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Abstract

This study aimed to develop germ cell transplantation technology in Pangasiid. First,
development of gene marker for identification of germ cell in giant catfish (Pangasianodon gigas) was
performed. Cloning and expression analysis of vasa cDNA of giant catfish was conducted and
designated this as Pgi-vasa. The Pgi -vasa contained all of the predicted consensus motifs that are
shared among the vasa genes in other fish species, including RG and RGG repeats, ATPase motifs, and
a DEAD-box, and phylogenetic analysis using various DEAD-box family proteins demonstrated that
the Pgi-vasa protein clustered within the Vasa family. Reverse transcription polymerase chain reaction
(RT-PCR) indicated that Pgi-vasa mRNA only occurred in ovary and testis. Histological
characterization and in situ hybridization showed that the antisense probe of Pgi-vasa was able to
identify oocyte, primary oocyte and oogonia in ovary as well as spermatocytes and spermatogonia in
testis. Secondly, in order to develop germ cell transplantation, the giant catfish was used as donor fish,
and the striped catfish (Pangasianodon hypophthalmus) was used as recipient. The optimum growth
stage of giant catfish to be used as donor fish was the fish as size of 1 — 10 kg body weight since the
high proportion of spermatogonia or oogonia were highest. The optimum stage of recipient larvae of
the striped catfish were 4 dph (day post hatching; dph). The optimum enzyme for dissociation of testis
was 0.4 % Collagenase IV and 0.03 % Dispase II which resulted in isolated Spermatogonia 1.4 x 10°
cells/ 100 mg of testis. Similarly, 0.4 % Collagenase IV and 0.03 % Dispase Il were the suitable
enzyme to dissociate ovary which could isolate oogonia 5.3 x 10° cells/ 100 mg of ovary. Germ cell
transplantation was developed by microinjection of the spermatogonial of giant catfish into the
recipient larvae of striped catfish. The colonization rate of spermatogonia was 90 %. In addition, germ
cell transplantation of dissociated cell of ovary into striped catfish larvae resulted in the colonization of
80 %. The survival rate of transplanted larvac was 26 % which was not significantly different

comparing to control un-injected fish (P>0.05).
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msfnyImslgnaresaaduwug luagiiv wu msAnv lagldiaa Spermatogonia &4
v v I 1 U
AnA9INomMmNz¥031/a1 Rainbow trout (O. mykiss) 1lua1 1 Iasgnaied1gilar Rainbow trout (O.
v ' J o 1 [ 4 [
mykiss) T08OUNUINUFAE Spermatogonia A 11150141 11/o1deoglueterzdunuivesardsuld
. . = ] = v o U 1 4
(Kobayashi et al., 2007) 111/a1 Rainbow trout (0. mykiss) dmauiagInuiin1slgnatelgnaiesad
. . & g o . . ' 7 .
Spermatogonia Tu1/a1 Rainbow trout (O. mykiss) WM U1a1%37U (Triploid fish) WUIFAA Spermatogonia
o 1 [ v J [
awnsoiodveglue Jerzdunuivealardsu'la (Lee et al., 2013) nazonnisAny1luilal Manchurian
9 4 . 1 Y . v 1 = @
trout (B. lenok) Taglgsan Spermatogonia ﬂgﬂmamnqﬂm Manchurian trout (B. lenok) 180D UFUAYINY
13 {3 o 1 4 o 1 o 4
pafudarfdunidu wuduwad Spermatogonia ¥oard e son llerdeeglusdsrzdunugues
o ' 7 o & ¥ ' L
Y2150 18 (Lee and Yoshizaki, 2016) uaglunisignaresaddunugyeslaniidaed1aar Siberian
o 1 o . . Ld‘ [ 9 1Y [ T Y
sturgeon (4. baerii) ‘I/I”IﬂTiﬂgﬂmEJL"“]mﬁ Spermatogonia & Oogonia °ﬂﬁﬂﬂ"lﬂmﬂammmazsﬂmmqﬂm
{ g @ ' 4
Sterlet (Acipenser ruthenus) MYUWITU NUIUFAA Spermatogonia 1Az Oogonia YosLa 1 I¥a 1w 1saw 11
p1rveglutla1dsulauni (Psenicka et al., 2016) taz 111/a1 Rainbow trout (0. mykiss) ¥1n151gnate
J . Y 1 . . A g Y ' 4 . 9 o ll
1%8@ Oogonia 11g a1 Rainbow trout (0. mykiss) MYUYaMTUNLIIEA Oogonia M 1MITAITIDIAEDE 11

J

@ o [ o ] { 1 I 1 J 9
ooz duiuivea1dsula (Lee et al., 2016b) 9INAr0E 19N NA 1IN NRAU T UMTgnaead duWus

q
Y

a [ % J J J o 1 a o n/
Tudaatiafeanuaaizonin Allogeneic transplantation Hagn1slgnotemaadunug ludaiaestianuiy
I A . . U = o 1 A o % 1 ] 1
NM9 Xenogeneic transplantation msﬂgﬂawwaaﬁuwuﬂuﬂmmwuﬂﬂu YNAIDYNLBU ﬂﬁ‘}JQﬂ’mEJ

4 A (% (% '
188 Spermatogonia Nana lavIndmmz v01a1 Yellowtail (Seriola quinqueradiata) Ugnaieluilat Nibe

o J

[ 1 J o Y [
croaker (Nibea mitsukurii) 38804 Wi ugaaveslardliannsadiendsluederzduiugvestardsold

E]

o 1 4 . 1
(Higuchi et al., 2011) ttaz111)a7 Rainbow trout (O. mykiss) ¥11m131gnaeiaad Spermatogonia 141g1a
1 4 [ [
Masu salmon (Oncorhynchus mason) WA w8 @. Spermatogonia ¥031)a 1 1¥ eu1sadedelueions
A 4 Yo Y . . o w 1 J
Adunugueaa1d5uld (Yoshizaki etal., 2011 t1ag Lee et al., 2016a) AWd 18D wagn1slgnareisad
Spermatogonia Y041 a1 Tiger puffer (7. rubripe) !,619111@::( 1@ Grass puffer (Takifugu alboplumbeus) 79091
J J . vyq Y 9 o ] @ A v J Yo Y @
WUIUBAE Spermatogonia ¥oI1a1g 14 a1m1snid1e1deeglue ez dunugvesilardsuldigunn

(Yoshokawa et al., 2018) (157199 1.1)
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Species fish
Type of cell Colonization (%) Reference
Donor Recipient
Yellowtail Nibe croaker Higuchi et al.
Spermatogonia 63
(S. quinqueradiata) (N. mitsukurii) (2011)
Newly hatched (32 - 34
Rainbow trout Kobayashi et al.
dpf) of Rainbow trout Spermatogonia 12.5+4.8
(O. mykiss) (2007)
(O. mykiss)
Triploid hatchling of
Rainbow trout Yoshizaki et al.
Masu salmon (O. Spermatogonia 43
(O. mykiss) (2011)
mason)
Triploid hatchling of
Manchurian trout Lee and
Manchurian trout Spermatogonia 89.0£5.5
(B. lenok) Yoshizaki. (2016)
(B. lenok)
Siberian sturgeon Triploid hatchling of Psenicka et al.
Spermatogonia 55
(4. baerii) Sterlet (4. ruthenus) (2016)
Diploid and triploid
Tiger puffer Yoshikawa et al.
hatchlings of Grass Spermatogonia 39.1+£6.6
(T rubripe) (2018)
puffer (7" alboplumbeus)
Siberian sturgeon Triploid hatchling of Psenicka et al.
Oogonia 70
(4. baerii) Sterlet (4. ruthenus) (2016)
Triploid hatchling of
Rainbow trout
Rainbow trout Oogonia 75 Lee et al. (2016b)
(O. mykiss)
(O. mykiss)
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matuunmadauius ludardn e 11 weadd ¥ lumstgnarathdanilaraneioseu (Jan
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A o d Y A ° A o d =<
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1. daiinnlylumsanun

! g 2 ¥ v o a @ I o
Yardind g lumsfnuiil (01g 1.5 3 Iulal; dininga 0.3 - 10 Alansu) Wuwuganin
Yo 4 =< o g T Aa o s 1
lasunnvhsulardn vazihu@edutefuving 19w vazlunszss (7 x 15 x 1.5 gnunafuag) Tuiie
a J a Y 0o 3 ! <
au (10 19) vhsuminndomaluladgsuis TaolimsliemnsduiaginumsmndSuna 3 nlefidud

90’ -7 (% = % % da’
YoINUNAT (28 % 1A, 4 % lvaiy) Tuaz 2 e

d Vv d = =
2. myvanuuyIwsimes sazmslna cDNA @uanysaueIBY vasa JuJardn
2.1 msduAuteyadY vasa ¥93a1919 9 1011119115 Alignment Midaund A
a = 4 = =\ Y KX o ~ A 9y Aa gJ/ 4
1naTo'lna v038u vasa Hanuadrendnugeiga e ldusnaiulumseenuuy Insiwes (Degerate
primers)
1 U 90‘ % U =) -
2.2 M3ANA Total RNA Mngaed1eommzanstlariin (Wminga 1 - 1.5 Alansu; 01g 1.5
= g v o o = -2 A o J .. 1w Y
U dmindume 0.32 - 0.7 n5N; AAYTO T8 AUWUF (Gonadosomatic index; GSI) 111111 0.05 %) Tag 1%
v 9
@15 Trizol (Invitrogen, Carlsbad, CA, USA) 151103 1 Jadans awasmsnuuzih laeusingnan viniu
o ] < { ] . a, A o
MMsdosRoueNo191MA00gA18 RNase free DNase I (Promega, Madison, WI, USA) @135M35909U5 1N

'd 9 v
naziih ¥ uSgnTaae Phenol/Chloroform (1:1) azANAzNOU RNA @et05110a Hasnntiumnisiuuen



Y )
aznoutalara1sluiiiygsiAIn RNAse (DEPC water) tia3iaaanududuves RNA it 1 14lums
o 4 o I g
dUATIZN The first-strand cDNA Tae 19 total RNA 153181 2 TuTasnSuunulaailu cDNA Taoldgatiien
™ .. . ax = o Aw Y a
ImProm- II' ™ Reverse Transcription System Kit (Promega) #1145N19 Mz laoys HNHNAA
= 9 asn 9 A A [V Id
2.3 M5 1AA1 cDNA UY098U vasa 72875 RT-PCR 1ag e cDNA Masounomumziilu
A ¥ A a2y A ~ a g =
Template tag InswosNoonuuuandedn 2.1 Iaaududremsmulsunaaouwe luvasanaasy w3y
aan %’ 2 a o
Ujnse1ues PCR 14%a1i191 LA TaqTM (Takara Shuzo, Shiga, Japan) ut/3u1as35au 50 luTasaas i
Aa A ~ 4 o Y a £ 9 ¥ 9 < . . .
Hawda PCR NTvuanaamsain1i 19u3gns lagldegaiinerdu3ega) Gelpure DNA Purification Kit
Y H 1
(GeneMate, Kaysville, UT) ttazii13udui laauldunsoudenunatraiainnes pGEM® T-Easy
v 1
(Promega Madison W1, USA) 1ag¥i1mMIAATIH U aueayiaIuued cDNA filaauld
2.4 hidoyadiduiiondlelnanldvinde 2.3 valdlunmsesnuunlwsiweinll
) 1A = o Y
AMUIUNIZIIZIIA0TY vasa 1UUA1TN (Phi-vasa) 11aL1i1015 Inal vasa cDNA a11Ua18 3°RACE lag
35M15 nested PCR Taels lnsmos Vasa-F1, Vasa-F2 593A1 Universal primer (UPM-L, UPM-S) U8 vasa
cDNA #111)a18 5°RACE Tae 1% 1n51195 Vasa-R1, Vasa-R2 331171 Universal primer (UPM-L, UPM-S)
{ { A a ~ 4 a { 1 I
(miwﬁ 2.1) aanznldlumsiiiunanaa PCR (Vasa-1) (119190 2.2) 1o ldwanan PCR Na1a1azilu
Qy U o a Qd g 9 < . . .
Fud MUY vasa 1191 17 DT g0 Tasldyaii1e1d115931 Gelpure DNA Purification Kit (GeneMate,
v H 1
Kaysville, UT) tagiyuguin lnau ldunyoudenumnaiaiiainges pGEM® T-Easy (Promega Madison
Y [
WI, USA) aginmsdnseiadumaved¥uaiuued cDNA filnauld
o a o 9 =~ =1 v A A A
2.5 MINSAUATIZHIATIAT V00U vasa 1AM TITeUNeUNUEY vasa Tulla1siiadu
Tae1¥ 1151054 Clustalw 2 prgram (http://www.ebi.ac.uk/Tools/msa/clustalw2/) mﬁmswﬁuwugﬁ
Phylogenetic M lae2sns Neighbor-joining method (Saito and Nei 1987) Taen13191U5un58 MEGAS.2
(http://www.megasoftware.net/mega.php)
) 2 Aa ¥ 0o
2.6 ims Inaududuvouudwenan (S-acin) Taoldgaiierdusegil SMART™ RACE
cDNA Amplification Kit (Clontech) #28'1n511035 B-actin-F naz B-actin-R (15197 2.1) annzildluns
A a { o a ~ 1 I 2 1 a
iMuKanan PCR (B-actin) (m13199 2.2) shimsuenwanda PCR Nnanziilugudiuvesduiudenau
o a £ ¥ G . . . . ) 2
i IS qn Tagldyaiinerd 13931 Gelpure DNA Purification Kit (GeneMate, Kaysville, UT) taz1i1%u
dunlaaulduisondesunaraiiainiaes pGEM® T-Easy (Promega Madison WI, USA) 1aL1i1n13

a o w Qy 1 {
AW AP UL TV ITFUAIUUDI cDNA N laau'ld


http://www.megasoftware.net/mega.php

3197 2.2 a1z 15 1un3911§7501 Polymerase Chain Reaction

T1lsunsu PCR

Vasa-1 - 95 pIATALTYE 3 WA

- 3550U15¥nRUAIY
95 DIAUBATO 45 1N
62 DIAUBATO 45 1N
72 99U AITO 1.5 U

- 72 pefaled 5 1IN

[-actin - 95 DA IEAITYE 3 W

- 3530ul52nOUAIY
95 DIA AT 45 IUITN
62 DA UYALTOE 30 IUITN
72 DA AT 30 IUIN

- 72 pefalea 5 1N

Vasa-RT - 95 AT 3 Wl
B-actin-RT - 355011l5zn0UAY
95 PIAUBATO 45 1NN
62 DIAUBATO 30 IUIN
72 DA U AT 30 IUN

- 72 p9RUSs AT e 5 WIN

3. M3UATIZANISHEAAI09N VDI mRNA UBIEHY Phi-vasa 1108313 9 vesdarlin #2633
reverse transcription PCR (RT-PCR)

wlarinmaduazdarinwendio (ffmﬁﬂﬁ’a 1.38 nlandw; 01y 21; vmingalv 2.12

n3u; mdriiodoaedUiiuT (Gonadosomatic index; GSI) 1A 0.15%) MMTIALA 08199100 T8IZA4

9 152neuaie 1119 (Heart) AU (Liver) 1o (Kidney) n524M1¢ (Stomach) 8114 (Intestine) 5414 (Ovary) uay

@ . o o Y KX o Ay Y [ g . Y
DUMNE (Testis) LLAZNINTENA Total RNA 112399U1 Total RNA nlalldunsie First stand cDNA Q718%a



1%‘181?7 Mgﬂg 1) ImProm-11""" Reverse Transcription system kit (Promega) Taaly oligodT Wulwswes Tu
nsfnundaiild B-actin 1118181984 (internal reference) lumsansizrinfSouioumsiaaioonyodu
Pgi-vasa Wila1iin viimseenuuy Inswesd1miun13vi RT-PCR 148U Pei -vasa (Vasa-RT-F, Vasa-RT-
R) uag 1By B-actin (B-actin-F tag B-actin-R) (131971 2.1) gaansazareiilFlunsilgazer per fio
¥AA1302218 GoTaq” (Promega) tazan 12 19 1uM3INuNANGA PCR (Vasa-RT 1182 B-actin-RT) (11319

A @ ES o ~ a g vy .
1N 2.2) ¥ad91nUUUT PCR product 14 lasrnaevuvenanoueaie 2 % Agarose gel electrophoresis

A d 4 |
4. M3IATILHiLeIE0UAL in situ hybridization

<3 o [ Y] A Y] L = = =\ g o a @ o [
mM3nuaeg19eterzdunus ludarin Tudardnmeiie (dwiin 1.4 Alansu; 59

Y Y
11M1in 2.51 n51; A1 Gonadosomatic index (GSI) M7 0.16%) nagdardnmed (Wniin 1.86 A lan3w;

@ o % o [ 1 .. 1w
01¢ 2.4 1); 032z @UNUFUIMIIN 3.25 N51; A1 Gonadosomatic index (GSI) 11111 0.17%) Tagn1savelu
S L2 < A ~ Y o A < ' s 2 &
11181 Bouin 11152821781 6 - 8 ¥ 104 N 4 eaausaFed 1awinslasudluusly wsiuea 75 lesigua
~ ~ 1 Y [ o w (] o = %I 9 g}z Y
N 4 parusaiBaa V339 lunandladied1e 1a1081919 N300 Taely Ethyl alcohol 910111 14
= 2 o = ) A o w1 o Y A o 2 X .

Xylene M1AWBAN0d0A00N M1N15UNINFN Iasldnis1ilu 1haled1audna81A309RaT e Microtome

o o dy A Y o . 4
I@fJ‘VI'lﬂ']iGl@tuﬂlﬂ@iﬁﬂﬂ?’lu’ﬂu?ﬂﬁgﬂ'lm 4-6 Ullljﬂﬁl,ll@i UD1 Section NW?WQUuﬂizﬂﬂﬁ]’laﬂ

v YA I = 4‘ o dA o d =2 [
5. MINAUINSITEY vasa 1T uBUIATo MBI UM MUNDTaaauiug ularDn Tagnsly

AR in situ hybridization

o 4
5.1 MIFAUANTIEH Antisense probe VOIUY vasa

o a Ayy = = Y A ' v Pl
u”lWﬁTﬁllﬂVlﬂﬂ%”lﬂﬂWﬁIﬂﬁuﬂu vasa EU't‘)\ﬁJfﬁT]Jﬂ cl“lr.!sll@‘ﬂ 2.4 NTﬂﬂﬂﬂﬂﬂLﬂull"‘]ﬂl

@

asumziito 1Ay Linearized plasmid DNA e 14y Template MTUMIM in vitro transcription
A13N1 in vitro transcription 1a8 l¥aIUNad NV ATP, CTP, GTP, UTP Lia g
Digoxigenin-UTP 1 losal T7 RNA polymerase %30 SP6 RNA polymerase ﬁ’qquﬁ 37 parsaisae 11

v 9
52821781 2 ¥ 109 M99 1N HUIIN15608 Linearized plasmid DNA tiagtay tRNA Laganaenol RNA

a =

= ' { IS v o
probe #78 Absolute ethanol 111/511@5 3 1911 Ngavngll -80 esruaiFed 1Huszezinatediaios 1 41 Tus

Y

2 o X Y Y s 3 oA Y =
%Q‘Vﬂﬂﬁﬂﬂllﬂﬂﬁ%ﬂﬂu UAZANAZNDUAIY 1DDIUDA 70 L‘]J’E')il,c]fu@mﬂﬂﬁmﬂ RNase 11839302018 RNA

a =

2 3 ' .,
probe A281111/51A91N RNase 101 RNA probe Nigaivifil -80 oseuasaidon auninaziiily1ey

U

X 4
5.2 MIWTYUIUDIYD
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4 1 Y
Wntlewedmmzuazrsaly vssyaslunassladiedis Widiedrauiinisaai
{ g J o
990 1ag14 Ethyl alcohol 15171910 RNAse 31017114 Xylene 31@a1eanagodoon imsunsnay Iaaly
a o w 1 o Y A @ Qy zi} . YA 4
W5l dhdedandamensesda¥uiio Microtome 1H AUz 4 - 6 Tulaswes a'lad
1 % 1 o 1 o o 1 o
drunilanlFlumsnSeuiion azdoudiodnalod H&E udaniia lag lidesndosganssan Isuauny
4 ) ]
5ITUA AI0819IUBIIEDN 1 A IAIA3 8NN in situ hybridization
5.3 M3IM in situ hybridization
) dy A 9 o 1 A = a 3’, o
Wllowende 5.2 M1MsUFAITaza1e Xylene toAINISIHUODN 3INUUIN
1 4 o L 4 o 1 < g
M3934 RNA Taenmsusluasazanemsvlesunad lad 4 wlesidud uazrimsdes Tusaudredn loi Ta)
9 [
SAUIUEIA (Proteinase K) 112211015151 pH #28n3A02FAN 2101111 RNA probe NANLAINHBAV U

o

o Y X Y o ' S a a ] A =R
ﬁ]’lﬁﬂ ﬂﬂﬁ]’lﬁﬂﬂ'}ﬂﬂﬁgﬂﬂ Cover Shp LLa'JTI’lﬂ’]ﬁquﬁ'U],ﬁﬂqumﬂﬂviJ 94 ALK ALE YT L‘]J‘LlL’Jﬁ'l 5 UIN U

a =

7 oA 3 o o v v

alaaldunngungil 62 osauaai@od 1Junat 4 - 6 9 Tua 111115819 RNA probe 000 2881502019

Y] 14 o @ I o 4 1

o3 Sodium citrate 182711115150 pH 10Tl 9.5 Taira Tad 1Jus1u nitro-blue tetrazolium / 5-bromo-
1 b 1

4-chloro-3’-indolyphosphate p-toluidine salt (NBT/BCIP) 1182111503391 RNA probe NUSNaLHBIHD5

1 [} 1 4
laiuazdaunz dAromsdeindosganssmmi
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3199 2.1 Tnsesn s lumsdnm

Primer Sequence (5° — 3°) PCR

vasa-fl GAYGABATMHTKGTVGAGTBAGYGG 3' RACE PCR

vasa-f2 AAGCCBACYCCDGTVCAGAARYAYGG 3' RACE PCR

vasa-rl CCABKWVGGMACYTCCTGYTG RGC 5' RACE PCR

vasa-r2 TTHCCRCAKCGDCCDGTKCKBCCRA 5' RACE PCR

UPM-L CTAATACGACTCACTATAGGGCAAGCAGTG 3’ and 5' RACE PCR
GTATCAACGCAGAGT

UPM-S CTAATACGACTCACTATAGGGC 3" and 5" RACE PCR

vasa-RT-F CGGCAAACCCTTATGTTCAG RT-PCR

vasa-RT-R ~ CATTGTTCTCTGCGTACCTG RT-PCR

B-actin-F ACTACCTCATCAAGATCCTG RT-PCR

B-actin-R TTGCTGATCCACATCTGCTG RT-PCR

o d

mMsnaaesh 2 mananumaiiamsignaasaaauiiug aelFlamniuladld vezl¥daranaTuseu

Q

Wwlads

1. Manudegsomzrazsluvesilaiiin

Al A 14 % {
Yardin (Mekong giant catfish) Iaeli¥oInenmansne Pangasianodon gigas ¥aarin 1y

lumsnaasufiuarfinfigesinvhiumuasnsuazimidesiiveduaig 10 x40 was o vhsulszus
vhfuun3neds ymInerdema TuTadgauid Sadauasssdut Falddarfinszes Soju Guvenile
stage) Tﬂmﬁuf‘i’mmzmﬂﬂmﬁﬂmﬁé’ﬁmﬁﬂ 5.7+ 1.0 Alansu AME1) 83.2 + 4.3 ruRiunas i
SUMY 1.3 0.4 nFu nagAwrianuduiusvese o1z 1WUT (Gonadosomatic index, GSI) 0.0215 =
0.0049 % uazifva lWondauneadotinin 5.3 = 1.0 Alan3u Amen 78.2 +3.3 wudAmas hininds
19 21.3£9.6 N$1 1Az GST MR 0.3926 £ 0.1113 % Sumeumsiiudesraininariindunaan Tag
19 10 % g (Clove oil) Sas1dan 40 fladniu/ans mﬂﬁuﬁwmsﬁﬂﬁ’mm%mﬁwqﬂmiﬁmu
vouden il na ldd i nadestes ninfuimsdagestouiiefusaumzuassaly Tdasly

¥ 2 o Y g 1
1902018 Leibovitz’s L-15 (L-15) Lla3:n\1UuuTllmﬂﬁqﬁﬁﬂi%iumu@@uﬁﬂllﬂ
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2. MIanal¥aa Spermatogonia YED) Oogonia (Dissociation method)

° s v A S A o o ' A o da

msmmﬁa‘ummumaauazmiﬂma@ﬂmfaamammaa"lﬂﬂgﬂmmmaaauwu‘q1/1

d? Y . .. Aq Y [ A s X o v A 4

IMNISTNIUBYNY Dissociation enzyme Alslunisananadoniaad FININITAAADNIANIZITAD

Y] J v a, (%
Spermatogonia H3©® Oogonia 1agl¥n1sanaradaaulais1inizn15ved Morita et al. (2012) Tumsana
A v o [ 1 9 o 1 o A o 1 %’ Y [ . ..
maaﬁuwumammammzuazaﬂm Tagl¥iied190mmersnda limin 0.2 NTN/Dissociation enzyme 1
a aa ] Y <] I & . .. = = [ -dy A

liadans ¥elseznevlumedy iz au &9 Dissociation enzyme MvanzaulumsAnyIngal Ao 0.4

% Collagenase IV (Roche Diagnostics, Mannheim, Germany), 0.03 % Dispase II (Sanko Junyaku Co., Ltd.,

Tokyo, Japan), 10 % Fetal bovine serum (FBS; Gibco Invitrogen Co.) tt8¢ 900 U/ml DNase I (Roche

Y
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D111 09.30 1A 16.30 WIWNYNTU NOATINT 11115 3 % Aorimindltlar Tasvuaeulumswaagn
Yo 9 1 1o Jdo 1 %’ o a o Aas = A g =1
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o A & A I @ o ~ ' a = y & 9
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> ' — V- / —_—
Gonad incubate with  Prepare Cut gonad with enzyme Incubate 3 hour
1 mlL-15 Dissociation enzyme 3 min ’ . And .
Gonad : Solution mix every 30 min

[0.2 g : 1,000 pl]

% v

< <
Select cell by using a filter
of 50 um And centrifuge
200 g 4°C 10 min and Add 1 ml L-15 for
Germ cell after Dissociation Discard supernatant and add

g stop reaction enzyme
1 ml L-15 for wash 3 time

v v
U o J @ [ ]
MNA 2.1 TuaDUMTANALSAA Spermatogonia W30 Oogonia PONINOAUNLHI059 Wvestarin

LY

PKH26 (4 ul) + Diluent C (200 pl)
*  Centrifuge 200 g 4°C 10 min
v and add 1 ml L-15 for wash 3 time

Incubate in the
dark 20 min

Germ cell after Dissociation

®
e®e @
o .. °
e%e @
[ 11 @ ©9
Transplantation into
peritoneal cavities Red fluorescence (PKH26)
of fish larvae (3-5 dpf) on cell membrane

i v
WA 2.2 TUABUNTEONT Fluorescence dye PKH26 linig N13 Microinjection
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BRIGHT FIELD PKH26

o

MNN 2.3 L«vaﬁﬁuwqu UM IIONT Fluorescence dye PKH26

Y o @ @ I o
M 2.4 gnilananeiendiueig 4 Tunasninilniduda (N = Needle)
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nsaozi Ty (Coding sequence; CDS) 2,040 1andlolna wazaunily 3>-untranslated region (5’UTR) 519
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M3197 3.1 waveLIggNadsuNTzezA1e 9 AedATINTTOALAz o3I 11)o1de (Colonization rate)

4 . A . Jq ¥ [ A v Y v
YOI Aa Spermatogonia H3® Oogonia Y04Ua1{ 19 (Donor fish) Tuederz@unuguesgnilaidsy

(Recipient larvae)

91ganiaIdi3u (dpf

9NIINT500 (%)

MM SINIAE (%)

ndunaugu (ngarilalasumsia)
4 dpf
6 dpf
8 dpf
(%0d Spermatogonia
4 dpf
6 dpf
8 dpf
waﬁ Oogonia
4 dpf
6 dpf

8 dpf

285+7.1
34.0+5.8

38.0+5.1

235+64
30.8 +5.7

36.8+4.6

26.8+4.9
31.0+£74

36.0 8.8

83.9+17.7°
29.0+4.8"

Oa

722+85°
27.1+32°

Oa
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M1319% 3.2 9A31M1550AU099NUa145 (Survival rate) Nlgnare Tasian Spermatogonia Fadna lanIndmmzaoa1d1d (Donor testis) Ml

[ . . [ A Y4 Yo . .
9178 (Colonization rate) GLUB’JEJ’KE‘TUWH‘EGU@QQT‘I‘]JQMS‘U (Recipient larvae)

Survival rate Colonization rate
Replication No. of transplanted No. of survived No. of colonized
(%) (%)
Transplantation
Transplanted 1 97 20 20.62 4/5 80
Transplanted 2 105 21 20.00 5/5 100
Transplanted 3 114 38 33.33 4/5 80
Transplanted 4 86 27 31.40 3/5 60
Average 26.34 +7.01 80.00 = 16.33
Non-transplanted
Control 1 97 25 25.77 - -
Control 2 105 24 22.86 - -
Control 3 114 36 31.58 - -
Control 4 86 25 29.07 - -

Average 27.32 +£3.81 -
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H o [ [ 4 { [ [ { [
A15191 3.3 6@3111550AV099NUAIRTV (Survival rate) ©ATI1VDIUTAET Oogonia Nana lav1NBUMY0IUa1]19% (Donor testis) 141 11017

@ v Y]
(Colonization rate) luedeny ?ﬁJWU‘QﬂJ@QQﬂﬂa 1 é)S‘IJ (Recipient larvae)

Survival rate Colonization rate
Replication No. of transplanted No. of survived No. of colonized
(%) (%)
Transplantation
Transplanted 1 116 30 25.86 5/5 100
Transplanted 2 100 20 20.00 5/5 100
Transplanted 3 96 22 22.92 3/5 60
Transplanted 4 89 34 38.20 5/5 100
Average 26.75 £8.00 90.00 +20.00
Non-transplanted
Control 1 116 39 33.62 - -
Control 2 100 40 40.00 - -
Control 3 96 37 38.54 - -
Control 4 89 32 35.96 - -

Average 37.03 +£2.82 -
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Flg 1 acatggzgactocggototosttctoctottons
toctttecatogatoogototttagagt tanget cacagtocgagattaatcgtanag tgt ttaggeagat tttgttt tat tanatanacgeatacotetcacatoaactatottcaact
ATGEAGBACTGAGAARBATGATCAGAGCCCTGTOG TGAGCAACATGACAT TTGEGAGTGLTGEBAACT TET BRAACAGTGEBABCAACARAACAGTATCAAATGCATCACCACAGATAAT
[NEDWEDDGSPVYSNHNTFGSAGNLWNSGSOONSIKGC!ITTDN
GAGGAAAGTTCTTGGARAAGT GRCAGCCATGETT TTGAGACTCAAGEEGEAAACAGEEETCEBABCT BT ABGERAGEAGETEETGOCT TCAAGAGCTTCAGT TCAGGAAATGAT GEARAT
EESSWKSGSHGFGTOGGENRGRSCRGEEGGEGEFKSFSSGENDGN
GAACBANGAAGT TGATGGTGBCAGOCCTGBAAT GETGETBGABACOGAT TCAGGRAAGABEABECABABECUEANCACBAAGABGABECT TTAGRAATT CCTTCAAGTCTEACGET
GNEEVDGGSPWNGGGEDGFRGRGGRGERRGEREGEFRNSFNS DG
ATGARAATOGCAATCATGAAGETT TCAGAAGTGALTTT GG TGCCAGAGGTEGR0E T CoGaBAACAGGACECCET AT TTOCBACABEET GET GATCEACARGECACAAGAGECT T
PENGNDEGFRSDFCEREEOROCREEROEAFROCGEDEEGCTRRF
GECABAGGTAGAGEATATAGAGRACHEATGABGAGE TG TTTTCTAAGGTTAATTTTT TAGGAT CACAGAAGEAT GATBABG GAAR AG GAGAT AGTGGRALT GCAGBECCCAAGRTCRAC
6 RG6G66EYRGRDEEVFSKVNFLGSOKDDEGKSGDSGETABPKVD
TATGTACCOLCTCCACCACOCEANGAACABAATT COATCTTTCACACT ATGCEACABOCATOANCT T TEACAAGT ATEATGACATELTTETGAT TANGOSSAABLANGCCBOCCARG
YVPPPPPEEENSIFAHYATGINFDEKEYDDILVDYSGSNPPN
GCAATCATGACETTTRAAGAAGCACAACTCTGTGAGACTCTAA ACAGAAATETTECCANT CAGBATACACGAAGCCTACTCCTGTT CAGAAGCATGGTATTCCCATCATATCTECCREA
AT WTFEEAQLCGCETLNRNVYAEKS: NI «Het1lP1 05 AG
AGBEATCTTATBGCTTGTRCCCAGACTBEAT COBGAAKATGELCRCCTTCCTETTRCCTATTCTGCARCETCTCATGAGCEATGE TECAACABCCAGCANGT TCAGTGABE TGLABGAR
RoLwac TN » »~ FLLPILORLMSDGATASKFSEVOE
CCCRAABTAATCATCETBRCTCCTACCAGEGAAC TCAT ARATCAGAT TTACCTGRAGECCEBCAAGT TTRCT TATGGCACT TGTGTGCGECCTR TCGTCGT TTATBEAGGCACANGCACT
PE\'II\I'.IHEII:I\'LEAHIFATETCH‘HPV\'VTETST
GEATTTACAATCCGABAARTATTGAABSETTGTAACETGTTAT AT GGRACCECTGRALGACTBLTCAACAT TAT TGGTCAT GAARAGAT TGAALT GAGTAARGTTCATTATTTGETECTS
6 FTIREVLEGGCN VY LY GG LLDIIGREKYELSKVRYLVL
GATGAAGCTRACCAATGTTRGACATESGTTTGAGLCAGATATGCGAAAGCT GATBAALT CTCCGRBAAT GLCTCOT AANG AAGAGC GRCAAACCCTTATGT TCAGTBCCACCTATCEA
MM s vLowcrFErPDMREKLYNSPeMuPPKEEROGTLNF I Y P
GAGGATATTCARABGCT BRCAGLTGATTTCCT AAAGETGBATT ATCTAT TCCT GECTETGERABT GATRARAGGARCCTGCAGTGACAT AGAGE AGCATATCATCCAAGTRACTCAGT AC
EDIORLAADFLEKVYDYLFLAVGEVYYEGEGEACSDIEQHIIOVTOY
TCRANGAGABABCAGCT BCTGGAGCT BLTAAAGACCACAGETACECABAGAA CAATEATCTTTGTTGAAACCAAAAGAAGTGCABATTTCATT GCAACAT TCCTCTETCARGAGARAGT 6
sKkREOLLELLETTGSGTORT NIGKIEEN] : »>F ! ATFLGCOEEKY
CCAACTACTAGCATCCATRGCGATCEGBANCABC GABAGCGEGAGAAAGCTCTCABTBACTTCCBCACAGETCAATET CLTRTRC TGS TAGC T ACTTCTGTCACTECT AGBGBALTAGAC
PTTSIHEDREOGREREKALSDFRTGEOCPVYVLVATS VAT
ATTGAGCATETCCAGCATATAGTGAACTTTEACC TACCARARGACAT TGATBAGT ATETGCACCOCATTGOGARAACABECCEATET BEAAACACAGGAABAGCOETETCCTTTTTTGAC

[ EHYQ@HYYNFDLPEDIDETYV ORI BN N C G N T GRAVYSFFD

14
320
1234
360
1354

1474

1554

1714
520
1634
560
1954
600

COCEACTCTRATACGCCTCTAGCCCGCTCTCTEETCAAAGTCO TCT CRGGGAECCCAGEAGEARGTTCCTTCATGECTEEAGEAMATTGCATTCAGT GCTCATGECACCACAGGRTTCAAG 2074

FDSDTPLARSLVEVYLSGAOQGEVYPSWLEETIAFSAHGTTG GEFN

640

COACETGGEAAGETGTTTECCTCCACT GACACTCGEAGGRETGGAT COTTCCTGAAGA ACCAGCCACCACAACCAGC TECACAGAGCACTGCTGLAGRAGL TGATCATGAAGACTGRGAA 2154

PRGKYFASTDTRRGGSFLEKNGOGPPOPAAOSTAAGSGADDETDGWE

680

TAGatttacttttaggtttetttitigtgcaatattcotgigttotgttitatatttt tatgt taaagaaaagaagectatggrcctacagagagat ttgcagagasagtatagaatgge 2314

*

aggoottgagotaatgegotgaaaaagagotacagettcancetgaagt tasgot teacaat ttaatglecaggaaat t gEeatgratcact taact goteat glicac ttaatgtttte
trttettttggitttecagtagaat tictaataggtagatttcactgig tggat tat teagtacacaaaattatactgatittgtagaagecttcaget gaagpt tgcatotgooctott

toaacgaatagetettttiotggoaaatgttocaggttgeattttgatcaatatgt gt ganageatttget stoggggaanaaaaacgttgttt ttgoaat gpgocatgecasaaat toos

GOCOGE daaaana adaaa

2434
554
674
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d‘ o v A = A 4 F) o w a 9 1 ~
HMNN 3.1 mﬂuuaﬂaiallﬂﬂﬂﬁuy’imﬂlm cDNA (MUVU) azaaunIaz il 1y (MUAN) VYDIYU vasa Tu
{ { 1 [ 4 a a
Ya1in (Pgi-vasa) NT0VTMABUT N MAAINYOUTNENTAUDTNIAN (aspartic acid; D) NFANGAILN
. . 2 = 1 Y ' Ja =
(glutamic acid; E) 1o n3dTavu tryptophan (W) magiﬂa Start 4481¢ Stop codons wy‘mmuu—"lﬂacuu
. : N Y oq¥ 1 gaa = = . : .
(Arginine—glycine; RG) uaadlasmsvatdula wyjmiﬂuu—‘lﬂamu—"lﬂacﬁu (arginine—glycine—glycine;
o o ' a v d
RGG) naaslagmsiadulddoudu nsoudduansdumiiininezii Tuoysnd DEAD box protein family

$119U 8 Domain NTOUTV IR WY InaTu- Inadu (glycine-glycine; GG)
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MW 3.2 Multiple alignment nl‘%auzﬁﬂumﬁumﬂwENﬂﬁﬂazﬁiuﬁ'Lmﬂﬂﬂim%’weu%’ﬂﬂu% vasa
vostlafinfudlisiaafindu 4 d1duvesnsaeziTunaaely NCBI (http://www-ncbi-nlm-nih-
gov.libproxy1.nus.edu.sg/protein/?term=Vasa). ﬁ]gﬂﬁi ALAAY Arginine—glycine (RG) ‘ﬁ’JQﬂﬁi VLA
arginine—glycine—glycine (RGG) NTOUTAMAAIALNU ﬂiﬂﬁ]%ﬁiﬂﬁ]‘hﬁl%ﬂﬁ DEAD box protein family

1491 8 Domain
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|P gasianadon gigas
Pangasignedon hypophhalmus
Silurns meridioraliy
Teralurus punciaius

Asfyanay mexicanus

4': Cienopharyngedon idella
|: Misgumus nguillicandaius

Eryprolebias marmorarus

Gobiocypris rarus

Chaonodichihys ifishagformis

Carassins anrams

Carassins gibeiio

Cyprinus carpic

Damio rerie

Serols guingueradioia
Trachurus japonicus
Nibea mitsnlaerii
Solea semegalensis
Csphromemus goramy
Sebasres sehiegelii

Scophihalmus maximus
s vasa
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Lencopsarion petersii
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Eatsuwonns pelamis
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Thunnus maceayit
Thunnus erienialis
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Scomber ansralasiens
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|_|: Safvelinus lencomaenis
Oncorkynchus mykiss

A

orerns albus
r < Mz musenlus

L Homo sapiens
e Mhus musenlus

L— Home ODFERS
Simocyelocheilus rkinocerons
Asivanay mexicanus
B ignedon hypephthalmus
Prpocentrus ratferert
Damiv rerie
Oryzias ladipes
Carassing aurams
Lares calearjfer
COreochromi nileicns
Astatotilapia calliptera

PL10



39

ANA 3.3 MIARIIANUFIATUEITS S svesdduns Ao TuUeITY vase 1AM AR Phylogenetic
tree 11335 UPGMA (Sneath and Sokal, 1973) Taen13 141151053 MEGA version 6 (Tamura et al., 2013)
wRvufieududidunsaesii Tuvosdu vasa Tudsliziariadu q dfiswau1flugiudeya GenBank
Database (http://www.ncbi.nlm.nih.gov) GT'N‘iJizﬂauﬁ'wﬂmﬂsz@ﬂu%ﬁu q I 44 ¥ila wag TUsau
pL10 ludeiiFiawiiadu 4 8n 79 s nmsAn D@ st sn UL §IF S Samnisved
TusAuaiiad uian1d 2 ndulng) Tae Phy-vasa SanulndSafutan Siurus meridionatis winfiganas
uaﬂmﬂﬁs‘i’qwu’hmmmuﬂﬂﬂtjmaﬂﬂsﬁu vasa 53N Phy-vasa oonannguuessan PL10 Tdedns
¥ALIU 12V GenBank accession numbers A ® Pangasianodon gigas;, Pangasianodon hypophthalmus,
MK134711. 1; Silurus meridionali, ACD62525; Ictalurus punctatus, AJE26193. 1; Astyanax mexicanus,
XP_007255341; Ctenopharyngodon idella, ACR61400; Misgumus anguillicaudatus, BAJ19133; Kryptolebias
marmoratus, AGA16734; Gobiocypris rarus, AFA45124; Chanodichthys ilishaeformis, AGG53839. 1;
Carassius auratus, AAX22126; Carassius gibelio, AAV70960; Cyprinus carpio, AAL87139; Danio rerio,
CAA72735; Seriola quinqueradiata, ADD91316; Trachurus japonicus, BAG72093; Nibea mitsukurii,
ACV32355; Solea senegalensis, AFN89211; Osphronemus goramy, ACV69940; Sebastes schlegelii,
AEP68013; Scophthalmus maximus, AFQ38974; Pagrus major, BAI25759; Lateolabrax japonicus, AF161840;
Leucopsarion petersii, BAD04052; Auxis rochei, ADD81193; Auxis thazard, ADD81194; Euthynnus affinis,
ADDS81191; Katsuwonus pelamis, ADD81192; Paralichthys olivaceus, AEY68604; Oreochromis niloticus,
BAL43034; Oreochromis aureus, AEO36953; Oryzias latipes, NP_001098146; Gadus morhua, ADV36250;
Oreochromis mossambicus, ALM89053.1; Thunnus maccoyii; AKAS9814.1; Thunnus orientalis, ABY77970;
Scomber japonicus, ACV32356; Scomber australasicus, ADD81190; Salmo salar, NP_001266058; Salvelinus
leucomaenis, ACA33927; Oncorhynchus mykiss, NP_001117665; Monopterus albus, ABA54551; Mus
musculus, BC144760. 1, and; Homo sapiens, AY004154.1. The amino acid sequences of the PL10 homologs
included in the phylogenetic analysis (with GenBank accession numbers) were: Mus musculus, AAA39942.1;
Homo sapiens, AF061337. 1; Sinocyclocheilus rhinocerous, XM _016566372. 1; Astyanax mexicanus,
XP_007227913;  Pangasianodon  hypophthalmus,  XM_026945667. 2;  Pygocentrus  nattereri,
XM _017684441. 1; Danio rerio, BC059794; Oryzias latipes, XP_011487782; Carassius auratus,

XM_026271044.1; Lates calcarifer, XM_018697328.1, and; Oreochromis niloticus, XP_003449556.1.


http://www.ncbi.nlm.nih.gov/

vasa

actb

- ~ A A = ~ o
MNA 3.4 M5UTAVONVDI MRNA V090U vasa 1110180619 9 voalla11n (P. gigas) \WToUNOUALNT
= 9 a = (4 ..
uerne0env038u B-actin (acth) TavlHimaiia RT-PCR Tas P.C fio @IA70au1IN (Positive control), N.C
Ao ﬁ";muﬂuau (Negative control), W2l (Heart), A1 (Liver), I (Kidney), NT£N1£ 01115 (Stomach),

114 (guo), 5910 (Ovary) ey Sume (Testis)
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Male

Female

v Y
i 3.5 dariinuaze Soazdusiug daumed (mm A-C) uazilauwaie (nw D-F) imiinvesial 300
A5Y (A-A” wag D-D”), 1 nlaniu (B-B> uag E-E*), uaz 10 1 laniy (C-C** uag F-F**) Junimilai Scale
a ] v J a
bars YUIA 5 LEUALNAT (A-F) “lumwmmz?mwmg Scale bars YU 1 FUANAT (A’-F’) Lazuu1n 200 um

(A”_F”)
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H a ¥ i A A H o A
M 3.6 Msaasediileeinevesarinmead (A-c) nazdariinmeile (D-E) shwinvesdariidnu
300 g (A-A’’ uag D-D”), 1 nlansu (B-B” uag E-E*’), uag 10 A lansu (C-C*’ uag F-F**) Scale bars L&A

UYUIA 20 ulllIﬂiLﬁJ@]'i
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Sense HE staining

Antisense

MNT 3.7 MITATIZAITIDIB0UA in situ hybridization TUSaNE (A-C) traz3a 14 (D-F) Fuiiiotonana ey
in situ hybridization @18 Sense vasa probe (A 1ag D) fugﬁm‘éaﬁé’au% Haematoxylin L8 Eosin (B 18 E)
uazfuaﬁm%ﬁ?mﬁzﬁ in situ hybridization ﬁI’JEJ Antisense vasa probe (C 18 F) NNAAIVEIGVDY B, C,
E, 1ag F Ua@adadnIn B>, C°, E’, uag F auaiau TasFrhiduiinsonuuansud Pgi-vasa 4M3
waasoonluiiiodo @NATTUIILAAY Type A Spermatogonia BNHIEO VO L1AAI Vitellogenic oocytes
iduilszuans Oogonia LLAg Primary oocytes Scale bars LLe¥ANUU1A 50 (B, C, E, t1ag F) 1Lag 20 TuTasmas

(B’, C’, E’, 1ag F)
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d’ a L4 dy A . K s Ige o 7 S @ 4
HINN 3.8 NITAUATITHIUBLYIDIUAL in situ hybridization Gl,u'1Ja’]@il!°V]$5UﬂﬂﬂaTﬁﬁTUI@]LﬂﬂJfJﬂllﬂglcﬂaa
A I @ J = dy A o 3w oA a J .&’ A
ﬁUWU‘]jﬂWTHﬂ']ﬁﬁﬁﬂlcﬁﬂﬁm'EN‘]JﬁTIJﬂ L“L!'E]Lﬂﬁ]ﬂﬂ!"lﬂ$“|J'E'Nﬂa1ﬁ'J'IfJI@]WI3JQﬂﬂw1uﬂ153!ﬂ51$ﬁ!u'ﬂ!ﬂﬂ uag
in situ hybridization #18 Sense Pgi-vasa probes (A) doud Haematoxylin 692 Eosin (B) M350 in situ
hybridization @78 Antisense Pgi-vasa probes (C) MNASIVEN8V0I B 1ag C Laadad B’ iaz C’, mMudIay

o . a Jd .
Fudseadiuaag Type A Spermatogonia Fudsedviouaaa Spermatocytes N13ILATICH in situ
hybridization #28 Antisense Pgi-vasa probes luiraangosansume (E) uaz 5914 (F) gnasduiuaas

-dIQ =S %l a U 4 = =
L"Ifﬁ5ﬂ@ﬂﬁu1lﬂuﬂulﬁﬂﬁﬂ1ﬂ1ﬂﬂu Pgi-vasa UNTLLTAIDDN Scale bars LEAAIVUIN 50 (B’,C’,D,E) uag

20 TuTasuas (A,B.C)
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nguAIUAN (uninjected) Uaiueny 4 dpf Uagiueny 6 dpf

TR R
A S
AT
’“‘%‘?\'

—

3 o s o o &

M 3.9 M3A5219WAN5IT10180 (Colonization) YBUTAR Spermatogonia TUIIZAUNUTVEIa 1@ 1Y

Yo ~ 1 A Y [ A v oA (B} 1 4

ATIUNTZYSAN ] HIN AB ag C ﬂ’ﬂlﬁu@’w’lzﬁUWMﬁVIUhJNTUﬂﬁ‘]_]QﬂQTEJL“Baﬂ AN D.E 1Lag F Qﬂ‘ﬂﬁ?
~ o ! s o @ = 4

01¢ 4 dpf W G,H uaz 19n1la1e1y 6 dpf N 1aTun1stlgnaroaddunug gnasavinanayad

. =3 A 9 o [ A o J @ A o A
Spermatogonia 6llfN“]JﬁTUﬂ ‘1/]!flﬂulﬂEﬂﬁEJGI,u'JEJ’J%ﬁ"]JWHﬁ"U@Q“]JﬁTﬁ’HEJ AN C,F Lag I@ﬂﬂ?&ﬁﬂwuﬁﬂﬂﬁl

s o o da 1 @ 7
1dAndosganssfialoudd Bright field 1ag oierzduiugnoieldndesganismivqoosayud

Q

(A,B,D,E,G ttag I) Scale bars Ua@vu1a 50 (D,E,F,G,H tag 1) Lag 20 TuTnsag (AB tag C)
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N§uUAUAN (uninjected) Uad3uany 4 dpf Uangiiueny 6 dpf

d‘ 9 o | . J . o A v J Yo A
NN 3.10 NIATIINANITLVI9178 (Colonization) UBILAR Oogonia 11!@'38'38ﬁﬂwuﬁﬂlﬂ\iﬂa']ﬁ'ﬂﬂﬁjﬁﬂﬂ

o A

1 o @A (B 1 4
5TOZAN 9 MW AB 1Az C Apiduoienzdunugn ludiunisdgnaiemad n i D.E uaz F gnilatony 4
Ay Yo ' s o ¢ = 4
dpf MW G.H uaz 1gniateny 6 dpf N lasumsignaiemadduiiug gnasdaiudausad Oogonia Y04
{ o o o 7 o o A 7
dariin dh llerdelutenzduugveaiane nw CF uaz 1odeazduwugnoreldndosganssen
v . o A o Fa Yy 9 ks s
A78ILE Bright field Az 71W AB.D,EG naz 1 oerzduiugnateldndosganssmingooisasud

Scale bars HAAYYUIA 50 (D,E,F,G,H taz 1) uag 20 1u1n5mas (AB taz C)
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Control Transplanted fish

PKH26

PKH26-DAPI PKH26-DAPI
combined combined

d‘ 9 1% . . ISA o Ia @ [ =3
HINN 3.11 N1IATIINANITIVIDIAY (Colonization) ﬂl@ﬁ!“ﬁaaﬁﬂwu‘ﬁﬂaﬂﬂﬂ'lﬂflmcﬂgﬂlflﬁﬂa'lﬂﬂ uazﬂgﬂ

Q

aeiggniataneiieniosen 01w A,B Genital ridge No181ANd099a N5 5AIAIOIEAT Bright field 1ay
. . A Yy P 7 < A Yo Y A
Genital ridge N0 e 1dndoaganssmivgosisawud (C,D,EF,GH) Tasazimivmadn lasunmsdondiso

tard PKH 26 v99Ua11n 11 Genital ridge ¥o9/aranaiidion (D) Scale bar taasvuia 20 lulasmnas
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PKH26+DAPI
combined

A 9 o . A o IA o o ' =
MNA 3.12 N15ATIINANI51919178 (Colonization) VouadAUNUFNANAIN5T ljvestariin uazign
1 [ v 1 A 4
oenggniataneionisdou 1N A Genital ridge No101dndoagans AR oL@ Bright field 1ag
A s s 3 S o a
Genital ridge N8 1AnA09gansseivigeoIsdsud (B,C.D) Tagaziiuiwaan lasun1sdondisoands

PKH 26 vo3da1inlu Genital ridge ¥091/ara@neiidion (B) Scale bar iaasviia 20 Tulasmas
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a =3
andsamamsfnm

v
a

“l‘umsﬂizqﬂm%’m5ﬂgﬂd18gma5ﬁuﬁ’uﬁgﬁ@meJsz?ﬁn%mwmsmwﬁuﬁﬂaﬂuﬁa

Do

v o

2 g 9y A A o JA v d o A 0o 3
QeI UY ﬁuayjamwammmmms‘wmmmsﬁummaaﬁuwumﬂuﬁmaw 1 ﬂul “’1] AIUUAAITNTUITIVUDI

Q

s 9 PR

1 ISA @ a A o ISA o
ﬂ’]iﬂgﬂﬂ’lﬂ!“ﬁﬂaﬁﬂwu‘ﬁ UDUANWHIINYINTNANUINITUDIUFAATUNUTN 1uﬂﬁ1mﬁ (Donor fish) ttag

1 < v o w o 14 v d [ o
ﬂmﬁiu (Recipient fish) iluiadodrdny Taodeyamaiannmsveusadduiuivesardsuiuilede
9 o { ) o o - { o 1 J
vz ldimuaszesnseogfivingaudmiugnarfsy Recipient fish) Moz 185umsdgnaesad
A a/ 4 =~ @ A v J Y 3 v o o A o @ 4
duwug uazmsaneinswannnsveasaaduwuiveamdIddultedidgiezihnmsaiamad

[

J

. A . = g I 1 I o
Spermatogonia H3® Oogonia Fujuadnszezimuzaylumsilgnoioaadunug

q

Y f [ I [ I {1
msanynsilldlaranedveomilulaidsy wag lddarindudard1d msdnineiu

Y = @ = YRR ( [ = 1 [
n1dimsAnmimsianmsvesaaaduiug ludaraneiesou tazwansanvmunlaaneieeon

A v R g A J . . o w A J 9 @ a A o <
1919 2 - 10 U Fuiluszeziwad Primordial germ cell aundmwadIdid luusnaunzimuniy

o A v J Y] & o 1 = & A o o Y I Yo
9382 AUNUFYRIa1TBo o HaszeranaIuiussesMivingandmsums latudargsulumsign
' /N o P v 2 = A= oo = o s
D1gaaduRUg (Duangkaew et al., 2019) A9 uMsANBINTS IdTIn1sAnEINTWAILINIS YD UITAE
R4 L g o 3 A . { o

auwuguestariin duiludard1i Taemsanuisuiludedidunsoanune (Gene marker) NHANTUNIZ

S A o w v o

' P o ' s 4 = Ay
ﬁ@lcﬁaaﬁﬂwuﬁ Tﬂﬂmwrﬂ,%aaf:T‘lJ‘Wu‘ﬁ‘VI3Jﬂ’31mﬂﬂﬂmmei‘]JaﬂmEJLG]faaﬁ‘]qu‘ﬁ @Quuiuﬂ'ﬁﬁﬂﬂ’]u llﬂ

Q U a

o J =

s Tnauguninnusumzmgssdomaaduiiug 1aun o vase Tutlariin wazdnyunaiialumsign

a

, A o YY1 o s a s Y Yo X v 1oAY Yo
mm%aaﬁ‘uwu‘q IJ1§>]l,l,ﬂ NI NALEAA ﬂ?iﬂﬂl“ﬁﬁﬁlm’lq’ﬂﬁWﬂi‘U ﬂ'lil,aEJ\“I'E]‘I;‘!U'lﬁgﬂﬂﬁ?ﬁ'ﬂﬂ')ﬂ’ﬂ@uﬂvlﬂiﬂ

1 4 o 7= @ 1 [
m3ilgnaiemad tazmsasmsitieIfeveusadn lasumsitgnaeanndadldguadsy
= R @ A AN YA 1A o 1 I A v 1A
M3 InaUBY vasa Fudutun 15 wauninnusuniziniziiaomas FURUE Wu1ou
~ 9 [ A @ 4 = 9 =~ A A 4 a ~
vasa NInaulavinedeazdusiugvesdaiiin uanseenaiieldsiunliosdsznounsaozilu @
1 a {3 @ Ao W = 1 = 1
Usznoudlonguuesninez il lulilludnyaz Hd19yuoddu DEAD-box protein 8 ngu Ao dulungu
DEAD-box protein 11 11id185y 11un159URA Y ATP 11ag RNA (binding ATP and RNA) Tunszuiuns
ATP hydrolysis for unwinding RNA (Linder et al., 1989; Schmid and Liner, 1992; Pause et al., 1993; Tanner
et al., 2003; Rocak and Linder, 2004; Cordin et al., 2006) Tis@unasiaandu Pgi-vasa ﬂizﬂ@ﬂﬁj’wﬂ’cju
a % I 1 a { 1
n3nozd 11 Q-motif Fuiunguvesnsaezil TuiinulungulisAu DEAD-box protein (Cordin et al., 2006)
1 a I A - ~ . A v o
HAZNUNQUNTADZH TUITIHU (Arginine; R) 1Az Inadu (Glycine; G) RGG RG Ningz11ea1s1uaunnlu
[ 9
13128 N-terminal 3InquumaiiunuImMa1AYApnIZUIUMTIUND RNA (RNA binding) (Kiledjian and

Y
Dreyfuss, 1992; Liang et al., 1994) u'e)ﬂmﬂuﬂ’quﬂsﬂezuiu NIAUBDANIAN (Aspartic acid; D) NTANYAIUN
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. a I 1 a { a 2 A
(Glutamic acid; E) 131/ Tavu (Tryptophan; W) iHumnjnsaezii Tunwuusnaare sty vasa nandaie
N-terminus 1{8% C-terminus 19 ﬂWUﬂgJ:Glﬂﬁj U Start codon LA Stop codon VoI Pgi-vasa (Castrillon et al.,
= = Y =< a o = 2 A
2000) 11501 PGI-VASA Ianuaaieaavednsaszi lunulsan VASA vestlanssqnuisdu o tag
MIAATIZHUNUYI Phylogenetic WU BU Pgi-vasa 1998 1UNQUUDITU vasa FIoNINATOUATIVEION
L] L =) = d[ = td‘ 9 1

PLI0 8 WFaau Taodyll 9u Pgi-vasa vova1indanaateonlisau VASA Nilsznauaionguusa

a ] a A & J Ao w = = =

nsaezd Iy wvednsaezlluniuesdllszneundiAyvesldsau VASA nazlilshu PGI-VASA i

] a @ 1 1Y = A < a ]

nyorii luainaasanullsau vasa anuluilainssgnuianaisyiia tazumunIn Phylogenetic

1 =) 1 v A @ 3}.: = . A Y = 3’; -dyd
naaanTUsau PGI-VASA 0g1uns0uns) U vasa AUUBY Pgi-vasa i 1nau 1891nmsAnyIATIH
1 I {

Wzitludunasallsau vasa veaaniin

HANIANEINSUAAIDDNVDIEU Pgi-vasa 1ABNALA RT-PCR WU 8Y Pgi-vasa 1N15

Y [ 1 =4 é = dy d’ Y (% =
uaageanmnz lusumzuazsa ldvest/arlin Fawamsanull Nnaeandesiusieanumsaneilutlan
a 9 1 J Y . . . . a

varesiialaun Ydausuluimia (Yoshizaki et al. 2000) Uanuaing (Shinomiya et al., 2000) larila

(Kobayashi et al., 2002) 1/a1 Gibel carp (Xu et al., 2005) a1 lva (Rice field eel) (Ye et al., 2007) Yarugilu

1 U1 (Pacific Bluefin tuna) (Nagasawa et al., 2009) a1y (Li et al., 2010) 1a 190 (Raghuveer and

Senthilkumaran, 2010) a1 European sea bass (Blazquez et al., 2011) 1/a1 Rare minnow (Caoetal., 2012)

1/a1 Solea senegalensis (Pacchiarini et al., 2013) 1/a1 Toadfish (Ubeda-Manzanaro et al., 2014) 1lan Japanese

9
flounder (Wu et al., 2014) azilal Half-smooth tongue sole (Huang et al., 2014) UONIALUNITUATIEN in
situ hybridization #28 TWFUNTANNIUNIZRIZINVEY Pgi-vasa WY Pgi-vasa taadeanmniz Iy
A o Y o oot o = e Yy o = < A
waaaunug naluselunazdume waznamsanytideandosnusieaumsan ludainszgnuieou 9
v 9

naglunyasnd uazludadidesanaiouu (Hay et al., 1988; Fujiwara et al., 1994; Raz, 2000; Yoshizaki et

[ 3’; = . I A Ax ~ o Y I A A o 4

al., 2002) A9UY U Pgi-vasa Wusunianummzaunazihunlsduawnsosrumslumstuunsaa

@

A o o = A o ' = P o Y A < Ao
fff’]JW‘L!‘ﬁqle?J\ﬁJﬁT]Jﬂ Lu’ﬂﬂ‘mﬂﬂ131’?1@3681\1ﬂa1ﬂﬂ3$ﬂ$ﬁﬂy‘imwuﬁﬂ11ﬂfﬂﬂ (mmmmﬂuﬂammmﬂ

’ = g Ay vo a ¢ . . . Y, Ao ° o .
1ﬁﬂ]uﬂ1ﬂ) ﬂ”lﬁﬂﬂ‘]eﬂﬂﬁﬁuulﬂﬂ”lﬂ”li'JLﬂi”lgﬁ in situ hybridization ﬂ’JfJTWﬁll‘Vlllﬂ’NiJ%1!W1$L§]1$fﬂ\‘]ﬂﬂﬂu Pgi-
v W 1A ) o a J
vasa ﬂnammmmﬂmﬁ’nﬂ IﬂEJWU’J'IEJ‘Ll Pgi-vasa ﬁnJ’lﬁﬂunﬂﬁlfla)'mluﬂ'liﬁﬂE'ﬁ]WLL‘L!ﬂ%uﬂﬂl'ﬁ)ﬁl“]ﬁﬁa
A o Y o I Y = [ ] dy = == 1 1A .
ﬁuwu‘gﬂlmﬂmmwmﬁ@wﬁnyimwu‘q"lﬂmsummﬂu MU ﬂ')illﬂ'lif”fﬂ‘}ﬂ']@]’ﬁ)hlﬂ'ﬂ 8U Pgi-vasa 9%
o 99 9 o [T A o Y IA o I J | A ]
awnsorh luszgndlddmsuiudunsosmedmSumadduiug lulaingu Pangasiid o 9 wie 'l
I ?a o o 4 . o o s . o A
mu”lmu‘nummﬂmmaa Spermatogonia VINDUNS LLASANALEAR Oogonia %'lﬂi\‘ihl"UiJWﬁ'lEl
Y
%umdjuag vriavestlar enddediuzu ludal Yellowtail (Seriola quinqueradiata) 0.4 % Collagenase H

Jd o

o s o 7 o { o ' 7
1ag 0.03 % Dispase I gusagnaLtsaa Spermatogonia llﬁl‘l/ﬂﬂ‘ﬂ 107 LBaa mﬂammgﬁﬂﬂnﬁuy‘im ‘Hﬁ
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(Immature testis) Y03UaUNARNLISUNZYUIA 100 FadnTy (Morita et al., 2012) 1ua1 Jundia catfish
o [ [ 4
(Rhamdia quelen) 1421¢ Nibe croker (Nibea mitsukurii) 0.25 % Trypsin IMU1S AU INTUNITTNALE A D
T W g I 9°/ % % g A Aa o o
Spermatogonia 110U 22 x 10’ FAAADOUMNZUINUN 8 NTU 1AL 9.4 x 10" 1¥AAAD 1 HAANTUVOIDWUNE
3 S o o
(Silva et al., 2016; Takeuchi et al., 2009) 1Ja1 Siberian sturgeon (Acipenser baerii) Pulainmuizd sy
o 4 4
NITANAEAD Spermatogonia LLal¥na Oogonia A9 0.3 % Trypsin (Psenicka et al., 2015) wazluilal Tench
< 4 [ 4 o %} o [
(Tinca tinca) 1519w 'l411 0.1 % Collagenase TUN1SENAI¥AA Spermatogonia 1MNOWUNZ UKD 0.18 N
Y 6 J . < Y
0D 2.06 x 10° 1@ (Linhartova et al., 2014) 1 uau
% o @ & A [
1AMTANBIVO Duangkaew HATANE (2019) FINIAITANHINTNAUIVDITAAITUAY
A w @ . . g = A o A o .
YBUBATAUNWUT (Primordial germ cell ; PGC) auagnilaiadensnilndaszazNo iz @unug (Genital
ridge) WaluSouSesudanua1 lugiusnisuagny PGC oguinmlugosiosvestlar ua lalsusnm
o oA g [ A v J gIJ A [ o ] %I d’l Yo
aundantluederzaunug anuuiedaiely 5-9 Juraann liuazinge 1asunswan (day post
4 ~ A A g o ' o o o {
fertilization ; dpf) PGC %zmﬁaummmmmﬂumgmuwmmmzﬁuwugﬁwﬂﬁzmumi Chemokine 1
LY A d % o @ o 4 ~ ~ @ v J
9¥¥a9a13 SDFI1 1tay CXCR4 mﬂumﬂawmﬂaumﬂﬁ’ PGC mﬁaum%’mmmmzﬁuwu‘q (Doitsidou et
& Eal 2
al., 2002; Kurokawa et al., 2006) uamﬁ@ﬂmmq 10 dpf 1420319718 (Somatic cells) V2FUWIFOUTOU
A ~ 9 1 4 A Y A v ) Yo
PGC toraonanunioy lumsniuyadued PGC taziolaiony 15 dpfl“]iﬁﬁﬂ?lﬂ’)%ﬁﬂWUﬁllﬂi‘]Jﬂ"lﬁ
o ~ 9 vy [ A o J A o ] s A = a o
WalniFeuieouaias PGC lusdorz@unugazianiinisuuasadiiola191gasy 25 dpf #99117398
o ] dy Y 1 o A 1 Y @ Yo o 0 A A
mﬂanu”lﬂﬁgﬂm szezugniaraneisesunmuizandans lailuiladsuiseou Avory 2 - 10

v 7

[ g’/ 1 o 1 J @ {
dpf astiulumsdneil Idihnmsnageumsdgnaasadauiuguseufieunuiszes 4, 6 uaz 8 dpf
a v g’./ dy Y o 1 J N d‘ [ 9 [ =
Tuaideluasaiil@insgnaisaad Spermatogonia Niania lavindmmzaoilariin
Y [ Y] [ [ Yo 1 A v 4 [ Y
ggniaranedveeu wuoaInsseaveignilarane nasnlasumsUgnmimadadunug vy
! Ay 1) Yo ' ¢ 1w Yy Aa = =2 o
26.34 % (nquadugui I 1asunsdgnaemadnnny 27.32 %) NINTTIEOUMTANYINGATINGTON
A Yo 1 s A A 1 a 1 1 9 1 @
youlmi lasumsilgnmesaastiaon o wudunaiamsilgnaewaddiwanszn Hesdoonsn15on
wo3gnilar irumsdnyluial Manchurian trout (B. lenok) MnudasiMsseavesdarn lasumsilgnate
(A 98 % UaENGUAINANINIAY 100 % (Lee and Yoshizaki, 2016) 1aZ1UIVEUYD Yoshikawa et al.
(2018) NNUBATINITTOAVDUAT Grass puffer (T. alboplumbeus) N 21 % HALNUAIVANINING 41 %
@ A o g 5y ' 4 P4
TavagimaswanmaluTagnsoyuagniuasduiulumswanuna TuTagmsgnoromaddunug
1 =S o
BRI
o 9 [ IA o J . Y [
HAN13ATINADUTATINIIT101AEYDUBASAUNUT Spermatogonia 31n1a1d 14 Tueienz

o

A J Yo 1% 9 [ J 1o 2 A Y 2 A = [
ﬁ’“]J‘W‘LJ‘E"lJfN‘]JﬁW@TU NUBDATINITLUIDIFHYVDILLAALNINDY 80 % G]NMﬂflﬂﬁlﬂtlﬁmmﬂ%ﬂ‘ﬂﬁ]ﬂﬂﬂﬂ



52

aw ' A u S a A Y ' A o I .
HaITenIsUgnateaaauwug ludarsiaou  Taun msdgnareaddunug luian Tiger puffer
o U J . 1 [
(T. rubripe) mmﬁﬂgﬂmmﬁma Spermatogonia msﬁqﬂm Grass puffer (7. alboplumbeus) NUBATINTIAN

v Jd 1w

[ 4 . . o
mﬁﬂmmmaaﬁuwuﬁmmu 39 % (Yoshikawa et al., 2018) 11121 Manchurian trout (B. lenok) ‘V]Tﬂﬁﬂgﬂ
1 4 . 9 . A g o @ 9 v A
DYLFARN Spermatogonia mnqﬂm Manchurian trout (B. lenok) nalundunuoasINMsINI0IFeN 89 % (Lee
o U 4 . 1
and Yoshizaki, 2016) 1182 1111/a1 Siberian sturgeon (4. baerii) 117151gna 101980 Spermatogonia 191g1/a7
@ o Jd 1w o . 3’; -
Sterlet (4. ruthenus) NUBATIN TNV ULASININY 55 % NN (Psenicka et al., 2016) NIUNIT
o A o SUy Y A a SU Y A v 7 Uy Yt a < A Ao g
Wamatdamsanamaad ¥ viemaasousaan 19 e liaadd 1dlquamd unzitlumaiansuilu
A o o I o &
Tumsiusasimsedoveusadauiugoniaid i
awv g{: dy o U J . A o @ 1 J
auselunsil ldsinislgnaiesad Oogonia Ndanaldvinialvvesariindggnilan
721878991 NUBAIINITTOAVBIgNYa 18N 26.75 % (NAUAIVAMNING 37.03 %) HAZHANT
% 9 o JA 4 ; Y o A v J Yo @
ATIVAOVOATINTINL RGO UTAT TUWUT Oogonia 3n1a1 11 Tuedorzduiugvesilaidsu nudas
9 [ S 1w = Y A o = A .
M50 BveLadINIAY 90 % B4 1natReadUMITANYINHIULIVDY Psenicka etal. (2016) Tuilan
. . o 1 4 . Y A g o o
Siberian sturgeon (4. baerii) 11N 31gnoeaa Oogonia 191g1/a1 Sterlet (4. ruthenus) MAUNTUNUEAT
9 o A = . o J
MSIVI0IAEN 70 % tiag TUMSANYIUDY Lee et al. (2016a) 111a1 Rainbow trout (O. mykiss) mmiﬂgﬂmﬂ
P . 1 . 3 1 1Y) 1 a3 $ 3 ] . . [
188 Oogonia 191g1/a1 Rainbow trout (0. mykiss) UGN uualua1niilumin (Triploid) Wusas 1N

DIV UTASININY 75 %



53

o 4

= Z‘, dal Y o Y =) 1 A 1
Tumsanwiasati laminmswanumalulagmsdgnarowaaduwug ludaingu
I [
Pangasiid 1ag1a1iin (P. gigas) 1Wuta1d1d (Donor fish) wagldlaraae (p. hypophthaimus) Tosou
& o i o ' @ o ¢ ) 9, o
iWu1a1dFu (recipient larvae) tienauma TuTagmsdgnonemaadunugilaniu msanuilldsing

Y a J Y o dy
Walnmatanazearnuy aeae 1l

a = YA A Vv A A A o o
1. 735 laaudu vasa ¥o3da1dn laali¥sed Pei-vasa tie 15l udumsosrnuendunizinigaeny
[ o 4
plzdunuguoalariin wsedard 14 (Donor fish)
a o w Y I 1 . =\ o a A d Y]
2. WAMIIATIHAAUDA 1aAIAIHUN Pgi-vasa Voaallsznovveaniaozi Tunitluguanyae
Ao w ~ [ 2’, . = 1 I A =
NANNYVDOIYU vasa ANUU Pgi-vasa 919 UBY vasa vola1iin
a o 1 @ 1 [
3. WAMIUATIZH InT9a519 phylogenetic WU Pgi-vasa 190g 1unquey vasa
Y I 1A ] = 1% A v J =<
4. Wav®d RT-PCR uaaalviiuiey Pgi-vasa Un1suaatoananiz luadoirzdunugilaiin
1 g‘/ 9 1 A:' (% [ ]
w1y 1oun Noume vaziely
=) . I A A o o 9 [ Y] a L A o J =<
5. U Pgi-vasa 1HIugwnsosined msulslumstadmunsiamsan luss uauiugueaaiin
19875 in situ hybridization
= = A =< 2 9 ' < A A A
6. msAnIdeszezimuzanveslarnaemaiuladld wun darlinfiszes Immature 30N
aol Y] g)/ 1 a o ~ I Y A ) .
wmindaaua 1- 10 dlansuy muzaunaziuladld o9 1nmusiuiuves spermatogonia
A . A
139 oogonia FINGA
[ A ) [~ Yo A A .
7. szezvesgniaraneiveouinminzandmiuaulaifsy Ao N5z 4 dph (day post hatching;
dph)
< 4 . o =~ o 7 o < A
8. 1ou la (Dissociation enzyme) Mvvrzaulumsanaisaadinoumnslaiinne 0.4 %
o J . Jd { 4
Collagenase IV 11a% 0.03 % Dispase II 14311711588 Spermatogonia 1.4 x 10° 1504 Aeoiiolde
DML 100 Yaansiu
3 L4 . .. A o s @ ' =< A
9. 10U T3l (Dissociation enzyme) 1/]meﬁ’uﬁlum‘iﬁﬂmcﬁaaﬂmiﬂ‘ﬂﬂﬁ1°1Jﬂﬂ€] 0.4 % Collagenase
. ' = @ Yo 4 . 5 J g dy A o
IV 1@ag 0.03 % Dispase II 1FURA8INY THIIUIUIFAEG Oogonia 5.3 x 10° 1504 LFAA ADLDIHDTI

Tai 100 Taansy



10.

11.

12.

54

9

1 S o 9 o =< 1 YR 1A o Y
ﬂ'lﬁ‘]JQﬂfﬂfJ!“]iﬁﬁ“Vlﬁﬂﬂulﬂﬁﬂﬂﬂﬂ\l“ﬂgsllfNTJaTUﬂ mg@,ﬂﬂmmwaﬂ@ﬂu NUNUBNITINITLU

@ J Y
DIAYVDIULAD Spermatogonia NNV 90 %
1 P @ [ ]
mslgnaeaandanalaninsslivesdariin g
J 1 o
VDIUFAA oogonia ININY 80 %

v w1 { @ 1 4
daranedsuiveoun lasumsignoread 1

inggniaraneissou wuniisaimadioide

@ 1

ATIMITOANINY 26 % “?Qﬁjﬁi'lﬂﬁi@ﬂ‘llﬂﬁgﬂ

o

1 1 J { [N U J 4
arane luuanarsnnnquanugui ludumsignoasadausiug



55

UIIMUNIN

ul‘l’]fllﬂ‘]sl@lﬁﬁ']ﬁﬂg. 2013. ﬂ']ﬁlWWmanyﬂtﬂﬁ’J'lﬂ. ﬁﬂﬁ}u%Wﬂ Www.thaikasetsart.com/ﬂ1§LWW%L%ﬂQﬂﬂWﬁ’N‘(’J/.
Fuit o wrneu 2562.

nsulszan, 2549, Msiagarane, ?m7ﬁu35&41a3ﬁmu7ﬁuﬁﬁ’w5ﬁz, nsnifszag.

Auiasauma n3u1lszin. 2555, anansdsyuauralszmalne wa. 2553, asui/sznd nszNsIunYAs
!m&‘,’ﬁ'ﬂﬂiﬂj L@ﬂﬁﬁﬂﬁﬂ‘ﬁ 12/2555.

Blazquez, M., Gonzalez, A., Mylonas, C.C., Piferrer, F. 2011. Cloning and sequence analysis of a vasa homolog
in the European sea bass (Dicentrarchus labrax): Tissue distribution and mRNA expression
levels during early development and sex differentiation. Gen Comp Endocrinol 170:322-333.

Boonanuntanasarn, S., Bunlipatanon, P., Ichida, K., Yoohat, K., Mengyu, O., Detsathit, S., Yazawa, R.,
Yoshizaki, G. 2016. Characterization of a vasa homolog in the brown- marbled grouper
( Epinephelus fuscoguttatus) and its expression in gonad and germ cells during larval
development. Fish physiology and biochemistry, 42(6), 1621-1636.

Braat, A. K., Zandbergen, T., Van de Water, S., Goos, H. J. T., and Zivkovic, D. 1999. Characterization of
zebrafish primordial germ cells: morphology and early distribution of vasa RNA.
Developmental Dynamics. 216(2), 153-167.

Cao, M., Yang, Y., Xu, H., Duan, J., Cheng, N., Wang, J., Hu, W., Zhao, H. 2012. Germ cell specific expression
of Vasa in rare minnow, Gobiocypris rarus. Comp Biochem Physiol A 162:163-170.

Carl, J., and Ferraris, JR. 2007. Checklist of catfishes, recent and fossil (Osteichthyes: Siluriformes), and
catalogue of siluriform primary types. Zootaxa 1418: 1-628.

Castrillon DH, Quade BJ, Wang TY, Quigley C, Crum CP (2000) The human VASA gene is specifically
expressed in the germ cell lineage. Proc Natl Acad Sci USA 97: 9585— 9590.
doi:10.1073/pnas. 160274797

Cordin O, Banroques J, Tanner NK, Linder P (2006) The DEAD-box protein family of RNA helicases. Gene

367:17-37. doi:10.1016/j.gene.2005.10.019


http://www.thaikasetsart.com/การเพาะเลี้ยงปลาสวาย/.%20วันที่
http://www.thaikasetsart.com/การเพาะเลี้ยงปลาสวาย/.%20วันที่

56

Duangkaew, R., Jangprai, A., Ichida, K., Yoshizaki, G., & Boonanuntanasarn, S. (2019). Characterization and
expression of a vasa homolog in the gonads and primordial germ cells of the striped catfish
(Pangasianodon hypophthalmus). Theriogenology, 131, 61-71.

Fujiwara, Y., Komiya, T., Kawabata, H., Sato, M., Fujimoto, H., Furusawa, M., Noce, T. 1994. Isolation of a
DEAD-family protein gene that encodes a murine homolog of Drosophila vasa and its specific
expression in germ cell lineage. Proc Natl Acad Sci USA 91:12258-12262.

Hay, B., Jan, L.Y., Jan, Y.N. 1988. A protein component of Drosophila polar granules is encoded by vasa and
has extensive sequence similarity to ATP-dependent helicases. Cell 55:577-587.

Higuchi, K., Takeuchi, Y., Miwa, M., Yamamoto, Y., Tsunemoto, K., Yoshizaki, G. 2011. Colonization,
proliferation and survival of intraperitoneally transplanted yellow tail Seriola quinqueradiata
spermatogonia in nibe croaker Nibea mitsukarii recipient. Fish Sci. 77: 69-77.

Huang, J., Chen, S., Liu, Y., Shao, C., Lin, F., Wang, N., Hu, Q. 2014. Molecular characterization, sexually
dimorphic expression, and functional analysis of 3/ -untranslated region of vasa gene in half-
smooth tongue sole (Cynoglossus semilaevis). Theriogenology 82:213-224.

IUCN Red List of Threatened Species. 2017. Fuduan www.iucnredlist.org. ’Sluﬁ 14 [UH8Y 2562.

Kiledjian M, Dreyfuss G (1992) Primary structure and binding activity of the hnRNP U protein: binding RNA
through RGG box. EMBO J 11:2655-2664

Kobayashi, T., Kajiura-Kobayashi, H., Nagahama, Y. 2002. Two isoforms of vasa homologs in a teleost fish:

their differential expression during germ cell differentiation. Mech Dev 111:167-171.

Kobayashi, T., Takeuchi, Y., Takeuchi, T., and Yoshizaki, G. 2007. Generation of Viable Fish From
Cryopreserved Primordial Germ Cells. Molecular Reproduction and Development. 74 : 207—
213.

Krovel, A., Olsen, L. 2014. Exual dimorphic expression pattern of a splice variant of zebrafish vasa during
gonadal development. Dev. Biol. 271: 190-197.

Lacerda, S.M.S.N., Costa, G.M.J., Junior, P.H.A.C., Segatelli, T.M., Yazawa, R., Takeuchi, Y., Morita, T.,
Yoshizaki, G., and Franca, L.R. 2013. Germ cell transplantation as a potential biotechnological

approach to fish reproduction. Fish Physiol Biochem. 39: 3—11.



57

Lee, S. and Yoshizaki, G. 2016. Successful cryopreservation of spermatogonia in critically endangered
Manchurian trout (Brachymystax lenok). Cryobiology 72 : 165-168.

Lee, S., Iwasaki, Y., and Yoshizaki, G. 2016b. Long-term (5 years) cryopreserved spermatogonia have high
capacity to generate functional gametes via interspecies transplantation in salmonids.
Cryobiology. 73 : 286-290.

Lee, S., Iwasaki, Y., Shikina, S., and Yoshizaki. G. 2013. Generation of functional eggs and sperm from
cryopreserved whole testes. Proc. Natl. Acad. Sci. U. S. A. 110 : 1640-1645.

Lee, S., Katayama, N., and Yoshizaki, G. 2016. Generation of juvenile rainbow trout derived from
cryopreserved whole ovaries by intraperitoneal transplantation of ovarian germ cells.

Li, C.-J,, Liu, L., Chen, X.-H., Zhang, T., Gan, F., Cheng, B.-L. 2010. Identification of a vasa homologue gene
in grass carp and its expression pattern in tissues and during embryogenesis. Comp Biochem
Physiol B 157:159-166.

Liang, L., Diehl-Jones, W., Lasko, P. 1994. Localization of vasa protein to the Drosophila pole plasm is
independent of its RNA-binding and helicase activities. Development 120:1201-1211.

Linder P, Lasko PF, Ashburner M, Leroy P, Nielsen PJ, Nishi K, Schnier J, Slonimski PP (1989) Birth of the
D-E-A-D box. Nature 337:121-122

Linhartova, Z., Rodina, M., Guralp, H., Gazo, I., Saito, T., and Péeniéka, M. 2014. Isolation and
cryopreservation of early stages of germ cells of tench (Tinca tinca). Czech J. Anim. Sci. 59
(8) : 381-390.

Liu N, Han H, Lasko P (2009) Vasa promotes Drosophila germline stem cell differentiation by activating mei-
P26 translation by directly interacting with a (U)-rich motif in its 3’UTR. Gene Dev 23:2742—
2752. doi:10.1101/gad.1820709

Marck, W.V.D. 1876. Fossile fische von Sumatra. In: H.B. Geinitz & W. von der Marck, Zur Geologie von
Sumatra. Palaeontographica 22 : 405414

Morita, T., Kumakura, N., Morishima, K., Mitsuboshi, T., Ishida, M., Hara, T., Kudo, S., Miwa, M., Ihara, S.,
z& Higuchi, K. (2012). Production of donor-derived offspring by allogeneic transplantation of
spermatogonia in the yellowtail (Seriola quinqueradiata). Biology of reproduction, 86(6),

176, 171-111.



58

Morita, T., Kumakura, N., Morishima, K., Mitsuboshi, T., Ishida, M., Hara, T., Kudo, S., Miwa, M., Ihara, S.,
Higuchi, K., Takeuchi, Y., and Yoshizaki, G. 2012. Production of donor-derived offspring by
allogeneic transplantation of spermatogonia in the yellowtail (Seriola quinqueradiata). Biol.

Reprod 86 : 1-11.

Nagasawa, K., Takeuchi, Y., Miwa, M., Higuchi, K., Morita, T., Mitsuboshi, T., Miyaki, K., Kadomura, K.,
Yoshizaki, G. 2009. cDNA cloning and expression analysis of a vasa-like gene in Pacific
bluefin tuna Thunnus orientalis. Fisheries Science 75:71-79.

Okutsu, T., Suzuki, K., Takeuchi, Y., Takeuchi, T., & Yoshizaki, G. 2006. Testicular germ cells can colonize
sexually undifferentiated embryonic gonad and produce functional eggs in fish. Proceedings
of the National Academy of Sciences, 103(8), 2725-2729.

Pacchiarini, T., Cross, 1., Leite, R.B., Gavaia, P., Ortiz- Delgado, J. B., Pousdo- Ferreira, P., Rebordinos, L.,
Sarasquete, C, Cabrita, E. 2013. Solea senegalensis vasa transcripts: molecular
characterisation, tissue distribution and developmental expression profiles. Rep Fertil Dev
25:646-660.

Patino, R., Takashima, F. 1995. Gonads. In An Atlas of Fish Histology: Normal and pathological features (Ed.
F. Takashima and T. Hibiya). Kodansha, Tokyo, pp.128-153.

Pause A, Me'thot N, Sonenberg N (1993) The HRIGRXXR region of the DEAD box RNA helicase eukaryotic
translation initiation factor 4A is required for RNA binding and ATP hydrolysis. Mol Cel Biol
13:6789—6798. doi:10.1128/MCB.13.11.6789

Psenicka, M., Saito, T., Rodina, M., and Dzyuba, B. 2016. Cryopreservation of early stage Siberian sturgeon
Acipenser baerii germ cells, comparison of whole tissue and dissociated cells. Cryology 72 :
119-122.

Raghuveer, K., Senthilkumaran, B. 2010. Cloning and differential expression pattern of vasa in the developing
and recrudescing gonads of catfish, Clarias gariepinus. Comp Biochem Physiol A 157:79-85.

Raz, E. 2000. The function and regulation of vasa-like genes in germ-cell development. Genome Biol 1:
reviews1017.1011-reviews1017.1016.

Raz, E., 2004. Guidance of primordial germ cell migration. Curr. Opin. Cell. Biol. 16: 169-173.



59

Roberts, T.R., and Jumnongthai, J. 1999. Miocene fishes from Lake Phetchabun in north central Thailand, with
descriptions of new taxa of Cyprinidae, Pangasiidae, and Chandidae. Natural History Bulletin
of the Siam Society 47 : 153— 189.

Rocak S, Linder P (2004) DEAD-box proteins: the driving forces behind RNA metabolism. Nat Rev Mol Cell
Biol 5:232-241. do0i:10.1038/nrm1335

Schmid SR, Linder P (1992) D-E-A-D protein family of putative RNA helicases. Mol Microbiol 6:283-292

Schupbach, T., Wieschaus, E. 1986. Germline autonomy of maternal-effect mutations altering the embryonic
body pattern of Drosophila. Dev Biol 113:443-448.

Shinomiya, A., Tanaka, M., Kobayashi, T., Nagahama, Y., Hamaguchi, S. 2000. The vasa-like gene, olvas,
identifies the migration path of primordial germ cells during embryonic body formation stage
in the medaka, Oryzias latipes. Dev Growth Differ 42:317-326.

Tajima, A., Naito, M., Yasuda, Y., and Kuwana, T. 1993. Production of germ line chimera by transfer of
primordial germ cells in the domestic chicken (Gallus domesticus). Theriogenology 40 : 509—
519.

Takeuchi, Y., Higuchi, K., Yatabe, T., Miwa, M., & Yoshizaki, G. (2009). Development of spermatogonial cell
transplantation in Nibe croaker, Nibea mitsukurii ( Perciformes, Sciaenidae). Biology of
reproduction, 81(6), 1055-1063.

Tanaka SS, Toyooka Y, Akasu R, Katoh-Fukui Y, Nakahara Y, Suzuki R, Yokoyama M, Noce T (2000) The
most homolog of Drosophila Vasa is required for the development of male germ cells. Gene
Dev 14:841-853. doi:10.1101/gad.14.7.841

Tanner NK, Cordin O, Banroques J, Doe're M, Linder P (2003) The Q motif: a newly identified motif in DEAD
box helicases may regulate ATP binding and hydrolysis. Mol Cell 11: 127— 138.
doi:10.1016/S1097-2765(03)00006-6

Ubeda- Manzanaro, M., Rebordinos, L., Sarasquete, C. 2014. Cloning and characterization of Vasa gene
expression pattern in adults of the Lusitanian toadfish Halobatrachus didactylus. Aquatic Biol
21:37-46.

van Winkoop, A., Booms, G.H.R., Dulos, G.J., Timmermans, L.P.M. 1992. Ultrastructural changes in

primordial germ cells during early gonadal development of the common carp (Cyprinus carpio



60

L., teleostei). Cell Tissue Res 267:337-346.

Wu, X., Wang, Z., Jiang, J., Gao, J., Wang, J., Zhou, X., Zhang, Q. 2014. Cloning, expression promoter analysis
of vasa gene in Japanese flounder (Paralichthys olivaceus). Comp Biochem Physiol B 167:41-
50.

Xu, H., Gui, J., Hong, Y. 2005. Differential expression of vasa RNA and protein during spermatogenesis and
oogenesis in the gibel carp (Carassius auratus gibelio), a bisexually and gynogenetically
reproducing vertebrate. Dev Dyn 233:872-882.

Ye, D, Li, D., Song, P., Peng, M., Chen, Y., Guo, M., Yang, Q., Hu, Y. 2007. Cloning and Characterization of
a Rice Field Eel vasa-Like Gene cDNA and Its Expression in Gonads During Natural Sex
Transformation. Biochem Genet 45:211-224.

Yoshikawa, H., Ino, Y., Shigenaga, K., Katayama, T., Kuroyanagi, M., and Yoshiura, Y. 2018. Production of
tiger puffer Takifugu rubripes from cryopreserved testicular germ cells using surrogate
broodstock technology. Aquaculture. 493 : 302-313.

Yoshikawa, H., Ino, Y., Shigenaga, K., Katayama, T., Kuroyanagi, M., and Yoshiura, Y. 2018. Production of
tiger puffer Takifugu rubripes from cryopreserved testicular germ cells using surrogate
broodstock technology. Aquaculture. 493 : 302-313.

Yoshizaki, G., Fujinuma, K., Iwasaki, Y., Okutsu, T., Shikina, S., Yazawa, R., and Takeuchi, Y. 2011.
Spermatogonial transplantation in fish: A novel method for the preservation of genetic
resources. Comparative Biochemistry and Physiology, Part D. 6 : 56-61.

Yoshizaki, G., Ichikawa, M., Hayashi, M., Iwasaki, Y., Miwa, M., Shikina, S., & Okutsu, T. (2010b). Sexual
plasticity of ovarian germ cells in rainbow trout. Development, 137(8), 1227-1230.

Yoshizaki, G., Okutsu, T., Ichikawa, M., Hayashi, M., Takeuchi, Y. 2010a. Sexual plasticity of rainbow trout
germ cells. Anim. Reprod. 7: 187-196.

Yoshizaki, G., Takeuchi Y., Sakatani, S., Takeuchi, T. 2000. Germ cell-specific expression of green fluorescent

protein in transgenic rainbow trout under control of the rainbow trout vasa-like gene promoter.

International Journal of Dev. Biol. 44: 323-326.



61

Yoshizaki, G., Takeuchi, Y., Kobayashi, T., Ihara, S., Takeuchi, T. 2002. Primordial germ cells: the blue print

for a piscine life. Fish Physiol. Biochem. 26: 3-12.



%4 U

152 011008

1. ¥ (m111ne) UNENIGIUNT Yyoriusueas
(mmé’mgy) Ms. Surintorn Boonanuntanasarn

2. munanelszidilszanyy 32097 00017 95 1
3. dumialagiiu 599MANTINGG
] d' |-d'Q 1
4. MUBNUNBENAAAD
= a o J
armaTuTagmsnandn)
dniniyma TuTagmanyas viImedema lulaggsuis
0. 109 2.UATIIFAN 30000
o 4
IN3ANN 044-224371, 224378
TN3aANT 044-224150

Email : surinton@sut.ac.th

[V =
5. UszaanmsAny

seRumsAne FelTyan GRUREE'A anmiumsany

YSyaes MeenansIuing Mivenand UMINABYTN

Yy n MOIAATUHNTUNA maluladdam  YnasnsaiumInean
ﬂ‘%tyﬂguaﬂ Ph.D. Aquatic Biosciences Tokyo University of Fisheries

6. HATUATUW

Boonanuntanasarn, S., Yoshizaki,G., Takeuchi, Y., Morita, T. and Takeuchi T. 2002. Gene knock-down in
rainbow trout embryos using antisense morpholino phosphorodiamidate oligonucleotides.
Mar. Biotechnol. 4: 256-266

Boonanuntanasarn, S., Yoshizaki,G. and Takeuchi T. 2003. Specific gene silencing using small interfering
RNAs in fish embryos. Biochem. Biophys. Res. Com. 310: 1089-1095

Boonanuntanasarn, S., Yoshizaki,G., Iwai, K. and Takeuchi T. 2004. Molecular cloning, expression in albino
mutants, and gene knockdown studies of two types of tyrosinase mRNA in rainbow trout

embryos. Pigment Cell Res. 17: 413-421


mailto:surinton@sut.ac.th

63

Boonanuntanasarn, S., Takeuchi, T., Yoshizaki, G. 2005. High-efficiency gene knockdown using chimeric
ribozymes in fish embryos. Biochem. Biophys. Res. Com. 336: 438.443

Boonanuntanasarn, S. 2008. Gene knockdown: a powerful tool for gene function study in fish. J. World
Agquac. Soc. 39: 311-323.

Boonanuntanasarn, S., Panyim, S., Yoshizaki, G. 2008. Characterization and organization of the U6 snRNA
gene in zebrafish and usage of their promoters to express short hairpin RNA. Marine
Genomics, doi:10.1016/j.margen.2008.10.001 (available online)

Boonanuntanasarn, B., Panyim, S., Yoshizaki, G. 2009. Usage of putative zebrafish U6 promoters to express
shRNA in Nile tilapia and shrimp cell extracts. Transgenic Res. In press

Jangprai, A., Boonanuntanasarn, S., Yoshizaki, G. 2011. Characterization of melanocortin 4 receptor in
snakeskin gourami and its expression in relation to daily feed intake and short-term fasting.
Gen. Comp. Endocrinol. 173:27-37.

Vechklang, K., Boonanuntanasarn, S. Ponchunchoovong, S., Pirarat, N., and Wanapu, C. 2011. The potential

for rice wine residual as an alternative protein source in a practical diet for Nile tilapia
(Oreochromis niloticus) at the juvenile stage. Aquac Nutri. 17:385-694.

Pitaksong, T. Kuppitayanan, P., Boonanuntanasarn, S. 2013 Effects of vitamins C and E on growth, tissue

accumulation, and prophylactic response upon thermal and acidic stress in hybrid catfish.
Aquac. Nutri. 19: 148-162.

Phymyu, N., Boonanuntanasarn, S., Jangprai, A. Yoshizaki, G. Na-Nakorn, U. 2012. Pubertal effects of 170L-
methyltestosterone on GH-IGF-related genes of the hypothalamic-pituitary-liver-gonadal axis
and other biological parameters in male, female and sex reversed Nile tilapia. Gen. Comp.
Endocrinol. 177: 278-292.

Boonanuntanasarn, S., Jangprai, A., Yoshizaki, G. 2012. Characterization of neuropeptide Y in snakeskin
gourami and the change in its expression due to feeding status and melanocortin 4 receptor
expression. Gen. Comp. Endocrinol. 179: 184-195.

Boonanantanasarn, K., Janebodin, K., Suppakpatana, P., Arayapisit, T., Rodsutthi, J., Chunabundit, P.,
Boonanuntanasarn, S., Sripairojthikoon, W. 2012. Morinda citrifolia leaf enhances osteogenic
differentiation and mineralzation by human periodontal ligament cells. Dental material Journal.

31(5): 1-9



64

Vechklang, K., Lim, C., Boonanuntanasarn, S. Welker, T., Ponchunchoovong, S., Klesius, P.H., Wanapu, C.
2012. Growth performance and resistance to Streptococcus iniae of juvenile Nile tilapia
(Oreochromis niloticus) fed diets supplemented with GroBiotic-A and brewtech dried brewers
yeast. Journal of Applied Aquaculture. 24:183-198.

Tanomman, S., Ketudat-Cairns, K., Jangprai, A., Boonanuntanasarn, S. 2013. Characterization of fatty acid
delta-6 desaturase gene in Nile tilapia and heterogenous expression in Saccharomyces
cerevisiae. Comparative Biochemistry and Physiology, Part B. 166: 148-156.

Boonanuntanasarn, S., Khaomek, P., Pitaksong, T., Hua, Y. 2014. The effects of the supplementation of
activated charcoal on the growth, health status and fillet composition-odor of Nile tilapia
(Oreochromis niloticus) before harvesting. Aquaculture Internation. 22:1417-1436.

Booanuntanasarn’'S., Jangprai' A., Yoshizaki, G. 2014. Characterization of proopiomelanocortin in the
snakeskin gourami (Trichopodus pectoralis) and its expression in relation to feeding status.
Domestic Animal Endocrinology. Accepted

Wongsasak, U., Chaijamrus, S., Kumkhong, S., Boonanuntanasarn, S. 2015. Effects of dietary
supplementation with B—glucan and synbiotics on immune gene expression and immune parameters
under ammonia stress in Pacific white shrimp. Aquaculture 436:179-187.

Boonanuntanasarn, S., Wongsasak, U., Pitaksong, T., Chaijamrus, S. 2015. Effects of dietary supplementation
with B-glucan and synbiotics on growth, haemolymph chemistry, and intestinal microbiota and
morphology in the Pacific white shrimp. Aquaculture Nutrition doi: 10.111/anu.12302.

Tiengtam, N., Paengkum, P., Khampaka, S., Booanuntanasarn, S. 2015. Effects of inulin and Jerusalem
artichoke (Helianthus tuberosus) as prebiotic ingredients in the diet of juvenile Nile tilapia
(Oreochromis niloticus). Animal Feed Science and Technology. 207: 120-129.

Tiengtam, N., Paengkum, P., Sirivoharn, S., Phonsiri, K., Booanuntanasarn, S. 2017. The effects of dietary
inulin and Jerusalem artichoke (Helianthus tuberosus) tuber on the growth performance, haematological,
blood chemical and immune parameters of Nile tilapia (Oreochromis niloticus) fingerlings. Aquaculture
research. 1-9.

Boonanuntanasarn S, Tiengtam N, Pitaksong T, Piromyou P, Teaumroong N. Effects of dietary inulin and

Jerusalem artichoke (Helianthus tuberosus) on intestinal microbiota community and morphology of



65

Nile tilapia (Oreochromis niloticus) fingerlings. Aquacult Nutr. 2017;00:1—

11. https://doi.org/10.1111/anu.12600

Boonanuntanasarn, S., Kumkhong, S., Yoohat, K., Plagnes-Juan, E., Burel, C., Marandel, L., & Panserat, S.
(2018). Molecular responses of Nile tilapia (Oreochromis niloticus) to different levels of dietary
carbohydrates. Aquaculture, 482, 117-123. doi:https://doi.org/10.1016/j.aquaculture.2017.09.032

Boonanuntanasarn, S., Ditthab, K., Jangprai, A., Nakharuthai, C. 2018. Effects of microencapsulated
Saccharomyces cerevisiae on growth, hematological indices, blood chemical, and immune parameters
and intestinal morphology in Striped catfish, Pangasianodon hypophthalamus. Probiotics and

Antimicrobial Proteins https://doi.org/10.1007/s12602-018-9404-0

Boonanuntanasarn, S., Jangprai, A., Kumkhong, S., Plagnes-Juan, E., Veron, V., Burel, C., . . . Panserat, S.
(2018). Adaptation of Nile tilapia (Oreochromis niloticus) to different levels of dietary carbohydrates:
New insights from a long term nutritional study. Aquaculture, 496, 58-65.
doi:https://doi.org/10.1016/j.aquaculture.2018.07.011

Boonanuntanasarn, S., Nakharuthai, C., Schrama, D., Duangkaew, R., & Rodrigues, P. M. (2018). Effects of
dietary lipid sources on hepatic nutritive contents, fatty acid composition and proteome of Nile tilapia
(Oreochromis niloticus). Journal of Proteomics. doi:https://doi.org/10.1016/j.jprot.2018.09.003

Duangkaew, R., Jangprai, A., Ichida, K., Yoshizaki, G., & Boonanuntanasarn, S. (2019). Characterization and
expression of a vasa homolog in the gonads and primordial germ cells of the striped catfish
(Pangasianodon hypophthalmus). Theriogenology, 131, 61-71.
doi:https://doi.org/10.1016/j.theriogenology.2019.01.022

Jangprai, A., Boonanuntanasarn, S. (2018). Ubiquitous promoters direct the exspression of fatty acid delta-6
desaturase from Nile tilapia (Oreochromis niloticus) in Saccharomyces cerevisiae. Journal of
Molecular Microbiology and Biotechnology. 28(6): 281-292.

Ichida K, Hayashi M, Miwa M, Kitada R, Takahashi M, Fujihara R, Boonanuntanasarn S, Yoshizaki G: (2019)
Enrichment of transplantable germ cells in salmonids using a novel monoclonal antibody by magnetic-
activated cell sorting. Molecular Reproduction and Development.

Boonanuntanasarn, S., Jangprai, A., & Na-Nakorn, U. (2020). Transcriptomic analysis of female and male
gonads in juvenile snakeskin gourami (Trichopodus pectoralis). Scientific Reports, 10.

doi:10.1038/s41598-020-61738-0


https://doi.org/10.1111/anu.12600
https://doi.org/10.1016/j.aquaculture.2017.09.032
https://doi.org/10.1007/s12602-018-9404-0
https://doi.org/10.1016/j.aquaculture.2018.07.011
https://doi.org/10.1016/j.jprot.2018.09.003
https://doi.org/10.1016/j.theriogenology.2019.01.022

66

Kumkhong, S., Marandel, L., Plagnes-Juan, E., Veron, V., Boonanuntanasarn, S., & Panserat, S. (2020).
Glucose Injection Into Yolk Positively Modulates Intermediary Metabolism and Growth Performance
in Juvenile Nile Tilapia (Oreochromis niloticus). Frontiers in Physiology, 11, 286.
doi:10.3389/fphys.2020.00286

Kumkhong, S., Marandel, L., Plagnes-Juan, E., Veron, V., Panserat, S., & Boonanuntanasarn, S. (2020). Early
feeding with hyperglucidic diet during fry stage exerts long-term positive effects on nutrient

metabolism and growth performance in adult tilapia (Oreochromis niloticus). Journal of Nutritional

Science, 9, E41. doi:10.1017/jns.2020.34
Nakharuthai C, Rodrigues PM, Schrama D, Kumkhong S, Boonanuntanasarn S: Effects of Different Dietary
Vegetable Lipid Sources on Health Status in Nile Tilapia (Oreochromis niloticus): Haematological

Indices, Immune Response Parameters and Plasma Proteome. Animals 2020, 10(8):1377.



	Cover
	Abstract
	Content
	Chapter1
	Chapter2
	Chapter3
	Chapter4
	chapter5
	Reference
	Biography

