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Cloning and expression analysis of vasa homolog genes in tiger puffer
Takifugu rubripes and grass puffer Takifugu niphobles

Hiroyuki Yoshikawa® and Yasuko Ino

Abstract : Vasa gene homologs of tiger puffer (Takifugu rubripes, ThH-vasa) and grass puffer (T.
niphobles, Gp-vasa) were cloned and characterized for use as a molecular marker of germ cells in these
species. Analysis of the nucleotide sequence revealed that open reading frames of 7Hp- and GP-vasa
comprise 1,872 bp (encoding 623 amino acids) and 1,869 bp (encoding 622 amino acids), respectively.
These deduced amino acid sequences contained arginine-glycine or arginine-glycine-glycine motifs and
eight conserved motifs belonging to the DEAD-box protein family, and showed highly similarity and
identity with vase homologs of other teleosts. Tissue specific expressions of TH- and Gp-vasa were
detected in testis and ovary. Iz situ hybridization analysis showed that TH- and Gp-vasa mRNA expressed
in oogonia and oocytes in the ovary, and spermatogonia in the testis, while it was not detected in the
primary and secondary spermatocytes, spermatid, spermatozoa or gonadal somatic cells. These findings
suggest that Tp- and Gp-vasa should be useful for studies of germ cells specification and differentiation

in Takifugu puffers.

Key words : Takifugu rubripes, Takifugu niphobles, vasa, germ cell, transplantation

#
b T 7 J Takifugu rubripesiI HARBENICBIF AEELR
BENHEO—2THY, ThITICHATRE ABE
B, BHAERZ COBRNBERVED SN TELSY, —F
T, BERSE BEAN, WML COREbiECEET
LZEAMEERET AEERAMOBLIIRIZR SN TES
T, VI UEROMEL LY ED T DI, B
FE2ECEVERABERELZEL LT LEF D 5,
—fic, BIREETE, HAOREOBRIELL, Fhb
BAOHFEEIVLECRDY, V7 7RATEET
IZ3EOEBHMPLETH Y, ZhEnt T 7 78R
DY A4 X, FHHREFRY A4 X (06-1kg) LD DK
B (#2-5kg) %3Y 0%, FI T SRAOEHRE
HEFF - HHEICIE, RIUCES T TORVERIIM & KB
BAR—APLEEL 25), ThLEWETE L EFERHN

[

PRI, FRABEREZENT 5-00REEE
TIIEEAICED B Z LRI R B LIRSS,

B, YrRAETR, Fh- T 2RBE04MMRE
BENEBHEL, BEIS FT-HROFHREEET 1
BRABMPTERE SR TVEY Fr—thb=V<2x
Oncorhynchus mykiss® EFEHIIE % B2 b B OB~
EBMINTY < X0, masoufBEIX, BHDOEFHERNIZ
=V AOEFEMIE Y AATIR, FF - D&M E
FOEFERNTHEIE - b3, =V ADERBT%ERE
T 5, Tz, REHABHMICEVCBIHT 5B E MY
FHfzid, BEORIEFLTHFICIIcb Sy s
EXRTRETHEIL BB L Z>TWE™, Lo,
REAE b7 7 ZICHERATENT, KEORBERICLE
ERHEEHRPR IR P RIBIZHIRTE S Z e EIfF S
b0 VI T TDEBRETH D 2T T niphoblesit, /i

IKERFEREYEEFR (Department of Applied Aquabiology, National Fisheries University)

TRURI Y 3% %E (corresponding author): yoshikawa@fish-uacjp



2 =11,

BT, BECHLELRLURERL M7 7 0EFTH S
ZEhn, EEEME L CRERARIT~OR B R S
nonaY,
b7 7 I BT AREFAFMORBICBWTL, 4F
T—A—%FMELTNF—0&ERR*FRZEL, 7a—14
A PRA=F— LB L DB SN AR BTS2
ETREFAMEROMEL DL LB LD EER
bib, 7T, BEEIERANES LERBF~EOLTRRZ
A I RO E E s T LRI
TWE ™ BEINIho0 FFr—/EEBEE
ERIET S L THENRERAERSTRICR A, &
, AEFEMRARSHESIE, DF~— b —FFEL T 7S
TBEEEBRNTO FF—RREEOLERLOSEIE T 3F
ACEHAS 2 EbH b, Fald, AEMa~—F—CL
T, YavdayNNLT CRE SN zvase (DEAD [Asp-Glu-
Ala-Asp] box polypeptide 4, DDX4) #EF™ i2%H
L72o vasa AT 7, BEPLEIEEI TEHELOEY
T O A FHA L TR benfwéﬁm%f&bm ®
BRETEHYTI 74 v a?, Z9<x® F4 054
SETY xFHP, Frxa? vuvF? sruvys
0% % CCHEMARERN 2 RREIMBEESRL TV S, &
MRTiE, Mo 7 /REEABEM ORIy, ik
TR —BETOBEHE LT, +I777BX
Bo %77 Dvasa w0 T ERFORBEL AT, FL
T, B S N7zvase AT O S mRNAO BB FHE 2 RT-
PCREB & Uin situ "NA 7 ¥4 E—va v IZ X DL
77

MBS UHE

HEsA

b7 7, 201644712127 AlSEE (&R (=
EHEZE, DTRHER) @ 24116 cm, ZEEE 1 204+12
cm, fk & :3033%382g, 4 JB IR ¥ % (GSD : 022=%
008%] = ILBRTHRTORMBEE L ) AT UAFII
L7zo ¥72, 7H 7270, WOBRTHEHRETHEESAL
BRBRAEGELZ AL LTETHAELTY, EUMERSE
BENIKETIFE - BEBKERARNORE R TER S
N7z184 Bh3fEE (&8 0 98+05 cm, HE#ESFRE @88+
05 cm, fKE :194+43g, GSI: 168+036%] % 20164E2
RZH 7y v 7 UARRgEICfE L 72,

7

RNA#H & & U'cDNAS R
NS TTBIU I TS L VRS RAHA, B

fE, BB, BRI JPE B X UHEHE D 5 Ototal RNA
ix, ISOGEN (Nippon Gene) % f\y, A—W—Hff0T
IZREVHIH L 72, #% v T, TURBO DNase

(Ambion) 12 & 2IRADNAD B RRIE %47 o 72k, FH
MLEE X j 7ztotal RNA L pg# 8 B & L TPrimeScript
Reverse Transcriptase (Takara Bio) (Z& ¥, Nagasawa
et al. ® I2&E# Doligo (&' T) primer

(5 -GTAATACGACTCACTATAGGGCACGCGTGGTC
GACGGCCCGGGCTGGTTTTTTTTTTTTTTTTT
TT-3') %M\ Chirst-strand cDNADEH %47 5720

ooz

sa—=>9

N7 7 TBLTIY T T DvasasE R T EIETFES % B
LT A, MEOIIRL DS L7: c DNA% $#E
LT, I 7D AME (GenBank accession
number: NW004072386, NW004070993) (ZF ] & 1L7-EB4%
vasaBIn FEANICETEERE S NI2BEDO TS5/ < —
v b (Fwl: 5 ~-GGCATCAACTTTGACAAGTATGAT
GAC-3,Rvl: 5 -CCTCTAACCATGAGGGCACTT-3 B
L UFw2: 5 “-TCTGTCCCGCAAACAGCA-3 Rv2: 5 -GC
AACAATGACGGCTTCAGG-3 ) % H\: CvasaBInTH#T
FZPCRIZE WIEIB L72e F72, vasaBET O3 RIGHES
DBIFIZOWTIE, oligo (d T) primerfFINIZ&E & ¢
12757577 14<— (APl: 5 -GTAATACGACTCA
CTATAGGG-3 ) ¢Fwld 7o 4w —ky bEHAW,
PCRES 1, TaKaRa Ex Taq (Takara Bio) % ¢,
T3 OBEHE D%, 94TI0H M, 60TIORHB LU
T2C60MM D A 7 V& 30E YR L, 72Co7H &Rk
BERIGIC & DT 072, HIRS W2 BEZFRAIE, ToPo
TA Cloning kit for sequencing (Invitrogen) % BT
77 a—=r71, Eurofins Genomics¥t®DNA> — 7 »
AP —E R FR L THEERY ZHE L7

T 71 4 bBE LU RGN

B o N7-cDNABLT & YIEES NS T I/ BRECF| DAARE
45 % National Center for Biotechnology Information?®
Y7z 7Y% 4 b (http//www.ancbinlmnih.gov/) 12T o
7o ZBEFIOT T4 A~ MZitClustal W (http//www.
ebiacuk/clustalw/) Z M L, EBEEERIC L 5 RbH



NS T BIOT YT T Oyasa RO T EET 3

#MEGA 6 * % L CIEB L7z, BEFIMOBERELT 3
J BERRIZHET { p-distancelZ X YR L, REHOS
F1000E D7 — P ATy STEITIC X DEME L7z £
To, TIARX Y NEFIFOMEE L EBUEESIAST T S
S & (http//imedmed.ucm.es/Tools/siashtml) 12 & 9 3k
7z,

RT-PCR
NI IBLU YT IO I NS (BA,

g, LG, R, B B VEBIUEE) Iheme
N7-cDNAIL, B#ESh7zvasal B BEHNCED  vasa RT-
PCRAT794<—+tv + (Fw-primer: 5 -GGCATCAAC
TTTGACAAGTATGATGAC-3’, Rv-primer: 5’
-GCAACAATGACGGCTTCAGG-3 ) B & U B-actin”
54 <—% v b+ (Fw-primer: 5 ~ACTACCTCATGAA
GATCCTG-3, Rv-primer: 5° -TTGCTGATCCAC
ATCTGCTG-3 ) % FHwW/:PCREIGIZH#t L 72s PCRES
12iZ, TaKaRa Ex Taq (Takara Bio) % fVvy, 94T 34M
DOBEVEDORR, 94T30HH, 60T 30HHB & U72C 308 H
DY A 7 VEBEHRYEL, 72C55HORKMERIGIC
I ViTo7z, BONIPCREWIE, 2%TH O -5 V%
HWCBERKE L, MIEED 2L,

insitu N1 TYELHE-2 3>
TT7vRBICEYWEBEINI VT 7 7BLT IS 77D
BRBIUHMEL 71 vEGEL, EZ4umOE#RY
FEER LU, ERYFo—#Hz~< ¥ )y -2t
v (HE) % 5 k212, Nagasawa et al. ® 126V vasa
BIEFIWHET 5in situ A 7TV ¥4 ¥ - a Vit Lz,
Thbb, vasa TO—TEBRAT I A% —ty } Fw: 5
-CACGCTAGATAACTGTTCACCATC-3, Rv: &
-TCGGCTTGATATAACCGGACTT-3' ) 2 L h#IEL
7-vasaBIEFRIE (b5 7 Zvasa 680 bp (12 - 691), 7
Y7 Y vasa 677op (12 - 688)) % ToPo TA Cloning kit @
pCR 4-TOPONRS ¥ —A~tH T 7 u—= 7L, RNAY
U—TOERICHERA LI 2V ABLUTTFEV 2
RNA7T —7&, DIG RNA labeling mix (Roche), B &
U°T7 RNA polymerase (Takara Bio) F 7z i2T3 RNA
polymerase (Roche) #FHAWVTEBL, nsitu ATV Y
4 ¥—Ya vz L7z, DIG-RNA 70— 7OKEICIE
Anti-Digoxigenin-AP% H V>, 4-nitroblue tetrazolium

chloride (NBT, 0.035mg/ml) 3 X U5-bromo-4-
chloro-3-indolyl-phosphate (BCIP, 0018mg/ml) % & ¢
NTMT#% # (100mM NaCl, 100mM Tris-HCI pH9.5,
50mM MgClI2, 0.1% Tween 20, ImM Levamisole) 12X 9
BAROFRBRIS%IT o720 BB & NI EADEEI M

(Leica DM2500) F T4 v, FY ¥ L H X 5 (Leica
120HD) = & Y Mgz H¥ L.

B R

AHETCE IS 77 BLU 7Y T 7 Dvasar€ 0 7 EIE
TFOHEERHAR FNFNET I BEEREE (ORF)
% & 12213 bpB X 02,212 bpDcDNAKE HFEEF] % B & &
{2 L 7 (GenBank accession number: LC203034,
LC203035), ORFOE &1, +5 77 Tidl872 bp, 7%
77 TIL869 bpTH Y, BONAEERT I DHEESN
77 I BEE (M5 77 6235, 7T r622RE)
W21k, DEADK v 7 ARNAAY % — B IZRE S 7
ATP-AEF — 7 (AXXXXGKT) B & UATB-BEF —
7 (DEAD) %#&487 D a > & 4 XEF® 2L
7o (Fig. Do #F7z, NEWEBICIK, TAF=-71) Y
¥ RG) BXU7AF=v-rysv-719 v (RGG)
DEWHA, + 777 TIHAEB X OTE, 747 7 TiES5E
BLUCE LY ELFELZ. ChHEEEINT I/
BEREFIIN T 2 EHO T 5V a vy LVasa? & OHFE
g L UEME, T T I TIIMEEIE424% B X UEE
156.8%, 77 7 TIIARRME423% B L UFEIUHES6.6% T
Hoize X757 4 v aVasasTZ 2a LTIz,
N 77 T648%, 7T 7 T650% DR A ST

(FEMEITZ N Z2N679%, 678%)0 * ¥ HVasakEU
O LTIR, T 7T TI05%, 7T 7 TI03%D
MEED A SN EUEIEZENENTI6%, 795%). %
Jo, HEESNA N 77BLU Y 770FHT7 I ) BEER
M T OMEEIZ89%, FHUUMEIE91% TH o 7.
DEADRY Z A& VX7 E7 7 3Y) — 2B T A Vasab &
UPLIOICH§ 2 R AT CTi, AR X D EEES
NI T TBIU YT IOFET I BESIL, THE
WTHRESIN TV B Vasab FEBICHVEAREEZ R L

(Fig. 2)o Ml EORERIE, ABEICLVERIALS
7 7BELTI Y7 7 ODNABRT Hvasa k€T 7 TH5H
EERBMAERTLODTH o7z,



4 FIl, FHE
rubripes : MDDWEEEGTTTATTTSLTNHNLYEDGGSRRGGDGETYSFPSDEPLHINNW : 50
niphobles : MDDWEEEGTTTAATTNLTNHNLYEDGGSRRGGDGFTYSFPSDKPLDINNW : 50
rubripes : NNTGGEMGGFRGAGRGHFGRKDSSEFNGNNGHFENGLRGGYRGGRGGRGG : 100
niphobles : NNTGGEMGGFRGTGRGHFGRKDSSEFNGNNGHFENGLRGGYRG-RGGRGG : 99
rubripes : RGIRQGGDODGNRCEFRGCYRGKDEEVFSQGEDTKKESNEEKPKVIYIPE : 150
niphobles : RGIRQGGDODGNRGGFRGGYRGKDEEVFSQGEDTKKESNEEKPKVTYIPP : 149
rubripes TLPEDEESIFAHYETGINFDKYDDIMVEVSGVTPPQAISTFDDAELCESL : 200
niphobles : TLPEDEESIFAHYETGINFDKYDDIMVEVSGVSPPQAISTFDDAELCESL : 199
rubripes : RKSISKSGYIKPTPVQKHGIPIICAGRDLMACROTGSGRKIAAFLLPILOK : 250
niphobles : RRSISKSGYIKPTPVOKHGIPIICAGRDLMACAQTGSGRTAAFLLPILOK : 249
o ___ATP-A
rubripes IMA]SGVAASSFSEIQEPEAVIV QIFLEARKFSFGTCVRPVVV : 300
niphobles : LMADGVAASSFSEIQEPEAVIVAE QIFLEARKFSFGTCVRPVVV : 299
rubripes TGF(iLi!ELSRGCNVLCVIGRGKVGLSKVRYL : 350
niphobles 'GFQLRELSRGCNVLCGTPGRMLDVIGRGKVGLSKVRYLYV : 349
I ___________ATP-B

rubripes RMLDMGFEPDMRRLVGTPGMPSKENRQTLM PEDIQRLARDFLRVD : 400
niphobles : RMLDMGFEPDMRRLVGTPGMPSKENRQTLME PEDIQRLARDFLRVD : 399
rubripes : YLFLTVGIVGGACTDVEQTFVKVTKFCKREQLLDIVKSTGTERTMVEVET : 450
niphobles : YLFLTVGIVGGACTDVEQTFVKVIKFCKREQLLDIVKSTGTERTMVEVET : 449
rubripes KRQADFIAAHLCOENVPTTS THCDREQREREKALFDFRSGRCPVLVATSV : 500
niphobles : KRQADFIAAHLCOENVPTTSIHGDREQREREKALCDFRSGRCPVLVATSV : 499
rubripes ! ﬁl PDVQHVINFDLPNNISDYVE RICGNIGRAVSFYDPDTD : 550
niphobles AAR DIL PDVOHVINFDLPNNISDYVH RCGNIGRAVSEYDPDTD : 549
rubripes SPLAHSLVTILAKAQQEVPSWLEESAFSSPSIGKFNPPRKDFAALDSRKG : 600
niphobles SPLAHSLVTILAKAQQOEVPSWLEESAFSSPSIGKFNPPRKDFAALDSRKG 599
rubripes ELFPVNVSSRPAFQAATDEEEWE 623

niphobles : ELFPVNVSSRPAFQAATDEEEWE 622

Fig. 1. Comparison of the deduced amino acid sequences of vasa from Takifugu rubripes and T. niphobles. Identical

sequences are shaded. Arginine-glycine repeats (RG) and arginine-glycine-glycine repeats (RGG) in the N-
terminal region, which are well-conserved among the vasa orthologs of varous species, are underlined and
double underlined, respectively. Eight consensus sequences for the DEAD protein family, including an adenosine
triphosphatase (ATP)-A motif and an ATP-B motif, are enclosed in boxes. Individual sequences data is
available from GenBank (T rubripes : LC203034, T. niphobles : LC203035).
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b0 (Fig 4C), HEFOAR B L UBEFREMAZICS
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Fig. 2. Phylogenic tree of the deduced amino acid sequences of Vasa and PL10 constructed using the neighbor—joining
method based on p-distance of MEGA 6 software. The number at each node represents the bootstrap probability

(%). Scale bar, 0.05 substitutions per amino acid position. The GenBank accession numbers of the aligned

deduced amino acid sequences and nucleic acid sequences were as follows: vasa (Mus musculus, AAT44761;
Xenopus laevis, NP_001081728; Danio rerio, BAA22535; Carasius auratus, AAV70960; Oryzias latipes, BAB61047;
Oreochromis niloticus, BAB19807; Oncorhynchus mykiss, BAA88059; Thunnus orientalis, ABY77970; Takifugu
rubripes, LC203034; T. niphobles, 1L.C203035) and PLI10 (M. musculus, AAA39942; X. laevis, NP_001080283; D.

rerio, AAH59794; C. auratus, AAX46760).
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Fig. 3. RT-PCR analysis of various tissues using vasa—
specific primer set. cDNA from various tissues
(muscle, gill, heart, liver, spleen, intestine,
ovary and testis) of Takifugu rubripes (A)
and T. niphobles (B) were used for RT-PCR.
NC was a negative control containing no cDNA
template. f-actin primer set was also used as
an internal control for RT-PCR amplification.
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Fig. 4. Expression profile of vasa in testis of Takifugu rubripes. Sequence sections stained with HE (A, D) and
hybridized with an antisense (B, E) and sense (C) wvasa probe. Images of (D) and (E) are high magnification
of the inset in (A) and (B), respectively. Arrowhead, type-A spermatogonium; GB, type-B spermatogonium.

Scale bars indicate 50 um.
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Fig. 5. Expression profile of vasa in testis of Takifugu niphobles. Sequence sections stained with HE (A, D) and
hybridized with an antisense (B, E) and sense (C) wvasa probe. Images of (D) and (E) are high magnification
of the inset in (A) and (B), respectively. Arrowhead, type-A spermatogonium; GB, type-B spermatogonium;
SC, spermatocyte; T, spermatid; SZ, spermatozoa. Scale bars indicate 50 um.
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Fig. 6. Expression profile of vasa in ovary of Takifugu rubripes. Sequence sections stained with HE (A, D) and
hybridized with an antisense (B, E) and sense (C) vasa probe. Images of (D) and (E) are high magnification of
the insetin (A) and (B), respectively. Arrowhead, oogonium; PN, peri-nucleolus oocyte. Scale bars indicate 50 ym.
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Expression profile of vasa in ovary of Takifugu niphobles. Sequence sections stained with HE (A, D) and

hybridized with an antisense (B, E) and sense (C) vasa probe. Images of (D) and (E) are high magnification
of the inset in (A) and (B), respectively. Arrowhead, oogonium; PN, peri-nucleolus oocyte; VO, vitellogenic

oocyte. Scale bars indicate 50 um.
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