BCJ4480019 T AT WWRsEnG VITUERUG I

W\

<|d
e
mik

Tl T AT s o

i 1
-

Rt a-'ll A il 5
Taanua pivim i earanun g niimade sl vandee

¢ e ,
!.Ei.l‘."I%t'r'lHJ'L]H Fladteaden cevampei ™

Tomg pmmn tepiadnTR e Tug ing s

frb e 2543



i‘:uquwﬁ BGI/19/2544

anddoniuaunyiol

TAsama" n11ﬂ'mu1m§mmﬂuﬁuqmmﬁﬁﬁuaﬁumﬂ'luﬂmﬂﬂu

AUy HA Haliotis asinina "

f3¥0: sran. waudnA vameiug

Fafm: s mmmERimER Auzinemead gEanIaiImeh
it TR drnin

dafa: enwndna Ty laBsanm rusinmmand poaanslminedo

mifumyulredninaunsauaivayumsiio




fimAnTisndizma

nmsidovevavgn a3 Ainr nfume AlRIRR Uk TaiauBuuz
wastRnmuauaniivadsitailndsa WAZYOUBLAOL Professor Dr. Takashi Aokl
Az Associate Professor Dr. fkuo Hirono filWdwusly T T T P
Aquatic Biosclences uW¥ininiiy Tokyo University of Fisheries wszimmiiu uRzYETELNM
whnifiinmunalulaihinmmman guiiigimnmuussmallaifmmuns
fildarunprmefromilummidiy

vavguRmdninasnemumiEunTITe (an) AbiywlasenmBygen
Mg diien wasyisussdnnuflnilunrhainiioefufygien (un) flinu
miusyunioniall

AL




Execative summary
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|§n#uﬂunfummnium:r:ui‘i:ﬁ'u'.ti'mﬁumn‘luﬂuuumfnwnhutﬁn H. ayinina
Tuhzimnlng Fomniin AFLP, EST, cDNA subtraction uox PCR
L AT e
1, vinn Ay DMRTI Tuwewnilde # asinine d0madin BT-PeR wuiBuiionileufy
B DMRT! T Oryzias curvinons athaiiviorhi waswudiy DMRT] bhomaologue Tin1sumrasnen
mwiz ludwumzvormoudie A, wsining
2 rrnnniuwun#ummmqiwqmwﬁiwwﬂmﬂﬂuumﬂﬁ'n H. asinina #I0mmniin
AFLP Taold AFLP primers Ranum 224 gumsvoawawed miFu are il amnsasenin
o Salindeamneitiunesome Sy 14 3 v 12 gummeanswef szneufimmy
Hmﬁhm:inmnﬂhum 7 ¥u unsomdetay 7 Fu oz Wrufn Tnousin AFLP markers
wiesni InswefitentBmaiy SCAR markers fidvmizsemag dmiou 2 g unzdumizdnnmile
#1i 4 f wowinmavi PCR mr.i1'|mrmninw1mﬁuiwm‘ﬂ‘bﬂum'iumiﬂﬁﬂﬂmfmnn
dahimunsovennuumnR s 18%m SCAR mearkers
3, vinnTs Aty funnsssnd e demadaemniin EST ubz cDNA subtraction Tmandia
Woamyn cDNA §11u9 4 Woamym RefuwiBuiifiosdosfume drzneudas Normal cona fibrary
w0afa 18 un: vesdume une Subiractive cONA library 932 unz windumeveawsadhie
H. asinina Tan TRy 18 duiiond To Indd e 588 Tnou thensudan Normal cDNA library
§4T 7w 200 Tnow Normal cDNA library 9108mmz $1u2m 118 Tnaw i8: Subtractive cDNA
library 93114 §1u7u 110 Taow Subtractive cONA library vinBame § 1w 160 Tnay
“ vinmserdafeamyn cDNA Haloamm normal cDNA Un2 subtrastive cDNA vindalvwes
woordhile wuufidiordesfume Ao viltine coat protein (VCP) innfiaysune 20 % Ty vitellios
eavelope sperm lysin receptor WU hydroxysteroid dehydrogenase -like protein U vitelioganin-1
(VTG-1) unzfu ADAMTS-S unzninfumeveawnnihie fa sperm lysin Tl gonadosropin inducible
ovarian tmnscription factor 1 (GIOTI) T4 axonemal p66.0 TW tektin BU fertilization protein 8SBY
small androgen receptor-interacting profein (SARIP)
5, nnnsRIInurRIsenveduiidedosfumeludums 390 wosdinden Wi
Tmawed vCeg) VCPed VCPg? e VCPHa49 waz Iwawof VI e lidthunde il
§iwedodiiNveaveodhie A asining 18 uoniniImined VCPHa75 mramiruen
nrmmnAnIEwhamnld TaolufsWesnunmu@Busvon 189 bp unludemessnuioy
Aduiowum 160 bp ueze eI Insued axonemal p66.0 , tekiin iir sperm lysin WU TR
14 :s'lmwufﬁmiﬁﬂmﬁnmmuiuimmﬁiun':iaﬁ'mmwmuurﬂ'lﬁ'li
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vnmduwiedsmsnuisgnrufiierissiunelunosidhBe H. asinina #an
mafia RT-PCR , ampiified fragment length polymorphism (AFLP), expressed sequence
taq (EST) and sublractive cDNA (ilavhmsfumiiu DMRT1 vamendhBe M. asinina
#uimafia RT-PCR nuliwiiinuamssemareludoms wiliuanssanludi e mey
ih#a wszvinnildinefin AFLP Taolflwnweffonun 224 gumies Ecorl 1 Mse |
bawed InoldfBwowmnd 2 ndu (M1 = 10 uszMz = 8) uszowmdl 2 nu (F1 = 10
uszF2 = B) wuiieaming AFLP fidwwizdamndiiuon 7 wisomny ussmmiin
w7 wlemane usssiwedeminmimualTaes wdduinalaing weelden
\ianlrmwneonuuuieiss SCAR vBINARI TN 2 wWisamny wszvedlod o
4 wisawiny winsawuiuadsamng SCAR vmusmurnfudunladuiidue
1wnnmﬂ1§mfamm!’ uRswedy.

vinmEhaiadays cONA Nadaamym Normal cDNA uasfBomys subtractiva
cONA v i1y ussdtumevna M. asinina iewindeanane EST Tnedwoulneudmunfl
widdufinaleinds 588 lnan Umnaudio 200 Teaw us: 118 Tasw siniaamym
normal cONA uaz 110 Inaw uaz 160 lnaw 1inbsaym subtractive cONA vasTalyl uss
Sum: mwdRL wulu vitsline coat proteins fimTusnseamnntle 20.5% ludaly fu
Tuditumeny sperm Iysine InTuawssanuinlyzyin 8.5% waslovhmwrseeunms
usmsEBmMIBIiuTifi sy siuRRan RT-PCR wuiniu vitsline coat protsin homologua
(VCPg1, VCPg3, VCPg7, VCPHa49 us: VCPHa75) ks vitellogenin-1 homologue finma
uemsoandrwizlunanihBomdly usslw axonemal pse.0 protein homologue, tektin
A1 homologue WAE sperm lysin homalogue Enﬂumaani'um:luﬂnmﬂ'tfmmr}‘
dmin : wewdhile , wdesmanofldncdewn, EST uas cONA subtraction



Abstract

Project Code ; BGJ/19/2544

Project Title : Development of genetic markers involving with sex in the tropical
abalone (Haliotis asinina)

Investigator: Dr. Padermsak Jarayabhand Department of Marine Science, Faculty of
Science, Chulalongkorn University e-mail ; dirarmi@chula.ac.th
Mr. Piti Amparyup Program of Biotechnology, Faculty of Science,
Chulalongkom University e-mail : amparyupi@yahoo.com

Project Period | 28 September 2544 to 27 September 2546

Sex-determination markers of the tropical abalone H. asining were identifisd and
characterized by RT-PCR , ampiified fragment length polymorphism (AFLP), expressed
sequence tag (EST) and sublractive cDNA approaches. DMRT{ homologue of
H. asinina was identified by RT-PCR analysis. This gene expressed in testes but not in
ovarigs. Two bulked genomic DNA of male (M1=10 and M2=8) and female (F1=10 and
F2=8) abalone were lested against 224 AFLP primer combinations of EcoRl /Mss |
Fourteen candidate sex-specific AFLP markers of female (7 markers) and male
(7 markers) abalone were cloned and characterized. Two SCAR markers of male and
four SCAR markers of female were developed and tested with genomic DNA of male
and female. Results indicated these SCAR markers can be amplify genomic DNA both
male and female.

MNommal and subtractive cDMA librares from ovarles and testes of H. asinina
were established for isolation of EST markers. In a total, 588 randomily selecied clones
(200 and 118 transcripts for normal and 110 and 180 transcripts for subtractive libraries
from owvaries and testes, respeclively) were unidirectional saquenced. The vitelline coatl
protains {41 clones, 20.5%) were abundantly expressed in ovaries of H. asiina.
In contrast, the mast abundant transcripts in lestes of M. asinine was sperm lysine (10
clones, B.5%). Tissue-specific expression of sex-relaled genes were examined by
RT-FCR. Sex-specific expression was found from vitelline coat protein homologus
(VCPg1, VCPgd, VCPg7, VCPHad49 and VCPHa75) and vitellogenin-1 homologue in
femal abalone and axonemal p6E.0 protein homologue, tektin A1 homologue and sperm
Iysin homologue in male abalone.

Keywords: Abalone | sex-specific markers, EST and cODNA subtraction
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wouihin WuweemzorhiReriianuddgmarngie uninszooegiall wld
valudnTanmileuosdnTanA Taowiiaitnoalngjezegluvaeugu unzyiinffinnabn
seoglumndouazunmnng (Han ,1989) weeidhfosmudaTandfamun 75-100 ¥iia Tu
Snauilinlszing 20 wiia fenmomnzdeshufandsild U, 1989) dwiuhalzme
Tno snnsonuwesd e lurIsuTA 3 ¥ARI0T Ao Hallots asiming, H. ovina UDE
H. varia veudlaewg nemdrilivoadeudhain iedfivufumetuian 9 fldmie
wilon Tat 4. asinina iuum‘imﬂﬂqa'tuumﬂ*fni’mu‘luﬂi:mrr‘lm Tavilnrwerives
wiaemlszum 7 81 10 BuRwas uozihinnimlszinu 250 81 280 ndy (Jarayabhand 0z
Paphavasit, 1996) 1|nurﬁﬁai’uiﬂﬁi’unmn‘uhﬂwfunmm:d‘:&ﬁamﬂiﬁ iteanind
vuA Ing fdaduvendedowsolddusminnnndy 4 ovina sz B varia
(Singhagraiwan B Doi, 1993) Tﬂuﬂnmﬂ':inﬁu{mu'nnﬂmminﬂmi'unmwumhnnm
(coctail size) HuiEmITMandAD ¥iin H. diversicolor supertexta valazmaldniu

s Wunrukenisnondhise £ asiina hnlszmnInademsu? Inadiiuiy
stharediss S nansedhioviisinsunnss it Wiieawe Salinmianamaiin
nmnmﬁm uu:nﬁﬂﬁﬂ'ﬁﬂmﬂﬂwﬁﬁf:hﬁamﬂ'iﬁu‘rn:w (Singhagraiwan W8 Doi, 1993)
FalnmmedvmeuinfouvunsvaseresduieId fuduiiezdnadaudilufimiuey
Yugmeai (molecular genetics) UAEWUMAATIFIIZ9NT (population genetics) YBIMBY
dhde ierse TenMumsiamaminonavend delussiund masnsumminlszing
AMMIMEEDY unzniinaaveodhisedaiiiy Tastaglsnsddandnezdide Reedne
IR 0NN ATTY (genetic markers) Ansaunasihlszninm Tumsdun
ATLUANF AN HAUFNTTUYOIN auillvApiT=AuA a2 14

weuihodludniiiofozmaduazefmzmmiooguonsinfu uasfimalfous
moveniume Taowesdl s auonnlfle TnduSondeuieznmaiug Tnogiives
afuazme Suihumedezituedoosiidhudn w5 dmvu dauflivosmmivssihudud
feadu Fasadhyhidamnin mozseadwaiifudvsseinzmolu (Singhagraiwan unz
Dai, 1993}

Shepherd LiB% Heam (1983) WU weoidlide K. lavigata imeidlo Tug A lidng
nssdyduTannimeodhdemadilinnu 25% wenuiniinusdite wuimeedhide
A asinine eilaiovziEss oy 1 3 seiimlngnigandunedfilzum 200 Aafulu
eunandainuilu 14 Aesihmmansafvswsodifemmars (monosex cutture) iy

" |
wouas Iy




AIns 11ﬁﬁuuﬂlﬁmﬂuLﬂmmﬂqﬂﬁmﬂuﬁ‘aﬂﬁwﬂm Fumsdans Idsunsunis

amufinnzmy oo lsimuilepiusabifneaunsiniszuuvesTns TuTaume (sex
chromosome system) 11.IHI!I.'I.{|‘Jiﬂ‘i'lﬂuw‘lmﬂ-'-I‘.IH:I'I.I'P]LIIH'!'II.I'H'LI'lH U XY, ZW %l sz
#un

SufifoadeafunTs ATTuRIMA (sex-determining genes) TuAafia3nuva @ifumes
hzinmmdinfie nfuusn SuRfivinueyind (conserved regions) fiwuluifiouynasiFiann
wiin iy DMRT1 Ahibuildrensedhaliiuillduees DNA-binding motr  fidenh
DM domain 18 DM domain Tuthunhwunsduiino e smumaiim ludn o wsin (Bruner
waznmz, 2001 Muaguiz wuoguui i fiReaaf XY sex reversal (Raymond nznue |
1999) T 1AsENUBYUL sex chromosome Z (Nanda U8z, 2000)\4 Caenorhabditis elegans Wil
Y mab3 gene (Shen LOE Hodgkin, 1988) uezluiuBT Drosophile melanogasier Wulu
doublesex (dsx) gene (Baker U8t Ridge, 1980) nguitees iiudufinimmiz lunduvesdaising
TS annnmuidandu (YU sex determining region Y (Sry) FAWUUL Y chromosome Tudnd
l.d'mqnﬁ"luuu {(Raymond unzawzs, 1998) unzr sex-lethal (Szf) gene ﬂu'luuum'u‘i
D. melanogaster { Bell uazfwe, 1988)

DoyiudaLifswan Tns Tulaumn unsbuilifedesfuns dmuamnlumesihie §1
'll.'ﬂ-llln‘.}miuﬂuﬂﬁ'naﬂﬂuﬁ-mmfﬂmmumqﬁuqnﬂuﬂhlm:ﬁumrr (sex-specific
markers) TunendhBoviin H. asinina Tnumﬂﬁnﬂ'lﬂummmhmuwmqiu]m:uﬂhm:
Fumeialurz iy genomic DNA Lds cDNA Haillagnanii

mnfin Amplifisd Fragment Length Polymorphism (AFLP) (Vos uataasz, 1995) 14ufin
asduivRBue TasnsfrdensuiiBueidaoinnadadduedimuadasen ledin
§umiz une selective amplification v TaNmmiumeiia AFLP inMlumamuefennnmma
Fugnssufttumefumplui i3 amnesiamu Ua tree-spined stickieback Gaserostens
aculearus { Giffth UAEAME, 2000) UNNTZVONMA Struthlo camelus (Giffth uns Orr, 1999) mfuq
mmmaRugasai lnansinndmin . el nsbedun s adslunmi
genetic manipalation WUUAN 9 194 N3N gynogenesis, androgenesis W02 polyploidy production

Aofunuen uozAnwinunamenvesBuluaniisan -111-14 Tadnsdunniin
Expressed Sequence Taq (EST) 114 Junniin EST Apmmndiwuiiandle Inddudu o vee
cONA AldTrenmiguinfonTrounndesmyn coNA maiiadifhunaiiniizomduezihle
Fninmlumansnmey uiitwditlnd  uiai#indan medin EST samaoinn$inn
rjlu'u'unﬂunmummsmmi1m1=ua‘ﬂu'lmdu:iluﬂ'i'm#nEﬂﬂ'ru1Lni'um-’fnauqn eDNA
uBNNTIMATIA cDNA subtraction Saernsoinn 1 lunsfumuinenFoufoutuiiuang

sen lungnlizying mRNA Fumnsrafiu




ngqlizoan
w - ol . p
wefununismmneiugnssuiinefesiummumesodhiewnleuriin . asinia
Tulszmalng Aumnaiin AFLP, EST, cDNA subtraction ii6% PCR

IEMINALL

L mamioudTen 1

fuRaethmendhis 4. asining ﬁqmnﬁ unzmmdin oinlsamsfmonilifeine
menimamzanasquitniifanzdd ponmasnninmds usslmeodhSoudaeiee
fuiug Gl uox Swne) unziledod ot ﬁaﬁ":ﬁuﬁ:i’ldﬁmﬁn'mu liquid nitrogen WS/
wio -70 ‘oo 14 TunmsAme
2. nsaiaRisuevomeaihae

wiouABuenesdhierind e Tae3 Phenol-Chloroform proteinase K method i
ussew iy Kiinbunga woznwsdl 1996 Tamiuiledevemsodhiomualfazdonlums
azaoiies I fisadunndae SDS uaziiuil 65 °C w30 Wl owend Buiedan RNase
Vit 65 C w1 21w mniudeo Tals@udan Proteinase K 1 65 °C umi 3 $2Tus i)
Tunnazneuusndnlodaen i 12,000 seusew® w15 ur@ thdulmnadausn
TilsRusendisfuea anelidefuunzToTnofiousonesed anesnoudiusdinesien
TnrieduiuussquninvesRiBuisdiomniin spectrophotometry DT agarose gel
electophoresis TnunmanfSrufsufuAiBwennsg
3. IA3m3 total RNA 010 $91 une dams veavsnidlide

afm total RNA winfaly une Sumez vemmeudifolaeld TRI REAGENT
(MOLECULAR RESEARCH CENTER, INC) lnohilaibevesdaathanunTaody liquid
nirogen uazuadredifazifon vnidedeigruamnidluroea 15 ml uozdy TRI
REAGENT Tu8R310i7u | ml ¥8a TRI REAGENT e [imitiolssaa 50-100 mg Wuvisufa
valaziBondnnds uash vortes Bhue 2.5 wiitdedaois 1 hlihd 12000 pm @
AT 10 T 71 4 °C ofmiammynd iuﬂnﬁ::uﬁﬂma penwaIuuula luwaes 1.5 ml Tml
WAZIAL 0.2 ml 984 chloroform A 1 ml Y83 TRI REAGENT uazal1 1t vortex uiamn 2-5 il
aeRan TR 12000 pm dhunm 10 107 7 4 °C gamsezaed i ldlumass 1s
mit Tl T Pnniuda monzneu RNA Tavidu 0.5 ml voa isopropanol @8 1 ml UB3 TRI
REAGENT 1iufi -20 °C 1w 30 1t thlilud 12000 pm dhuet 10 widi # 4 °c famm
pEnIud I 313 RNA peller TBAL | ml 983 75% ethanol 11 TR 10000 mpm i s
w7 4°C fanrmazmod i 1 RNA petiet 11l air-dried Tao1¥ vacuun e 3-5 wil




Dm0 pellet K20 RNase-free water iU RNA #1815 70 °C SinssiSianaznunmye

RNA Aamnniin spectrophotometry
4. mniin RT-PCR

4.1 wndnovtyiewlefifedfesiumalanlimaiin RT-PCR

aamun Inswaiveduiliordostummitisea 1Ty GenBank #8 Ty doublesex
and mab-3 related transcription factor 1 (DMRET1)

w1 First-stand <DNA Ta014 ImProm-™ Reverse Transcription System (Promega) e
1h coNA AlfuinFinadaomaiie pcr Tnollwmesd Woenuuy s Tovimiginio
per Tunffanag 25 TuTasfing Snlsznoudan 10 mM Tris-HCL, pH 8.3 , 50 mM KCI, 2 mM
MgCl, , 100 M w83 dATP, dTTP, dCTP unzdGTP, 0.4 oM YBIIARE primer UAE | U Y03 Tag
DNA Polymerase Ynmmiuveefiuiei DNA Taell PCR profiles A9 Predenaturation 94 °C
W 3 Wifl upEA A0 Denaturation 94 °C WM 1 W Annealing 48 °C W | WW Extension
72 °C umu 2w §U 5 58U UBE Densturation 94 °C 4 1 W) Annealing 58 °C w1
U Extension 72 °C W 2 Wik $147u 35 38U A28 Final extension 72°C ¥ 7 U
§1uu | 100 Tins1ed PCR products 1 1.4% aparese pel electrophoresis
5, inmdin AFLP
5.1 Bluked segregant analysis (BSA)

11 DNA bulks wqﬁmﬂ‘lfsmﬂﬂm: DNA bulks vaawandhiemmile Tnoifid
wvsaveordhdomad wie wemihfemade usazdnrmut i udiduresiitue
itha 250 ng Tuurns DNA bulk TAo DNA bulk wﬂuﬂ“naﬂamﬁﬁumnﬁ (MB1) ie wey
i Bammdin (FB1) szalsznoudodantiai i 10 #1861 sy DNA bulk yAfies (MB2
e Fe2) Yszneudiodetiadiau & #1807 117 DNA bulks 15 47C
5.1 AFLP analysis

W1 DNA bulks 'IEw‘-IHBﬂIﬂTf‘BII‘I‘I‘I’# (MB1) unzwendh#emade (FBI) wdnd
v \ifadumzmeaniindie EcoRl uaz Msel ozt 37 °C dhusan 4 $2Tus uezihenw
uliad iz Tan it 70°C w15 wift vmfinh Ecora adaptor D% Msel adaptor 11
t*fruuﬁﬂﬁuiruitﬁumﬂqnin #10 T4 DNA ligase unz1ind 16 °C SlunnwanT 16-18 $21us
FoRINNi ligation products #ufB19e 10 niWIBEIALA TE (10mM Tris-HCl pHE.0,
0.lmM EDTA) upsih products #147u 5 Tulasfes wwdidsnaunh pcr Tanld
EcoRl primer (5 -GAC TGC GTA CCA ATT CAC—H-} uns Mgel primer
(5-GAT GAG TCC TGA GTA AC-3) Fuilu preselective primers Tnerlfindm PR vevinlu
Yiums 50 TuTnating Usznoudan 10 mM Tris-HCL, pH 8.3 , 50 mM KCI, 1.5 mM MgCl, ,




200 uM V83 dATP TTF, dCTP UBZ dGTP, Unz 0.5 U Y84 Tag DNA Polymerase unzil PCR
profiles fi8 Predenaturation 94 °C 3 U §147 | 38U A WA Denaturation 94 °C 30 SuTH
Annealing 56 “C 60 TuTi Extension 72 °C 60 Tu i §1u7u 20 380 U2 Final extension 72 °C
7w a1 38y vimiul PCR products WNE89714 50 1A TE a1l products 41174
s Winsdas vinfidenaunh PCR aisfimes Tnlé EcoRr primer WO Msel primer
(w1198 1) Fadhu selective primers Aofiar 3 voes wswefozdiing lo ity 3 Smdle
Tnd vinlfnien per TunlSuns 20 Tulnsins danlszneuammezmiloufufin per
afausn enful¥ Tag DNA Polymerase §1umy 1S U unz1¥Iwswed 1hum 30 ng Tandl
PCR. profiles i Predensturation 94 *C 3 41# §1u7u 1 309 Afa0 Denaturation 94 °C 30
TUTH Annealing 65 "C 30 TuH Extension 72 °C 60 Fu7# §147u 1 380 Uz touchdown
PCR 1A00A annealing temperature T8UBZ 0.7°C TUsEN11 12 T8 UALAIUAI0 Denaturation
94 °C 30 TWWM Annealing 56 °C 30 Tui Extension 72 °C 60 T $149U 23 10V LS Final
extension 72*C 7 Uil §114741 W11 PCR products u7in3 184 1M 6% denaturing polyscrylamide
gel electrophoresis unzApudA 1078 Silver staining
5.3 nralamnu uazmiiuilndle Indwesndernng AFLP

danouABusimmemziumag vismmdouninIneu Tao3E TA-cloning U
W Tnauf 18l @uand Tond Tnold auomsted DNA sequencer
5.4 ATI9TOURATING N IEABINAYE SCAR markers

b wuilndTelndves Ineufurmenuiimzdememnesnuuy Inswed Taold
Tulsunsu Primer Premier 5 (PREMIER Biosoft International) uaziinsseseunudiwizyea
Tnswediummluwoerdhfeo A, asinina v
5.5 ATI0TOUA TIMIANA I TZH N ANARILIMATIA SSCP analysis

111 PCR products YT HATIEHAITUUANA HYBANTINA single-sirand conformation TUNA
fu'.l:wimﬂné’ untimmdlo Ty 15% wie 17.9% nondenaturing polyacrylamide gel
electrophoresis URHeud 87T Silver staining




M 1 dRuiindle ndves EoRl primer UBZ Msel primer MIFINNTIN selective

amplification
EcoRI primer Sequence Msel primer Sequence
EcoRI0] | "GACTGCGTACCAATTCAACY Msel0l | "GATGAGTCCTGAGTAACAA"
EcoR102 | "GACTGOGTACCAATTCAAG" Msel 02 | "GATGAGTCCTGAGTAACAC
EcoRl03 | "GACTGOGTACCAATTCACA” Msel 03 | "GATGAGTCCTGAGTAACAG,
EcoRI04 | "GACTGCGTACCAATTCACT Msel04 | "GATGAGTCCTGAGTAACAT
EcoRI05 | 'GACTGCGTACCAATTCACC” Msel 05 | "GATGAGTCCTGAGTAACTA”
EcoRI06 | GACTGOGTACCAATTCACG" Meel06 | GATGAGTCCTGAGTAACTC”
EcoRI0T | "GACTGOGTACCAATTCAGC Msel07 | "GATGAGTCCTGAGTAACTG
EcoR108 | "GACTGOGTACCAATTCAGG' Msel08 | "GATGAGTCCTGAGTAACTT
EcoRI09 | "GACTGOGTACCAATTCAGT Msel09 | "GATGAGTCCTGAGTAACGA”
EcoRl1 10 | "GACTGOGTACCAATTCAGA" Msel 10 | "GATGAGTCCTGAGTAACGT
EcoRl 11 | GACTGOGTACCAATTCATG Msel 11 ' GATGAGTCCTGAGTAACGC
EcoRl12 | "GACTGCGTACCAATTCATC Msel12 | "GATGAGTCCTGAGTAACGG.
EcoRI 13 | "GACTGCOTACCAATTCATA" Msel 13 | "GATGAGTCCTGAGTAACCA”
EcoRIl4 | GACTGOGTACCAATTCATT' Msel 14 | "GATGAGTCCTGAGTAACCT'
Msel 15 | "GATGAGTCCTGAGTAACCG”
Msel 16 | "GATGAGTCCTGAGTAACCC”

6. MIRBUTITRIBONGIMIEABINAYEY K. asining MIemMTimTEd EST uny <DNA

suhiraction

6.1 maahiaioaoys EST 01y unsBaumeved A asining
AR total RNA 91031 unzdumeveansunihdelneld TRI-REAGENT {(Molecular

Research Organic) uazuon miNA Tau1¥ QuickPrep micro mRNA Purification Kit (Amersham
Pharmacia) UazAl) mRNA fuon 1R w51 cDNA library Tau18 SuperSeript Plasmid System
for cDNA Synthesis and Plasmid Cloning Kit (GIBCO BRL) Taoii1 3 ug vea mRNA wad
first strand cDNA Tno19104 9] SuperSeript 11 reverse transcriptase o4 Wor 1 -oligo dT
primer-adapter 1 Twimms fosimiunday second stranded cDNA uazdeuAeiy Sal I-
adapters TAn1d T4 DNA ligase vimhnhiniidn cDNA 71880 Tes] Mor 1 11 double




stranded cDNA 1 1anAniflenuuinTaol column chromatography riBAR@oNSU cONA 7]
WHRINAT 500 bp uazl1 cDNA fldueuRDAY pSPORTI fIAR#IM Not I 1oz Sa7 1 Tao
1% T4 DNA ligase iz wransform 1$1g £.coli IM109 Aion Tnandiiviminnn 500 b Tau
M colony PCR Tnol¥Imswed pUCI (COG GCT CGT ATG TTG TGT GGA) uaz s
wef pUC2 (GTG CTG CAA GGC GAT TAA GTT GG) imzioumminiing Weinnissa
ifien1an1433 Alkaline lysis method
6.2 NI HNBIMYR subtractive EST

W1 mRNA fuonénndaWnasdumeinadis cONA vk Forward subtraction
A Reverse subtraction ¥83 cDNATI 1§ #26 PCR Select cDNA Subtraction kit (CLONTECH)
9 1mfuth subtracted products i 1R Taow Tao3s TA-cloning 4B transform 41Y E.coli IM109
Aaien Tnauiiivuinginn 200 bp Taamah colony PCR Tat 14 lwswnd pUCt uesng
wed puC2 ofanniaialanis Alkaline lysis method
&3 mirviuihndleInreminawluiesoyn coNa

guion Innuvornzfesayn EST vinfaly unzdume unxTnouf 10 in forward
URE reverse subtractive libraries M1 ARG 18 MAYEY T cDNA insert £70 automated
DNA sequencer Thduiiang lalndi ldudimnsidisnS rudfounmmileudutuisw
115 GenBank TroldTusunsu BLASTN (Eruifsudwuiiong loTnd) use BLASTX
Rvufoudwunsaes Tufindssanindwuiing Tend) Taodufdh homologue ity
Tugudioynnasil sequence homology MnNT1 50% TamuToufndofurisivimerann
i1 100 bp dmivBue uaz 10 nsneeTuTudmiuTihAu uozilf probability value Tloo
N ix 10"
64 ATINEBUISRUNTUERIEENYRIEY iBWANNMIRTIREIINEABMAe e A,
asining Inol¥imAiin PCR

denduiieuleflifiorieafiume wmimmsunurRwedufindnly fumsy 3
1 uazideausalu A asinina Taoldimailn RT-PCR oz msaemevBufioulslu genomic
DNA vosmeoidhsmef uazmedlodaumaiin PCR



HENTINABDY

L nni’uuﬁuﬁ?‘hﬁnﬁmnn1wmﬂ1§a H. asining WIDMATIA RT-PCR

VINMITBENNUL Degenerated primers 11nﬁﬁuﬁ1ni[n1nﬂ'umiiﬂﬁi’nﬁnﬂuﬁﬂ:1u
B GenBank un:mnnmiimm:nnﬂmfum PCR UBZ nested PCR v.ﬂmﬁuimwﬁu
DMRT! TaoldRiduieduinuio coNaewes testis ToldImswnd DMF1 (CCC AAG TGC
KOCC CGC TGCC GGA AYC A) uas Twiwed DMR (CGC CAG CTC CTC CTC YTG AGC
CTG) $1 AnBanaRFsvum 177 bp une 1ENINTS elute #uinﬁmafuun:ﬂmrﬁmmﬂhﬁ
ni:ai‘::'rm'lnu'li"lmrmu:'r' DMF2 (CTA AAG GGM CAC AAG CAC TWC TG) unzInsmed
DMR 1dndnnafiderivim 135 bp Hims elue Sudidwisuns Tnay 17014 pGEM-Teasy vectar
Wilnoud WmndduiiongTelnd unshdWuTaad o Indd 18R suiounamiley
Tne ¥ BLASTX program wuhiinawmilew o ihlod gyiv DMRT! T Oryias curvinones

>gil29027651dbjIBACE5996, 1| DMRT1 protein [Oryzias curvinotus] Length = 276
Seare =65.9 bits (159), Expect = 2c-10 Identities = 28/44 (63%), Positives = 37/44 (8454)

Frame = +]

Query: 1 LKGHRRYCLFANCSCSSCRLEAQROKVSREQTALRRROAQEEEL 132
LEGHKR4C + +C+C+ CRL A+RQ+V Q+ALRR+QAQEEEL
Sbiet: 39 mmmmmmmmm B2

Saoonun Iwawedvin Tnowdl 14 uaztiumth per Taol4 lwired DMRTIHSF (GTC
TGT TCG CCA ACT GCA GCT G) unzTwinied DMRTIHR (GTC GAC GAC GGA GGG
CAA TCT G) ifiu$muanifu DMRTI Tu cDNA vog testes UAZ ovaries unz TuRiBuevesnen
el unzweoimmiioluwensdide 4 asinina vnsamu Insmed DMRTHalF/R muisomiy
It indnuaiidiorivim 90 bp Tu cDNA w89 testis uhiimuly coNAveq avary (i1
upafl | une 2 AIWRIAL) Az 'I'I‘I.IHE!HH'lH'ii’ﬂ‘IﬂﬂilE'lHH‘Hﬂi‘Hﬂmﬂﬂg unzimmle (it
1 unt# 3 woe 4 Adidy) uameigy DMRT1 homologue 'ﬂ'ﬂnmmnwumnm:'luﬁ'mm:wa
womihie H, asinina LunzwBuiTlu genomic DNA veswsaidhe s ams




1500 bp
1000 bp

100 bp

1ﬂ 1 st 119U DMRT! homologue Tao19 Tnsmied DMRTHa1
07 1= Hoft 1An N1 1 stranded cDNA YosBumethuduuy
ueai 2= wad 1K0M71% 1" stranded cDNA veaf 1
U0 3 = wai 180718 genomic DNA voa Htmﬂﬁamﬁ@ﬂuﬂ WL
U7 4 = Kol 11716 genomic DNA voa wemihBemminihuduuuy
U0 5 = Negative control (LiildfBuIE)




2. amdun |mn“muu‘éumuluﬁuqmmﬂlﬂnﬂmﬁnmluﬂmrﬂﬂa H. asinina

Aatinndin AFLP
1.1 AFLP analysls

11ﬂﬂ1'.ciumm':‘nmmumaﬁu1m suitimzdemalunsod s 4 asining A0
mniin AFLP Tan1¥ AFLP primers M 224 fueuved Inwed Usznoudan EcoRl primer
107U 14§ 02 Msel primer $709% 16 § Wiy AFLP A¥AmuRnsasEHI19mm ER
T amreRi e Aeme Sy 14 3u nn 12 primers WsznoudnueyRiBueiit e
g T 7 Fu unzmrdedan 754 Fmad 2 une 3 LTl

nszNeAIY AFLP marker ¥118 300 bp win'Tnaied EcoRl 01 + Msel 07 (U
2) , AFLP marker YU 280 bp w1nwituind EcoRl 08 + Msel 07 (71f13), AFLP marker w1
325 bp 9InIWaued  EcoRl 05 + Msel 16 (114), AFLP marker %47 520 bp 9N Iwiwed
EcoRI 07 + Msel 16 (7U15), AFLP marker w119 280 bp winlwatued  EcoRI 11 + Msel 11
(1fl6), AFLP marker YU 517 bp vinIwswed  EcoRI 06 + Msel 09 (quitn), uox AFLP
marker YM1A 320 bp vinTwawed EcoRl 09+ Msel 15 (7Ui6) unzmmio sz neuds AFLP
marker Y41 260 bpith= 235 bp 91 IW3WeT EcoRI 04 + Msel 13 ( JU8) , AFLP marker
VIR 275 bp winImswed EcoRI 07 + Msel 15 (71f19), AFLP marker w17 375 bp 9903
1107 EcoRI 05 + Msel 15 (7114), AFLP marker ¥31 400 bp 110 In31u85 EcoR1 05 + Msel 08
(U13), AFLP marker YU 460 bp winlwawied EcoRI 06 + Msel 15 (quit1o) nox
AFLP marker YMIR 490 bp wnIwanued EcoRl 11 + Msel 15 uﬂﬂl 1)




500 bp—

400 bp —

11Hi 3 AFLP pattern A 18010101514 DNA bulks yosvemibEsmad MBI (Y91 1,59,13 uns
17} uaz MB2 (¥84 2,6,10,14 unz18) unzmaidle FBI (Y84 3,7,11,15 uaz19) uns FB2 (Y84
4,8,12,16 unz20) fiv EcoRl 01 + Msel 01 (4193 1-4), EcoRl 01 + Msel 07 (¥84 5-8) , EcoRJ 02
+ Msel 05(4/84 9-12 ) , EcoRI 02 + Masel 06 (¥84 13-16), EcoR1I 02 + Msel 08 (Y84 17-20), L1
unz 1.2 ABRBIBLINIYIM 50 bp UnE 100 bp ladders MUARY QRATIAAIRIBOINAT DINIY

AFLP fiwuawiz Tuowed




200 bp—

ph":. 3 AFLP pattern 7 14910013 1 DNA bulks veam umﬂ*:famnﬁ MB] (¥84 1,59,13 UAZ17)
unz MB2 (¥94 2,6,10,14 unz18) uszimmils FB1 (¥04 3,7,11,15 unt19) usz FB2 (Y04
4,8,12,16 uB£20) T EcoRll 05 + Msel 08 (%99 1-4), EcoRl 06 + Msel 05 (Y84 5-8) . EcoRI 06
+ Msel 08 (Y84 9-12 ), EcoRI 07 + Msecl 07 {'ll'ﬂ*l 13-16) , EcoRI O + Msel 07 (¥94 17-20 )L
Wiz L2 AoRBUIBIIATETM 50 bp Unz 100 bp ladders ATUA Y QAsUTAIRIBIINAT DAY
AFLP ﬂnummx'lumnﬁ




'ﬁ*':

R
}
b 3
.:-1.
I
r"; ]
i' =3
:' 1 LY
[
25 51

Idﬁ 4 AFLP pattern 71 19 1nn 1318 DNA bulks umumﬂffamnﬁ MBI (%84 1,5.9,13 uaz
17) uaz MB2 (¥84 2,6,10,14 uns18) unziwmilo FBI (¥843,7,11,15 unz19) uns FB2 (484
4,8,12,16 unz20) 7 EcoR! 05 + Msel 12 (494 1-4), EcoRI 05 + Msel 13 (¥84 5-8) , EcoRl 05

+ Msel 14 (¥849-12 ) , EcoRI 05 + Mscl |5 (¥84 13-16), EcoRY 05 + Msel 16 (¥84 17-20), L1
unz L2 AsfBuiBaAIgIM 50 bp Uz 100 bp ladders ATfAY gRmIuaRIiIBthanisany

AFLP fhvumyiz Tuowd uazmmiio




300 bp

7181 5 AFLP pattern #1%010075 1§ DNA bulks veavaudhfmng MBI (904 1.5.9.13 uns17)
une MB2 (Y84 2,6,10,14 ax18) unzmmiilo FBI (994 3,7,11,15 U8219) iine FB2 (Y84
4,8,12,16 utE20) U EcoR1 07 + Mael 16 (¥94 1-4), EcoRI 08 + Msel 09 (¥84 5-8), EcoRI 08
+ Msel 10 (484 9-12 ), EcoRI 08 + Msel 11 (¥83 13-16), EcoRI 08 + Msel 12 (¥84 17-20 ), L1
une L2 feRiBuiouInsgIu S0 bp une 100 bp ladders AMid WL gRATIIRIAIBUATE IHLND

AFLP ﬁmmmﬂumﬁﬁ




plii 6 AFLP pattern # 183710171514 DNA bulks 1nqﬂnmﬂ1falhﬂﬁ MB1 (¥84 159,13 uaz1 7

une MB2 (484 2,6,10,14 Lz 18) untmmilo FB1 (¥843,7,11,15 UB219) unz FB2 (Yo
4,8,12,16 UB220) 1) EcoRI 09 + Msel 15 (463 1-4), EcoRI 09 + Msel 16 (Y84 5-8) , EcoR1 11
+ Msel 09 (¥84 9-12 ), EcoRI 11 + Msel 10 (484 13-16) , EcoRI 11 + Msel 11 (¥84 17-20), LI
uns L2 ASRIBUIBLIATYTY 50 bp Linz 100 by ladders A TSY qnmmnﬁqmium?nwmu

AFLP fimummz Tumeg




LI L2

7141 7 AFLP patteen 7114910017514 DNA bulks vo i soudl 18] MBI (84 1,5.9,13 uez17)
unz MB2 (¥84 2,6,10,14 unz18) uazimmiio FBI (Y04 3,7,11,15 uas19) unz FB2 (Yo
4,8,12,16 unz20) M EcoRl 06 + Msel 09 (84 1-4), EcoR1 06 + Msel 10 (¥84 5-8) , EcoRl 06
+Msel 11 (¥849-12 ), EcoRI 06 + Msel 12 (¥4 13-16) , EcoRI 06 + Msel 13 (¥84 17-20 ), LL
up L2 ABABUIBLIRIZIM 50 bp U0z 100 bp ladders ATNAIRY gnruaRaRIadunt e
AFL fiwinan iz T




:pﬁi. 8 AFLP pattern 9 W91 73 1§ DNA bulks wmumﬂwfnmnﬁ’ MBI (¥84 1,59,12 uazi7)
linz MB2 (Y84 2,6,10,14 uo2 18) unsonmie FB1 (¥84 3,7,11,15 Uua219) uag FB2 (Y04
4,8,12,16 unz20) MU EcoR! 04 + Msel 10 (¥83 1-4), EcoRI 04 + Msel 11 (184 5-8) , EcoR1 04
+Msel 12 (994 9-12 ), EcoRI 04 + Msel 13 (Y89 13-16), EcoR1 04 + Msel 14 (¥94 17-20), L
ins L2 AiBRBUIBLMIEIY 50 bp uaT 100 bp ladders AdIdy QNI wWaniundn s
AFLP fimuiame Jummdly




U 9 AFLP pattern 7 1%8710m3 1% DNA bulks woaeoihsomag MBI (Y81 1,59,13 1)
unz MB2 (¥84 2,6,10,14 unz18) unzmmilo FBI (Y84 37,1115 UAL19) inz  FB2 (¥84
4,8,12,16 unz20) fil EcoR1 07 + Msel |1 (¥84 1-4), EcoRI 07 + Msel 12 (483 5-8) , EcoRI 07
+ Msel 13 (¥949-12 ), EcoRI 07 + Msel 14 (¥4 13-16), EcoRI 07 + Msel 15 (¥84 17-20 ), L1
upz L2 ABAIBBNIATYIM 50 bp 4O 100 bp ladders MUY gnrsurAIRIBthanTs NN
AFLP finuimwizTumsmil




11Ji‘i 10 AFLP pattern # Weinn1314 DNA bulks wmumﬂﬁamnﬂ MBI (¥84 1.5,9,13 uns
17) unz MB2 (¥4 2,6,10,14 uaz18) unzmende FBI (484 3,7,11,15 I0219) ug2 FB2 (Y84
4,8,12,16 unz20) U EcoRl 06 + Msel 14 (84 1-4), EcoRI 06 + Msel 15 (484 5-8) . EcoRI 06
+ Msel 16 (¥84 9-12 ), EcoR1 07 + Msel 09 (484 13-16), EcoR 07 + Msel 10 (Y84 17-20 ), L1
unz L2 ARIBUIBLIATEI 50 bp uaE 100 bp ladders AW gorTuRAIRIBt AT B D
AFLP finuiawizlummiio




400 bp

7U# 11 AFLP pattern 71 W83 nn13 1 DNA bulks “qﬂmﬂ-rfumﬂﬁ' MBI (¥83 1,59,13 unz
17) unz MB2 (Y84 2,6,10,14 unz18) unzwmile FBI (¥84 3,7,11.15 unz19) un:  FB2 (984
4,8,12,16 Unz20) M) EcoRT 11+ Msel 12 (¥83 1-4), EcoRI 11 + Msel 13 (¥84 5-8) , EcoRI 11
+Msel 14 (¥049-12), EcoRI 11 + Msel 15 (484 13-16), EcoR1 11 + Msel 16 (¥84 17-20 ), L]
unz L2 ABABUIBLIATEIM 50 bp u0Z 100 bp ladders MNEIAY gRmInTAIRTBTNAT BN
AFLP fimutawiz Tuiwmiio

¥
el




#ovImin 1Al AFLP markers WA 14 markers ulaauuezden oy
3230 1-5 clones #BWilS marker 1mfmun1ﬁu1ﬁqﬁ’nﬁ1ﬂﬁ‘ln'1nii1u1ut‘1:a#u 45 clones
Usneud 0 female markers §117W 21 clones UNT male markers §1147Y 24 clones Lz
z’rﬂm‘.hniIa'lniﬂ'lﬁ"}ﬂ:ﬂ?uu|ﬁnun11utﬂﬂnuﬁn'u'u1'iﬂ:1uqm'lﬂu GenBank Taold
BLASTN ua BLASTX programs nnﬁ‘ii’nu:h'[nrmn’*m1mu'lﬂu Unknown gene (R13997 2
unz 3) onduleou 400 58F2 A1%anduedlnamed EcoRl 05 + Msel 08 3in female

marker WUTAYTWANEOUAY LTR retrotranspossble element T Oryzias latipes Taniln E-
value N Ge-22

FITIT 2 : AFLP markers Héumizsonsodl e 4. asinina g

AFLF primer Malespocific | Mo of Clone Lyngih BLASTN BLASTX
AFLF marker clame
EooRl 0f + Meel 07 | 300 15T 3 300 1T kL] Linknown gese | Umkoown gena
S04 1T 97 Unknown gene | Uskoown gene
300 1w 196 Usiknown gene | Unksown grne
Ecolll 08 + Ml 07 | ZB0&T M 3 280 &7 M0 m Uskntiwn gene | Lnknows gese
280 £7 M2 238 Unksown gene | Unknowa gens

280 &7 M3 43 Unknows gese | Uknknown gene

Boolt] 08 + Maed 16 | 125 57160 4 331 4/18M1 ¥ Unknown gene | Usknown gene
ErLE T iz Unknown gene | Usksown gene
a1 Y] i Usiknigwn gane | Unioscown gene
325 5F16M4 E FL Uninown gepe | Unksoes gese

Ecolt] 0T + Mael 16 | 20 T/6M 3 530 7160 ¥ ¥ Uniscus gene | Unknows goos

EcaRI 11+ Msel 11 | 280 11/11M 3 20 1IFIME | 296 Unknerwn gese | Uiknown gene
200 LLIME | 3Es Unknows geae | Unkoown gene
B0 1LY | 239 Unknown gens | Usknown gene

Eenll] 06 + Ml 09 | 517 &M 4 517 65041 519 Unknown gene | Usdmown gine
517 692 520 Usicngwn gens | Undmown geng

Ecofll 09 + Mael 15 | 3305750 F 330 wnsm s Usknown geoe | Unksows gese




e, AFLP markers ﬁiwwﬁunnnrﬂﬁu H. asining immily

AFLF primer Femalesperifle | Na, of Cloine Length BLASTN BLASTX
AFLF marker clone

EcoRl 04 + sl 13 | 233 413F F i I35 W13F | Unknown geoe | Usknown gene
Ecall 04 + hisad 13 | 260 413F 2 260 &13F1 268 Usknown gene | Uniowrem groe

260 41 3F2 ) Uskeown grne | Unkmows geae
Ecol1 07 + Mssl 15 | I75 WISF 5 275 TSR ™ Unkoowe gess | Uinknown gene

M | an Usknown gene | Usknown gana
Eooft] 04 + Mesl 15 | %73 &15F 3 375 WISF im Unknown gene | Uniosown gese
Ecolll 05 + Ms=I 08 | 800 S8F ] 400 JEF1 i Uslorerwn gene | Unknown gene

4 5EF1 M Unkrons gene LTR. retrotrssspossble elenest [Oryrias

Lstipes)

400 S9F3 410 Umnknown gene - | Unbsown gee
Ecolt] 06 + Masl 15 | 460 &/15F | 450 6/F5F 471 Usdverwen gene | Unknows geas
Ecoll] 11 + Msel 15 | &80 11115F 3 AW 1IAL5F) i Unkmown gene | Unknown gene

490 LINSF2 | 4 Unknows gese | Unknown gene

2.2 ATIOTRUATNE I ABWAYEY SCAR marker

hiwulindleIndildnn AFLP makess sy 6 Tnoudazneudolwiwed
HaMIF/R U0z HaM2F/R 910 male-specific AFLP markers une1wiain HaFIF/R . HaF2F/R
HaFIF/R 6t HaF4F/R 91 female-specific AFLP markers wisonuuyinamed (a1aed 4)
Tamlginim pcr seiilunlfumms 25 Tuinsfing 31 sznoudan 10 mM Tris-HCL, pH B3, 50
mM KCI, 2 mM MgCl, , 100 uM 83 dATPATTP, dCTP UDZIGTP, 0.4 uM vedunne nswed
ung 1 U w84 Tag DNA Polymerase Wmmituveinfiuna: DNA vinvioodh#e A, asining (e
f unzmmilondios 4 A1e019 Taull PCR profiles A6 Predenaturation 94 °C W 3 17i uae
A14A98 Denaturation 94 °C UTU 45 T Annesling 48 °C w1 45 Su7 Extession 72 °C Y1y
45 0 417U 35 30U unzn A0 Final extension 72°C W 75 Wil §1u7u 1 180 kSR
naft@e1ininaiz U 1.8% agarose gel eleciropharesis




w3137 4 : Srdriiond [o Indves Tnswedves scar markers FRRLIINASBIMLY AFLP

Prinse Eequence of primer AT e Clang Expected slse af
Bam# AFLF markers PFCHR product
HaMIFR | Forwerd-TAGGT TCTOOTOACACTTTOCCCGA Iviale A2 W15M 147 bp
Fewnrd; A TGTOTOAGAACTGGAATOTTOCTG
HaMIFR | Forward:GOCTOATTOAAGCOATTOCCTAT henle 530 /1 6 187 b
Rewant: COCTTTOGTCTCOTTTAGA TTGUTC
HaFIFR | ForwankAGCTGOGRCTTTTATGATGAGAL Female 275 714 300 b
Reward: AOTACGGGGATOGOTGOAACGGTA
HeFIFR | Forward:CACAGOCCCOCAAACGTGOAGCAT Feonale 275 T4F2 Dby
Rewsrd: CAGCOAGCTTOACCACCOCATTCT
HaFIFR | Forwsnd TOTOOGACTAACCACTTTTGOTA Femals 375 S/15F 199 bp
Rerward: COCTOCCAAACATTCOCAOTCATTCT
HaF4FR | Forwad: TTCT TOTOOCOAAAAGTGGAG Femels 401} 5/EF2 350 bp
Bewnnd: COTGAGUTGACATTGTTGACTA

Hﬁﬂﬁnnmnmhﬂﬁ:ﬁmaﬁﬂmﬂ1famﬂ§ 17U 4 f19ma unswesmeled o
4 Wieta wuitlwswed HaMiER (pf12 A) Tnswed HaMzER itz ) Twamed
HaF2F/R(31J713) e Insied HareFRGlit14) mansodus @i Waomaitne
n=|u1f41uﬂnﬂ|ﬂ'|fﬂmﬂﬁ uazneoidhsommiio

A B

M1 2 3456 78 M1 23 456 78

1500 bp =
1009 bp g
S00 bp E
—-—
"“T.' - e 05 a0 :---------

2l 12 nvaituinondiuie luveadlBomnd (1097 14 ) uamdy od 58 Taeld
Iwsnsed HaMIF/R (A) e Imwed HaM2ER (B)




M1 2 3 4 56 7 8M
1500 bp__
1500 bp

500 bp

100 bp

71 13 nmﬁuhumﬁlium'luﬁamﬂﬁrnmﬁﬁ (W0 14 ) uszimadle (uoaf 5-8) Taold
wied HaFzF/R

il 14 M e hureerthBomnd (woafl 14 ) nnzmeiio (1997 5-8) Taeld
Twiled HaFaF/R



TurhunavoaTwswed HaF1Fm (U8 15) muduiin lnsavAiBuevomenmaduas
wetmmio TiuouRiBuevion 450 bp uaz 900 bp ﬁ’ﬂuunmﬂnﬁ uaziwmile unsHoves
Twawed Haf3ER (3U# 16) nuuoufiue 3 uou fe 199 bp tnuRBuERmAn T 300
by WEE 340 by Inuﬂuﬂ:uqmlw H'ﬁ'umalmmfﬂwmmrﬁ (4 AI0073) nasvenmmdio 4
AIBL1) un:'l#nnanuﬂuimmmuuu‘lﬁmmu 'Inu'li’ﬁ".tumuaumwﬁ 12 #7864 o
wa ummi.lﬂ 12 ETDU'H Hﬂ“ll':l'l 'Hv’ 3 Ilﬂﬂﬁulﬁﬂﬂh'{ﬂﬂiuﬂ '||I'H~I"Hﬂﬂ|.“'ﬂﬁ HEH Hﬂmmﬂﬂ
(Ui 17)

U 15 nariui e un nmﬂﬂumnﬁ (077 1-4 ) unzimmio (o 5-8) Taold
Twswod HaFiFm



M 1 2 3 4 5 6 7 8
1500 bp -
1000 bp !
=00 bp—f

—

L

- . - e 4
100 bp—g_d

= -y Py [ - q
i 16 maiuimaRdue lunesd Fomed ($o9f 14 ) unziwmilo (S04 5-8) Taeld
Twiwed HaFIEmR

M 123 4 567 89 1011 12M

1500 bp (== " -
1000 bp =
500 bp ——
1M bp —

M 13 14 1516 17 18 19 20 21 22 2324 M
1500 bp [ - -
1000 bp — 58 =
SO0 bp ":'
100 bp

Uit 17 n-rsLﬁuﬁmwifm’mﬂunnmﬁﬁnmnﬁ (¥Bail 1-6 une 13-18) unzmmilo (Yaail 7-
12 unz 19-24) Taw ¥ Inamed Har3Fm

<



2.3 SSCP analysiz

finiden nsod HaMIER Twswed HaM2 FR wawed Har2 FR Tnsied HaF4
FIR nmmmmuﬂmwmﬁum'lﬁmumnmﬁtnummunﬁ'ﬁu maliA SSCP iiteynam
wanmnwvesiiang la Indnwlumodidwedy smranimasssdon PCR products w84

waaz InsuesuniTinseinyd lununuwainwaiaveaniaifin single-stranded
conformation HuTuia 4 Tmsied (7111 18, 19, 20 uow 21)

M o1 2 3#5673!!0!]1113
-u---—_—

F
|

714 18 2l SSCP pattern AMwnnaiiuinim Audute Tuwourdhoimmg (vesdl 2-7) uns
woudhermmilo ($6e3 8-13) Ta1¥Inswied HaMIER



71 19 0luany SSCP pattem A WA IRV NOURBIR woodlBeineg (vea 2-5) une
woodhiammily (Yaat 6-9) Tae1&Imswes HaMaER

o i - a q
21 20 rhiowsy SSCP pattern ARV INTIRYIMLRBUL TunosdhFamed (Yo af 2-6) uns
J =k L]
wouihFemmilo (¥097 7-10) Tao18 Iwaed Har2F/m



39 21 2l SSCP pattem 'ﬂ'Eﬂ'n‘mmﬂﬁuhmuﬁlimﬂuunmﬂﬁmﬁﬂ# (9997 2-5) Une
woodhFoomedly (403 6-9) Tno\§Twswed Hararm

3, (IET T PP UMt et —— . H. asinina AIDMAiin EST uas
cDNA subtraction
3.1 mndin EST uaz cDNA subtraction

VINM3 8§14 Normal cDNA library 1836z uaza lWvesemihin & asining WU
Trawfil insert 101 S00 bp 14 normal cDNA library v836mms Thlszue 80% uazly
normal cDNA library 4935419 flvzun 65%

Bl7U Subtractive cDNA libraries voadmmz unzialWvomeadhie 4 asining WUt
TAaufifl insert 100031 200 bp T Subtractive cDNA librarie voaRagams unzdy'y flizu
0%

Tavinou Inmntonmi WndwuingTong wint 4 cDNA libtaries AiB 584
Trau (misefi 5) FarlszneuRae Normal cDNA library w8431 T d1uan 200 Tnay Normal
cDNA library UBa8maz $797u 118 Thow uow Subtractive cDNA library 8333l f1u7u
110 Innu Subtractive cDNA library w848mmz $1u7u 160 Tnau



lﬂ'umﬁﬁui-:nﬁ'[n1un’1ﬂ1ﬂi‘umﬂuummmﬂauﬁu‘nuﬂﬁﬂuﬂu'lﬂu GenBank
muilu Normal cDNA tibrary w8933 Sy Homologue $17u 101 Tnay (30,55
Unidentified function §119u & Ao (4.0%) U2 Unknown §1umy 91 Tray (45.5%) uazy
Normal cDNA library wedbmms I mawbuf Homologue f1usu 61lnay (51.7%)
Unidentified function §1%79%4 12 Tnau (10.2%) unz Unknown $1um 45 Tnay (38.1%)

Tud ey Subtractive cDNA fibrary w8333 b mivdud Homologue 1174 65
Inay (59.0%) Unidentified function 1471 6 Tnow (5.5%) uas Unknown $147u 39 Tnpy
(35.5%) unz1u Subtractive cDNA library voadmnt S manidudl Homologue §1umy 52
Tnow (32.9%) Unidentified Runction $1u7w 4 Tray (2.5%) unz Unknown 419 104 Taau
(65.0%)

A119 5§17 EST clones WIHUASIN Normal cDNA libraries 1B Subiractive cDNA
libraries ¥O 452 1% unxﬁmmmmmfu Haliotis arining

Library No.of clones | Homologue | Unidentified function Unknown
Normal ovaries 200 clones 101 (50.5%) | B (4.0%) 91 (45.5%)
MNormal testes 118 clones 61 (51.7%) 12 (10.2%) 45 (38.1%)
Subtractive ovaries 110 clones 65 (59.0%) 6 (5.5%) 39 (35.5%)
Subtractive testes 160 clones S2(32.5%) | 4(2.5%) 104 (65.0%)
Total SBE clones 279 30 279

dievi@urnuianduanmihiivesu aunsounis iy s ngulng) « (e 6)
zneudau nuill fie Sex-related genes nquil 2 Ae Stress response, detoxification and el
defense protein N 3 719 Protein synthesis and ribosomal protsin NG 4 A9 Cel division and
DNA replication NuTl 5 fie Metsbolism niu# 6 A Unidentified function




Hh‘l-ﬁ. & nﬁmmﬁuiinﬂamuuﬂ'lﬂﬂﬂ ahalone EST clones

Category Normal | Normal | Subtractive | Subtractive
OVAry testis OVETY testis

Sex-related genes 43 1l 40 20
Stress response, detoxification and cell defense | 18 3 1 0
profein
Protein synihesis and ribosomal protein 3l 16 5 10
Cell division and DNA replication 0 16 B 11
Metabolism 9 10 1 11
Unidentified function 8 12 & 4
Unicnown 91 45 39 104
Total 200 118 110 160

vinmsuinbzmusslumuBuRineadortume (Sex-related transcripts) Ayt
Normal cDNA library weaialy wubu Vitelline coat protein (R13 'Hﬁ' T) #nnﬂ]m.rm 21 %
nim 42 TABY (Vitelline coat protein 41 Vitelline coat proteindd UBE Vitelline envelope sperm
lysin receptor) (T TalsAufhfunlfons unvBu Hydroxysteriod dehydrogensse -like peotein
11U Steroid biosynthesis enzyme

AniBufinedo iy Sress response, detoxification, U0 cell defense proteins (17190
8) 194 Stress-inducible chaperone mi- GrpE#1 iihiufifefesfunineunusideniuusion
IgE-dependent histamine release factor Wi1WiNiANTI Allergic inflammation

uummﬁuﬁqwﬂuhndu metabolism (W17 9) MiRvadesfmasauveuvaditu
MU W ADP/ATP carrier, Phosphate carrier member 3, ATP-binding protein,
Mitochondrial ATPase inhibitor, Cytochrome ¢ oxidase subunit I, Arginine kinase uBZ
Mitochondrial long-chain enoyl-CoA hydratase/3-hydroxycyl-CoA dehydrogenase alpha-subunit




M 7 nGUYBIBUTT I8 Sex-relsted transcripts Y89 normal cDNA libeary voa§9 1y

Gene Closest species Accession MNo. of
number chones
Vitelline coat protein 4 Fegula pfeifferi BAB15843 38
Vitelline coat proteind2 Tegula pfeifferi BAB15930 2
Vitelline envelope sperm lysin receplor Haliotis rufescens | AALS0827 2
Hyr'roxysteriod dehydrogenase -like protein | Homo sapiens AAM145TD 1

M 8 nguvadBu oty Stress response, detoxification, UBE cell defense proteins

Y84 normal cDNA Tibrary 904731y

Gene Closest species | Accession | Length | E-
number value

Stress-induciblo chaperone mt- GrpE#1 | Ratrus norvegicus | NP 0778131 | 752 Te-51

Chaperonin containing t-complex Homa sapiens CAB90431 | 672 2e-10

polypeptide | (TCP-1)

Tumor-specific transplantation antigen Bos taurus Ad4367 716 3e-58

P198 homalog p23

IgE-dependent histamine release factor Dermacentor AALTS585 729 4e-13

variabilis

Translationally controlled tumor protein Drosophila BVGS2 g6l le-08

homolog (TCTF) melanogaster

Variable region-containing chitin-binding | Branchiostoma AANG2911.1 | 492 3e-07

protein 5 Moridae

T-cell activation WD repeat protein Homa sapiens AAMAIBIR | 725 Fe-40




J 4 - a L 3
MINR 9 nuveduTiReI98:AU metolisms Y84 normal cONA library we1317y

Gene Closest species Accession Length E~

number value

ADP/ATP carrier Trepanosoma briicei AACIIS6] 923 de=44

bruce;

Phosphaie carrier, member 3 Homao sapiens AAHDIIZR G55 e-119

ATP-binding protein Ralstonia solangcearum | CAD14642 | 715 Te-25

Mitochondrial ATPase inhibitor Caenorhabditis elegans | AAG49389 669 2e-13

Cytochrome ¢ onidase subunit [1] Melanocetus murrayi BAC23352.1 | 650 le44

Arginine kinase Nerdotis madaka BAADS100.1 | 665 le-68

Mitochondrial long-chain enoyl- Rattus norvegicus AAD3I9I9.1 B7RS Og=T7%

CoA hydratase/3-hydroxycyl-CoA

dehydrogenase alpha-subunit

Builifivrimatumminuly normal cDNA library ¥8380WE A Sperm lysin (16 kDa
acrosomal protein) , Gonadotropin inducible ovarian transcription factor | , Axonemal po6.0 LDz
Tektin Al (R13947 10) unznguveddufiimdififiortesf sress response, detosification,
un cell defense proteins (A1TR# 1) 1 Heat shock protein?0, HLA-B associated transcript 1,
Tumor-specific iransplantation antigen P198 homologue p23, High mobility group protein 1 ias
Peptidyl-prolyl cis-trans isomerase fulunduvestuiinerteafiu metabolisms (s 12)
WU ATP synthase mitochondrial FI complex assembly factor 2 , ADB/ATP carrier , Arginine

kinase, Fructosamine 3 kinase, Alpha-methylacyl-CoA racemase UD2 Carnitine

palmitoyltransferase | alpha




Gene Closest species Accession No. of
number clones
Sperm lysin (16 kDa acrosomal protein) Haliotis oving L26276 9

CGonadotropin inducible ovarian transcription | Rafius norvepicus XP_230906 |

factor |
Axonemal ps6.0 Cliona intestinalis BABERREII [
Tektin Al Clona intestinalis BABBG2OR 1

i i o e
3 11 nguveBTINeTI041L Stress response, detoxiication, s call defence protaing
8 nomal cDNA library Y8 3fgime

Gene Closest apecies Accession | Length E-
mumber value
Heat shock protein 70 Danio reric AAH4806 35 | 505 =36
HLA-B associsted transcript |; Homo sapiens AAPIETER | 789 106
DEAD-box protein
Importin 9 Homa sapiens NP_060555 | 763 le-04
Tumor-specific transplantation Bos tanrus A44367 670 4e-69
antigen P198 homolog p23
High mobility group protein 1 Biomphalaria plabrata | AAN3 1640 | 702 3e-48
HMG1
Peptidyl-prolyl cis-trans isomerase Schizosaccharomyoes 042993 668 Be-32
pombe




M 12 nﬁnumﬁui{:ﬂuﬁaqﬁu metabolisms Y84 normal cDNA library vasume

Gene Closest species Acceszsion | Length | E-valus
number
ATP synthase mitochondrial F1 Mus musculus NP_663402 | 802 2e-T1
complex assembly factor 2
ADP/ATP carrier Neocallimasiix AALTIS2S BIB Je-d8
patriciarum

Arginine kinage Haliotis. Madaka D2s104 800 130
Fructosamine 3 kinase Mus musculus NP_071297 | 850 Se-00
Alpha-methylacyl-CoA racemase Homo sapiens QSUHKs 726 2e-52
Carnitine palmitoyltransferase | Raitus norvegicus NP_113747 | 729 Je-68
alpha

vinmIad 1 Subtractive cDNA library winia’ly m:ﬁmm:rﬂam‘ﬁuﬁmnmumnms
Wil fie Subtractive cDNA library v8339T0 (mwfl 13) saswBufuanienmamcty
Bumz A9 Subtractive cDNA library Y848ME (A3 1T 14) midufifedsafumeaiinglu
Subtractive cDNA library ¥04321% 19U T Vitelline coat protein 41, Vitelline coat protein 42,

Vitelline envelope sperm lysin receptor unz Vitellogenin-1 iafu ummu‘ruﬂtﬁmhaﬁumuﬂ
Wulu Subiractive cDNA fibrary voadmme i Sperm lysin (16 kDa scrosomal protein),
Fertilization protein (18 kDa acrosomal protein) 0% Small androgen recepior-interacting protein

(sarip)

ﬂtﬂiﬂr 13 Ut Differentially expressed genes Y84 subtractive cDNA %10 ovaries

Gene Closest species Accesslon | No. of
number clones
Vitelline coat protein 41 Tegula pfeifferi BAB15843 | 21
Vitelline coat protein 42 Tegula pfeifferi BAB15930 |2
Vitelline envelope sperm lysin receptor Hatlotis rufescens AALSDR2T | 15
Vitellogenin-| Plautia stalf BAARBDTS | 1




ADAMTS-9

Homo sapiens Q9PN
Alpha tubulia 2 Aplysia californica AF481056
Eukaryotic translation clongation factor | beta 2 Homo sapiens AAPIETHO
Peplide elongation factor |-beta Gallus galtus AADIGET4
G2Mitotic-specific cyclin A Chlorohydra viridissima | P5190%6
Mitotic apparatus protein P62 Lytechinus pictus POIT53
Mye homolog Crassostrea virginica AAB34577
405 ribosomal protein 59 fetalurus pumctatus AAK95191
Ribosomal protein L18 Branchiostoma AANTIIRL

fanceolatum
Ribosomal protein L19 Argopecten irradians AF526203
Alsnyl tRNA synthetase Mesocricetus aurans BAC44844
Chaperonin containing t-complex polypeptide 1 | Danio rerio AAD48818
ATP synthase Mus musculus BCO03854
Fatty acid synthase Gallus gallus AAALRTET
Ligase family member (60,3 kD) Caengrhabditis elegans | NP_505451
Isocitrate dehydrogenase (NADP) Homo sapiens 557499
UDP-Gal:betaGleNAc beta 1,3- s mucscnlix NP0G62293
galactosyltransferase, polypeptide 4
Microsatellite DNA Entandrophragma AJ420893

cylindricum
unnamed peotein product Mias muscudus BAC29193
hypothetical protsin FLI11196 Homo sapiens AAHD6082
ENSANGPO0000021006 [Anopheles gambiae] | Anopheles pambiae XP_31225]
KIAA1412 protein [Homo sapiens] Homo sapiens BAAS2650
CG10211-PA [Drosophila melanogaster] Drosophila melanogaster | NP_609883




=
ATIHN 14 UAAT Differentially expressed genes YO subiractive cDNA 9110 testes

Cene

Closest species Accession No. of
number clone

Sperm lysin (16 kDa scrosomal protein) Hallotis loevigata | L262741 7
Fertilization protein (18 kDa acrosomal protein) | Halliotis rufescens AACITZ29 |3
Small androgen receptor-interacting protein (sarip) | Ranus Rorvegicus NM 1471461 | |
Alpha-tubulin | Lrechis caupo L30467.1 4
Histone HI Myvituy chilensis CACHMS05.] |4
Histone HZA Myrilus edwulis CAD37821.1 |2
Polyadenylate binding protein Petromyzon marinus | AABBB449 | |
405 ribosomal protein $26-2 letalurus punctatus | AF402835.1 | 1
235 and 55 rRNA Calanus X060586,] 2

Sirnarchicus
2BS rRNA gene Salvelinus U17965.1 1

ranapcurh
Internal transcribed spacer | Hydrolagus colliei | AFO61799.1 | 3
Internal transcribed spacer 2, 285 rRNA Episiphon ABI03133.1 |3

vamakawai
Cytochrome ¢ oxidase subunit IV Urechis caupo AAAT419 1
microsatellite VNTR sequence Haliotis rubra AF302810.1 1
microsatellite DNA Cocos nucifera CNU458311 |1
hypothetical protein MGC26778 Danio rerio AAH49447.1 | |
ENSANGP00000014144 [Anopheles gambise str. | Anopheles gambice | EAAL0186.1 | |
PEST]




3.2 mInInEeunIIEAeenve v ImmAiin RT-PCR

ﬂnmn]1In:m&i’ﬂunnuwmnniufuﬁ'nﬁmﬁumnﬁnuh cDNA libraries 484
nooithie A asining WATIRABUMIINARIBEN TRoMAln RT-PCR A8Bu Vitelline coat
protein (VCP) B4 Vitellogenin-1(VTG-1) fiu Hydroxysteroid debydrogenase -like protein (HSD)
BU Gonadotropin inducible ovarian transeription factor | (GIOT1) B4 Axonemal p66.0 Ty
Tektin T4 Small androgen receptor-interacting protein (SARIP) 0 Sperm lysin (16 kDa
acrosomal protein) UAZEV Fertilization protein (18 kDa acrosomal protein) Tnodduiiongle
Indvedtmswedumns 1 lumsedt 15 TavlAnsenurnieenveduly 3 dinide #s
dumz Tal8 unz dnidion vesmsmihde &, asining

mITIas dWuiiang o lndvea Inswed ﬂﬂuuiuaﬁumnmmuuﬂ1§u H. asiming

primer sequence Expected
product

VCPgl F: GGCTGCACCAGACCGATGAACGATACAC 346 bp
R: TGCTTCAACACCATACCGTCTCCACAAC

VCPg2 F: ACTGGGCTTTCTACCATCAACGTCCTGT 363 bp
R: CGACGACCCCTTGTTCTGGATAATCTCA

VCPg3 F: ATACACAATCTCGTGCTCGTTCGGTTCA 316 bp
R: CACTATTCCGTCTCCGCAACCTGCTCTT

VCPg7 F: TGCTCAGTGCTGGTGGTGCTCTGCTTGG 467 bp
R: TGGCTGGGCGGTGCCTTGTTACCTTCTA

VCPHa49 F: ACCCCACAGGAGGAACAAACC 425 bp
R: COGCAGCCAGCTCTAAGGATA

VCPHa75s F: AGGATGTGUGTGACGGTATTGTG 189 bp
R: CTTTATAGTGCGAGCGTTTGGT

VTG F: ACATCAGAACCGACGGCAAC 202 bp
R: TGAGGCAAGGTAGGOGAGG

SARIP F: GGCTTAGTGACTGAACGCCTCTA 246 bp
R: GCTGCTCTACTACGCACAACAC

GIOTI F: GACCACCCACGCACAGGAC 208 bp
R: TAGCAGCACTAATAAAGCCCCG

HSD F: GCCGTGGAAGAAGCAGTTGGA 231 bp
R: CAGGGGGTTGAGGTTGAGTGG

Axonemal F: GCACGACGAAACTTOGCCCTG 327 bp

protein R: AACGCCCGCTTCGCTCCOCCA

Tektin F: TGTTGACAGGGATGGTGCGG 282 bp
R: CTCCTTTGCCTACAGTTGAGATTG

HaFP F: OGACCCATAGCGGCGTAGTT 248 bp
R: AAGGTCCCAAAGAAAAGCCAGTA

HalLysin F: CGAGAAGGCAGACAGCCAGAC 262 bp
R: ATCCAGTGCTTGATGCTTGACG




vinwamInAaeadie 14 nswed vopgl (7M1 22 ¥8ai1-3) Imaured vepes (Uil 22
voui 7-9)Inswind VCeg? (il 22 wimadl 10-12) unx nsed VCPHa9 (1 22 97 13-
1) wudernnsemu oty ez us s i s ume oz Tudinifien tounaves
mswed verg2 (U 22 ¥eait 4-6) musoipinmE 8 holewilede uas Trmnd
VCPHa75 (310 unafi22-18) eunsofinnn Wl Sumeunsd Susbnaaunnst
TrelufalimpuovfiBuenna 199 op anmuiman sl dauludanewuuousiy

vumTEIm 160 bp

Alos 2 2.8 5 8 v 50040 1 504 55110 08

7 & 5 00 11 IF D 14 1S B 07 18 M

beeta - mc tim

22 HANEAIIENITHTRIBENYBIEY Vitelline coat protein homologue Tao1¥Iwswed
VCPgl (Yot 1-3) Tsed Ve (e 4-6) Tnawed vepga (veadl 7-9)Insind vepg?
(03l 10-12) Instund VCPHae9 (Yoeil 13-15) unzInsiwed VCPHaTS (98afl 16-18) Tauld
mRNA vIndaime (¥oad 1,4, 7, 10, 13, unz 16) 3319 (veaft 2, 5,8, 11, 14, unz 17) uasidla

A (T8N 3, 6,9, 12,15, uaz 18)



wavesIwsed VIG-1 Faeenuuuutein vitellogenin-1 homologue WU T TEIRY
S ldmmeludal (o 23 9ol 193) daIwswed HSD Faesntmgn th
Hydroxysteroid dehydrogenase -like protein homologue (HSD) (141 23 Yol 4-6) uae GIOTI
im BOLLLNTTIA T Gonadotropin inducible ovarian transcription factor 1 homaologue (GIOT1)
(U 23 Wil 11-12) emnaocRud oL e s uns Same Inswei saRrIP 33

BEALLLLIIIN TU Small androgen receptor-interacting protein homologue (SARIP) muT; mﬁl'l-.l
B s 3 e (Ut 1 veait79)

BHI!JIEE!IIIIHIIH

1l 23 wenwmsenuaRIeenvedu vitellogenin-1 homalogue Hfuq‘ﬂl—s} Bu HSD
homologue (¥B474-6) T SARIP homologue {lll‘l‘.‘li‘r'?-?}l tu GIOTI homologue (Y04l 10-12)
To ¥ mRNA vindume (Yo 1, 4, 7 unz 10) S9 (Yeafl 2. 5, 8 unzi 1) unzdinifen (¥84

f13,6,9u8z 12)



Tuduveawsmed Axonemal p66.0 {wﬂ 24 Yead -9 B nILIY TRy
Axonemal p66.0 homologue TWItwed Tektin (1Rl 24 Yo% 10-12) Favonuunngy
Tektin bomologue UBE Halysin {11]'?1 24 imﬁ 4-6) Qmumlwuwmﬁu Sperm  lysin
homologue (16 kDa acrosomal protein) rrwumﬁuhumﬁu'[immﬂuﬁ‘um: LWUILDUR
wuely fal9 nnsidndon unsTwswed Habp (IR 24 doait 13) FavBnUINY Ny

Fertilization protein homologue (18 kDa acrosomal protein) WLUSLRBWT ludans uazisls

uA iy Tudindien

Y 24 WONYIATWNIUNAIBBNYBIEY Fertilization protein homologue (18 KDa acrosomal
protein) (¥4l 1-3) By Sperm lysin homologue (16 KD acrosomal protein) (Yoefl 4-6) By
Axonemal p66.0 homologue (Y847 7-9) UaLTU Tektin homologue (Y847 10-12) Tao1d mRNA
vinBuns (uoad 1, 4, 7 uaz 10) $218 (Faqil 2,5, 8 unz11) unzdlaiion (¥oai 3, 6, 9 uns
12)



13 NIATIA TG WMIZABMATY genomic DNA

dievhIwsued vrg! Tmawed vergs Twawed vePgd Twawed vepe? Twswed
VCPHad9 Tmawei VCPHa7s Twswnd vro-1 Tmawed GioTiInswed SRIPIwaimef
Tektiniez w3163 Axonemal protein 3MATIRATIS M =R BMA Y genomic DNA wB4Men
\ihie 4. asinina e $ 1o 4 Aamen unzmmis §ww 4 A8t wud Inswed GIOTI
(3217125) Twsed Tekin (3u#26) oz Twaiued sarmp itz nnsiiduenndinans
ViisWafunsAadio ez Invwed Axcoemal protein (i) Wnnefdusnnmlyzne
950 bp Welufadiuazdade rhu'lurmufﬁuﬂmﬁu'lﬂn*rm:m#uimw'lﬁﬁfﬂumm} M
iy

U 25 wanadium B hunsoithFemad (doaf 1-4) unzomelo (o i 5-8) Taold
Tnswed GIOTI-ER

1800 bp—

S0 bep—

106 bp—

d L1 ‘ ¥ J =] i
i 26 mamsiuinouABue Tunendhfomed (desfl 1-4 ) unzmSn (vesdl 5-8) Told

Twilued Tektin -F/R



1508 bp—
1800 bp—

W0 bp—

100 bp—

g1 27 Hrrnmﬁuimmﬁlﬁumluﬁmmgumnﬁ (Woafl 1) unzonmdlo (veait 2) TnoldIns
wiei SARIP-F/R

7 28 warud v uRBwe womithieimed (Yoait 1-4) uazmmily (Yoeit 5-8) Tnol9 s
(03 Axonema! protein F/R




S0l

1 mafuiBuiineasendumzremmdonmniin RT-PCR

vinmisfuwiiy DMRT) 4qrﬁuﬁuﬂ|ﬂuuﬁnaﬁulhnﬂnu1uﬁqﬁﬁm niowiin Tan
MIBBAUY degenerated primer uaztinmil PCR Taold cDNA w84 testes wunouiiius
MR 135 bp inziuoyRBueii T Tnay midduilme TaInd uand TaSrudeufiviu
#3109 18y GenBank Trnld BLASTX program WUTuMSeuTIEY DMRT1 Tu Oryzias
curvinotus unzifeeenuu Tnswedeninoud1d A Ao veweadlite
H. asinina pofewLneyRiBueva il unsdade 32 lilnmumnsei onvimiusag
thwswediluozinarsreununsesms sy DMRTI homologue Tu testes (in% ovaries
Tuneurihis H. asinina WULoURBLIBIIA 90 bp T testes U TimuT ovaries vInHAUTRS
Tiu DMRT1 homologue 8 98zmAIsanie 1z Ty Testes 3 iu DMRT! dlufufifsates
fuvuunsiannvesdans lui S Bananin

2. mfuminisamnofiSusfdumzremadiomniia AFLP

vinmslginniin AFLE Aumundosmneiugnssufifinmsumesama s
{hlle . asinina TAe1§ AFLP primers Wanund i 224 gvo IwIwes vinwanInAnea
WU AFLP primers I aamumndsssniame $1ww 12 primers #a1¥adpavnofidume
Ao §1u7u 14 sznevdanuouBuefiiunedomaging 7 5u uncismmilo 7
du m:ﬂm?ummumqﬁmnuuﬁinwu:imnnﬁqmmimquqiu 45 clones TThou
unzwidwuilndlelnd wud InouduIng ivBousuBuiiis w1y GenBank #n
ChuTnau 400 5/8F2 wudrfinamunilonuify LTR retrotransposable element 14 Oryzias Iatipes
TauilAT E-value 1Ay 6e-22

unz 1Acfudn1Anu9IN AFLP markers wisonin Tnamiefifewmn SCAR markers 7
dumzdemn 1 6 § Ustneudae HaMIF/R U6 HaMOF/R 240muuunein AFLD
markers fwummn iz tuvooihidemeg uos HaFIER, HaF2F/R, HaF3F/R 0% HaF4F/R S988n
WU AFLP markers Tz Tuwendh#ommsiy savinnissh PeR v Insnied
HaM1F/R Twinred Hav2FR Twsiwed HaF2F/R une Twsived HaFdFR s soimi e
duelunenihds 1luiagouns urlﬂq".h'lrl1muf1fqﬂmﬁ'h}nmﬁn1¥uanm1mmnui4
szwhamaluvendian1d Fawelnmqnnn varation ﬂuﬁumm'luﬂumﬂ‘{fumnﬂ
Hi'ummﬁuuumtummuﬂmmﬁumatnnn-lumu'laﬁ EcoR1 unzmie agsel vhlidle
senuuy Twswedfamusaduinoulémeamn  dilwiued HaFIER uosInsomd



HaF3FR MunvRiBusnnadusonoidannuoutiusing 1t unzwy T e e uas
¥InM3i PCR products 71 1inInawed HaMIFR Twswed HaM2F/R Twawed Harpm
unz Iwsmed HaF4ER ndAszvidomniin sscp ﬂuiaﬁ'}unumﬂﬁ uazimmdio il
LT RET Y

3. amfumBufiunnssenduizaemmdammaiin EST
VINNTIIEI cDNA libraries §1U7U 4 libraries afusrBuiiivtestumn

UrEnBUA I Normal cDNA libraries §119Y 2 libraries A5 Normal cONA library 97329 unz
Normal ¢DNA library 9in6ass vemwsoidhas A asinina une Subtractive ¢DNA librarics
$TM7U 2 libraries 1B Subtractive cDNA library 91053 W 102 Subtractive cDNA library wIn
fumz TanTndduiind e Inddmouimun sss Tnou tizneudas Normal eDNA
library 91034714 149% 200 TAAY Normal cDNA library vINB0im= $1474 118 Tnau unz
Subtractive ¢DNA library 91nF314 #7u 110 Trau Subactive cDNA. library vin8aim:
iuau 160 Tnav

ilenfTrufounrwimdouiiuifsom3y  GeBank Tnold BLASTN uns
BLASTX programs Inuszdnaiif1 E-value oond1 ix 10" wuritlu Normal eDNA library 910
$a% fiimuowiufl Homologue $1490 101TABM (50.5%) Unidensified fimetion $1174 8 Tna
(4.0%) unz Unknown f1uau 91 Taau (45.5%) Taemmubviiinsuamemennnie &y
Vitelline coat protein 1 nt4lazara 20 % (40 Tnav) TaoBuii mlieduia1e unewdu
fifetasfummeuiu Vitelline envelope sperm Iysin receptor YTmiiTHii receptor VB
sperm fysin TWYUIUMY fertization uBZEW Hydroxysteroid debydrogenase -like protein iy
Steroid biosynthesis enzyme

11 Normat cDNA library 9Wn8ine f6unifufl Homologue $11471 61 Tnow (51.79%)
Unidentified function $117% 12 TABY (10.2%) 40 Unknown §1umu 45 Tnnu (38.1%) Taewu
Buiiiniunaeesnnnfe fu Sperm lysin (a 16-kDa acrosomal protein) Uszaim 7.62 % (9
Tamu) WA lumsfufy Vieltine envelope sperm lysin receptor (ABIAANTY fertization
vennmiumdufiierdasfumniy 7 Bn IYUBM Gonadotropin inducible ovarian
transcription factor 1 (GIOT1) dhifufifeadiasfuvuunsiin folliculogenesis Unz it
NIuAAIBBAENIZ T pituitary, adrenal , testis 102 ovary Ty rt (Mizutani et al, 2001) By
Axonemal p66.0 HulilsAulnsandaves sperm wail wosiu Tektin W Tis@uiidudu
UsEnBUYBIsperm flagella



13U Subtractive cDNA tibrary 91053 6 2ifuf Homologue §1M7u 65 Tanu
(59.0%) Unidentified function 147U 6 Tnau (5.5%) ude Unsknown $1umu 39 Tnau (35.5%)
muBuiilnsueniean sty Vitline coat protein Uszna: 209 % (23 Than) uasty
Vitelline envelope sperm lysin receptor U5z 13.64 % (15 Thow unnnmfuﬁmu‘iu
Vitellogenin-13auluifirdofumn Tamily precursor WANYBI egg-yolk protein unsthu
ADAMTS-S (A disintegrin and metalloproteinase with thrombospondin motifs 9) TatmuSuil
nianaRanennty 31 lvueany mouse (Douglas B, 2002)

unzlu Subtractive cDNA fibrary 9indume D8 nuius Homologue #1434 52 Taau
(32.5%) Unidentified function §1u7u 4 Taeu (2.5%) une Unkeown §1u70 104 Tna (65.0%)
mitufidmsumaeenuinfe B4 Sperm lysin (2 16-kDa acrosomal protein) U311t 4.38 % (7
Tnow) unsBuiliferfoatume U Ty Ferilization protein (a 18-kDa acrosomal protein) iy
Tilsiuflifdnsfuvunin fenilization uoziu Smal androgen roceplor-interacting prodein
u a3 RS small androgen receptor

vinnasnsuaRIsemuestuiinetafumeludums $318 uesidindon rasin
manaaBamuTvamed VCPgl VCPg3 VCPET bt VCPHad9 fiBaniunnieingu Vielline
coat protetn (VCP) it Tnsines VIG #180nutun1einy vitellogenin-1 sunsoihumndas
mneidumiznessWvoanoudhil &, asinina 18 vonviniuTnawed VePHa7s tuimsasia
unlduensuunnansznianls Taoluds Weswuuoufiduenon 169 bp uiludome
vewunouABuUYYm 150 bp TudvesImiwed vepg Fwrnnsnimudnoudy i 3
iilaie nAlsefvvsansuaResnvesBumnAaiuUR 22 uead 4-6) dwemasorunami
InseiiinmsrnssAuveanunnisenyesdu vitlline coat protein 1A J1inInandeen
sostuii Wweedhdnszozla

daunouesInsiuod HSD MBBNUULLNNINGY bydroxysteroid dehydrogenase-like
protein (HSD) unzIwswei GIOTI senuunaneinfu Gomadotropin inducible ovarian
transcription factor 1(GIOT1) srunomuimonin WWhmalu samz uaeds W ushiwuuoud
ipuin Tudindion #atf»llfmiruuwwlﬂuiuﬁﬁ.uﬁmﬁunuﬂ'mwuwfm:ﬂuﬁu{ (Ganz
unzsa ) Tuweudids ety HSD @hudu i Rifeatoafumsnedie Sweroid hommone
(Mitev et al, 2003) uozfu GIOTI FafhiBuiifordesfmumn folliculogenesis (Mizutani
etal, 2001) 9100713 19 wme T Axonemal protein , Tektin uaE Halysin 1 TumInisemey
AITEAIBENYEITY nuhmunnlhm‘immnﬁfu1'li'rﬂumfn-=mmni’uqn1mﬁ'hm‘n:iiu
saunzveanendlide 1§ vinsioaumIAng By Tekin  1B¢ Axonemal p66 Tu Buwmzusa




mouse (Iguchia ¢l al , 1999) UOZ Ciona intestinallis (Padma et al, 2003) AdIRY wuidud
it Tols@u Insand1aved sperm FaiinTruamasenion: lugam:

#a0T Sperm lysin UBZ Fertilization protein éqrﬂuﬁuﬁni'lurhuum acrosome VB
2 sperm HamestudmTilifedosiuvuanns fertlization Tuweedhe unzdinEsmL
Tnsusiviniabuitens mapunsusaiosnyesiumny s sperm lysin unmaseanewizlu
Bume uAluueesbu Fertilization protein Wuhiinuerseenludum: holSuennn
Tudaly vinwoeeuanad By Fertilization protein a1essfinaummaesnlufalilurasses 14
urnmaesn luszAudmInhdumzann

wenmmi 1819 nswed vepgl Twswed vepgz Twswed vepgd Twawed
vePgT Twamed VCPHa49 Twawed VCPHa?S iio Insied VTG ywarenrmiumizasmn
1 genomic DNA veaweuihe A, asinina oneg unzonedle wod himnnsadut w14
unzInswed GIOT! Insired Tekin uaz Inswed SARIP sunsoRus M iRIBuEA YR
fimal518R 111 Tu genomic DNA Youamisaname #9 wsied Axcoemal protein WU
Tuovthusitvumilszune 950 bp Falngindiwumiine Bilssie 623 bp VINHAIEA
1ottt fntron W33 623 bp tfdurmrﬁ uazmeily
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ABSTRACT

Normal and subtractive cDNA libraries were established from ovaries and testes of the
tropical abalone (Hallotis asinina). A total of 58% randomly selected clones were
unidirectional sequenced. Results indicated that 109 (54.5%) and 73 (61.9%) of normal
cDNA libranies from H. arinina ovanes and testes significantly matched with known
genes (E-value < 107). OF these, vitelline coat proteins (VCP; 40 clones, 25.00%) were
predominated in the former library but sperm fysin (9 clones, 7.6%) was the most
sbundant tramscript in the latter library. For subtractive ¢cDNA libraries, 71 clones
(64.5%) and 54 clones (35.0%) of ovary (forward subtraction) and testes (reverse
subtraction) libraries were known transcripts. Expression of sex-related gemes was
forther examined using RT-PCR. Gender-specific expression was found from
homologues of VCP1, VCP3, VCP7, VCP49 and VTG and axonemal p66.0, tektin Al
and sperm lysin in female and male . asinina, respectively. Sex-specific isoforms (186
bp and 160 bp in female and male) of VCPTS were also identified.




INTRODUCTION

ﬁhllmnmmaﬁmglmmmdsdimibuhdm“ﬁdnahugmlmdmm
end temperate areas (Geiger, 2000). At least 20 species of recognized species are
commercially important (Jeraysbhand and Paphavasit, 1996). The demand of abalone
consumption is consistently increased while the commercial catch of sbalone has
decreased from 18,000 metric tons to slightly greater than 10,000 metric tons within the
last two decades (Gordon, 2000). Abalone aquaculture has been established in several
countries and contributes approximately 75% of the world production annually (Gordon,
2000).

Based on chromosome numbers, abalone can be divided into 3 groups consisting of
those having 2N = 28 (H. tuberculata and H. lamellosa) which inhabits the European-
Mediterrancan areas, 2V = 36 (H. cracherodl, H. discus discus, H. discus hamnai snd M,
madaka) which inhabits the North Pacific region and 2V = 32 (H asining, H.
diversicolor, H. exigua, H. planata, H. ovina and H. varia) which inhabits the Indo-
Pacific region (Jarayabhand et al,, 1998). Neither sex chromosome nor temperature sex
determination (TSD) have been reported in sbalone.

Three species of tropical abalone, H. asining, H. oving and H, varia are locally found in
coattal Thai waters (Jarnyabhand and Paphavasit, 1996). Among these species, M
asining is the most promising species for the aquaculture industry. Currently, artificially
propagated breeding programs and culture techniques of H. asiming are well developed
and indicated that the growth rate of fernales in this species is greater than that of males




for spproximately 25% (P. Jarayabhand unpublished data), As a result, the basic
information on sex-specific differentiation in H. arining is necessary for development of

monosex culture in this species.

mmimﬁunfmhahdywmhnlaﬁmmdchanmwiunnfgmnmuﬁﬁﬂﬂy
expressed in ovaries and testes of H. asining, Two nommal cDNA libraries were
established from mRNAs of ovaries and testes. In addition, subtractive cDNA libraries
nfuvﬂhsmdwﬂmwmmmmm:[ﬂihchnummﬂumlynhmd
and unidirectional sequenced. Candidate sex-specific/differential expression transcripts
were further examined using RT-PCR.




MATERIALS AND METHODS
Isolation of total RNA and mRNA of abalone

Total RNA was extracted from different developmental stages of ovaries and testes of
hatchry H. asining established from the Samet Island sample (Gulf of Thailand) using
TRI-REAGENT. Messenger (m) RNA was further purified using a QuickPrep micro
mRNA Punfication Kit (amersham pharmacia biotech).

Construction of normal and subtractive cDNA libraries

Three micrograms of mRNA from ovarics and testes of asining were subjected to
complementary (c) DNA systhesis using a SuperScript™ Plasmid System for ¢cDNA
Synthesis and Plasmid Cloning Kit (Tovitrogen). Size-selected cDNAs (> 500 bp) were
cloned into dephosphorelated Nor UiSal I-digested pSPORT | and transformed inlo &,
eoll IM109. Recombinant clones were selected by a lucZ” system following standard
protocols (Maniatis ef af. 1982).

Forward and reverse subtractions (Diatchenko et al, 1996) between ovarian and testis
cDNAs were carmied out using & PCR Select cDNA Subtraction Kit (CLONTECH). The
resulting products were ligated to pGEM-T Easy vector (Promega) and transformed to E.
coli IM109. Recombinant clones were selected as sbove.




Recombinant clones were randomly selected. Plasmid DNA was extracted using a
MucleoSpin  Plasmid Extraction Kit (MACHEREY-NAGEL, Germany) and
unidirectional sequenced using a Thermo Sequenase Fluorescent Labelled Primer Cycls
Sequencing Kit with 7-deaza-dGTP {amersham pharmacia biotech) on an automated
DNA sequencer (LI1-COR). Nucleotide sequences were compared with data in the
GenBank using BLASTN and BLASTX (Alschul et al, 1990 availsble &t
hutp:/fwerw.nchi/nlm/nih gov). Significant probabilities of matched mucleotides/proteing
were considered when E-value was < 107

Reverse ranscription-polymerase chain reaction (RT-PCR)

One microlitre of the 1" stranded cDNA synthesized from total RNA of ovaries, testes or
bemocytes of H. asining was used as the template for amplification of vitelline coat
proteins (VCP) and other scx-related gene homologues, PCR was performed by
predenaturation at 94° C for 3 minutes, folllowed by 35 cycles of a 94° C denaturation
for 30 seconds, a 60° C annealing for 45 seconds and a 72° C extension for 45 seconds,
The final extension was carried out at 72° C for 7 minutes. Five microlitres of each
amplification product were clectrophoretically analyzed through 1.5% agarose gel and
visualized under s UV-transilluminator afler ethidium bromide staining (Maniatis et al.,
1982).




RESULTS AND DISCUSSION

A total of 588 cDNAs from normal and subtractive libraries of ovaries (200 and 110
clones) and testes (118 and 160 clones) of H. asining were unidirectionsl sequenced
(Table 1). The percentage of recombinant clones of respective libraries was 65% and
0% for the normal (insert sizes > 500 bp) and 70% for subtractive (insert sizes > 200
bp) cDNA libraries.

Sex-related transcripts were predominated among known transcripts in all libraies buot
the most abundant transcript in ovaries and testes of H. asining was VCP41 and sperm
lysin ESTs, respectively (Table 2). The full length of sperm lysin cDNA was obtained
and first isolated in H. asinina (Fig. 1). Abalone sperm lysin sequences are highly
conserved between different Hallotis species (Lee and Vacquier, 1995),

Several other functionally important transcripts; ATP synthase, ATPase inhibitor, stress
inducible chaperone GrpE-like 1, heat shock protein 40, TCTP homologues, small
androgen receptor interacting protein (SARIP) and |8-KDa fertilization protein (FP)
homologues were also isolated. Unknown ESTs was 40.5% and 38.1% in normal and
35.5% and 65.0% for subtractive libraries of ovaries and testes, respectively.

A large number of VCP ESTs found in this study could be gathered into % major groups
and several other unique sequences. Primers were designed from different forms of VCP
(groups 1, 2,. 3, 7 and VCP49 and VICP75) and other sex-related transcripts (Table 3),

RT-PCR was carried out to examine expression levels of inftercsted genes in ovanes,




testes and hemocytes of H. asimina, SARIP, VCP2 and FP homologues were all

expressed in ovaries, testes and hemocytes of M, asinina (Fig. 2).

Homologues of gonadotrphin inducible ovarian transcriptional factor 1 (GIOT1) and
hydroxysteroid dehydrogenase (HSD) were non-differentially expressed in both ovaries
and testes. Although VCP75 was expressed in both ovaries and testes of H. asining, 2
smaller size (160 bp) of the gene product was observed in testes sugpesting sex-specific
transcripts in this gene region. Expression of VCP1, VCP3, VCP7, VCP4% and VTGI
was only expressed in female 4. avimina, Interestingly, VCP] and VCP47 amplified
products were found in both ovaries and hemocytes but not in testes when the snnealing
temperature was decreased to 55° C. These EST markers may be used to differentiate
sdult males and females of K. asiming without the requirement to sacrifice investigated

specimens.

In contrasi, axoncmal p66.0 (a protein associated with axonemal structure of the sperm
tail), tektin Al (a class of proteins that form filamentous polymers in the walls of ciliary
and flagellar microtubules) and sperm lysin (a species-specific protein creating a hole in
the egg vitelline envelope of abalone) homologues were restrictively expressed in testes

of H. asinina.

Gender-specific gene expression has been recently reported in 8 mosquito-borne filarial
nematode (Brugia malayl) isolated by differential display (DD) PCR and In silico
subtraction of EST cluster database and further confirmed by RT-PCR. Six of 12 (27%)

and seven of 15 (47%) initially identified by DD-PCR and [fn 2ifico subtraction revealed




gender-specific expression in that specics (Michalksi and Weil, 1999). In the silkworm,
sex-specific mRNA isoforms were found in double sex {dsx) gene where the male-
specific cDNA lacked the sequence between 713 - 961 nucleotides of the female-

specific cDNA (Ohbayashi et al,, 2001).

Sex-specific markers should be developed from fixed polymorphism in genomic DNA
of male and female H. asinina to avoid destruction of specimens, However, Sweijd etal.
(1998) illustrated successful development of species-specific markers for differentiation
of a commercially exploited abalone in South Africa, H. midae and & sympatrically
congeneric species, H. spadicea using primers designed from genomic DNA of sperm
lysin. Therefore, we did not attempt to develop sex-specific markers based on genomic

DNA polymorphism of H. asining sperm lysin.

Amplification of VCPI, 2, 3,7, 49, 75 and VTG using genomic DNA of M. asining s
the template did not yield the amplification products whereas SARIP, GIOTI and tektin
gene segmenis showed identical sizes as that expected from ¢cDNA sequences in both
male and female M. asining. Only, axonemal gene segments contains a relatively large
intron (approximately 575 bp) but was still found in both sexes. Therefore, sex-specific
markers of H. arinina were successfully developed at the cDNA level but not the
genomic level. New primer pairs of cDNAs showing sex-specific expression in A
asinina should be designed and further characterized to idemtify the existence of single
nucleotide polymorphism (SNP) between males and females of H. asinina.
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cDNA Libraries of Abalane (Haliotis asining)

Category No. of clone {%)
Ovary Testis cDNA ~ Subtractive  Subtractive
cDNA library ovary cDNA  testis cDNA
library library library
Sex-related genes 43 (21.5) 11 (9.3} 40 (36.4) 20 (12.5)
Stress response, 1{0.5) 8(6.8) B(7.3) 10 {6.25)
detoxification and cell
defense proteins
Protein synthesis and 31 (16.5) 16 {13.6) 5(4.5) 10 (6.25)
ribosomal proteins
Cell division and DNA o 16(13.6) B(7.3) 11(6.9)
replication
Metabolismes 9 {4.5) 10 (B.5) 11 (10.0) 11 {6.9)
Unidentified function 8 {4.0) 1 (0.85) 26(23.6) 4(2.5)
Unknown 91 (40.5) 45 (38.1) 39(35.5) 104 (65.0)
Total 200 118 110 160
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Table 2. Sex-Related Transeripts Found in Normal and Subtractive cDNA Libraries of

Crwaries and Testes of M. asining

Tramscript Closest species Ne. of
clones

Normal cDNA fram ovaries
Vitelline coat pratein (VCP) 4) Tegula pieiffert k)
VCP42 Tegula pfeifferi .
Vitelline envelope receptor for sperm lysin Haliotis rufescens 2
(VERL)
Hydroxysteriod dehydrogenase ~like protein =~ FHomo saplens 1
(HSD)
Normal cDNA from testes
Sperm lysin Haliatis ovina g
Gonadotropin inducible ovarian transcription  Ratrus morvegicus 1
factor | (GIOT1)
Axonemal po6.0 Ciona intestinglis l
Tektin Al Cliona Intestinaliz 1
Subtractive cDNA from ovaries
VCP4al Tegula pfeifferi 21
VCP42 Tegula pfeifferi 2
VERL Haliotis rufescens 15
Vitellogenin-1 (VTGI1) Plautia stall |
ADAMTS-9 Home saplens |
Subtractive cDNA from testes
Sperm lysin Haliotls ovina 7
Fertilization protein (FP) Haliotis rufescens 2
Small androgen receplor-interacting protein Raftus norvegicus

(SARTP)
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Table 3. Pimers and Primer Sequences Used to Investigate Expression of Sex-Related
Transcripts in Owvaries and Testes of H. asining

Primer Sequence Accession  Expected
o, prodoc

[bp}

YCPI F: 5 -0GCTGCACCAGACCGATGAACGATACAC-Y  CFR0%554 346

R: 5" TGCTTCAACACCATACCGTCTCCACAAC-3

VCP2 F: 5"-ACTGOGCTITCTACCATCAACGTCCTOT-3  CPBOSSSS 316
R: 5 -CGACGACCOCTTOTTCTGGATAATCTCA. 3

VCP3 F: $ATACACAATCTCGTGCTCGTTCGGTTCA-S'  CRE0S556 467
R: " -CACTATTOCOTCTOCGCAACCTGOTCTT-3

VCPT F: 5" TGCTCAGTOCTGGTGGTOCTCTGCTTGG-  CFE0SSST 363
R: 5"-TGGCTO0GCGGTGCCTTGTTACCTTCTA- S

VCP4  F 5-ACCCCACAGOAGGAACAAACC.3" CFBO5558 425
R 5. COOCAGOCAGCTCTAAGGATA-T

VCPS  F: 5-AGGATGTGOTOACGGTATTGTG-3" CF805559 159
R: 5" -CTTTATAGTGOGAGOGTTTGGT-3"

HSD F: 5"-OCCOTGOAAGAAGCAGTTGGA-3" CFB05560 211
R 3 -CAGOOGGTTOAGGTTGAGTGG-3"

VTGI F: 5"-ACATCAGAACCGACGGCAAC 3 CFBO556] 202
R 5"-TGAGGCAAGOTAGGOGAGG-1'

Axgnemal  F: 5-GCACGACGAAACTTOGCCCTG-Y CFBO5562 327

po6.0
B 3 AACGOCCGCTTCGOTODCTA-T"

Teltin Al F: 5-TGTTGACAGGOATGGTGCGG-3 CFR0S563 262
R: §"-CTCCTTTGOCTACAGTTGAGATTG3

Spe F: 5" -COGAGAAGGCAGACAGCCAGAC-Y CFROSS64 248

v]

R: 5'-ATCCAGTGCTTGATGCTTGACG-3

GIoT1 F: 5"-GACCACCCACGCACAGGAC-Y' CFBOSS6S5 208
R: 5"-TAGCAGCACTAATAAAGCCCOG-3'

SARIP F: $-GOCTTAGTGACTGAACGOCTCTA-Y CFRO5566 246
R: 5" -GCTGCTCTACTACOCACAACAC-3"

FP F: 5 -COACCCATAGCGGCGTAGTT-3 CFBUS367 262

R: §"-AAGGTOCCAAAGAAAAGCCAGTA-Y'
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FIGURE LEGENDS

Fig. 1 Multiple alignments of sperm lysin homologues of &, aziming (this study), H.
ovina (L26276) and H. varia (L15181).

Fig. 2. RT-PCR of VCP] (lanes 1 - 3, panel A), VCP2 (lanes 3 - 6, A), VCP3 (lanes 7 -
9. A), VCPT (lanes 10 -12, A), VCP49 (lanes |3 - 15, A) and VCPTS (lanes 16 - 18, A),
VTGI (lanes | - 3, pancl B), HSP (lanes 4 - 6, B), SARIP (lanes 7 - 9; B) and GIOT1
(lanes 10 - 12, B), axonemal p66.0 (lanes | - 3, panel C) and Tektin Al (lanes 4 - 6; C),
ﬁ:ﬂiﬂimlinn;uuu:in[lm&ul-J.Mﬂn}mdmmhﬁn[hnu4vﬁcﬂj.£:pﬁmnf
mhgm:mdﬂ-mﬁn{!lﬂhp}wunmﬁmdinmmmm

respectively. Lancs M are a 100 bp DNA marker,
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