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50%, 75%, 100%)B/K5, P-4 T-30 “CUk4E, H
FUI R R A28 o

FHE Lin U HE AR (4 21 25 0 A R4 %
(gonad somatic index, GSI=14 I T /4K A FE x 100%),
T A BRSSO BN S GST, K AlFL B DL iR
gy K Ik W (K L GSI1=3.85+0.45, B i
GSI=3.70+0.62) . MK GSI=4.65+0.25, B
H#i GSI=4.08+0.91 ), A KK HL GSI=7.19+0.69,
JU L GSI=6.95+0.45 YN BI (5 § GSI=9.72+
1.21, P& GSI=9.03+0.97).
1.2 & RNA fREX#1 cDNA &K

SR FH S5 T DI 44 BBURT L B DL 45 AR 1
RNA, ] DNase I /HALEEARFAYHREIFZ] DNA,
NI AN 1.2% B B A M e 3k 32 A6
M RNA M MBiE, i/ PrimeScript' VKit rea-
gent RT Eraser gDNA with i 7 & (TaKaRa, H[E)
IS BB UL B B RNA 5 5N cDNA,
-30 CHRFF

1.3 Dmrtl EMERES

AATFL Rt DY 356 PR 20 55040 43 A AR A5 %) 56 PR 44 )
FEH SR, SRAFHEIL Y cDNA P51, fifi
SMART {4 Tl D g3k, {8 H DMAMAN 5 4%f
DMRT1 & {17275 e, 4 MEGA 6.0
A% 2R F AR 4% % (neighbor  joining) X 4 Fh v 3%
i A AE ) DMRT S5 1 03 A A A
1.4 ¥TE= RT-PCR

MR8 1.3 A3 AHIFLEE DI Dmrtl ¢DNA J¥ 5]
Wit & RT-PCR 514 sqPCR-S il sqPCR-AS
(1), VIIEHHF ef-1a (elongation factor 1-alpha)
1 N Z 2L H (GenBank J¥ 415 1Q278034.1), I
Z5 ¥ EF-S il EF-AS (£ 1), UIASFLES WA K
WAL FEARR cDNA RA R IEFT B By % N
PCR., RBIAZE N 10 uL, 94 CHIZSME 5 min; 94 C
305,58 CiBk 305,72 'C #Ef 60 s, 28 MFHF;
ef-1a ) cDNA ¥4 23 MEER . PCR K Stk
13K,

®1 AXBETASIMFES

Tab.1 Primers used in this study
BN AFIIE-3) 44T B S /bp ik
gene name primer sequence fragment length purpose
Dmrtl sqPCR-S: TGACGGAGATACACAGAAGGC 550 2k E 4 RT-PCR
sqPCR-AS :CTCTGCCTCGGATTCTGTAG semi-quantitative real-time PCR
qPCR-S: GACGGAGATACACAGAAGGC 185 E & RT-PCR
GPCR-AS : CCAATGAGCCCCATACCGAC quantitative real-time PCR
Probe-S: ATTTAGGTGACACTATAGAAGCG 536 1 L 23S IR AT

TATCCCAAGGTATCGGAAGTGAACG

Probe-AS :TAATACGACTCACTATAGGGAG
ACATCAGTTACACTTCGCTTTCGTTCC

ef-la EF-S: GAAAGCGACAGACAAGCCAC

EF-AS :GGTAAGTTCATCAGAGCGAGCA

in situ hybridization probe amplification

124 € i AllE it RT-PCR
semi-quantitative real-time PCR and
quantitative real-time PCR

W FRIZ 594 T7 J3 31155 (Probe-S) I SP6 Jii 57 )% 41l (Probe-AS).
Note: The T7 promoter (Probe-S) and SP6 promoter (Probe-AS) are underlined respectively.

1.5 ®WHXEE qRT-PCR

Bt HifLB 01 Dmrtl E+H# qRT-PCR 5|4
qPCR-S. qPCR-AS FINZHL K 5] EF-S. EF-AS
(F 1), LIRS D45 & & B RS SEA10P 5 cDNA
AR, XS E R SEH PEFT PCR P74
{# F§ SYBR Green Master Mix if 7 & (TaKaRa,
[E)Fl LightCycler™ 480 S2ihf s PCR {¥(Roche,

Fin ) IR FRARAE UL EA TP 48 . PCR O 254
50 C 2 min; 94 'C 10 min; 94 C 15 s, 60 C
1 min, 40 MER ., BADLEBHIVERBE 3 HE
SR, HEEAREENANEARESR, R 274
T H AL mRNA AT Rk & o K 3 5 1
YU Dmrtl mRNA [FRBEBOE RN 1, HAA R
SO B R A Y R A i Y DL AR R
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JIT A BRI EpREDR, (1 SPSS 17.0 4k
PFIET Wb, EE P<0.05 MR EMES
1.6 VIRBREAIZZ

i 1 A —XF 514 Probe-AS Al Probe-S,
PLRCASIRS S0 cDNA i, PCR P 3k5 &K
£k 536 bp MY4R4EH T4 . DNase 1 IHFR5% ¥ DNA
J&, KR R MO RE T S, RS DL

Y AAEH, {#F DIG RNA Labeling kit (Roche, i

) I FRERAEAS e HEA TR S5, ARAFHIFL RS D
Dmrt] & 2FARICH RNA I SRR SCHEET .

HUPRAF F v R L DL i s B0 A SR A o
HREA, WA R, DRSRMYI A RE R S um,
Wil 4 pm, %88 Ling! 077 6 358 in vl 3h
TR 258, Hoh i 2 pg/mL & P K M
1t 30 min (37 ‘C). Nikon E80i & ¥t/ HEAT W %<

HIFAHE
BRESH

FFLE N Dmrtl B9 /5 FU4H1E
AYE B E s R WoR, ML 0L Dmrtl
i 3 MR TR, KBS 259 bp. 245 bp
Fl 453 bp, H cDNA F4lH 59E4wAS X (untran-
slated region, UTR){: 138 bp, 3’ UTR K 52 bp, JF
Ji 5% 2 HE (open reading frame, ORF) K J& 4 957 bp,
Hify 319 DRI, HAEH DI T Fii
JP5IH &% DMRT ZIEGRSFI DM 254 5%
(¥ 1), DM Z5#i3aiy 2 /7 91 e x4 3R s, Hih
A EFER 45F9(CCHC 1) Site I f1 HCCC 1 Site 11)
11 A E AR 5 (nuclear localization signal, NLS)
KGHKR F41(E 2)
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Fig. 1  Structure frameworks of Dmrtl in Chlamys farreri
The numbers on elements in gDNA represent the nucleotide number (bp).
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DMRTI1 #5fLE3 I Chlamys farreri
DMRT1 A Homo sapiens

DMRT1 /MR Mus musculus

DMRT1 JEMTUE Xenopus laevis

DMRT1 ¥ Oryzias latipes

DMRT1 B 544 Danio rerio
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DMRT1 ¥F3E 5§ Il Patinopecten yessoensis
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Fig. 2 Multiple sequence alignment of the DM domain from DMRT1s among the different species
The conserved zinc finger domains are shown in orange (Site 1) and green (Site 1I) boxes.

The predicated NLS is shown in blue.
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ARG T s B R, HifLE )1 DMRTI FLEE DL 5 5 AGE DL 2K IR g B Il DMRT1 S5,

B S RZEY M DMRTL 825, R KK BE 5 S5 A HESh Y DMRTL ., $hi DSX FiZk
5HAlh DMRT A R 2. 7 DMRTI1 R, #i MAB-3 #F— PR K432 (F 3).

2.2 KILER Dmrtl TR AR AR R iRk pp DM G MK AL O

. 00
mRNA (LK 5L PG I 3 25 K OF 263k, fe68 . 4h 200

DMRTS JEIMTIE Xenopus laevis
DMRTS5 35 £ Danio rerio
DMRTS5 &t Oryzias latipes

MRT5 A Homo sapiens

DMRTS /MR Mus musculus

DMI K4 WF Crassostrea gigas
DMRT4 438k I Pinctada fucata
DMRT4 #5fL53 Il Chlamys farreri

DMRTS5 455 fLE I Mimachlamys nobilis
DMRT4 A Homo sapiens

DMRT4 /MR, Mus musculus

DMRT4 A IE Xenopus laevis
DMRT4 F# Oryzias latipes

DMRT3 351 Danio rerio

DMRT3 A Homo sapiens

DMRT3 7INR Mus musculus

DMRT2 G KEHA I Pinctada imbricata
DMRT2 31 Danio rerio

0 | 97 _|: DMRT2 A Homo sapiens
87 DMRT2 /PR Mus musculus

451|: DMRT1 3EE 4 Danio rerio
DMY F# Oryzias latipes

45

DMRT1 A Homo sapiens

DMRT1 /MR Mus musculus
47 DMRT1 B TEE Xenopus laevis
DMRT2 £ FHMFLIR I Mimachlamys nobilis
DMRT!1 #F 355 Dl Patinopecten yessoensis
DMRT1 #5FLE8 I Chlamys farreri
DSX W% Drosophila melanogaster
MAB-3 £k i, Caenorhabditis elegans

3 A4 DMRT FKIEE M R G5B
{81 J7] MEGA 6.0 /5% J1] Neighbor Joining 44 7 3k b, Bootstrap 1% & 4 1000.
Fig. 3 Phylogenetic analysis of DMRT proteins from different species
Phylogenetic trees of DMRT constructed by MAGA version 6.0. Numbers show the bootstrap percentage
(1000 replicates) using the neighbor-joining (NJ) method.
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23 WFEN DmrtlmRNA EAE% B

Kl 4 F5fLEA DI Dmrtl mRNA YL L5045
DM, DL 1000 marker; A, FF2HL; G, 1;

=1 .
R s K, M, M O, BT, AL
gRT-PCR ZE SRR, MiFLEE D1 Dmrtl mRNA Fig. 4 Tissue distribution of Dmrtl mRNA detected
Wk 648 e e Wk $48 by semi-quantitative RT-PCR
1) fg |=A
7k427£7|%£%%ﬂ gﬂ% *ﬁﬁﬁ%%#’ ET{*%% EP DM, DL 1000 marker; A, adductor muscle; G, gill;

Mk B 5 S T R R Op & op WFiEE, 77 K, kidney; M, mantle; O, ovary; T, testis.
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B 15 R . 18 RECH AN . 40 f5(CE K
WA 5 A5 ORI o AN, Dmrt] mRNA 75 A2 K3
K e 4 4K P 35 5 T S 2 7RO S
KA ABAE A R S b ok DL 2 22 S (18 5),

£ 60 -

iE 2 O B3 ovary

;é! :ﬂ 50 - WO testis a

;%2 40| n=3;%SD

% 20 ° b
S c

T Q 10+ ¢ c c

£2 o
B pabm mm KM R
= resting proliferative ~ growing mature

stage stage stage stage

K5 AL DA TR & 7 i i i
Dmrt] mRNA AR XF A B
BAFHIAGN B Dmrt] 1FRIBIAKOFRIFRE 1,

FEAB TSP AR v Y 2 3k e 2 L5 A R

AN R Bk 2R 45 2 AR 22 R AEAE 10 351 25 5 (P<0.05).
Fig. 5 Relative levels of the Dmrtl mRNA in Chlamys farreri

gonads at the different stages detected by qRT-PCR
The expression level in the ovaries at proliferative stage is

set as 1 to calibrate the relative levels in gonads at

other stages. Different letters indicate significant
differences from each other (P<0.05).

2.4 F5FLE N Dmrtl mRNA 7B Zh 214 RR R Y
o B 2 RE iz

JEAL A AZ 25 R W, Dmrtl mRNA 7E A3
K S 10 BT A ARG AR %) 20 o XA ARG 381 B £
5, HLBHPEAR 5 i 8 B 0 RS 5t 4 A AN SRS B 4
Ji B S TS AR RS 7 (B 6 m1, Bl 6 m2,
Bl 6 m3), 7EKEFH 0 BHPEAS 5 8 0 TR 73k &8
ISR AR (6 m3), fEUREF, Dmrtl
mRNA SE N T B G 4 M B 4 i rp, Horb o g4k
R . B A A5 B R4 b A B S
T W A B B 20 L (1] 6 £1)
3 it

DU Z R R PE IR, 0455 B A A
W [, — se g R & ELA PR R, 164
PO iR e I KN 8 1| B e A D E P
() 53 F-HLE R ANTERE Y o O 18 AN S8 58 A 30 7k
591 SR B R Ay Jo) g DL 2K 31 AR R s AL LA B oA
K RIvEE B AR AR S ER . AL E TH

fLEA DU Dmrel WP HVEFAE, f5 HAEPERR h g —
BRI G 1 RFR Y0 i RRIE A
— 2, B fERS B YR B B e T O,
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HifLBd DU Dmrel 1 3 ASHM 2L, AR
fLA DU 2B s, BT —F mRNA 5%,
RILEREE R R, X —FR IS OB AR R
53 DU Dmrtl ?ﬁu#%?ﬁgii[lﬂo{gi%; 112514 Dmrtl
PHEMG R LA, Bl S8 Dmrel 7
AIN G F AT 7 X5 4 A 3 B AR,
PSR Dmrel R 5 AHNE T BTE AT 3 RSt
AU Hik, REIF Dmrel (4% 5 AT L H
FAEZE S P AN T 4 2R R, FifLks D1 Dmrtl
ORF JIH#fE 3 Y & AR )7 91 vh A DMRT KR IR~F
) DM Z5 R 3, Z G5 b R SERY 6 -
PR (O)F 2 DA s 451, H
i BA 1 MEEMIES KGHKR, EA A
B, DMRT1 fR5F S8l A% € 15 - 8 91 10 98 28 5
T BOH R AT A0 M AZ AT AS BRI A%, H 52
Wi L IEH BT AEN . A SR 4 s, AL DL
DMRTI1 Mifig&ity s, el AR/ T izE n i
SFIIIGE

FEMEFLEh P NPT . PR A B i)
K a2k (Je B B AR a5y s, Dmrtl {UFEAE
Hrh Rk, EHAMRIERHA TR ILEE, AR
FEM AL B DL A I 2 2R ALY Dmrel HEERIBRHIE
(1% 4), FRUIFTLEE DITE LA (9 2 2053 A A
a2 YA AR . SR, 76 O 4RIE 1Y JLAN XS
D2k, Dmrel WAL IFAE 22, =M
B RV B VLA DL2E Dmre] (HEZ 5310 5 H
FLB DAETE 22 5, T = FAWLEE, Dmrel TEVERRE |
SREETR . 7R R A Rkt i g oL
Dmrtl TEVERR . SR 6. & BE. B .
SV LRI SO o 22k U IR 4 th %
A, witn: BB B AEal) | B (Sparus
macrocephlus)[zo]\ ¥ 5 B3(Cynoglossus semi-
laevis Gunther)*' | #F-fifi(Clarias fuscus)* 45K
TR, Dmre] ASUTERG S5k, MAE il
K Dmrel W2 ZHLLKIRFHE, Flan, )1
UV IESS ) Dmrel (EKG S P RERIK, RIS 7EBP
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K6 HifL Il Dmrel mRNA TG A b i 240 e 25 £

f1 # m1-3 J Dmrtl & LARE K4

LI, W EJEHMEAE S 0 il mO S Dmrtl 1 CERENA N

505 £ P& m: RS, m2 Ml m3

5 ml BJRERECRIE; Bo: FHHOIEEANM; Mo: AN EEANA; Oc: BREEANA; Og: URIRANMY; Sc: FEEEANM; Sg: R AN,
St: K& A M; Ste: ARAAMI; Sz KT
Fig. 6 Localization of Dmrt] mRNA in Chlamys farreri gonads at the mature stage demonstrated by in situ hybridization
fl and m1-3, the gonads detected using the Dmrt] antisense probe, blue is the positive signal; f0 and m0, the gonads detected using
the Dmrtl sense probe; f, ovary; m, testis; m2 and m3, the partial enlargement of ml. Eo, early oocyte; Mo, mature oocyte; Oc,
oocyte; Og, oogonium; Sg, spermatogonium; Sc, spermatocyte; St, spermatid; Stc, somatic cell; Sz, spermatozoon.
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vidraco)P VWY RRAE — B B 58] T B0 A FRFREAR
SE4—E, TES T, Dmrel 76 TS RS 40 H) |
(I BE) . TV BIGRGOR B . V 00
PO TR S e s, AN, TR R4
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Molecular identification and expression pattern analysis of Dmrtl in
the scallop Chlamys farreri

LI Xixi, QIN Zhenkui, WEI Maokai, ZHANG Zhifeng

Key Laboratory of Marine Genetics and Breeding, Ministry of Education; Ocean University of China, Qingdao 266003,
China

Abstract: DMRT1, an important member of the DMRT family, is mainly involved in sex determination and sex
differentiation regulation in animals, but its expression characteristics and function are different in different spe-
cies. In the present study, we analyzed Chlamys farreri Dmrtl sequence characteristics using bioinformatics
methods; determined Dmrt] mRNA tissue distribution in adult gonad, adductor muscle, mantle, gill, and kidney
tissue using semi-quantitative RT-PCR; and revealed its spatiotemporal expression pattern in C. farreri gonads
using quantitative RT-PCR and in situ hybridization. The results showed that the deduced amino acid sequence of
DMRT1 contained the conserved DM domain of the DMRT family; its mRNA was expressed exclusively in the
gonads, and the mRNA levels in the testes were significantly higher than those in the ovaries, and it was the high-
est in the testis at the growing stage. Moreover, Dmrtl positive signals were located in C. farreri germ cell cyto-
plasm. We suggested that Dmrtl expression characteristics in C. farreri adult gonads is consistent with that in
most animals, and may be involved in regulating C. farreri sex differentiation and testis development.
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