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72 [KJR B4R PcDsx &

B 52 BE K R IA ST #T

MM VBERF.EHE L EER KA, T
LAEPRERFZRZFR/RERNFEKREADFE T ETEERET/
RASDPRFEFTAHAEEARKFTHRELELEFT, KX 430070;
2.KEZFFREFREADFLEELRRFTHR IR PO, KX 430070

WE N 5 KR B (Procambarus clarkii) doublesex (PcDsx) I T GE, % | RACE 3 R % 3k 15
PcDsx cDNA 731 FI ] qRT-PCR 46 I % 2 A R IB K 0L, EWE B2 0 Mg R BoR, %2 W DNA & K
1 584 bp.fu 4% 243 bp 5° UTR.765 bp ORF (i 254 aa) Fl 576 bp 3' UTR;PcDsx 2 A& 1 MESF R DM 45
38, 5 2R J5 i) Je 8F (Sagmariasus verreauxi) SvDsx B DM 25 AH L M, R RIE MR ER,

PeDsx |7z 21K T BUAF 50 [0 R 2 IR 1 4 1 AL

» H TR T R TR O fih 7 I i T TR R X 2 3k B A IR R DL

A R 8 AR 2 8t 5 v I L R B 3 TR A A M S 22 el 2 28 R %) 3 3k A R A B 2R 2 R G R A T
25 T IR R IR A R F A R I 28 W 45 R W, PeDsae 19K K FAE S 3 d ik 3 — A i 0, 1 4 BF
i PeDsax 1) B s 3235 50 5 M BUAE RS 41 d A 115 dL BeAh 3% 56 IR 7 T RS s 30 0HE A &0 R v ) Rk R R B 1

FEZ R

KR WIRIEEIR; Dsxs MERIPE; B Frbe; FHREE; BMEFR; Wl MEER

FESES Q78  XEARIRE A
Doublesex(Dsx) fiz - 7 & R W8 (Drosophila
melanogaste) H1 & B, S 5 g 591 e o % 16 A T
i 1 P M L PR, i B S S R R AT 2 L (Cae-
norhabditis elegans) W T 7] B & K Maleab-
normal-3(Mab-3) F H [7] 5 3 R ¥4 J& T Dt A
% & (doublesex and Mab-3 related transcription
factor) vEMTHM MW E A EAH 1 DR H DM
(double-sex and mab-3) 5 a2, 1 591 ke i AL i
kA it B o G L H Donre R AN E S
H5TWTAEMESNY S AEMHER KT, & — A IRSF
MBS A T2 B P ) 4 R B KR . Dsae 7E R IR
P ) e g 1Y B A 90 TE % b B Ol IR ST I, Dse
AR S F A B s K B A D AR B Bl ) o R Ry
FEBIF 5T B SR 1T
TSP R 5 B R S YA B i
PEOEF B B 2R 0 e s ML R 1) AOF 50 2 0 2 WY 5 Bl
Py ol e A DG R F 58 N B ok 1R BB . LR,
Woea X Z M P2 s W) Dsx 2[RI 4E 2R 47

Yo H 41 2020-05-18

NERS

1000-2421(2021)01-0129-08

TW5E ., 5 E E RBFE (Daphnia magna) 3R
137 Dmrt93B FEH % B ARG B 33k 5 1
Ah B3RS Dse FH, Hod Dsel ©#8E 5
PR 591 e S ek i e 4 R BRI R R I R AR
R 5% KB U (Macrobrachium rosenbergii )
HL SR T Dmrt 11E 36, B BHAER T & 4
i rhn] L A IR J5 40 i FORS 7 b AR Rl e
R (Sagmariasus verreauxi) PR XM T 1 1Y &
B A DM S5 44 30 56 I GDMY ) L 02 8 Gt 4 14
1 iDmre 1 AN B RRAS L 3% S X AT RE GE Ak S B Rk
D7 8 Y AR L i Dt 1 35 PR D) B T A 4% 1 531
PE 5,

7GR EE MR ( Proambaus clarkii) A8 45 3R 7K /N
T A 2 3 IR K AR S R A R, ROl R
A KU s 7 IR AN TR 32 NATTRY 35 2% BEFR R
HEH R ML, 5 R R R A e TR B
A AR H E A2 L, 2018 AL 4 [ /N g 0F 37 5
EEARIE 112 77 hm® , H 32 2257 58 07 3008 A 57 41

FETH . FHEARPEIESITFEILSITH (31501858) 5 1 Yo & & FEA B Ak 45 9% & 30 (2662020SCPY004) 5 1 JL 44 55 - HEBAC Ak 7 Ml
FEARAR Z G L5 A Tl 32 Q0T A BR 7 5 v [ K 7= B 22 0 5 g 26 A BRIl 45 2% 4 1 (2019 H Y-JO)
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(84 J7 hm®) HIYh 3% 3% 55 (I 20 JT hm*) , F 4 7™
K 163.87 1 . 23 BT EIE 3 690 4270 CHh [ /)
AR =AD& B4R & https://www.360kuai.com/pc/
90bd39d9clal6e541? cota=3&-kuai_so=18& sign=
360_57c3bbdl&erefer scene=so_ 1), 7 [GJEE I
B SRR SE B A B TR A T Ak AR R A AR
A DAE S HAL R 1 — 18 B 45, AR 5% 58 o A v ik itk
WA R PR vz W 25 A N — i R B AR AR FR
SRR Ry EN .

) ke s R S 3 A AL AR Y T AR S 3B ok
HAEEA . AT v PR 2 R e ) ] 45 R O Ak A Y
WEIE B 1 e B R AL e P AR IR L A (insulin-like
androgenic gland hormone gene, IAG)Y 4k, K UL A
HoAtbdiE . g A5 A RACE R M 5 IR i
BRI 3RIF T PcDsx cDNA, 3+ qRT-PCR %5
2 F R I A e £ J 28 B AS ] 41 20 % R0 % B B
B [R) s 3 1 2R 381 10 DA B S B S g vk o R 4
BL 4 BIF 5 4 (it 20 o B A, Ay B P B O i) B 3o
H RIS AR R,

1 #RlEIZ®

1.1 BARKE
56 I e B RS U Ok B A8 el Rk 7= 97

B J0 e Hh L FE KR 20~23 °C . R TR T IR K
=1

Table 1

IR Dsa HE P B FRIRFHE 2R 52 B AF 5 IR i 28 0 CHfE
T A PR R B 2 B 00 IO PR o £ R L LERD
RN DN T S AN S BN 6 31 5 v ]
LA | ORI A 40 1 SZORT O R R 1.3.6.13,
15,17.23.28.41,48,98,103,109,115 d A9 52 [C J&
ARSI AL (n=5) . BT A BIRE SR 7 T RNA
PRAFIH T A 22 RNA 5L,
1.2 2 RNAREUE cDNA &K

B3 /) RNA 41 208 5 H TRIZol 3% (QIA-
GEN, 7 [# ) # # & RNA, H] Thermoscientific
DNase 1(RNase-free) i 5l & bk 2= # H 4 DNA j5,
#% RevertAid First Strand ¢cDNA Synthesis Kit iz
# & (Thermo Fisher Scientific, 3¢ [E) U B 45 J #%
L cDNA,
1.3 REREZEIF PcDsx HEEEE

TEICJRER MR PeDsa 3L cDNA #5543 7 51 A\
23 T AE S 00 == A5 Y v [ R U Survey 781
AT A Primer 5 B4R THRE S G4 PeDsx
F/R, R J5 . MR 45 3K 15 B9 cDNA 3 4> J7 51 4% f8
SMARTer © RACE 5'/3" Kit(TaKaRa, H Z) i}
BB 1 37 5 T A 4 51 9, I R Sk e S
PE cDNA #itf , ¥ 34 PeDsae 3'F1 5" 3551, LA 5
Yty b DU RHHT R YRR R A | & . B3
PcDsx cDNA JFH T 519115 BEE LR 1.

XEFASIMERR

Primer used in the experiment

5194 B S -3 PR IE /bp ik
Primer name Primer sequence(5'-3") Product length Description
PcDsx F AGTACCCTACCGACTACCCCCATCC 815 P Clone
PcDsx R TGTCTGTGGCAACTTTGAAATGAGG
PcDsx5' R1 GATTACGCCAAGCTTTCGCTTGCCTTTCTTCTTGGCTTCG 2 500 e
PcDsx5' R2 GATTACGCCAAGCTTCGGACTGTGTGGATTGTAGCCGTTTGG About 500 Clone
PcDsx3' F1 GATTACGCCAAGCTTCTGGATGAACTGGTGCGGGAGACGT 25 200 e
PcDsx3' F2 GATTACGCCAAGCTTAGATGATCAACCAGGTGGTGAGGCC About 200 Clone
PcDsx F2 CAACAGCACTCATAGCCCAC 163 qRT-PCR
PcDsx R2 TCGCTTGCCTTTCTTCTTGG
18S-RNA F TATACGCTAGTGGAGCTGGAA 147 qRT-PCR
18S-RNA R GGGGAGGTAGTGACGAAAAAT

R LAY P8 2 3% B RACE 57 & B B 3 INAY £ 31 . Note: The underlined sequence was added in the primer according to the in-

structions of the RACE kit.
14 EMEERZEIW

KW A5 69 77 5148 57 )5 247 PF 5 (DNASTAR
Lasergene, USA) , §f 2 J5 09 ¥ 51 H#E 2 ) F OR-
Ffinder Chttps://www. ncbi. nlm. nih. gov/orffind-
er/) il Blast (NCBI, https://blast. ncbi. nlm. nih.

gov/Blast. cgi) 43 #1, /1 DTU Bioinformatics Cht-
tp://www.bioinformatics.dtu.dk/) fll ExPASy(ht-
tps://web.expasy.org/compute_pi/) #E 5 H & KR
Fe 50, JF 43t 8 A 43 B ORI A L R, dE
SMART 7£ £k # 4 (http://smart. embl-heidelberg.



51

FOMRAR AF . SOICJREMT PeDsa He R 19 50 B Je 2 38 43 BT

131

de/) 150 M 25 44 38k, HI 78 2k B fF T"TASSER Cht-
tps://zhanglab. ccmb. med. umich. edu/I-TASS-
ER/) M H 0 = 4E 454 . & 9 Fl iy [8) I 2 B 1R
315K Fl NCBL, 7 MEGA 5.1 /|, clustalW
XA YRl Dsx DM 25 44 38 24 K 18 ) 51 1 47 HL A 4y
BT, IF T 4B 4% 2 (NI 4 2 & e AL, 2% 1 FP Dsx
DM Z5 4 2 EE R P 51 3k 2 Fi .
F2 KL REMET AR Dsx/Dmrt BEBFIER

Table 2 The sequences information of Dsx/Dmrt used in

sequence alignment and phylogenetic tree analysis

P F35 H A
475 i b T
Do L. Accession Gene
Abbreviation Species
number name
DpDmrt3 Daphniapulex EFX89054.1 Dmrt3
MrDmriggp  acrobrachium AHI47025.1 Dmrt99B
rosenbergii
MrDmril g Macrobrachium -y pyi70040 Dmrt11E
rosenbergii
DmDmrt Daphnia magna AOAOP6CCI1 Dmrt
PvDmrtl-like Penaeus vannamei XP_027230501.1  Dmrt1-like
AvDmreal  Armadillidium RXG70637.1 DmrtAl
vulgare
HsDmrtl Homo sapiens QIY5R6 Dmrt1
DrDmrtl Danio rerio Q71MM5 Dmrt1
MmuDmrt] Mus musculus Q9QZ59 Dmrt1
SviDMY Sagmariasus ARK36623.1 iDMY
verreauxi
SviDmrtl Sagmariasus ARK36620.1 iDmrt1
verreauxi
SvDmrt11E Sagmariasu ARK36622.1 Dmrt11E
verreauxi
EsDmrt-like  Eriocheir sinensis ADH15934.1 Dmrt-like
AfDsxl Artemia AOA2SOXSUI  Doublesex-1
franciscana
SvDsx Sagmarza.\'lus ARK36621.1 Doublesex
verreauxt
PchDsx Penaeus chinensis AFU60552.1 Doublesex
MmaDsx Moina macrocopa BAM33613.1 Doublesex
DmeDsx Drosophila AAF54169.1  Doublesex
melanogaster
PcDsx Procambarus clarkii / Doublesex
15 qRT-PCR

i qRT-PCR K il 52 [C R 2L UF PeDsa 1Y 3%
KB, RN ARR N 20 pL, 146 F/R 5149 (10
pmol/IL) 4% 0.2 pL W7 7K 8.6 pl.cDNA £
1 pL#l SYBR Green(TaKaRa, H )10 pl, K3
BT 95 CHIASYE 5 min; 95 CA8 M 15 s 57 C
Bk 30 5,72 CHEAH 30 s, 2 40 MIFIF, 18S-
RNAERWNSHE M 279315 PcDsa B A

xRk
1.6 HESH

5 B8 7E Microsoft Excel 2016 34 F k47
geit, B A a5 Ecds 24 LAF- 3 80 £ AR i 2% (mean &=
SD) IR . 1E SPSS 23.0 #f #4750 K 5 Uy 22 4

Hr (One-way ANOVA) 2K LSD kb7 £ & g
R = A ) e o 5 I AV = 1
(P<20.05) , H&} GraphPad Prism 7 1E &,

2 ER55MH

BIKEZEI PcDsx EEHEE

MAS HH 2 h 3545 T PcDsx cDNA 4K ¥ 3
(1584 bp) . f14% 243 bp 5' UTR.765 bp ORF (4w fig
254 aa) #1576 bp 3' UTR(E 1), Z#H K K3 UTR
XA 24 mRNA P B E S (ATTTA) , 78 K i
B Z2ZEA 1D GT HHEM2 A~“TTTTTT”
(D S H RIS E (A 254 aa, M43 F i
FIEEE, 05 20 90 4 28 559.80 il 6.46, H ) PcDsx
FEHSH 1A NBEIRAA 5 (N AT A 55 A4
IR R I AL A DM 45 38, e = 90 25 4 Fn = 4
LER N 2 PR,

I MEGA 5.1 Bf¥ 3 2 A B H 1) DM
SRR LR EAT 22 T A LA B E AR AR S T 2
R 3A FE 3B rn, o G RE R PcDsx 5/
L [ X R ( Penaeus vannamei ) Dmrtl-like ., 57 [ BH
XTHF (Fenneropenaeus chinensis) PchDsx ., 78 J5 $ll Jg
IR SvDsx 9 DM 2589 380F 5 A8 <1 19 21 bk 22 1% 4%
B (O TRIE B — 845 G L 5 (CCHO) L 1 #E 4k
R i AR R Ry — 3, o PeDsx 5 SvDsx 1Y [
U5 A d5e vy 5 T 2R W AN 2 4E B (Arzemia franciscana)
1) Dsa LA B 7228 I FL2E Dt 119 DM 45 4 35 0]
A6 PRSI e 2R 5% 5k (C) L T LUB L 2 4> %F
SE54 1 5 (CCHC # HCCO) , i Ho & 115 PeDsx 1)
[ 6 M A (] 3B)

22 PcDsx ERERREENRSALAPRHRIE
=

PcDsa 7 J8AF M B 5 FG 2 0 OR [R] 20 20 1
FIRAE DL 4 7R o 76 BUAFE I 1 v B A v ke
fARR T PeDsae 3k e, R2 B T4,
WL 2 AE 8 0 E , HoAth £ 2H 20 PeDsae 3235 A X
BEAI  JUFLAE I R0 R JEk s 76 BAT M M e IR R U
W, PeDsx 3635 4 fie i 09 20 2R 2 fi A B HOR O
G AR S AL . AR BR T BIE R M A
O UL L R B O BRI ) PeDsx 363k
KV A WA R B AN 7 7 22 57, oA 41 22 rh PeDsa
1) 3¢ 35 7 E S AR (B 2 Gk 22 S b 7R
) i 71 B O L BRI R R P LS B R RD R iR
TR KO M s TS,

2.1
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ntl

AAGCAGTGGTATCAACGCAGAGTACATGGGACTGTTGCCATGTGTAGCATGGGAGGCGGG

nt61 CGAACCCCACGGCACCTCTGACAGCCTCCAGTCATCACTGGCAAGCGCGAGTTTCAAGAC
nt121  ACACATACACTCCGGCTCTCCGTCAACGTCTCTCGTTCAGTTCTACGAGACTACACGCGT
nt181 TCGCATCCCTCCTTTGCCCTGTAGCCATGGACGTTAACGTTTAAATGTTGAAACTCGTGC
nt241  AAAATGGCTATGGCTCCCAAGAAGAAATTCGACTTCTTCAACGGCGGTAGAGGTATTGTC
M AM A P K K K F D F FN G G R G 1 V aal9

nt301  CTCTCTGAGAGCTTCAACACAGAGGCGCCTGAAGTACGGATACCAGCGCCCGAAGTTGTC

L §$S E S F N T E A P E V R 1 P A P E V V aa39
nt361 CAGCAGTCTTATGATTACGGACCAGACTGTGGCCAGTATCCCAGCTCTCCCGTTGGGTAT

Q Q s Y bpy G?P DCGQY P S S P V GY aas9
nt421  ATGCCCCCAAGCAGCCCCGGTCTCCAGCAGTACCCTACCGACTACCCCCATCCCAACAGC

M P P S S P G L Q QY PT DY P HP N ¥ aa79
nt481 ACTCATAGCCCACCGGGCTACGTCGGACAGGAGGGATACCCAAACGGCTACAATCCACAC

/" H S P P GY V G Q E G Y P N GY N P H aa 99
nt541  AGTCCGACAGACTTGGGGACTACCGGTAGCGGTGATGGAGCTGCCTTGTCCCCCTTCCCT

s p T DL G TT G S G DG A A L S P F P aall9
nt601  GTCGACGACGACGAAGCCAAGAAGAAAGGCAAGCGAAAACAACGGTGTCGCATGTGTGCC

VD D DE A K K K G KR K O R C R M C A4 aa 139
nt661 AACCACGGTATCTACGTGGAGGTCAAGGGCCACAAGTGGTTCTGCCCATACCGGGAGAAC

N H G I Y Vv E V K G H K W F C P Y R E N aal59
nt721  CATAACTGCGAGAAGTGCGAAATCACGCGGAAACGGCAGTATTATATGGCGGAGCAACAG

HN C E K C FE I T R K R O Y Y M A E O O aal79
nt781  AAACTGACGCGGGAGCAGCAACAGGTGTACCAGCGAGGCGGGGGAGCGGACCTGGGCGTC

K L T R E O Q Q VY Q R GG G A D L GV aa 199
nt841 GGGGAGGGAGGCGGGGAGCCCATGGAGACGACGCAGTATACCAGACCGCCCAGAACACCC

G E G G G E PME T T QY T R P P R T P aa2l9
nt901  AAAGAGTTCCCACGCCTGGATGAACTGGTGCGGGAGACGTCCAACATCATCAACGAGGAC

K E F P R L D E LV R E T S N I I N E D aa239
nt961 TTGTTTGAGATGATCAACCAGGTGGTGAGGCCCAAGACCCACCAC TGACGCCCTCCTGAA

L F EMI1I NQ V V R P K T H H * aa254
nt1021 CTAGTGGACAATCGTGTCGCCTAAGGTGCAGTGCCAACCATGCAAAACAATCGCGGTTTT
nt1081 TTTAAACAAAGACGAAATGTCAAGTTATTTTTTATGCATAGCAGTACGCACGGT T
ntl 141 TCTGAGATACAGGTGAACTTAATTAAATATAAGTGTATAAATATGTGAACAGAACTAACC
nt1201 ACAAGTGAATAATGGAAAAATGTGTTAA TAACTCCTCATTTCAAAGTTGCCACAG
nt1261  ACAAGCCATTTGTGTTATCCAATTGAGACATAATACAACAATTCCAAATGGGTAACATGC
nt1321 CCTGTGTGTGTGTGTGTGTGTGTGT AACCATGATGTTG
nt1381 AGTGATGAAATTCTGATCTTGCTGAAGACTGGGGAAGGTCAGTGACACGCTACCATGAAG
nt144] CCTCGTGACACGCTTTTTCAGGCCTGAAGATTTCGATGCCCCAAAATTATTGITTTTTAG
nt1 501  CAATAATTGTTACTCTACATA TTTTTTCATTTTAATGGGCTCTTTATTAAAAAAAAACAT
ntl 561 AAAAAAAAAAAAAAAAAAAAAAAA

BRIGHELF (ATG AL AP IR LR L HEF (TCA) LA I T i » F78 s mRNA P B (55 (ATTTA) #8758 GTF
EAEMTTTTTTT HiEGRR, BN A N-BE AL 0 F 40 @ RHA F /R %78 , DM (doublesex DNA-binding motif) 45 #4) 38 F A N T ¥ £k 3%

7~ . The start codon (ATG) was marked with red,and the stop codon

rapid degradation signal (ATTTA) was shown in yellow. GT-rich and

(TGA) was marked with red and indicated with “ % ”, The mRNA
“TTTTTT” were marked with blue. Predicted N-glycosylated sites

were indicated in green italic font. The deduced doublesex DNA-binding motif (DM) sequences were indicated by itlics and underlined.

Bl 1 PcDsx cDNA FIIRESHESIERFT

Fig.1 Nucleotide sequence and deduced amino acid sequence of PcDsx cDNA

(\y
AT A PeDsx & 450, “DM” 3R DM 45 #38, 21 {4 X 35,
MARE ZRBE X R, B ) PeDsx & =445 K. A. The Pre-

dicted domains of PcDsx. “DM?” indicates doublesex DNA-binding
motif,and red box indicates low complexity region. B: The predicred
three-dimensiona structure of PcDsx.

B2 FilE PcDsx EHEMIG R = 4 E

Fig.2 Predicted domains and three-dimensional

structure of PcDsx

23 PcDsx ERREENBHATABMNBHR
KER

PcDsa 78 i [ R 2 R R & 5 A [9] B 4 19 3=
RIEHLANE 5 B . IWNTET g iR T i PcDsax 1
TR T A S 1~3 d B i,
J&i s PeDsa B 335 7K - 12 i B AIK , 76 7T DL 3 A 38
Sl AR e B A (RS 23 D IS MEPESD IR R PeDsa
M B K EAE S 41 d S, 76 RS 98 d Ik
Z T AE M4 UF b PeDsa 38 35 K F 6 S
115 d J\em S 109 dkZ, AEERE.
WIS 23 d, MEME LD EF T PeDsa 38K 8 &
T HEPE ZE S 41.98.103 d 2R 2 itk s i 78
M5 28.48.,109 d F1 115 d W] J& M P 4 iF B & 25
TEE
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Species/Abbry
Dsx

9. iDmrtl

A [10.SvbmAllE | 5 i
11. DpDmrt; i
2 rDmrt
3 mrtl 18 |5 i
T4. DmDmrt u
5. EsDmrt— like =
mriAl
mrtl i - R Q
:5 ll;r::l‘)r:n‘rll : VMI\I\=VAlj ::==
Site | Site Il
MmaDsx
DmeDsx
90 AfDsx1
DpDmrt3
50 98 DmDmrt
75 :
_%:Estrt-hke
MrDmrt99B
85 MrDmrtl 1E
91 — 00 svDmrl1E
DrDmrtl
B 95 HsDmrtl
99 MmuDmrt1
08
36| SvDsx
64 —:Pchsz
100 PvDmrtl-like
AvDmrtAl

91f

SviDmrt1
l()():SViDMY
A:Dsx/Dmrt DM 5 2 E WK 201, ZF 5 KRB T E R clustal W ik R SFHER T 5090 A SRS H B 5.
B:Dsx/Dmrt DM Z5 39 4L 22 BT . 75 MEGA 5.1 {4 1R ] Neighbor-Joining #4487 AL I , bootstrap (¥ #4 1 000 Wit &R ; 5w
[CIRZE AR 2Tt 7 HEARIC . 2 e S @A Ar - Dsx 8% Dmrt #6750 {5 B 2. A: Multiple alignment analysis of Dsx/Dmrt DM do-
mains. The alignment was performed by the clustal W algorithm. The identical residue sites in regions with more than 50% conserved level
were highlighted with a colored square background. B:Evolutionary analysis of Dsx/Dmrt amino acid sequences. The analysis was construc-
ted by the Neighbor-Joining method with bootstrapping 1 000 replicates,using MEGA 5.1 software. P. clarkii was marked with a red box.
The Dsx/Dmrt related information used for multiple alignment and evolutionary analysis were listed in Table 2.
3 ZEIEERHELSN

Fig.3 Multiple alignment and evolutionary analysis

a

4x107°r
B /it Male
| WY Female
3x10°

2x10°

PeDsxHIxt ik
PeDsx relative expression

1x10°

VG TG SG PN Br Hea Hep PG MG HG AnGl Mu Gi  Hem Hy Te/Ov TD AG
ZHZ Tissues

VG @ EMZ R Ventral ganglia; TG i # M5 #1 22 & Thoracic ganglia; SG: i F #1255 Subesophageal ganglia; PN [l & i # £ Per-
iesophageal nerve;Br: i Brain; Hea: 0> lf Heart; Hep: il It Hepatopancreas; FG:fij# Foregut; MG H1 /% Midgut; HG: 5 % Hindgut; An-
Gl: fit /i B¢ Antennary glands; Mu: JLIA Muscle; Gi: # Gill; Hem: Il. Hemocytes; Hy: & Ik Hypodermis; Te: ¥ # Testis; Ov: U3 § Ovary;
TD: %i k5 & Testicular ducts; AG: 2 HMEP: I# Androgenic gland; * ; P <{0.05; * * ; P<C0.01, PcDsx 75 AR METE 75 (G R B MR 45 41 21 Rk
I 2 3 M 25 53 RS T8 3R IR (P <20.05) » PeDsx 7E BUAE MM 5 [C J B R 4% 4 21 P Rk 9 B 38 M 22 3 NS 5 8 3R (P <20.05) , PcDsx
TE ME e AR [R] 20 21 6581 B 1 22 5 H B 5 32 7%, Different upper-case letters indicated significant differences in the expression levels of
PcDsa in different tissues of male P. clarkii (P<C0.05). Different lower-case letters indicated significant differences in the expression levels
of PcDsx in different tissues of female P. clarkii (P<C0.05). Asterisks indicated significant differences in the expression levels of PcDsax be-
tween male and female the same tissue.

4  PcDsx ERERRFEEMRAAFHREER

Fig.4 Expression pattern of PcDsx in adult P. clarkii
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15x10™

10x10™

PeDsxcAidt &5 8

PcDsx relative expression

53%10°

= 20

asing

Development stages

NS JC 5 4 & W] Nauplius stage; ZS: & IR 41K W Zoea stage;
1-115 d: MG 1~115 K The first-115 days after hatching.

5 PcDsx ERREENEHARAAAXEHBNRERR
Fig.5 Expression pattern of PcDsx in the early
development period of P. clarkii

3 it it

TEARBEFEH, FAT13RM8 T PeDse cDNA B4k
8 IE R A Dmre 36 R R 5 TR %
A 0 R 25 1A R Dmrtl-like ., 7 [E B %R PchD-
sx AR B B EF SvDsx () DM 25 44 3 A ] L 48 H &
H 1 AERGE A AL (CCHC) , 11 [l P8 7 45 3 iy 5 i
MEE LN Dsae LUK 52K MIEFLIE Dmre 1) DM
SN S 2 A BEEEA 7 s (CCHC #l HCCO) .,
TE PcDsx MR T 2 M EBAG S B RE5 2% m
mRNA 52 E P A FiZ K Y mRNA (1 52 € 1
T Il e [ T8 [ J2 75 A 22 S5, 1 I 5% ) L AE AN
I7i) 1k 3310 174 e FC R A v Y T i

FEAR J7 FIJR AR op, X & B A I SoTKIR
1 SvDmrt1 BIWFFE K BL, X 2 4~ Fe - 7F M 1 o il 4F
U £ fi oy i e 22 38 KT 2 A R T AR JSGAR F  fik £
i F AR 2 8 00 2 B P ) S L O P Y Ak Uk
-G TS AR, PeDsae 16 BUAT HE
P B G D IR 1 fi £ R 20 20 b 6K KO e, FLER
IR KT S 2 i T L 2 T AR I AR /N 2 AE X I
JRELUR PeSal BIWFFE A & B L 12 3 R 7 BAT kA fih
i1 I 2H 2 b 3R 3K F v T TE ME M P Y 2 8 G IR T
PR & 22 . HRT, ¥ JC Tk i R 3 24 3k DX 7 fih
FRR AP AR A PE R A IR . il A A A A 2 e
F A FH 20010 2L 30 0 1 B E L T R 8 0 R R
B P DA AR R S W DR HE A RS R
W R rP IR A R B J5 . AT DA AR kR s AL 32

BC 2R A IR L O 2 S AR O R H A A 23 AT o A2
fFS L IS 5 X5 S BUE SRS S
PR IR Ao AR TS 3k 8 5 PR A f £ R v 2 B A O
TAE R B AT AR AR E AR DA AR
i I — B IRAMFT

e SEsh Y A 5 R Bk ) e e il i Y
B DAL [] 9035 R, G 3R 7K 7 X 1 3 L O 4 1 461
W, Sxl Z B A I MEPE 3R IR 0 HE S H AR T IR
(M. nipponense) ™ il th 46 4 & (Eriocheir sinen-
sis)U I IL L 96 X UF Y Sel-1, Sal-3, Sal-5
M Sal-6" IR AIIL . HARVBEF Fem-1 Fl Fem-
1o (2 36 6 M ) b LA MR o e . R 5 B
SR BAT 52 2% 22 A 1 L M) i G v 3Rk IR 4
T2 AN [6) 9 Ff v i) BE AN AR [R] L 0 9R JK A AR K i
(D. pulex) W ) Tra &R F b F B T 0F d )
Tra-2 S 0 2e 3k A7 A8 Pk i) — A5 1 L T K R g o
B Tra " FIBETXFUR (P monodon) F ) Tra-2"
7 W I 1) 296 35 W) 5 JE B 4 22 S s R F S b PeDsae AR
W e G Dt B O ) O S 20 21 b 1) 3R 3K K- e T e
i 55 AP B v B XS A Dsae DL A W5
Dsa W72 R PR PR R rh g 2 ik o)

IAG & HHij M — IR 55 2 5 1Pk W 52 3 i 1
S s - AT AR Y Dsa [RIAEAE B4
BRI O R . TEY RIBEF Y . Dmrt 11E B
MIUTER 23 51 TAG %% 5t /KF T Y AR, 76
= MR, dsSRNA T4 Dsa FER 0 K85 4
il IAG JEP KKK TR IF HAE IAG R8T IX
WA T Dsa 856008 HE Dsae FEP ] g &
IAG 3k R L i o 9 5 W5, e PeDsa M
PcIAG 1550 IG5 2 MR 7300 % & I 40 19 36 35 1 00 o3
B HEM PeTAG 5& R 7E B 42 5 6] 4% #: 0 8] PeDsx
B8 545 5 S AR AR 1 S L FE RS 1~3 d &
IR ARV 35 B B (e o 4 17 R 458 B Ui B O g A 5
PEAE A RS 23 d < H e PR R AR 0 55— i Uk 2
2T 50 R B IR P S B S 1 B ] AT TGk A L i
AT THRAME .
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Molecular cloning and expression analysis of PcDsx in Procambarus clarkii
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Abstract To elucidate the function of the doublesex (PcDsx ) gene in Procambarus clarkii, the
PcDsx ¢cDNA sequence was obtained by the rapid amplification of cDNA ends (RACE) and the expres-
sion of PcDsx was determined by quantitative real-time PCR (qRT-PCR). The results of bioinformatics
analysis showed that the full-length PcDsz ¢cDNA was 1 584 bp,with a 243 bp 5’ untranslated region,a
765 bp open reading frame (ORF) (coded 254 aa) and a 576 bp 3" untranslated region. The deduced pro-
tein of PcDsx was 254 aa and the predicted PcDsx protein was found to contain a conserved DM domain.
Phylogenetic analysis revealed that the PcDsx DM domain share high similarity to the DM domain of
Sagmariasus verreauxi doublesex. The gene expression analysis showed that PcDsx was widely ex-
pressed in various tissues of the adult crayfish, highest in the antennary glands,followed by the muscle
and gonads. The expression of PcDsx in various adult female tissues was significantly different from that
in adult male tissues. During the early development of P. clarkii ,the expression level of PcDsx reached
a peak at 3 day after hatching, while the highest expression of PcDsx in male and female juveniles ap-
peared at 41 and 115 day after hatching,respectively. Besides,the expression of PcDsx also showed sig-
nificant differences between male and female juveniles.

Keywords Procambarus clarkii; Dsx; sex determination; molecular cloning; gene expression;

monosex cultivation;sex-regulated genes
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