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55990031: MAIJOR: BIOLOGY EDUCATION; M.Sc. (BIOLOGY EDUCATION)
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RATTANACHAT KHIUSAKUNKAN: EARLY STAGES OF SPERMATOGENESIS
IN THE HOODED OYSTER, Saccostrea cucullata (Born, 1778). ADVISORY COMMITTEE:
SUTIN KINGTONG, Ph.D. 70 P. 2017.

In this work, early stages of spermatogenesis in the Hooded oyster Saccostrea
cucullata was investigated. Adult oysters were collected from oyster farming area for preparing
gonadal tissues for observing under both light microscope (LM) and transmission electron
microscope (TEM). The results showed that the gonad was distributed in connective tissue which
located between digestive glands and mantle. The gonad was composed of gonadal tubules which
covered by vesicular connective tissue cells (VCT). Spermatogenesis occurred within the gonadal
tubules where different stages of germ cells and intragonadal somatic cells (ISCs) were observed.
Two types of spermatogonia (spg type I and spg type II) were found at the gonadal tubule walls.
Primary and secondary spermatocytes, spermatid and spermatozoa were found toward the lumen,
respectively. Specific characteristics of each germ cell will be discussed. Additionally, two types
of intragonadal somatic cells were also found within the gonadal tubules. These included ISC
type I and ISC type II. The roles of these cells in oyster are not clearly understood. Current
evidences and previously reports indicate that ISC type [ may play an important role as Sertoli
cell in vertebrates which nourish developing sperm cell and consume the residual cytoplasm of
developing sperm. For ISC type II, this cell may play a role as a food storage cell within gonadal

tubules because plenty of glycogen-like granules were found in its cytoplasm.
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Family Ostreidae
Subfamily Saccostreinae
Genus Saccostrea

Scientific Name  Saccostrea cucullata (Born, 1778)
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= 1 [N ] a A . Y 1 g’ 9 . a

noameaiigvzdane lukuyevilaveaunion (gill pore) 1U1g¥0IU U (inhalant chamber) D

9 9 [ 2’ Y a a a -4 4 ] I Y 9 1
mﬂwaﬂmﬁmz”lwmﬁummum umm@maﬂgﬁuﬁu e luilnitudrseundivailaes

2NUIFABUDN

MsNNYe90 T8Iy FUNUF VD IHOEUIITH

4
v 7 @

1 @ [ J o =~
ﬂTiLL‘]J\‘li$EJ%ﬂﬁWGJJUYUEN’EJ’JEJ’R’(?(%}NLGD'aaﬁﬂwu‘ﬁﬂl@\‘iﬁ@ﬂuNﬂJ‘L!‘L!I@EI‘VI’JU],‘]JM

a

v
a

@ = @ 4 a R v 3w @ @ J
waﬂmimamuﬁa Lﬁ'é)’l"f'f)EJUN‘iiJlﬂiﬂJLthqG]f’NGI'JLG]?J’JEJ i]%!,‘illflﬂ?iWGMUW@’JEJ’J%ﬁ%}N!G]ma

A o

tig} 1 dy A A [ a a 1 9 091 L] =\ Y 4
FUNUTUUNITEHNHE NN UL DLW atazAeNd3 1911808 Taslinsas1usan

a

A [ 4 ~

a o aa c?/} ' J a 4
FUWUTIZOZUTNNUTHURIIVoWDaaIAY (follicle) ‘Nﬂuu‘ﬂ%ﬁﬂﬁ!mfil“ﬁﬁﬁLLUUUliJIVI“D’ﬁLﬁﬂ

a

D-

o

IA [ L A 9 9 ] 4 a ;I d' A
LWN%TH?UL%ﬁﬁﬁUWHﬁ‘iujSEJSL??J@]U maJmﬂm’mmtcﬁaauuu"lﬂamﬁ 2 AT INDINY
o S A Y4 o I & A v oA P Y 4 A a
NUIUEAATUNUY LLﬁSWWUTLﬂHL%aaﬁUWHTQ‘VIﬁﬂyjiﬂ!mﬁﬂulmTQﬁuﬂﬂaiﬁmﬂﬁwﬂaaLﬂa
9 A 1 A v A v [ A A o Y
Llﬁﬁliuﬂﬁ@ﬂlcﬂﬁaﬁﬂwu‘ﬁ‘i’)@ﬂﬂﬂ Iﬂﬂl“]faaﬁﬂwu‘ﬁ‘@"lﬂgﬂﬂa@ﬂﬂuﬁuﬂﬂﬁ@ﬁﬁ']ﬂ]lﬂﬁiﬂﬂﬂ?ﬂ”lﬂ
! o ) A o R ' R N I L S Y '
@gﬂu@3833551\1L%aaﬁ‘ﬂ‘wuTg‘ilLlﬂ\?i]ﬂﬂa@ﬂl%aaﬁﬂWHﬁ@ﬂﬂﬁﬂ!W@ﬂﬂﬂﬁ‘]ﬁﬂiﬁﬂﬁu (AFUNS
a o 4 a 4
RANINU LDZITIUN DA DY, 2540)
@ @ A v J ] [ @ dy
Iﬂﬂﬂ"ﬁWﬁNH"lsUi’)\if]'JEJ’J%Sﬁ‘]JWHﬁ"IJf’NW@flu”lﬁ'ﬁJ@"ﬁ]L!‘]JQﬂﬂﬂﬁ.]u 4 5282 AU

d A

A [ 1 JA o @ <3| ]
1. 5z8gNn 1 szgzvaInsassyaaaunuiIossasin (spent stage) 1999

E]

v @ A [ 4 '

o U A A o oA 1 ]
‘ﬁ'a\‘l‘mﬂﬂﬁﬂﬁ’ﬂﬂ!%ﬁﬁﬁﬂwuﬁ 2IYICTUNUTITIN waaauwuqmﬂaaaaaﬂllﬂllwungﬂ
I A o A A o v o
asladoauiiaersognaanaunay i 14alse Temnd
= P A o . K 1A sA s
2. TTYIN 2 TYTATNLHFAATUNUS (active stage) Wusnwaaay UINTAN

Y Y
Warnvu Imidnase naanlmsayaueIMITHasNaIu
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~ A o dw s . A A o @
3. 7%UEN 3 i:ﬂ:waaﬁnwquwmﬁumm (r1pe stage) ﬁ'flummmmzﬁuwu‘q

o A s

1< Y A o <= 1o Y A 1 1 A o
milll‘ljﬂ'JEJL“H@ﬁﬁ‘]JWUﬁTIWWu%@IlWI lmEN]111W5ﬁ)il“I/Ii]8ﬂﬁ@ﬂ@@ﬂgﬂ1ﬂu@ﬂLWOWﬁMWHﬁ‘
~ ' I o & & P A o Y A
4. 3¥9gNn 4 i%ﬂ%ﬂﬁﬁ]ﬂl"ﬁﬁﬁﬁﬂwu‘q (Spawn Stage) lﬂui%ﬂ%ﬂl“ﬁﬁﬁﬁﬂﬂuﬁWiﬂMﬂ
' ' A Yo A 9 ' A A A <
%zgﬂﬂﬁﬂﬂﬂﬂﬂQﬂTU‘uﬂﬂm@Ulﬂi‘UﬁQﬁW LU ﬂ']iLﬂﬁﬂullﬂﬁﬂqmﬁﬂﬂﬂi@ﬂﬂWﬂ!ﬂll

Y
v Ao [ o o a @
ADIUUIYNTNYINTNIIUN JWIINTUNHIINYRY, 2546)

Al 2-4 MIRAI090 3021 LT Y OUUTY Crassostrea gasar
a, ¢, e 0y g = female gonad; b, d, f 118 h = male gonad; a Il8¥ b = immature stage;
¢ lla¥ d = maturation stage; e LLQ1¢ f= mature stage; g 18% h = spawned stage;
M = mantle; F = follicles; T = spermatic tubules; L = lumen; O = oocytes;

Sptz = sperm; bar a, b, e, f, g 48 h =15 pum; bar ¢ 14ag d = 10 pm (Paixdo et al., 2013)
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1¥UIR8INY Paixio, Ferreira, Nunes, Sizo, and Rocha (2013) NAN¥1HO8U1TH
[ % [ A o 4 3 t:' [ dy
Crassostrea gasar JAOIUNNINAUIYDI0 Tz TUNUToNTIU 4 5202 (1WA 2-4) ATl

4 1T A
1. szozaadunugoe linsgy (immature stage)

v  Jdo
Jdo w a
4

4 o .
2. 3$ﬂzxcﬁaaﬁuwu§m 939 (maturation stage)
I A o a 3
3. TTYSIFAATUNUTITUAUN (mature stage)
1 =) Y4
4, i$ﬁl$ﬂﬁ@8l°‘lﬂaaﬁ’ﬂwu1§ (spawned stage)
Aav ] o o 4 I

NUITELRNUTLIMIHANV99 Tz AUNUFUBosU N THOOMIIY 5 5202

1%V Bertazzi and Dominguez (2005) A 1msAnu lunesu1asu A, hyotis 1RSI Li, Liu,
. . 'ﬁ . /4
Shirasu, Chen, and Jiang (2006) NANYIMOYUNTY Crassostrea plicatula 148¢ Cardenas, Aranda,
1 Y

Sevilla, and Espinosa (2007) NANY11M08UINTN Crassostrea virginica 10811952 8E A1

d’ Q
1. 52820 1 53820 (rest)
o J

A Y s A .
2. TTYSN 2 TLYTATNIHAATUNUSD (gametogeneSIS)

a

v J

A A
3. 52920 3 52U UNUT AN (mature)

EIE]

[ 4

A ' A
4. 5202 4 szozdavuradd U U g (spawn)

5. 52024 5 szezndldeomadaunig (post-spawn)

‘L!’e)ﬂ‘ﬂmﬁyﬂ”li ANYIUDA Quayle and Newkirk (1989); Ren, Marsden, Ross, and Schiel
(2003) 1y Diaz, Pouvreau, Villalba, and Pennec (2009) ﬁ“lﬁ?fﬂm“luwaﬂmqsu C. gigas
FUIABINY Jaramillo et al. (2008) ‘ﬁﬁﬂ‘l&ﬂﬁ@ﬂﬂ”lﬁu Crassostrea corteziensis (ﬂ”l‘W‘ﬁ 2-5) uag

{ <3 [l I [V Y
Gomes, Silva, Lopes, and Melo (2014) NANH1108UITN C. gasar ni900nily 5 5282 a1l

A [

! v W @ 1< 1 ]
1. 5202 0 529 NNAIVDIDIVIZTUNUT (undifferentiated) Lﬂuﬁgﬂgﬁ]lﬂﬁTNTﬁﬂ

4 dy A A @ n o Aaa
iS‘]Jql,‘Wﬁulﬂ nuiledeneIny ua inuveadna
= A o A o & L& a9
2. 9TYIN 1 SSUSITUNAUUTAATUNUT (early gametogenesis) WuszeITUAUMS

9 I A [ -4 I A (4 a @ aa
AINFAATUNUT Wmcﬁaaa‘uwu‘qizﬂzggiﬂuinmwmmaama
3 d‘

A o s A 7 . 2
3. 35UTN 2 ‘ixEJZWGJJ‘LJW]maﬁUW‘HﬁG]@u‘]JmEI (late gametogenesis) Wuszeen

i
@ [

aa A ld? ISA I o ' J @ J 9 [l
V‘I@aﬁlﬂﬁhﬂ]uWﬂﬁlﬁﬂﬁlu NULFAATUNUT \3WGJJu1]13Jﬁllll“imlla%W@Ju1ﬁMﬂ"imllﬁ’JUNﬁ’Ju

A A v o 7 < ~ A o A

4. 32850 3 ‘izﬂzmaaauwuﬁ Wu1ﬁ3J1J"im (mature) Lﬂuigﬂgﬂlﬁﬂﬁﬁﬁﬂwuﬁlﬂﬁy

g A 9y A o &
UNNIDUNISHETUNUD

~ 1 S A v Y [~ ! J

5. 3¥¥EN 4 53ﬂgﬂa@ﬂ!“ﬂﬁﬁﬁﬂwu‘mlagﬂ15ﬂﬂﬂaﬂ (spawned) Wuszezdaoasaa
A 4 aa = <} 1 09)1 ~ S v LA 1 aa &
AUNUTG Weadmavzivuamnas Llﬂll']\‘]ﬂi\‘lﬂ'mulcﬁaaﬁﬂWUﬁlWﬁ@ﬂgﬂWﬂGlUWfJaﬁlﬂa BN

19 @ [ L

IA 4 1 1% Y 1 @ A '~ 09/’
FEARAUNUTANANICNAVUIFISISWAUUFAATUNUTONATI
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(] aAav & ] I 1 . .
AIUVNNUIVIRLLIDNIIY 6 TTaT 1FU Ngo, Kang, and Choi (2002); Choi (2008);
Mondol, Kim, Kim, Kang, and Choi (2012) ANYINBIUITY C. gigas WUNMTHA UV
[ A [ o~ d' [ dy
0UITAUNUTN 6 5282 (NNN 2-6) AU
A A 1 9 . .
1. szozd 1 szezh liamnsoszwa 1 (sexually undifferentiated stage)
2. 328zh 2 STETiAINTARUAY (early development stage)
3. 52oh 3 szeziansaoulaie (late development stage)
~ A @ 4 .
4. 528N 4 5LUBAadUNUTAN (ripe stage)
A ' SN o
5. 338N 5 5zﬂzﬂaaﬂmaaﬁuwu1§ (spawned stage)
A A o A o I < .
6. 2YLN 6 TTYLNDIYITTUNUTUYUIALENAY (gonadal tissue atrophy)
A0ANARINLUNUITEUDY Dangwatanakul (1992) 7 ldAA¥IMIHAIIVEID T8
@ 4
AUWUTVOINOOUNTN C. belcheri HazMIARY IUNOIUNTY Striostrea prismatica 198 Loor
[] Y [] a 4 Y 4 a
and Sonnenholzner (2014) 15WAIIAUTTe1 FrogTuns, algwad Auaa wazdiz suma
Y
@ Y] v 1A @
(2549) AnEIMITHALIVEIDTOIZAUNUTYDINBEAZ InTH WU 6 520 Aall

{ ' o I A
1. 320 1 5202noURAUINT (prefollicular development) 11 uszozisudUn18TY

v o

[ A [ dy A A v AW v oA IA l
2IYICHUNUG WULUBLIDNGINUNANHUSTIUNU WFAATUNUFISUSHINNUIUNINUNTNDY

Q

Aaa A <3 1o ] 4
uazwaaamammmaﬂ !L@lﬂﬁhlﬂﬁWNTimLﬂﬂl‘Wﬁhlﬂ
~ A @ . I ~ d A v
2. FLYSN 2 TTYLLTUNWAUINIG (initial development) Lﬂuizﬂzmmaaﬁuwuﬁ
4

= ] 9 o A ) @ aa Y =<
53EJ$LL'iﬂ‘JJfﬂil!‘]NL“ﬂaﬁﬂlﬂlﬁﬁﬁaﬁﬂwuﬁﬂTM’Juﬂﬂﬂ HiNvosoaanavesn NN ez a0

LLﬂﬂLWﬁulﬁj@fJ'Nfolﬂﬁ]u

[ IS

{ o v w . J I o A 3
3. 528N 3 52O AAINMUINS (developing) Wmmaaﬁuwuqummumwmﬁu

]
= %

A S v I <3| I A Jd 1 1 ~
4. 32YLN 4 SEYSIFAATUNUTAD (mature stage) Lﬂujgﬂzﬂl%ﬁaﬁﬂwuﬁﬂgiu%ﬁﬂm

Y 4 aa A ]
NIDUITHANNUY Waaamammﬂwm

A o oA

A ' /A o o ' . s
5. I88EN 5 izasﬂaam%aaﬁuwugmqmu (partially spawned) (5aa e U UIN

@

o s 9 1 aa 1 1 1 JA S o a ]
WimummyjmLmﬂmmazvhaama%gﬂﬂaaﬂaaﬂqmﬂuaﬂ AIUHAATUNUS Qli]iﬂﬂ,ll

3 A o o I~ JA o I I
mami]znmiwmmrﬂumaaauwuﬁmﬁummm”lﬂ

Q U

J A o

~ o ' A I A s
6. TXHEN 6 i%ﬂ%‘l’iﬁ\?ﬂﬁﬂﬁ@ﬂl“ﬁﬁﬁﬁﬂwuﬁﬁiﬂi$ﬂ$‘1ﬁ|ﬂ (spent) Lﬂui%ﬂ%‘mcﬁﬂﬁ

E]

A -4 [ aa o 9 aa 1 [ A A 4
AUWUG Mﬂﬂaaaaaﬂ"lﬂmﬂvxlaaammuwm mlnneaamalnanlal vseeavauvaosaa
A ] 4 4 1 Aa A % Aaa A = 9y da/ A A @

auiug 1-2 1vaa egmelureadifa miialeaainasuuAva uazinsasalpIBaINEINY

d?’ 1
OTAVEVRNSYEY
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’)OOX Paraﬁ' in- ]-TF 400x Parafﬁn-HE 1000x Resin-Polychromatic

S’-’.“f"z.

MNA 2-5 Mavanvete Tz FURIRIMAR YO M08 Crassostrea corteziensis
SO = undifferentiated; SI = early gametogenesis; SII = late gametogenesis;
SIIT = mature; SIV = spawned; Paraffin sections (200 X scale bar = 100 um (18
400 X scale bar = 50 um); Resin sections (1000 X scale bar = 10 pm); DSc = primary
spermatocyte in diplotene; f = flagellum; gc = gonial cell; gcl = gonial cell layer;
gd = gonoducts; h = head; LSc = primary spermatocyte in leptotene; m = mitochondria;
MSc = spermatocyte in metaphase; PSc = primary spermatocyte in pachytene;
Sg = spermatogonia; SSc = secondary spermatocyte; St = spermatids;
Sz = spermatozoa; vct = vesicular connective tissue; ZSc = primary spermatocyte in

zygotene (Jaramillo et al., 2008)
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AWt 2-6 Mawavee Tors AuUTWAGUeIMBOUITY Crassostrea gigas
(A) = sexually undifferentiated stage; (B) = early development stage;
(C) = late development stage; (D) = ripe stage; (E) = spawned stage;

(F) = gonadal tissue atrophy (Ngo et al., 2002)

dy . Y= o [ A o
U9NNU Powell, Ormond, and Choi (1993) "lﬂﬁmgmﬁwwuwmmmzauwu‘q
YDINBYUNTY C. virginica HaTMIANYIVDY Kang, Choi, Bulgakov, Kim, and Kim (2003) Tu

' [ [ J
NOIUNTY C. gigas WUIMLUTIU 7 5202 A9l

[

: I v v : . { A o < %
1. 5202h 1 szozd liansoszyme 1@ (undifferentiated) 11lo1000 Jo22 UWUE O

Tawann

2. 528gh 2 TTETHAIUINTABUAY (early development) (3UTMsaevleadAa

2

i P4

3. 52929 3 S2ezNAUINTADUNAN (mid-development) WoadAavee lvgau

@ 3 A

I A v 1T Aa
gc}faaﬁuwuﬁ.m”lmmmmuw

g

A o

! o s 4 1 a
4, 52z 4 sTeENAUIMIAauYae (late development) FFARAUNWUTUWNAIULTY

Sa
=
=D

@

5. 2oz 5 szeri@IDgNauYsal (fully developed) IaadUNUT

wnaioy

=D.

3
Ky
A ' I v I . SAH L ' 1 s
6. JLYEN 6 izazﬂaammaaﬁuwuﬁ (spawning) L%aaﬁuwuﬁagiumﬂaamwaa
v J
a UNWUT (gonoducts)
A @ 1 =) v J =) o a a
7. 388N 7 izawmﬂa@ﬂmaaﬁuwuﬁ (spent) Lcﬁaaﬁuwuﬂuv\l@aamaaﬂm

v 1 A

A A Y Y 1 9 AN v I :]/ '
L‘I’ia’ﬂl"’]faaﬁllW“L!‘ﬁ‘]_I'N’c’f’J‘Ll‘VIfl]%ﬂﬂ‘ﬂﬁl'l@'ﬂ'liﬁi'l%cﬁaaﬁﬂwu‘ﬁﬂiﬂ@]@llﬂ

£l a
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dy = 9 1 o [ A Y4 9
UDNNUNTANE VDY Franco et al. (2008) Ulﬂllfﬂ\iﬂ’]'iwwu']‘ll@\iﬂjﬂjgﬁﬂwuﬁw\lﬁ@
A v < @ dy
Gluixﬁlzliuﬂuﬂlmﬁﬂﬂuﬁiu C. gigas oonlu 4 5zoe Aail
A I v o A -4 A v 1 )
1. 328N 0 !ﬂuiZEJgWﬂﬂj‘ll@Qﬂgﬂjgﬁﬂwu‘ﬁ‘ L“ﬁaﬁﬁﬂWUﬁigﬂglliﬂﬂ’]ﬂalucn'ﬁ]ﬁﬁ’]\‘]
v Jdo @ =< 1 Y
L“Ifa ‘U Ug \‘]Ulllilﬂ'lﬁwmu1 %QulﬂJﬁ’]iJ’]'iﬂllElﬂlWﬁ“Uﬂ\iﬁ@ﬂﬂ’]\‘]ﬁNl’lﬂ

A < A o A o I ' s A o q ¥
2. 3%9EN 1 Lﬂui%ﬂ%ﬁﬂwmlﬂﬂﬁ waaﬁuwu‘qummmwaau‘uu"laﬂwm ‘VI"IGI,?T

@ @

I A J o a Y 1 9 A 4
NULsanaU uﬁmmumfmmmmmmm“lummmmwwaaﬁuwuﬁ
b4

~ 3 A ) A o I = A ~ ] %
3. 3%89EN 2 Lﬂuszazwmaﬁmaaﬁuwu‘q ﬁumﬂiwmmu IHDIINUNITAINNT AR

g

A v Jdo
TUAUTIIUIUNIN

@

4. 5‘“6‘"%3Lﬂuﬁwawaﬂwmﬂmmiﬁinwaaﬁuﬁuﬁ louingszozivadauRus

v @ o

N venuad AU IanReuaysaliasiannauysaidameluneausadduiug

(AN 2-7)

A 2-7 mInavede fonyduiuissninmIanusadauiufmaduesnoouesy
Crassostrea gigas (a)-(d) = NWAAVINIVDIANIVOY; (¢)-(f) = ﬂ1WL§ﬂL’§@%Qﬁ@
afarasauiuineldndesanssaniuunlfuas; @) uag () = 202 0;

(b) uag () = izﬂzﬁ I; (c) uag (g) = izﬂzﬁ 2; (d) tay (h) = 5zﬂ$°ﬁ 3;
M = mantle; GA = gonadal area; CT = connective tissue; DD = digestive diverticulae;
DT = digestive tract; GT = gonadal tubule; CE = ciliated epithelium; GC = germ cells

(Franco et al., 2008)



M99 2-1 MIuLIszerMsimuvese sz duiugvesoouasn

16

43388

6 33y

73388

1. szezviasilane

v A

I A
IFATUNUTNITO

a

FLUSWN

1. 528snNOU

NAUUINT

AW
1. 5z luensn

seme1d

v s
2. 32898810

=) v
TUNUY

2. 5TASITUNMUI
L= [} J
AT UNUT

Q

2. 5AITUNAMUING

2. STYLNAUING

v
ADUAU

@

IA J
3. 3sysIaa T UNUY

Warnauysal

o J
3. JTYTNAIULLEDR

A 4
duiugaouary

3. 528219

WAUINT

3. SLUSWAUING

ADUNAN

[ 4
4. szezilavayan

A 19

o
qUNUg

@

s ¢
4. 38USIFATUNUG

@ t4
NAUITUYITU

[

IA o
4. 3USIFAATUNUS

qn

4. 5TIZWAUING

aouaiy

[ 4
5. szezilaoeyan

A

[
AU

1 o
5. 5zezilanayan

A v 1
FUNUFUNTIU

5. SLUTNAUIE

4
auysal

6. vozvndlany

1 4
6. svozilavayan

=) v A A v J
maa’duwuﬁma (341] UR
JLYEN
7. szgznasilany
=) [ 4
maaauwu‘q
C. gasar C. corteziensis C. gigas C. virginica

(Paixdo et al., 2013)

(Jaramillo et al.,

2008)

(Ngo et al., 2002)

(Powell et al., 1993)

dAN o d
galaeairanauiiuguesrouNN

[ A @ 4 d? (Y % 9 J a
ﬂTi‘]J’ﬁ’é)Ulcﬁﬁﬂﬁﬂwu‘ljﬂlﬂﬁﬂ@EILINiiJ"ll‘LJ'E]Qﬂ‘]J‘ﬂﬂﬂEWINﬂWEJﬂ1W "lmm UNYU U

<} oy 1 o @ = Y 1 a J A J .
anuANveI aruilatenianll llﬂl,lﬂ UTaunaInao Uy ageos luu (Lorio & Malone,

::yl @ @ A o A 9 IA o 1 4
1994) 1!@ﬂﬂWﬂu“If'Nl'Jafluﬂ’]ﬁW@Ju'lf]'Jﬂ'J$ﬁﬂWﬂﬁ!W@ﬁﬁ1\1lcﬁaaﬁUWUﬁLLagﬂﬁ@ﬂ!%aa

v Jdo 1 @ A { 1 o a ]
ﬁﬂwuﬁﬂ\‘illﬁﬂﬁNﬂu’ﬂ’ﬂﬂllﬂﬁ13Jﬂuﬁ@Q@Wﬁﬂllﬁ%‘lﬂuﬂ%ﬂﬂﬂﬂﬂuNﬁh U NOYUNTY C. gigas

A by Y adA a ] I o S A o %
“VI“IﬂElPh“VlN@]f]uGl@'l‘UfJ\11J'ﬁgmﬁlﬂ1ﬁm'§uuﬂ13ﬁ51\1l°ﬂﬁﬁﬁﬂWUﬁiutﬂﬂuﬂNﬂWWH‘ﬁ 51513

A o

s o '3 A =2 9 A a A A '
(351] u‘q @luWﬁﬂuﬁmﬂﬁgiﬂﬂ‘lﬂa']Ellﬂ@uWQHﬂWﬂNﬂQ@u!ﬂﬂquuWﬂu Llaglﬁllllﬂﬁ'ﬂaﬁlﬁl
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s o

SN W A a =2 Y A g a4
L“KaaﬁﬂWUﬁﬂﬁﬂ!LﬁﬂﬂﬁZNWﬂ!ﬂa'lfJLﬂ@uuqu’lﬂuﬂﬁﬂu!ﬂ@l‘lﬂﬁﬂgpﬂw Llﬁgﬂi\iﬂﬁﬂﬂﬂﬁgﬂﬁu

E)

[ 4

a J 4 o
Umepoudimaudlasaeugaiay uaziimsldossaaduiuggege luaounueon

(Ngo et al., 2002; Kang et al., 2003; Mondol et al., 2012) luvmzAnosu1asy C. gigas Nilszne

o A A w [ A v 7 9 A =\ 031’ 9
Fjﬁ\‘llﬁﬁlﬁllllwwu']ﬂ13511f3\16'JfJ'JgﬁUWUﬁ‘ﬁSUQUﬂigujmﬂaWﬂlﬂﬂuNNWﬂu NNUUITLUY

£

o

o A IA o = [ L A
53ﬂxW@luWﬂ’]ﬁﬁ@u‘ﬂaWﬂium@uﬂiﬂ;ﬁﬂll !clfﬁﬁﬁ‘UWHﬁfﬂ%Nﬂ'liW@JUWﬁiJ‘]anﬁmﬁlum@u

a 1 IA o ﬂ’z 1A a =< A A ,
ININY Llagﬂaaﬂlcﬂaaauwuﬁﬁﬂllﬁlﬂauﬁﬂﬁ’lﬂ?Jﬂ\‘lﬂa'lﬂLﬂ@uWi]ﬁi]ﬂ'lﬂu (Diaz et al., 2009)

k4
% %

' . .. A J IS A = 1 I A 4 1
AIUNVIUNIY C. virginica NNADUIM DU 1IING Inlimsasaadaunugaasailate
A =2 A Y =\ 1 A [ 4 A [y =
PouIBUDUAUTUNAN Hazimsavaisaad UG gaga luAsuiuesunIgaIny
' { a Iy s A 9
(Hayes & Menzel, 1981) UAY08UNTN C. virginica NUTNUBIORIU09905 R85 UNNMTAIT N

v
v J v Jdo

I A [ A A JA A 1 I A 1
L%aaﬁuwuﬁﬂumauuﬂimn T UN UG GL‘L!L@'O‘L!HJ‘H'IEJ'L! tazdaosaaduNHEAILA
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1.17 W
o
1.18 nyzandlaq
1.19 nszantadalad
1.20 ¥iaoAHen
121 Myuzdoud (coplin jar)
[ 4
1.22 naoda laq
123 iy

1.24 é’auau%’au (hot air oven)



1.25 daaloa1siadl (hood)

1.26 1950319 %0U (hot plate)
127 1030410TA3 1Y (microtome)
1.28 Lﬂéﬂdduﬁqaﬁ'(slide warmer)
129 1n30e8ans11uTa3 Ty (ultramicrotome)
. msniiilfumsnieuiedhailero
2.1 ﬁlmé"u

22 aﬁazmayumt‘f (Bouin’s fluid)
2.3 18MUda 70% (70% ethanol)

2.4 1N1Uda 80% (80% ethanol)

2.5 1NUDa 90% (90% ethanol)

2.6 1ONIUBA 95% (95% ethanol)

2.7 1©N1Uda 100% (absolute ethanol)
2.8 laooniwu (dioxane)

2.9 lsau (xylene)

2.10 WMIwaaa (paraplast)

2.11 19aAU (gelatin)

2.12 2.5% glutaraldehyde

2.13 0.1 M phosphate buffered saline
2.14 1% osmium tetroxide

2.15 propylene oxide

2.16 araldite 502 resin

2.17 saturated uranyl acetate

2.18 1uMUBdA 70% (70% methanol)
2.19 0.1% lead citrate

=) a

2.20 @8NV IMONTAY (hematoxylin)

=

#oud To%u (cosin)

R

221
222 @feumNaug (methylene blue)
2.23 13IMU0A (butanol)

2.24 Permount

25
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2.9 M3E0UT (staining)
(Y] 1 I'4 g 4
2.9.1 M35v9AWI5 WU (deparaffinization) Taegua laaiiomoaslulydu
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] e’/’ e’/’ c‘/ =
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: y 2 2
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] o d' o‘/
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Jadenszaniladlaa
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Anneldndesransseanivuyldias

a o A A 5 a
3. msmismmamamama“luuaanwmaﬂn
L A VoA [ ~
aanqguned DT U 2.5% glutaraldehyde Tuo.1M phosphate buffered saline 7

a

< v {
4 parnivartea (unal 4 ¥ 19 udrd19de 0.1 M phosphate buffered saline ﬁqmﬂ@‘u
= 3 A 3 o g A 9 . A
4 parusaiFiod 3 A59 9 o 5 WA nuSau e 1311 0.1 M phosphate buffered saline
a ~ o A A dg vy o & 2 & A a ,
gl 4 esruwaiBod iilomeiny Tndailududn  vua 1 x 1 Tadwas uglu 1%
§ a I
osmium tetroxide 11 0.1 M phosphate buffered saline NQaI¥H 4 oA FTod 1Tlum
' [ Y
2 42103 147819810 0.1 M phosphate buffered saline Ngu¥qil 4 pIAUFATOT 3 ATI 9 Az
Y Y
51717 1niuuslueNIUDa 70%, 80%, 90% LA 95% ANVTNTUAL 2 ATI 9 Az 30 W
4 k4 4
N9y 1A wluemuea 100% 3 A59 9 az 30 WA 1AL propylene oxide 2 AT 9
1 I M 1
a2 30 W19 L% 1 propylene oxide : araldite 502 resin (2:1) 111381 1 52 Tu9 vazuslu
. . . < & S o A A
propylene oxide : araldite 502 resin (1:2) Wunat 12-14 1 Tue nintudaiewe lu pure

a

a s a I o {
araldite 502 resin woawe lsdnguugiidouiluna 24 ¥ 1w Nguugil 45 1az 60 09
Y [ 9 1
irafod guuniaz 1 A3 9 az 48 %1 Tug ANAIAY AAieIBoIUY semi-thin section 1H1)
Y Y A an S 9 = Y 9 ¢
AWK 500-700 W1 THiwas douaredunauug i udrdnuimeldndesganssminyy
) o A A Y & A

Iduiee uazAatoIBoL LY ultra-thin section JHUANKUT 60-90 W1 TUNAT N oBDAILY

9

A I
copper grid M9 13119 182801A0 saturated uranyl acetate Tummuea 70% 1iual

S & 2

15 W19 AR 0.1% lead citrate Tu1i1 Wunan 15 Wi nali1dudte uddnuimeldndes

Ja 3 1 ]
PANTIAUDANATD ULV UTDINIU

) = o \ A A < a A
agﬂﬁuumeumsm ‘Jflllﬂ'JE)EI1Q!u®!ﬂ®1HUQBﬂWﬁ1ﬁﬂﬂ!W®ﬁ NHI

Y Y 4 Y
melandesganssaimuluas

@ dy A ] A 9 =
AAIUBIYIDNDYUNWITUTIUNABDINITANEN

!

i 2.5% glutaraldehyde Tuoim phosphate buffered saline N 4°C (4 ¥21u9)
!

819878 0.1 M phosphate buffered saline 14°C 3 n59 (AT902 5 UIN)
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!

S o o 1 zﬂy A Y . ~
nusnudlegrauiieie 131w 0.1 M phosphate buffered saline 1 4 °C
!

Y 1 zﬂy A Y
ﬂﬂﬂ’lﬂﬂWQlu@lﬂ@iﬁﬁJWUT?’lﬂi%iﬂﬂ! 1x1uUu.
!
19514 1% osmium tetroxide 11 0.1 M phosphate buffered saline N4°C 2 F21109)
!

v v o4 o o -
A NA8Y 0.1 M phosphate buffered saline 11 4 °C 3 A3 (ATIAL 5 UIN)
!

! ) s & ~
Llcvﬂlummuea 70%, 80%, 90% LaL 95% ANMINUUAL 2 AT (ATIAL 30 UIN)
!
uluemuea 100% 3 AS9 (ASIAE 30 WIN)

!
151U propylene oxide 2 AF9 (ASIAZ 30 UI)

!

b propylene oxide : araldite 502 resin (2:1) (1 3 T349)

!

1511 propylene oxide : araldite 502 resin (1:2) (12-14 %2 119)

!

Hatiowoaslu pure araldite 502 resin
!

a P a 9 o
wodwe lsFNgurgives (24 ¥ 1u4)
!

a o a 5 5 )
wodiwe 1541 45 uaz 60 °C gauviniiaz 1 A5 (ATIAZ 48 91 109)
!

AALUBLEBLIUY semi-thin section AYTNHUT 500-700 nm
!
9 9 = an 3’
ﬂﬂﬂ@?ﬂﬁlﬂﬂﬁuﬂgiuuT
!

=< Yy 9 d Y
Anvinmelanassganssaiuuyldues
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!
ulu 2.5% glutaraldehyde Tuo.1M phosphate buffered saline ﬁ 4°C (4 "’]?D’JINQ)
!
819828 0.1 M phosphate buffered saline ﬁ 4°C3 ﬂf.?\‘i (ﬂg’lx‘iag 5 U19)
!
Ausmndieaite o311 0.1 M phosphate buffered saline 71 4 °C
!
Saderudiomel i vinailszaa 1 x 1 .
!
1511 1% osmium tetroxide 11 0.1 M phosphate buffered saline ﬁ 4°C(2 %IQINQ)
!
819828 0.1 M phosphate buffered saline ﬁ 4°C3 ﬂf:?\‘i (ﬂ%ﬁag 5u)
!
u lueNIUBA 70%, 80%, 90% LAZ 95% ANVTUTUAE 2 a%q (ﬂ'izqaz 30 W)
!
Uy lenIuea 100% 3 A%y (ﬂ%a:qaz 30 WIN)
!
1514 propylene oxide 2 ndq (ﬂi?qaz 30 UIN)
!
b propylene oxide : araldite 502 resin (2:1) (1 Gf;J’JINQ)
!
0y propylene oxide : araldite 502 resin (1:2) (12-14 Gf)"J’JIiJQ)
!
Haflodonaly pure araldite 502 resin
!

a s a )
wodiwe lsNgurgiives (24 ¥ Tu9)

!
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9 9 =\
gOUN Y saturated uranyl acetate Twniuea 70% (15 1)
y oy . H a
go1R28 0.1% lead citrate 1111 (15 WIN)
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[ &’ d' a (%) A v ¢ Y = d‘ Y 'Y
amslmzmammJinma’ammuwuijmﬂmamaamamﬂmwmemuma

A Aan d a
ﬁam‘naﬂmammmhmu

= [ tﬂy A a Y] A @ 4 9 = v & o

ﬂ?iﬁﬂ‘]&ﬂﬁﬂ‘l&lﬂ!Zluﬂlﬂﬂ‘U51,'3’0!'E'J'JEJ'J$ﬁ"U‘V‘IuﬁlWﬁEﬂl@\iﬁ@ﬂu'NﬁiJ‘]hﬂ%’Uﬁ'JLﬂﬁJ'JfJ
9 a a a A o o Il ,i’ A < = Y v Y

Iﬂﬂalslfl‘l’lﬂuﬂﬂNiJﬂlusb"Wlﬂ"l (histology) Werkdlegailtawe luuaonnis1ilu uadouale
ax an = a = 1 o A v 9 1 1
FaUMENFAULAZD loTU INMTANEINYN DIICHUNUFLNAR (male gonad) WYITHIN

Y 1 Y Y v
oo FuuuUNaLaz AU 191g08 UaNHULAINING 4-1

(4 9

MU 4-1 AUV 8L TUNUTINAR

Q Y
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Bl = basal lamina; Cnt = connective tissue; Dip = diplotene; Gc = germ cell;
ISC I = intragonadal somatic cell type I; ISC II = intragonadal somatic cell type II
Lep = leptotene; Pac = pachytene; Psc = primary spermatocyte;
Spg I = spermatogonium type I; Spg Il = spermatogonium type II; Spt = spermatid;
Spz = spermatozoa; Ssc = secondary spermatocyte;

Vet = vesicular connective tissue cells; Zyg = zygotene
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(a) ISC type I ﬁu?nmgmmmﬁa; (b) ISC type I fusnanaae;

Bl = basal lamina; F = flagellum; Gol = golgi complex; Mi = mitochondria;
Myc = Myoepithelial cell; N = nucleus; Ph = phagolysosome;

RER = rough endoplasmic reticulum; Ssc = secondary spermatocyte;

Spt = Spermatid; Ve = vesicle
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(a) ISC type I1 NUTNUFIUUDIND; (b) ISC type Il NUTNUNANND;
ISC II = intragonadal somatic cell type II (ISC type II); Mi = Mitochondria;

arrow = granule
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