Rk
T 3 Nz RAEDFEER: ZZBE El
PL ATP RH 0 5 2Rz 2931 C sl 282 (Lys) 5k
Fe| A B e W2 (Cys) LB %42, Z IR R
G338 5 v R B R S 4 B RARECEE B2, R
BB A E ez RS8N B3 BEAT
50RO P B R KRR A, AT S T A
FEARBRC 20, 2 R ALTE Y I R R T,
X — i & i 2572 K fk [ (deubiquitinating enzymes,
DUBs)/ %, FE 000 5 DHEE: 12 RREEA bk fifk
fiff (ubiquitin carboxy-terminal hydrolases, UCH)Z %,
12 Z 47 51 25 1 i (ubiquitin-specific proteases, USP/
UBP)Z %, Otubaim(OTU)Z %, Josephin 45145k &
H K% M AB1/MPN/Mov34 metalloenzyme(JAMM)
HIEH,

UPP 7EMSI A BB EHC 2 Fshy by
WRIB . FEZF¥E(Sus scrofa domestica) ', UBAI dwi )iz
RPOEHG Bl 258 TR R ESRE, TEM IR
PRI BE T AAFVERM . 7E K BR(Rattus norvegicus)H,
Ubel R 35 THRG IR A M, o] figid b vz 2 /8 1 il
TR R GEAHFERRS T & AE12 8 /N (Mus musculus) T,
] Ubel Fe5e PRI PYR-41 AL B A DR 40 g, i

) H@ART/CLE

TR WLz R H B-catenin, 5 HOKS BN Al
B RS T VR AR 1 R e € PR R84 24 1 BEL AR 1)
TE 75 N B2 AT 28 B ( Caenorhabditis elegans)™', Cul-2
ZRIEELBE YL Fem-1 IR, L Fem-2
I Fem-3 i [N 1, il 1d & 1 B HOBUE A TRA-1
B E i fn — BT Ry UBAL B kAR
R ANZ RATNRE, Tk T & AL RIS oy
K& 55 AR YT, UBAT HE R 2 A8 B 1
2R HURE T 1A o S R Y e SR D, 202 AL
Usp9x #E IS5 THREE MO RAEW, 1EH
Fe ), UPP B A kit o Va4 25 1 BUK i %, 7
P oA R F & AR s B R AR FH Y 7 B AR X IR
h, 2 REE A M B2r (UBE2r)E [H 1 M bV R b i 26
kRS, WRE UBE2r 1EKE T & A AR T
AR EEEEEMAC R XE T, Eid
P JRA R Do 2 52 SO I3 AT, 2 R IE R B2 B
S N PR AR R R 2T A9 R 2 R A AR DE I K
ubiquitin-activating enzyme E1 . ubiquitin-conjugating
enzyme E2 FI E3 ubiquitin-protein ligase SH3RF1 LA
W F37 Z AL ubiquitin specific peptidase 21 ¥J7EHR
W UD B J5 BRE Srp Rk A W3 22 Rk . BRI,
ZRE AR RETE HRAN -0 M A 517
DI IR PR 45 T, X ERORS S & B AR R
HEAEH]

3.4 ¥ 3k RES (methyl farnesoate, MF)4X,
WAXARAERRLT ¥ 4R

TEH S, MR %i#8 F (mandibular organ,
MO) 43 ) MF & 3 75 B #U R 2 3 &K (juvenile
hormone, JH) R BIMIER™, fEHTah ks . K.
WiE 7 RSl S R R A I RERY . fER AP, (R4
R A Ak W 7K ## Bl (juvenile hormone epoxide hy-
drolase, JHEH) £ 2 £t 5T 15 (4 & TH 197K F-P,
JHEH A] LAFTJT JH 3430, A2 o AR s R TH —
DO, Y B AR A R B A R, B E
HI A UEHE F2 B0 MF 29 JTHEH [, {HAErhAeglss
& (Eriocheir sinensis ). H AV WF (Macrobrachium
nipponense) Fll 1 4E 5 KW (Neocaridina) 1 #f % 5 3|
JHEH FEHPY H ik w5t etk 28 sl i i J& 10
FASEP, M T REAR SR I MF ¥ BT 15 A 56 o FEAR
W, JHEH TEMRIRPIBR O SAH 2Uh & R B |
PRIB, WinEHZ “IRAW-TEMEERR R 527 o
MiRES SRR LR
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A 5 380 3 R ) I A o R A R AR, IS T
HR A A 2 0 20 G 0 e B R AL T P iR R 2R I (4 G Al
RN R R R I, BE TR S 2515

KE . WM RS R A 25 7 R IBHE N
WEFEL R R 1 IRAR- (L MEVE IR -RG 5 P9 20 e o
AR MEE R P 14G 3R ROk 3 — R A RE A Y
RIS HKERFNER, NHEARR T 2Pk
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Abstract: The neuroendocrine system in crustacean eyestalks regulates the reproduction process. According to pre-
vious studies, the eyestalk—androgenic gland (AG)-testis endocrine axis regulates testis development in deca-
pod crustacean species. However, the underlying molecular mechanism remains largely unknown. The Pacific white
shrimp (Litopenaeus vannamei) was used in this study to investigate how unilateral eyestalk ablation regulates the
expression of insulin-like AG hormones (LvIAG) in AG, and genes in the testis. According to the results, after uni-
lateral eyestalk ablation, the LvIAG expression level was significantly upregulated. The transcriptome data of
shrimp testis before and after unilateral eyestalk ablation were compared. A total of 267 genes were identified as
differentially expressed genes (DEGS). Functional analysis showed that Some genes involved in gonad develop-
ment and endocrine regulation, such as Doublesex (Dsx), juvenile hormone epoxide hydrolase (JHEH), genes re-
lated to the cytochrome P450 enzyme system, and genes related to the ubiquitylation system, were significantly
upregulated. The expression of several DEGs were confirmed using quantitative real-time polymerase chain reac-
tion (QRT-PCR), which revealed that their expression trends were consistent with those in the transcriptome data,
implying that the transcriptome data were reliable. The results indicated that the endocrine system in eyestalk in-
fluenced testis development by regulating the expression of LvIAG in AG, which in turn regulated the expression of
Dsx, JHEH, and genes in the endocrine and ubiquitylation systems in the testis. The results not only contribute to a
better understanding of the molecular mechanisms regulating testis development but also provide significant direc-

tion for the artificial reproduction of crustaceans.
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