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Temporal and spatial expression of DMO and
DMT gene in Oreochromis aurea
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Abstract: The DMRT genes constitute a new gene family related to sex determination. Like the double-sex
gene of Drosophila melanogaster and the mab-3 gene of Caenorhabdiiis elegenis, they encode transcription
factors characterized by a conserved zinc-finger like DNA-binding motif, the DM domain, which is thought
to bind DNA in the process of sex differentiation and development. In 1998, DMRT1 genes were first
identified and found containing DM domain in Homo sapiens and Mus musculus. And DMRT1 was found to
regulate sex determination and differentiation in vertebrates extensively. So far, the DMRT genes have been

discovered in a wide range of animal species, such as fish, amphibian, reptiles, birds, and mammals.
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These evidently reveal the evolutionary conservation of DMRT gene family. Tilapia is the most important
breeding fish throughout the world. As to Oreochromis aurea, sex is an important economic character, for
the male is bigger than the female. So to clarify the mechanism of Oreochromis aurea sex determination will
be of great importance in both theory and application. With the hope of doing further research on the
function of DMRT genes and clarifying the molecular mechanism of Oreochromis aurea, Real-time
Quantitative RT-PCR was used in this research to analyze the temporal and spatial expression patterns on the
basis of DMO and DMT gene sequences obtained. Their transcripts appeared from early gastrulae stage
during embryonic development, and maintained a considerable high level till the one day$ fry, but level of
DMO was higher than that of DMT. With the increase of age, the levels of DMO discovered in ovary and
brain and DMT only observed in testis both improve. During sex differentiation, after treatment with
hormone for 30 days, level of DMO in estrogen group is significantly higher than that in control group (P <
0.05), while level of DMO in Hydroxyandrostenedione group, aromatase | and aromatase I are remarkably
lower than those in control group (P <0.05) ; levels of DMO in all test groups are similar and lower than
those in control group, but there are no significant differences among them (P >0.05) ; level of DMT in
estrogen group is significantly lower than that in control group (P < 0. 05), while levels of DMT in
Hydroxyandrostenedione group and aromatase [l group are higher than those in control group and level in
aromatase | is lower, but the differences are insignificant( P >0.05) ; DMT can not be detected in brain in
all test groups. These results indicate that treatment with hormone can change level of DMO and DMT during
sex differentiation, implicating that they could be related with hormone regulation. Moreover, treatment
with hormone can evidently improve the male or female ratio of Oreochromis aurea. No DMO and DMT
transcripts were found in liver, kidney, spleen, heart and muscle, but unequal amount of DMO transcripts
can be detected in brains tissues of mature female and male Oreochromis aurea and the level of DMO in
female is remarkably higher than that in male, which suggests that DMO expression is specific in central
nervous system (CNS). In addition, we also found the abundant transcripts of DMO in ovary and DMT in
testis. This supports that the DMO and DMT genes play important roles not only on the sex determination,
but also on the development processes of early embryogenesis. Based on these results, it suggests that DMO
should play a key role in CNS and ovary development of Oreochromis aurea and DMT in testis.

Key words : Oreochromis aurea; DMO; DMT; temporal and spatial expression; real-time quantitative RT-
PCR

DMRT ( doublesex and mab-3 related HEEEERRAE 10 N2 wixt EheE R HFFEN)

transcription factor) Z R F K2 — 1 SR E
MRERE KR, ZEXEBA5 RIS PE
F: [N double-sex ( dsx ) FIZk B 1 i g i€ £ [H] (mab-
3)—#, S I 2 H RUER & A — 1> DNA 2545
B8 J AR SFELE , B DM ( double-sex F mab-3) 44
M LI B 454 55 5 DNA B A,
FEHERIPE AL R F R ARERS . BE
B AT a0 5 R et
K835 RSN M E) DM &3 H K
e, 7043 3 B B IR 7 3 A 3 ) 4 o 0 s BE AR

25 EAR R EES Y CwiER DMRT

FEEFTE DMRT1 ~4 ,H# DMRT1 "2 557
BRI EEEINRES &5k
2 210  DMRT2 . DMRTA Tl 62 54 T &
H) . DMRT2 . DMRT3 .DMRTA 2 58 BWEE
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BRHE E<RERRERKEESERERR
B OHRRKBREEFNESE. U, IRBEa
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MRl E LRI N AR A A EENE
Xo BTNy ZW B FlE , HpHE R g
ER IR M ARRREE, AR ECHFEH
BA W& g 2 DMO ( DM-domain gene in
ovary) "' §1 DMT( DM-domain gene in testis ) 2
FP3 BB b, 38 SR 5t E & RT-PCR HR,
WFoE 7 RA) W F 4 DMO F1 DMT 3R AT 2s %
X, R R WA P JE 6 DMO F1 DMT 2 H %
IRH B ZS R, HET O AR i A A R A
PERIFRHEEERL TR

1 Mendsk
1.1 #8

KBS UEFAKE BTV TEAZE
BB AT 0 A M L BRLA B e 0k B P E KR
PLEB T bR OB 5T PO A Y B AR Z i A
Y. i E S RE, FEE . 58, O
Bk HA R RS B, A ERURE 30 ;474 - 1 a8
BB SAHR KA KB IEFW 1 HigREFT
% 3Ea 500 B2, BEHLS 2 5 A4 (f BR A, EVE 3R
M EMERA, SEAE A, S ERELA), &

AR B RE IR N 20 pg - g7 7E15.30
d 73 o3 5 BUW RN AR, B EORE 10 BB, IR
525 RT-PCR 77347 DMO . DMT mRNA 3=
KoM, dRSEMRSR 1 R, I S50 Bt
AT 5 A PR B s s A B
M ERFIT B AL 3 B, ERERE . T K
Jiog A PERR PR O BE LR RE VE LR, &
FEmSL B AR B R

FEEA F LB Trizol Reagent, DNase
J% One Step SYBR® ( RT-PCR Kit ( Takara, H
) ; DU-600 % 4} 43 5 % B 7+ (BECKMAN, 3%
&) ; MiniOpticon 5E i 7% Yt £ & PCR ¥ (MJ
Research,Z5[H)

HE S &2 IR B AW % JEf
DMO ( Accession No: AY487938) .DMT( Accession
No:DQ185027) Fi e ¥ & 3k 4 B-actin ( Accession
No:AY116536) iJ cDNA ¥ 31, #& BARHER e
# PCR 5|9 J7 Wi it PCR 5|47, 3t i1 b1 P 6B
HREYBARERAF R 51T RS
RE1,

&1 DMO 71 DMT BHYEE R B-actin WIREE W5 #1551 5%
Tab.1 Parameters of primer pairs for DMO ,DMT and B-actin gene

8]: B e EIL7 AL 319551 741 (bp)
product gene localization primer sequence
DMO 424 - 444 Forward 5~ CGCGCAGGTGGCTTTGAGGAG -3 292
715 - 695 Revserse 5'— AGAGGGCAGCCGTGGGGAATG -3
DMT 650 — 669 Forward 5~ CCACAGCGTGTCGTCTCAGT -3~ 151
800 - 781 Revserse 5°—- GAAGGAGGCTGCCATGGTC -3~
actin 1297 - 1320 Forward 5'— AGGGCGCTGGTTGTAACGATAGTA -3~ 20
P 1516 — 1496 Revserse 5'— TGCCGCACATTCCGAGTAAGC -3

1.2 2 RNARERMNAFLERE

i Trizol Reagent & HUAH 4 #) 5 RNA,
DNase | Ff# 7] BEFR R BYEEE 44 DNA,RNA & T
DEPC 7K, Fi 1% 35 fig ¥ BE i v 7k 48 52 Fir 48 BX
RNA Hy528tE, AMEIERE BN € RNA A5
MR AT . R A SURE B RNA 3R &
50 ng - L™, FELE - 80 CTHAE,
1.3 SER®R}EEE RT-PCR

20 pL N RFR A&7 2 x One Step SYBR
RT-PCR Buffer 10.0 pL,Takara Ex Tag HS(5 U -
pL™')0. 4 pL, M-MLV RTase (RNase H free)
(200 U + pL™"')0.2 pL,RNase Inhibitor (40 U -

pL™)0.4 pL,PCR Forward Primer (10 pmol -
L") 0.4 pL,PCR Reverse Primer (10 pmol -
L~')0.4 uL, Total RNA 2. 0 pL, RNase Free
dH,0 6.2 pL, RNL&MHR: RiEF 42 €T 30
min,95 C 3 min,1 ME#F;PCR 95 T10 5,60 T
40 5,72 C 1 min,45 MEH ;72 CHEH 7 min; 78
65 ~95 C i mhffih £k, BT HEIRZ 37 CRAF.
LA IS R 7E LR B/ , 5B I 4% PCR &3 %2, B
AR AR 1 TR R B HERT R DL
HEBRRFH PSSR
1.4 IRAEHEHHE

IR 1 RNA HE1T R 50 BEAE y 52
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WIE & RT-PCR ¥ 8B, i H T Hl & DMO. {347 5.5 & )7 2= 5347 (one-way ANOVA) , 1)
DMT F B-actin BIFHXTARHERE 26, RFIFHBR  Duncan FIEH#HITEELE,

RNA M & 50.20,10.5.2.1.0. 5 ng, ik 2 sEm

BHREMREM3 ANER ,BA 3 N TERY -
FAPEXTHE . TR THESR S MrtE 3 MEFLE 2.1 RNA 4ENTEEST
RSB EME (Ct) , H 3 MEFLK CtEZ A2 FRELE RNA HE 47 37 I8 B %E B B 3K, 288,
BNF 1AMER . N2 b HERFFER TS 18S.5S &M E Wi F] I, H 28S [ 18S # = fr K
H5ACt X RELEAEEE DMO.DMT Fipy 2 ~3f%, W 5H Z M LA B ENS, K RNA
BRI B-actin WY WA R RAME., —BiE TR, TH B K DNA 5, 20608 iHE
SERATA I PCR N A EA—BY 3R, 58] ML RNA BER A/ A I HLEIFE 1.8 ~2.0 Z
DUFH Eo3 Ct kR AHN B SR BE , L 7H R PCR ], P RNA REE AR B5 5. B S RNA

IR 52 B AT MR 28 WEHRO0.5~3.0g L',

1.5 #3% mRNA RikkFaitE 2.2 BAF|TE B e fa d BEp i LE I E
ZERR A Livak 2589 274°C ikt P HLIE BT, MBS R AR K, USSR

770 3R FIRRE DMO . DMT TEVERR RIS ARAKIITE2.0 ~2.5 om Z &), & & M EL 52

FaXt AR IEE TR, R AT B i A

1.6 ZitFEHE ELR(E2) RN, FERBFEREM2 pg - g7 W

SEIBARLL X +S FR, F SPSSI2.0 Geit#h  ME, TR R R W5 Je fa i e i H 2

#2 BATTEEHEHRFELVNESR
Tab.2 Male(female) percentage of fry in different groups

23] Wt () HEE(R) WEPERR(% ) HEPERR(% )
group female male female percentage male percentage
Yt ¥4 control 27 23 54 46
e 4 17 B-estrodiol 46 4 92 8
HE & 4 11B-hydroxyandrostenedione 3 47 6 94
F &L 1 4 aromatase [ 2 48 4 96
F5E A6 Hg 1 4 aromatase 11 3 47 6 94
2.3 FEARAFE DMO KHEMRIER MEBR A & EE 1 455 F LS 1T 4 mRNA

R R AAFAAT SR DMO #5403t Rk & REBEYBEMRTXRHA(P <0.05) ,M=FZ
PR 15.30 d &, TR s iF R AR R] AR DMO mRNA kB ERRITFE L (P >
K B DMO FEHF W FRA, UUXIR4A DMO  0.05),
mRNA xR Ry 1, 5 € A [F 176 1 iR R R F AT & 8 DMO W Fast £ A&
DMO W Fh Rk, BAMEAR DMO mRNA B9FEXF /o HI1EMR 15.30 d 5, Br A gk 2 0 0y ol i
FRBUR 3 Pin. HIHETERERY AR R DMO ZERF K RA, IR R4 DMO mRNA
15 d 5, MM K 40 DMO mRNA RIXBRHTX R KHEXFREER 1, #E A FFEEHRK DMO #ik
H,278%E(P<0.05); Hft 3 44 DMO mRNA XK, fif DMO mRNA KX Rk BINE 3 T
REEWERTHRA, HRIEFELE I HAER 5. SIFEoWaRERY 23R 15.30 d 5,
BE(P<0.05), MMR30dJE, KA DMO  FrARKEA DMO mRNA £ B, HE T X R
mRNA RAEHTHEA, ZRBE(P<0.05); H,HERABE(P>0.05),
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®3 FAEAHAFEMIRFRS DMO X RiEE
Tab.3 Relative quantification of DMO in gonad and brain

DMO mRNA #%f 515 & relative quantification of DMO in gonad and brain

4 1 i§ gonad f brain

group 30d 15d 30d
it B84 control 1.00 £0.16bc  1.00 +0.15b 1.00 +0.26a 1.00 +0.08a
Wi 4 17 -estrodiol 1.10+0.10a  1.11+0.11a 0.97 +0.16a 0.93 +0.14a
HEEE 40 11B-hydroxyandrostenedione 0.92+0.15cd  0.77 =0.08¢ 0.88 +0.13a 0.95 +0.07a
&AL EE 1 4 aromatase [ 0.86+0.16d  0.81+0.15c 0.95 £0.16a 0.97 £0.14a
LA I 4 aromatase 11 0.90+0.27cd  0.83 +0.14c 0.97 20.17a 0.96 +0.15a

I FFBREARFRRRER BE (P <0.05)

Notes; values with different letters within the same column indicate significantly different (P <0.05)

2.4 AEFEAMEAFEDUTHENREE
FEAAHAAT &R DMT ¢ Aast £ 3% &

SrAANR 15.30 d J5 , W HR A M R A I R
H A5 EEE | AR5 EEE THSHE 5.5.9.
8.9 BHY MR AT B DMT R x4, L
Xt HRZH DMT mRNA fIAEXTFRBEN 1, 5 E A [F
T RHAPERR DMT f 3Rk =K. S [F1RDRLHE B 1
it DMT mRNA WX RIFBUEK 4. GZitF5
Mre& R AR 15 d J5, B R 4 DMT mRNA

RIBRTVEHA, E2RBE(P<0.05); Hfth 3
ZH DMT mRNA EFEAAPL, B/ T3 A, HER
ABE(P>0.05), miR30 dj5, #E# KA DMT
mRNA FXE B ZE KT XA (P <0.05) ; #E#
RAFITEAES 1 4 DMT mRNA Rk & & TX
MRABEFARBE(P>0.05); 5 &b [ 4
DMT mRNA FX BTN A, HLLEITEE X
(P>0.05),

F4 FEFABEAFLMEIR DMT WHEXRILE
Tab.4 Relative quantification of DMT in gonad

DMT mRNA #H%{# 15 & relative quantification of DMT in gonad

o Pl gonad
30d
Y B 4H control 1.00 £0.16a 1.00 £0.26a
WK 4H 17 B-estrodiol 0.91 +£0.10b 0.84 £0.16b
HEEE 40 11B-hydroxyandrostenedione 1.01 £0.15a 1.02 +0.13a
57 LHE 1 4] aromatase [ 1.02 +0.16a 0.97 £0.162
F5 2 ALHE I 41 aromatase I 1.04 £0.27a 1.05+0.17a

I FFBEARFRRREREE (P <0.05)

Notes; values with different letters within the same column indicate significantly different (P <0.05)

R BT & VRS DMT 694835 %8 &

43 H4RME 15,30 d J5, %% 6 & RT-PCR
i A7 £ i F8 DMT mRNA BAEXT Rk &, 4R
RI DMT TEfth ARk
2.5 DMO #1 DMT mRNA fyB = %K%

DL B HE & )5 7 IR AT DMO mRNA #
MIXTFRIBE R 1, DMO DMT 2 [F 76 K [ it
B ARHARREIHK, BHERS TLUED, BF]
% 4k #4 ) DMO .DMT 3 [K ¥ )\ S5 i R i A FF 44
W, —HP 1 dml, AR B RA, A
DMO mRNA Fik/K VP B ETF DMT, I 1d#

EJFaR, FEE B S, DMO #1 DMT £ 3R
BB, (B DMO Te 1R A0 o #R BB R %, T
DMT WH{XFERE P& — 1 RIB, RBEAHTOL
7€ f RT-PCR il sl DMO .DMT EFFHHAK
BT, KL DMT 2 PRALTE BT % A kg S
ik, M DMO BR7e 5B 5 KB 2RIK50, e 1
A R T i A0 rp R T A B A (] B B
e A, 2B ARBR B PR 2 RS HE 1E
Xt 3 FRME R DMO T i A X ek Bl S At
17 o K%, 25 R R MEME mRNA RIAKFBE
B T (P<0.05) (B 1),
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Tab.5 Relative quantification of DMO and DMT in developmental Oreochromis aurea

H i days DMO DMT
21D high-blastoderm stage 0 0

JEIAHTH early gastrulae stage 1.000 £0.047 0.028 +0.08
JE i ] medium gastrulae stage 1.148 +0.140 0.029 +0.09
JE 5 4 terminal gastrulae stage 1.181 +0.021 0.031 +0.08
LBk palpitation stage 1.625 £0.090 0.065 £0.12
HIESS 1 d P one day’s fry 2.250 £0.041 0.091 £0.072
15 d (gonad) 2.639 £0.156 0.168 +0.06

15 d (brain) 2.694 £0.262 —_—
30 d (gonad) 3.204 £0.154 0.187 £0.06

30 d (brain) 2.770 £0.079 ——

W £5 1 & ovary 44.017 +0.096 —
HEAIE S testis —_ 3.605 +0.086

Wt 2 FE{A female’ s pituitary 3.918 +0.058 —

£ FE{A male’ s pituitary 2.282 +0.051 —

W48 T ik female’ s hypothalamus 2.751 £0.015 —_

48T Fe)idf male’ s hypothalamus 3.458 +0.089 —_

W £11 5% % female” s telencephalon 2.282 +0.032 —_

AR % male’ s telencephalon 1.248 +0.070 —_

S = N W Ul

L ® it female
17 o

Lgin] T Ak
telencephalon hypothalamus pituitary

Rt REE
relative quantification to actin

Bl1 DMO 7eRAN 2k fa b i
I A KA R
Fig.1 Relative expression levels of DMO in male

and female Oreochromis aurea brain

3 he
3.1 BEXRFIF IEE DMO 1 DMT mRNA
RIXKFRIRIE

DMRT F: R F MR — 5 MR P g hE 56 i 25
HRIR, ZERESEH R ERTFERERAHEE
PR R EEAEA . Guan 2 &3] DMO %
RERE F I XX MR & — Rk, M
e XX HEWEA XY M IARE . MAHR AR
B, DMO R BERLHENFRAL S E4
P BRI o 25 BT A 5% S AR . DMO B R 7E 9
FEARIMERTREEA TRAAMES EA

(ZZ/ZW) 5B F e (XX/XY ) Jefafhh Bz
FERK . F, SRS LR 2
B TER A R, 8 M A AR O A T ME
PERMAERT, DMO BEF MR A& LA, (BRER
o Mt PRI ARG AR O A SR 1 Y AR B, DMO 3
HEFRAE TR, XFKHA DMO EETTEE R E R
HEEARTIEER.

DMRT1 ;2 DMRT BH R — 51, FE M
PERR AL R BT TR B SR /E . Shibata
2115 %530 DMRT1 £ ( Rana ragosa) YRR 32
R Y, T 7EMEHEOR TR K, 5 5b,
DMRT1 W)ZRIBTE XX PR IR R KRR &, R
DMRT1 W] RETE DIt R iEME R B A EEEM.
DMRT1 TeJe %5 % 3 A NG B St 2R3k ; i
BMERAEBRE - XX g g AR, K
PeRR FP i DMRTL %3k, M4 DMRT1 3
IR R A , TEMEBCR A B R R
DMRT! HRIATE 10 d LUF KB o AB5T
B, 90 E & RT-PCR 45 RK B, DMT 75 8.1
SRR R AR A, T 7E IN S Z i 72 o
Ao AMESEFH A BN MmN M
o 35 A% A A I AR B 7 Ay A R ME A 1 R B
DMT RH B FRE =T , (HR 78 1% M 5 MA
SR g A SRR PR AR, DMT ZE R i 3RB 25
A LA, X% DMT ERH A RMEEEER
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W T R, DMT TE 5 & B W R FE L ) o ml
BBIRAL T RUFMALE .
3.2 HEFTFIE&E DMO 1 DMT BB RiERI
S DMRT B R K R~— LAk DMRT BH Yy
REWEERE, ZXERATRS ST 21
RERELIRE. 2FXRY RREREIECHEE
WZIER, 4 DMRTL 2R Z 55 T H Y
RIPERI P E ML R B i 18, 7151 P 5 5% B2 i
0, BE IR iR R B SRR AR RIS I e, A28
/NBR LR DMRT1 £ ) RA AR R 2 — B,
HAE BRI EI P RRIBE TR T HIE
HPHREE, RPRF, %8 %E & RT-PCR 45
RFL, WA F et DMO F1 DMT 3R 7ER
W BB iR R 5, AR R+ A DMO #H
KRERXK, TGS S RA DMT FEE R ERIK,
B B A0 %5 4 2 DMO F1 DMT 5 R 7E B4 43 5]
B M RS AR,

TERA W F IE M 1 B AR o, DMO J R 7E 5P
B EARNNARPAEARBERNRE, W
EHMARA PN TR, Bz ERER —EK
HARRR T, XU T EE S5
REMRK. FHAMRKEE AMUEHRRPRIXZ
FERBEAR R E F 04, AN R E BRGE
Z P - A - R EFHER. HRRE
R 5 8 B B 4k f1 ( Oreochromis niloticus ) ) | & #%
(Oryzias lutipes ) ™' F130] & ( Takifugu rubripes ) ™
EARE, P FIEart, DMO (TR E—1*
Rk, EFH, DMRTA(F LT DMO) kR T &
JEAA G SN DR 8L rp 3RIB AL, I TE TR Y il A L
FRIBATE IR SRS B PR KPR, E
K, DMRTA (FH 24T DMO ) 7 3 1 B 4 Ji 1 j48 A
Rk, R H S B RGEA K. MiXELHAR
REFIAREFEAY T EARMHRE, 58
B ,DMO WIRREAFR Y ZRERRESR,
W HEWT DMO TEA R H)7h b P VR AR

DMT FEFAXAE AR 2 L rp 3Rk, SR B H AT 6
Z5 TR TRIEEGE R T E HAA R h RE,
ULH] DMT TE#R EW R T R GE4ER: EARA H
B fE M, X 5 Guan %', Shibata %"
Marchand 25" BHF9Y i 45 5 , DMRT1 {L7E LR H
Hrp®—RIFM—E,

I B %P JE 2 DMO .DMT B B
TR, EL RAW F JE & DMO FF fEH

MMERERE LINEREMNRYgES LAEE
TN ; DMT R RFERG R 2 A T R4+ Bl
MM AW X P2 R A T
Z Rt ir o e Ve FALER, H O A 9l
RISRBEAR ST BAR S

SE Lk
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