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Abstract: Boule gene, one of the DAZ (Deleted in Azoospermia) gene family members, is specifically
expressed in animal germ cells. In mammals, the boule null caused spermatogenic failure, leading to male
infertility, while the loss of boule in invertebrate, such as Caenorhabditis elegans resulted in female sterility
due to a failure of oogenesis. Turtles are considered as a link between the high and low vertebrates, however,
the molecular mechanisms behind germ cell development in reptile including turtles remain largely unclear.
In this study, we used the Chinese Soft-shell Turtle (Pelodiscus sinensis) as a model to reveal the mechanisms
under germ cell differentiation in turtles. Firstly, we cloned a turtle boule cDNA fragment of 1 005 bp,
containing a 3’ untranslated region (UTR) of 57 bp and an open reading frame (ORF) of 948 bp, encoding 315
amino acid residues (Fig. 1). The predicted turtle Boule is maximally 92% identical to that of Chelonia
mydas, 83% to that of mouse, 53% to that of Drosophila melanogaster and 42% to that of Oryzias latipes
(Fig. 2). The reverse transcription quantitative real-time PCR (RT-qPCR) showed that boule transcript of P.
sinensis was abundantly expressed in adult ovary and testis but barely in all the somatic tissues examined in
this study (Fig. 4). Chemical in situ hybridization revealed that the boule mRNA of P. sinensis was
exclusively expressed in germ cells but absent in somatic cells, and displayed dynamic expression patterns in
germ cells during gametogenesis (Fig. 5 & 6). In testis, the boule mMRNA signals were strongly dispersed in
cytoplasm of primary spermatocytes and weakly in spermatogonia and secondary spermatocyte, hardly
detected in spermatids and spermatozoa (Fig. 5). In ovary, the boule mMRNA signals were strongly dispersed in
cytoplasm of oocytes at early stages. Subsequently, the signals were concentrated in the perinuclear area of
growing oocytes and weakened gradually with the growth of oocytes (Fig. 6). Therefore, our findings
indicated that boule gene might play an important role in germ cell meiosis in Pelodiscus sinensis, which shed
new insight into understanding the functions of boule gene during germ cell differentiation in vertebrates.
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boule K I [FEIE K V2 AFAE T T B HESh M A
RiE (Drosophila melanogaster) (Eberhart et al.
1996) . 75 [ £k i ( Caenorhabditis elegans )

(Karashima et al. 2000), Mi#.Jsa A (Homo
sapiens) (Xu et al. 2001) /N, (Mus musculus)
(Vangompel et al. 2010), &2X413%8 (Gallus
gallus)(Shah et al. 2010) K fi J5 4175 i ( Oryzias
latipes) (Xu etal. 2009). H#Tf# (Oncorhynchus
mykiss) (Li et al. 2011). 63 (Acipenser
sinensis) (Ye et al. 2015) Z###, H boule
FEPRIE R 2 B AT OB 3 Hh 5 0y AR B 4
Femik, IR TR A B AN AT B
PR . EIEHESHML& ST, boule
FER B FEJEY) daz-1 AAESP AL PRI, 2
4RI R SR B L T T, daz-1 2



+ 68 B2 & Chinese Journal of Zoology 54 %%

Sift 2 2 AT A A [ 4 (1) AR B9~ A= i 1 o
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2014) %542, boule FEPEITE P L7 R A= i
FErRa RIS, HENNZHEHEA. G5
Vi it 2 AT, & TG = I P 21 = 5 5
S KRR EYIAD (Shine 2013), 4R H Al
RAT KB4 s BN AL T AN R & it A2 R
B F IV M ATE R . Bk, X rh e
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RT-qPCR) 7590 # 1 i 4% boule Ak
IEMHLEE M, XTEE T TR AR boule AR
TEPPEAE TN R AR I FE P I 3Rk . AN T &5
AT A7 ICAT sh W A= Ja 4 i K & B
RALEERN TR, WS e AT S W 4E i T

FEH PRI AL BEE T At
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%5 Ho BRI, HBocs. . . B M.
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®1 ABRFTHSIWFS
Table 1 Primers and their sequences

used in this experiment

514 Primer J7%1 Sequence (5-3")

PsbouleF1 ATGTGTGAGTGCAGAAACCCAGAAGC
PsbouleR1 ATCAACAGGTGTTGGGCAATGGGCTATTCGC
PsbouleF2 GTCTCCATCCCCCAACACC

PshouleR2 TCTTCACTTCTTTCACACACCCA

B-actinF CTACTGCTGCTTCATCATCCTCC

B-actinR TTGGCATACAGGTCCTTTCG
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etal. 2005). f# ] BCIP/NBT &4 (Roche)
R EHE S EHT B, BULPnE (propidium
iodide, PI, Life) Ze4fffat%, Huid K& F il
C(Invitrogen) &f . f#H leica 1F B 2 %
RGHAT SR IR

2 ZR55

2.1 H4E%E boule cDNA T3 v & R AT

AW PCR FERERAT 1K 1005 bp
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iy 315 MEERR, Hh s — AR5
RNA 3k  (RNA recognition motif, RRM)
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MTGT(}AGTGCAGAAACCCAGAAGCACACAGGGAATGGAGGAGCAGCCAGCAGCT1’TGTGCTGCCTTCTCCTGCTACTCCAGGCCTGGA
M CECRNPEAHREWRSSQQLCAAFSCYSRPG
AATAAGAAACCAACCTCTACCCAGCTGCAGCTACTGGTGGCGCCCCAGGGTTTAGTAACTCACTCTGGGGAGCAAACCACAGATCAGACA
NKKPTSTQLQLLVAPQGLVTHSGER QTTDA QT
CAAAAAGAATCTTTGTCTCCATCCCCCAACACCGTATCACCTGTGCCTTTAAATAATCCGACGAGTGCCCCAAGATTTGGAACAATTATT
Q K ESLSPSPNTVSPVPLNNPTSAPREFGTTII
CCTAATCGCATCTTTGTAGGAGGAATCGATTTTAAGACTAATGAAAATGACCTAAGGAAATTTTTTGCCCAGTATGGGTGTGTGAAAGAA
P NRIFVY GGIDFIEKTNENDILTRIEKTEFAQYGCV KE
GTGAAGATAGTGAATGACAGAGCTGGAGTATCAAAGGGGTATGGTTTCATTACATTTGAAACTCAAGAAGATGCACAAAAAATTTTACAA
VR W 3 DR N G SIEG X6 R T B B O BED A QIR EJE d
GAGGCTGAAAAACTTAATTATAAGGATAAGAAACTGAATATTGGTCCAGCAATAAGAAAGCAACAAGTAGGGATTCCTCGATCTAGCATA
EAEKLNYKDI KT KTLNTIGPATIRTI KA QQVGIPRSSI
ATGCCAGCAGCCGGAACAATGTACTTGACCACTTCAACTGGATATCCTTACACTTATCACAATGGAGTAGCTTATTTTCATACTCCTGAA
MPAAGTMYLTTSTOGYPYTYUHNGVAYFHTPE
GTTGCATCTGTTCCACAGCCATGGCCTTCACGCTCCATTTCCAGTTCCCCTGTAATGGTAGCTCAACCTGTTTATCATCAACCTGCATAT
VASVPQPWPSRSITSSSPVMVAQPVYHQPAY
CCTTACCAGGCACCTCCACAGTGTCTTTCAGGGCAGTGGCAATGGAGTATTCCACAGTCTCCTGCCTCTTCAACCTCATTCTTTTATCTG
P YQ@APPQCLSGAQWQWSTPQSPASSTSTFTFYL
CACCCTTCTGAAGTTATTTATCAGCCATTAGAAAATTGCACAGGGACAGTGGATGTGTACCCTCCTCCCTTTCTCTCTAATGGAAAGCTG
HPSEVYIYQPLENCTOGTVDVYPPPFILSNGI KL
CA:\TTTCC!\GAGCCATATTCTGATCATGGC}'\GTTTCAMGC!\GCAMTCM\TCM\GTTTTTATGCACAGMGTGCGAATAGCCCATTGC
Q FPEPYSDHGSFIEKAA=*

CCAACACCTGTTGAT

Bl 1 4% boule cDNA HIRKHERFF 51 B S gmtid IR EER 75

Fig. 1 boule cDNA and its deduced amino acid sequence of the Chinese soft-shell turtle

ROPIETH ATG F TAA 23 3 00 % 19 T ML L3S T ROBIFE 9 RNA RGBT (RRMD; FRIZAR ) DAZ R HEFF .

The translation start codon “ATG” and stop codon “TAA” are shown in black shadows, RNA recognition motif (RRM) is highlighted in grey

shadow, DAZ repeat is underlined.

(K3,
2.2 w4 boule mRNA FIZE SR LRI
AHF 7T 35 FH e p-actin LR NP S 3
(R, 35Sz 52 & PCR #E47 boule FE A [ 4141
FiEnHr. MXTRIEETHLERER, Pk
boule mRNA 7E0r fidiv AF. B, &% 5 Ak
M 2 2R P R IAARAR, T AE G SRR SLZH 2
RILEMBE ST LR 5 4L (P <0.0D).
H boule %R 7EHE H 4 FRIA SR 3 Hus T
PRI AL (P<0.01) (F4),
2.3 4% boule mRNA 7EXEFRATEH
WIZRIE 53R
W B EERAL R LS R BN, FeEk
boule MRNA 155 7EHE S AR A LT R
AE|, FEEAEMBRRE, HHEERE TR
AR REIISNRE. 2 BIEHEF, g

# boule mMRNA 7E4)Z0KS BEAH i b 22k S ik,
TERE R A0 B IR R BRI R IR 55, 0K
-4 o LU I B KB E S (B 5D,

2.4 4% poule mMRNA FEBIFR AT S
HIRIE R

2 B R A 222 4 R R oR, HAEE boule
MRNA 7E P SL2H 2 ) A 4 g Hh A U AS 31 3R TK
MAEAEFE AN e SRk, R HAEOE 7R BT
b R EMFREHNR. FEE boule mRNA
TE S BRI O B k(5 5 ek, (55 1E
AW OP BB RS 35 5] o0 A, DR ERAE A
REBNEKIG, (5506 RELEI MR
X3, B4 KRR RS, (55
BHALSS (B 6). FHXTTHH4E% boule mMRNA
EREEP R EREE (K5, HEGNHEMHAL F
E SN R E
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1 MCECRNPEAHREWRSSQQLCAAFSCYSRPGNKKPTSTQLQLLVAPQGLVTHSGEQTTD&__ -
————————————— -— ---MEPENAQTTN 39
39

1 R
1 -— MEPDSAQTTN
1 -— -——= -—METESRAQSTN 40
1 -— - - - 28
1 -— -—-MEPDGA-TAN - 38
1 -— MENEITLISI T DISPS 42
1 -— - - - 1
1 - - - -———MI-IKIMAI’ISATPGGGETILA——- KYG 28
1 -— REM MDAQNRNRAHSSHSSSSFF SDADRHAHLLMGH-————- - 35
88 175
40 127
1 -MA--LEGR 48
40 g 127
41 128
29 116
39 126
43 130
1 73
29 116
36 125
176 253
128 205
49 126
128 205
129 206
117 194
127 Q A M 204
131 HQNSFSVSSHTPAM-TPTPCGN 192
74 QI PVASPDSAMPLPAPC 3 148
117 Q I : : ISNIPMDQFIAA PP ) 183
126 “IV—-——HKPFIHH]]IC PAG FHNGVAYENCPAMNQAARQWS--PPQ QHI} 185
254 315
206 291
127 214
206 293
207 293
195 280
205 g . 0 290
e S et 194
148 — 148
183 HS- -—-PELHSPTSNEHSPHSQSHPQSPCWSIEDLRDTLPRV—--———-———- 228
186 J@liNAVQVQAPSTAVL¥SQQAEFLYQQAD - --—- GASFLBYLPVMEDAA AQUL-EPTVSAVYQ-——-———- LQHDPVESRMLPP 260
Identity (%
315 —— - 315 th 1B Pelodiscus sinensis (XP_006133320.1) e
292 THY 294 434331 Chelonia mydas (XM_007071951.1) 92
215 VRRNFSHPSSVSLKPRYTRSPHFHPRKDYRMEDT ILTPPSSTDSVK 260 TS Chrysemy picta (XM_005294307.2) 89
294 VRRHFSHPSSVSLKPRYTRSPHFHPREDYRMEDTILTPPSSTDSVK 339 HIWIHS Alligator mississippiensis (XM_014594419.2) 88
293 -— 293 /I B Mus musculus (NM_029267.3) 83
281 IHY 283 A Homo sapiens (AF272858.1) 82
291 IHY —— - 293 X5 Gallus gallus (XM_015289493.1) 77
194 -— —-—— - 194 AT 4% Oncorhynchus mykiss (HQ696915.1) 58
148 —— 148 = H ¥ Lates calcarifer (KC992312.1) 56
228 —— - 228 54U Drosophila melanogaster (NM_001300063.1) 53
261 PQG-—————- HRRSKFRHFISPKKFFHPPESTDVFCTPHPLM 295 ## Oryzias latipes (GQ153580.1) 42

2 Boule RERFIVEFFF Hxt
Fig. 2 Sequence alignment of Boule amino acids
FTR E AR FHIR A T NCBI il . SGEFRZUHER T FUARBIEL 80% A B MEFRRERA S BEOTHERZR RNA R,
O TTHER TR DAZ S50k, 35K N &AT Fe IR Rl AL A% 15 91 5 rh e 1 ) 0 TR 7 2 B
All amino acid sequences are retrieved from NCBI database. Identity of positions of shared residues higher than 80% are highlighted with green
shadow, and variable residues are shown in yellow shadow. The RNA recognition motif (RRM) is shown in black frame, DAZ repeat is shown in

red frame. The species names and percentage identity values of the PsBoule to its homologs are shown at the end of the alignment.
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M Homo sapiens (AF272858.1)

/> il Mus musculus (NM_029267.3)

@ 1 1E%k Pelodiscus sinensis (XP_006133320.1)

91 43310 Chelonia mydas (XM_007071951.1)

FE W) Alligator mississippiensis (XM_014594419.2)

7 Gallus gallus (XM_015289493.1)
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66

71— S H#Lates calcarifer (KC992312.1)

I i Oryzias latipes (GQ153580.1)

4 Drosophila melanogaster (NM_001300063.1)
4 B L. calcarifer Dazl (XP_018522938.1)

100 — AH. sapiens Dazl (NP_001177740.1)
0.1 L ) H sapiens Dazl (AAB02393.1)

100

B3 ZETHRIEMEINREIAR
Fig. 3 Phylogenetic tree constructed through the neighbor-joining method
FrAEERF SRk AT NCBI ¥ e SCRRE IS S0%AIEAET 155 Bor, BBl FRUREREEMAL s B BR P 1 B 40 0.1
All amino acid sequences are retrieved from NCBI database. The bootstrap values (> 50%) are given at each node. The scale bar represents the

average number of amino acid substitutions per site is 0.1.
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4 boule EFHEF AN HARFMRE
Fig. 4 The mRNA expression of boule in multiple tissues

%, P <0.01,
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Bl 5 boule BRALRBRPIIRL
Fig.5 The boule mMRNA expression in testis
f 2 WeRE LY) AT A B G RS I . e AT IR IEBERREE (AP) B, ESONRRERG: b MBI E (LD,
Testicular cryosections of 2 years old testis were hybridized with RNA probes. a. The signals were developed by alkaline phosphatase (AP)
staining (purple); b. Nucleus was stained with P (red).
Scl. HIZURERNNE: Sc2. IRV EHANNE; So. AEIE4NML; Sp. K& T St RS TN + fALINE.

Scl. Primary spermatocyte; Sc2. Secondary spermatocyte; Sg. Spermatogonia; Sp. Sperm; St. Spermatids; *. Somatic cells.

6 boule #RALEINE A HIRIA

Fig. 6 The boule mRNA expression in ovary
R B NI R AT 2 B R AL . a~ e BRILBEIRER (AP) @b, S5 AMREE, f ROURH TR EOMERIENE, T

f&5 5
Chemical in situ hybridization in oocytes at different developmental stages. a - e. The signals were developed by alkaline phosphatase (AP)
staining (purple); f. No signal was detected by antisense probe.

I [0 V. ¥IZoRaramfo: VIL A-KIAonBraniE: IX. AL KOn BRI, X, AREBHON BT, . FRgmi.

I, 1II, V. Primary oocytes; VII. Growing oocytes; IX. Growing oocytes; X . Mature oocytes; *. Somatic cells.
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5] (XM_006117957.1) —# ik 95%, Zwhidf
A 315 MEIER, B DAZ K& H
FE RS RNA 38 F1 DAZ &5#3k, 5 HAh
Y% Boule & HHA m L FVEYE, JE T DAZ XK
B ) Boule B —3% (K2), RkEHm4
Jyrh s Boule (PsBoule). 4145 R ik 7
Pres B EoR, Th4E% Boule 17T Boule 2
—% (K 3), 5 Dazl A . Daz /- 4bE N
3, ooy SO 5 HoAl 4 E 98 T DAZ Rk
T HTEE AL (Xuetal. 2009), H A
Boule i fb A7 T K SR P2 A .
1E CARE IS [ 46K 2 B, boule 2 [
B RE A A R Rk (Xu et al. 2009,
Vangompel et al. 2010, Li et al. 2011,
Dwarakanath et al. 2014), H.7>#i £ sh¥ 4540
ML AR BT o A Fi R, AR boule MRNA
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JUPR AR Zeik, e SRR HLH 2k
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Morp R IA B, K A0 MR IR RS BEAH o Hh 2
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TN S B AR A M A RIAE S
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boule MRNA 7£ 5§ H {114 BRI
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RO, EHOPES, boule mRNA 7E
WA R EA RIS, BAEYIINREH L+
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W IRE 0 FRIG R RE (Xuetal. 2003), X
%7~ %5 boule 55 dazl JE K354 DAZ F i 74 »
FLEE R R ST 14 v] R A AR W A B 40 i
FEARA D BE . 5 rp A%k dazl 70 A A FE 20
o R E T MM A A A R 2, g
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ooy R Ry T EE M
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PR AR B A A P R S Rk BT R S RIS A
B, (BRSSP R A AR TR R I R
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oy R AR R SRR .. A
Ry T 4% boule R 4Nk
DAL, AL JEIRARR PR LT R A
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