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WA 18 F2etinesn 27 fatieiiiu Tnewenaiwuiiie g fe Oesophagostomum sp e fiaLndiuuen
Em‘imm?mwudﬁ'ﬁumtﬁuﬁﬁhﬁmimﬂ?mmndqﬁuwmg (p=0.004) szdvluunazAmnedaniiluden dur Aas
iwamesea, nsndwelss, HDL, LDL, SGOT uax SGPT 'lummeuﬂ‘luumnm\mnmmmrﬁ mmmm*ﬁmmm
meﬁmgﬁwmawmmqanmmmmmumnaﬂmuunuamanwmmmmmmmnﬂumﬂwua by Al
Primate Research Institute, amangndtifienln wudrdwmanandainsnmnndediaunadnda wilANEImN
NN sz 10 - 25%) Anenanduuazude wisliuuresdnludeindiamndetinadiy “bipartite
pattern” 91w key character 189R Mg AL fuiLBNanAuLaL LR
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wmuomnmmammmu'lmwmmmﬂumanumuuu Lﬂumanuamiwsﬂ’lu muaw‘lmmnmmmeumqmﬂu
maﬂmamnumamaﬁmgwmwm uuﬂﬂmanuﬂuwfm‘lm 160 Muandneosesdete & Al auiva R uasuan
A g sl bipartite pattern wazufiufnlainuiufuvey LﬂumanNmmanmnwamnmml.l,ummn
s uandlerihddutanalending 191131 phylogenetic tree WitufuAManfiumMasSinansene
Muarduide Lm:aamqmqﬁﬁLma'qﬁ'nLﬁmmemﬂmﬁaLm:mﬂ'lﬁ”mm'lmﬂ wud1Awen o SadrmNIndeud

A [ i ] 1 - [ -«
aanillu 2 genogroups ¥iafl maternal lineage 2 ane sadludnwnueibivadisanuninay  msaaiudes



ST ﬁqﬁuimﬂﬂnﬁ‘hﬁqLwia:mu"nqvu maternal lineage 1 Aneiyintiy Tuuansindmen g manngadia
NAMAN 2 dqmmunumLLm'LuammLtau‘lumuwnuﬂnﬂﬂn’lﬂmLﬂugﬂuu’lm ﬂummmnmwmnmua.,msqn
uuquﬂnﬁuwwaﬂmﬁﬂ (habitat fragmentation) TmﬂwmﬂmLﬂauuuﬂmwuwmnmf:LﬂuwuwLnumsn?w UAazaIn
phylogenetic tree m'mmmmmemnammﬂﬂ'tunaummnunummqmo'luﬂ?"mm’lmmwiuﬂnndmwnﬁwanau
uardulde *nqcmma“wmﬂmuuLLm‘L‘uum"‘lﬂmuuwuauumgfm “The Hybridization Hypothesis” 184 Fooden
(2000) mmman'tuﬂs"mﬂiﬂﬂtﬂuamnuammmmnmqanwuﬁLmnummemfm?ﬂuﬂmm wineialsfaunisi
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2. InnUseasAnasiasinis

LW@HHH’IH’]TLH AQNNAN (hybrid) “/Iiﬂ"]']ﬂﬂ"li‘NﬂN‘IﬂNWNﬁibW}Nﬂ\i’)ﬂﬂLWﬁLNF_I LLﬂvﬂ\}ﬂ\iLWﬂN

J ﬂl

2) mfﬂmmmuﬁnmmwLLmnmmﬂmuﬂwwuﬁnﬁu (genetic variation) 184A98NNEN wumwmuwuﬁ‘nu
\ameluNgN (inbreeding) WWhawauunda 20

3. Lﬁ‘ﬂﬁﬂmuﬁnmﬁnmmzmqn’mmwuam?ﬁwm%‘u 7 Wudeuwsiazsi

4. Weifumusonethadiaue (stock of DNA extraction product) 18vdnenludsanalng  dwiunis
ﬁnmﬁlu'lmmq"m‘f‘mmL‘Baiumqammﬁwanhﬂmﬂm

5. e nuauainfaanguilluauian reufiazgoyiugluanusznalng

3. mMeAnluau
3.1. msaniuanuluniaguiu

3.1.1. Anmdnwuzlazeafralsymng nafingsunismmemns nisuay wasnIHENug

ﬁnmanumﬁmamwﬂs"mm WORANITHNITNEIMNG MTUBUUATITNANALG sTudnaRaunuNIWuS
uwazilunAy 2546 Faudinan 0600-2000 . TntAAm LA WINRTALAT ad libitum (Altman, 1974) [AUUNAY

FI’]NLWHLLﬂv?:ﬂtﬂﬁTLQTQJB‘]’WN’)ﬁﬂ'\T'U’rN Dittus (1980)

3.1.2. afnedwiudnduden

nuziinnadnelute 3.1.1 aFansednmnn 6 wAs X 6 wims Tnunsadnasfivszamiadia 1 n1e e
Wiaaaudld shewnanbifiunelunsmniu 782 3 ak Mo 0830 u. 1300 . uax 1800 1. ieliRedu
\t (habituation) Aunssdn lunsnenssasdesnneiiuniumuion Fetaaaanivmsenansesnien
funen hudaanquiailidesiionnsuasiriasienninuwdun bRt uiudiesaunivewnsiiseldly
naain Aninlimninsadudeldd udmnnfidelidsduiunsamalszann 2 dland TGasuRsTatiamne s
nnadin iy ke Fnine uasironiden indetiluns WelWdHammmdunadnaeemnslunm de
mL‘mu’ﬂunﬁ‘ammumnwaﬂmﬂi"’mnﬂ ‘Llamcm'n'm AntnaaL (ketamine hydrochloride, 10 mg/kg BW) i
néaileiieanuas efeanuudatidseananannsadterivlyfadmin AN dermatoglyphic
morphometrics UAXATU (pelage color) ifugAATTURIA T ARAREIN ARSI dragy mragquanw sy
,'l'nﬁﬂﬂuuu (@) ushilanemng LW@'I.'mﬂué’rganwmfnﬂ "': oy ,a'namugmuum ﬂmnummummmumm
Afe saunsziiedaui Anldesdandugadndely dwiias ?@'eiﬂuﬁqﬁﬁmﬁLLﬂ:T:mm:ﬁqﬁ'ﬂgi Py

anansadulddaunsedn Suflufeddisuignasntnaay

3.1.3. NMnATLiAeA .

-3 < <4 1/ o -l o o as L3 [ %‘ LY
WuRaanuduaeawingn (femoral venepuncture) TnfiuiRandszain 3 fiaddns1 Alansu thwn

o Mo a a aa o ° i o . o ma o o 3 | H [
da wilaifin 10 Radanssa ddesTiansiduanty heparin 0.1 NadAaTINd TiuALszudBanitlalunug



1 1 A o : = H
thueaRléf 2,000 seuANT W 20 Wil weniuwanann, buffy-coat Nladentauazindaidensy, uay

dnineauas ugldn -20 aermados AUz lUiiassiselyl

3.1.4. mM3Anw palmar Wae plantar dermatoglyphics

Dermatoglyphics Aadnuusfusassasmnuufiom %qmumnqzﬂmngﬁnmﬂqﬁﬂ (palmar
dermatoglyphics) waze i (plantar dermatoglyphics) asfidnwoursnnizludng Order Primates uaziiy
wilewfl identification card dwiLAeusiazs Ao bidudsstanilunsfinnudnundndiy 7 athasiaiies
s 4 lumaaunu Tngliinliiaflusessemaamiensjuusdng Foduaslaiftalalsunausonuzmng
demat (social rank) 18981 uaNAINTARIEAANNNs AR dermatoglyphics @t Tl lunsmseiany
dniusneanuien (patemity test) s1aaialoufiuma wi unzgnuasiuilalddon  Taeldlusunsadinmeingg
AdANANNE ?;qluﬂmzﬁﬁa'lsimuﬂnmﬂ'lwﬂ 'lumﬁ«Tﬂﬂ%qﬁqzﬁnma‘ﬂﬂﬁuﬁmui‘mLmzmﬂl,ﬁ'] (palmar and

plantar dermatoglyphics) AM438N17289 lwamoto and Suryobroto (1990)

3.1.5. N12MATAAT morphometrics

Aaftaauaziinundadausing - iawun 54 dnuose Tnadnifiunsmaiioes Martin et al. (1957) waziinng
Uiudpameandalag iwamoto (1971) wianiugu (dental formula) welflunnlszanouengaasds (wamoto et

al., 1984; lwamoto et al., 1987, Smith et al., 1994) ﬁqm'lfwﬁ 1



A19WT 1 UAAINITLITZNNNIBIEAIN dental formula 189U (Macaca fuscata) Aa18n (Macaca mulatta) was

AN (Macaca fascicularis)

M. fuscata M. M. fascicularis
Dental Formula mulatta
Erupt Full Erupt Erupt Full
i i 1 week 3 week 2 week 2 week
T o 2 week 1.5 1 month 1 month
i1 ii month
cii iic a little bit slower, upper
cii iic 2 month 4 month slower than lower
meLd Trem 2 month 3.5 2 month 2.5 month
mcii iicm month
mmc}} %%Cmm 4 month 8 month 5 month 5.5 month
mmcii iicmm ‘
Mmmcii iicmmM 1.5
Mmmei i 1icmmM year 2 year 1.25 year | 1.25 year | 1.25 year
MmmciI IicmmM 2.5 2.75 ;
Mmmei T TicmmM year year 2.5 year 2.5 year 2.5 year
MmmcII ITIcmmM 2.75
MmmeT I ITcmmM year 3.5 year 2.5 year 2.5 year | 2.75 year
MM (mmc) II II(cmm)MM 3.5
MM (mmc) TT IT (cmm)MM year 4 year 3.25 year | 3.25 year | 3.25 year
MMPP (c) I1 IT (c)PPMM 4.75
MMPP (c) TT II (c)PPMM 4 year year 3.5 year 3.5 year 3.5 year
MMPPCII IICPPMM
MMPPCI T IICPPMM 4 year 5.5 year | 3.25 year 3 year 3.25 year
MMMPPCII IICPPMM 5.75 6.25
. . r .
MMMPPCT I IICPPMM year year -5 year | 5.5 year |5.75 year

i = incisor, ¢ = canine, m = molar, p = premolar

3.1.6. N13M39TnAY (pelage color)

o

L* = lightness from O (darkest) - 100 (lightest)

a* = green (-60) - red (+60)

b* = blue (-60) - yellow (+60)

So@uu Tne41eseq color analyzer (Model CR-200, Minolta Co., Ltd) $auanailudn 3 fn

o

&
PN

v .
Tnensdndauazdnnnanfinnsing 4 ressumefeionn 11 fumi A vertex, face, back, upper

>

arm, forearm, head, waist, sexual skin, thigh, leg, foot

“

ps

P

10




3.1.7. M9ALAAATY

]
a

ifiugaanszintldvasanaaasnarafiniislé awsintindcegluaen  Taaifugaanszannfuzesdslanmsy
me’]mnun'\?ﬂutﬂﬂummmammnmﬂuanmm Feaziliuammasedfanain mbuldasazany 10%
buffer formalin Wiviangaans shlumsavnysdnludesfiinssiely

3.1.8. eyl

mﬂgﬂm'luﬂmvmamq FOAT 4 Yin Aie T (vertex), A1umds, Budh ua ischial callosity Was sexual

skin (mﬂJw 1) ToeldWdualas (film color siide 200) mamml‘ﬁﬁnmul‘?'tmmﬂumaﬁmjﬂmwm'lumwm

U 1 uansnstegURsiednanlidnmuSeuioumadugwinentunievd

WTFMH 0505
o

Wa ATUNAY AT ischial callosity &
sexual skin

3.1.9. AIIAQININGY

o =3 1] JA "o - o <
muvdanmafiufeyasing o lunsidesauey NNIATIRGININRY unilsesuaaasinnisiduuas
a o ° = P l:'
3n antibiotic TWRUWATIELNIFIAzARTIRY (palpation) IWBMFIARRUNNTAAVIBNGE

° J
3.1.10. n124n (tatooing) ULATRUATHIVNINELATEUS

° 4 a v a Jv o » - a o
mm?ﬁ'mﬂuf-m o 'VIU?L'Jm'luummmu'lo’i AINTUAYDN Primate Research Institute NWANeaeiiea s
(Mgl 2) ma'l‘h’lummmmmﬁnm?mqmwﬂumnma.,wqmnﬁwmmLLma.,mlwamﬂﬂ Lm"'l.mmuﬂuuu @

f) Miedasmneiilarema Lw'a'L-nmu'amqmm'lm'lmqnf-mmﬁnmuﬁo Lwaﬂmnummummmu

P

iy



' ) s ! B arcad ° a ' o
107 2 uamansdniminde Weldlumsuanddui (numbering) warllunsdnwunAcusiassn

3.1.11. pasiavetudsanad

tW’ﬂﬂ'ﬂx‘lﬂuﬂ’li‘LﬂﬂﬂﬂNﬂ!dﬁ“’WJNﬂ\iﬂ\lLWHNLLW’@\I’)'BHLWﬂlNHWﬂiﬂlN@U’lﬂﬂ 17314 maemnmanwm,

mqwuﬁnﬁu (gene pool) mmmoﬂnnauu mmtﬂum\mmw (bi- vasectomy and mono- orchldectomy) aaris
LWHN‘BQQ:V]ﬁTﬂﬂﬁmQLLWWﬂuﬂL'u./)'w

$142 Hm:na"nmmziﬂ?m%'ﬁqﬂsznwm%‘mﬂnmwﬁmnm?ﬁwﬁuﬁqﬁqLw@,

mevaanmsimiRetamaduulszann 6 wau (srudnadeutuene 2546) WEndulUdnm

v
ansnzlanainsdennresdnennaiy uazdeldRamuAnmsielgnyn 1 6 wiew Tnenszann

e



3.2. meanfiunuludealiiims

3.2.1. mnlszanuniseangy@nduldainnimiansedn

ﬂ?:mmmimq aenduld ann dental formula (lwamoto et al., 1984: lwamoto et al., 1987) mum’mm 1

3.2.2. mslwazinnlinlugaansy

thganszifivluvasanaaeslnsam fecal intestinal parasites AaBanTseee Arduasiansios
(2540)

3.2.3. msimmzialdunlnatnluwdens (blood haematocrit)

o 4 . , - o .
iweaianzliuunieldlu capillary tube Ussanms % vamaan wasdlntanudnumiadan wax ¥l

1 U ) ' J J : °
druezesii Taennalfilanedinuiigadan wax agdiuen Tl 1,000 seuan?t ww 5wl anthuin capillary

tube T1l8urn haematocrit feATasgy

3.2.4. MAWMNAMNTNARWARS

tmaaaniuenlfnmsadamarszaula dun triglyceride, HDL, LDL WptAaaanasea Amnaia

. . o

\Wfl1eananaN1  Ae  alkaline phosphatases, SGOT uat SGPT Tnadesiatinanaaunlungean
4 ' | o o~ o - o o .-

Radioimmunoassay Center, njamwy  TuAinssadnldaz1difludafidwiu food-intake/food resources AMMITLAY

usiazsia

3.2.5. mrapfwweaInINAndanuaIinden119 (DNA extraction)

ANARIBWOAN buffy-coat ﬁﬁmﬁmLﬁfﬂmmztﬁmﬁﬂmmoﬂuﬂq 1938 phenol-chioroform extraction A1y
A8msvee Sambrook et al. (1989) FFIpMemds Taefdumeussielyd

1. gaudlaiieniidaamsaiafieueldlunaeanaaseing 15 feddns

2. [BNA3aTaNe 0.2%NaCl-1mM EDTA 13u1ms 4-5 wihasaidesininanataiiaws @t lidnmuitels

Winideauasunnsia (hemolysis) ABIRNIUTARDATNIUALINEAIBEA YN T

i lthiiaanags 3,500 - 4,000 29L/UW WU 10 WAR

o’

. \Anasazane 1x STE Nau'mmnunummﬁamﬁmnm:nﬂuﬂfﬁmﬂﬁ’ pasture pipette 3330t iAANaq

3

4. mmmsa:ma'c”fuuu (supernatant) TefiAuasannsunnsaveadadanune dlu

5. BNATATANY 0.2%NaCl-1mM EDTA 13u1ms 4-5 wn'ummmﬂﬂmmglwammmam weinidiniy
6. Wluthiamuisa 3,500 - 4,000 sau/ANH WU 10 ucwn~ . a7

7. mmmm*mmunu (supernatant) Aol .o ' -

8

9

al o an < ' . - o
. WPTHNURDANAABIVUIA 15 NARAMNT nwumﬂmmgmﬂ phenol UaZ chloroform WATIRANANTASATLAY

seluli
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1x STE 2 ml
10% SDS 200 ul
5 mg/ml proteinase K 50 ul
10. gaansazanslude 8 ﬁﬁtﬁmLﬁﬂmmoLLa:mﬁmLﬁﬂmﬂuﬂfiim'lwaﬂmmmaﬂﬁﬂ 9
1. A BIAeIn3en (incubate) iquuund 37 - 60 sermades wiu 2-4 $ale waziteduovaen
ThnéarsacaneRldtiauviinun
12, Pinensazanedasial
5M NaCl (1/10 ¥in) 250 ul
Phenol (1/2 1¥i1) 1.25 mi
CIAA (1/2 1¥%in) 1.25 m! [CIAA = chioroform:isoamyl alcohol lusnsdau 24:1]
13. Buanaeniinum 2 d9lue ‘
14, iluiufiAe1mda 3,500 - 4,000 seLANT WL 10 WA anazanefildazuaneandy 2 fu Tanens
azwuieullsiufanounsnagsewinamsazanea 2 $u
15. rgmmm:mnﬁmumﬁ@ﬂ%’unu’ld'lu dialysis bag Al dialyze Tusnsasany 1x TE fignuugh
4 svrngadn Rel¥ihudy
16. inQa dialysis bag uargaansazaudiaueldluvaennaassuin 15 Raaans
17. BNA1TAZA"Y 10 mg/ml RNase A 153ms 10-20 ul Tmmﬁmmﬁtﬁu%uagﬁumsﬂmﬁauﬂm RNA
luansazanadiouis
18. AR frien gyl 37 esrnadea wi 30 il
19. Winansazanudiesielunlunaaannaes
5M NaCl (1/50 win) 60 ul
5 mg/ml Proteinase K 50 -100 ul (udausiroamiinuasansazaneiioun iannlidy
proteinase K §1n)
20. #n (ieenaiBuavaenluin) figmni 37 - 60 esrnTadua w2 - 4 Falu
21. Pnensaranudasiolld acluvasanaags

5M NaCl (1/10 win) 300 ul

Phenol (1/2 1) 1.5 ml
CIAA (1/2 W) 1.5 ml [CIAA = ctiioroform:isoamyl alcohol ludmsredau24:1)
Weanaenluunuu 2 49Tue - -

22. inlUiuAnga 3,500 - 4,000 saUANT 1IN 10 WAT arsazanaiidazusnaamily 2 $u
23. gransazantiiewefieyiuunlalu diaysis bag aniliinlyl dialyze Wansazany 1x TE figuuugd
4 psades w12 Fal

24. Wanumsazane 1x TE uay dialysis sialiuu 12 dolu
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25. fiana dialysis bag uargmmsarareAiewei dldlusanui (vial) uaziaTaTAER B WEL9ETY
dwiuilnsaseuautqnalands agarose gel electrophoresis waztillinrnAddla
\Fi389 spectophotometer M chloroform &y 2-3 uﬂm'lummtﬁoﬁﬂmmzmﬂﬁmuvaﬂgj Wetleariy
NN9IATYVBIULATITE (anti-bacteria) Wu parafilm LLa:Lﬁﬁﬁﬁfqmunﬁ 4 aariTaldua
%Qﬂﬁiﬂ:ﬂﬁﬂﬁLﬂuLﬂ‘ﬁIﬂﬁﬂﬁ?ﬂagﬁﬁﬂQﬁNU?QVlgﬁdLL@: wilns awnsauiushetinedieweifiu DNA bank
Vifensinunay 1 @ 4 ssuaadun) Wuund 15 3 @nuszaunsailétuiusinuedeistn
A.A. 1986 W Primate Research Institute, Kyoto University, mzmmﬁﬂu) ﬁaﬁmuL@mﬂeae?anmﬁ'gﬂzkﬁﬂl‘f
fmiseddelnsim nAdndadinen ansinenmans ISR INENRe  Wadaviuflu DNA bank

rslnsumludlszmalneg ?ﬁwmzﬁ‘lﬁsﬁuﬁwdwﬁmuvammﬁmqa Macaca 1iasne 9 lisaniszanm
900 A2RENIUNAT

- Ar A o ;~
3.2.6. nInMAaaUANNTENTUATANNdiduInR e Raiald

inﬁmuvaﬁarTm‘lm.ﬂmmmauﬂ':'mu“fzgwﬁruaxunﬁmmm'w * 1nti38 agarose gel electrophoresis Tt
14 0.5% agarose gel Wine load Faat1ediau@Funn 10 ul m'lwquuutﬁﬂma run wntlszanng 1 dalug
antutiesdudiewelésag Ethidium bromide uaiiludesgmelduas UV Fieweianaléidndnilinnma
Werammaseuaziiuuudeudnonn  iimsuieusestisiuuas RNA ag) (ilnnudieuasdiutiuaes
TsiuuaRNA Tuies) uasiiewefilfazdedlufinminduiudy 1 @ @nsiniduiudu 1 szduduuoutones

e doawas o
AeluusiuaaNFundn smear band) Aieweiianslddeqi 3 dnifufiowenmnimg

i o ' al o a % °
117 3 uanssretinedieuiaiarinlddagas phenol chioroform extraction UALTINNIMTIARBLIAMLNINLIL 0.5%

agarose gel electrophoresis

REBBEEELZ

1 N
St

]

b ]

- -

o 4 d why
3.2.7. mnadannudinduresdiewenaialslasstesspectophotometer -

o di o U J H 1
haweldllinAnisganduuasdianie?as spectophotometer (Ultraspec 2000 UV) fiannuenanay
260 nm Imm"mmmmmnﬂuumw"l.mmmmmmmmmmuw-ummmuLaTmﬂmﬂunummummmmgm

(standard DNA) mmmmmmutmvm‘lﬂmummmnammwmunu Tmﬂmﬁm?muommu
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fvunlifiewennaguildfe A standard Milpanadidiuindu 0.1 ugni sinluguAmsganau

uai 260 nm Aty 1.430
d o o ] A o U ' | U J o o :l/ o 1 1
WerhwiretndeuenanaldlugwAinnsganauussdl 260 nm Sty 0.815 Fafusetinediewed

ana il ity 0.1 x0.815/1.430 = 0.058 ug/ul

3.2.8. maanBunadieuelaslniungnld (DNA amplification) uazn1s3nsziasuDaeateing
(sequencing) 183lulnABuIATHAR DU

wauaulnTnAesTEARIBUe (Mitochondrial DNA; mtDNA) @21 control region 138 D-loop 1Ati3a

PCR  Tntl¥iwsuefMesnuunanndduinadlelnduesiy mt DNA 'lu?wnja.]u Japanese macaque (Macaca
fuscata) (Hayasaka et al..1991)ﬁ'\1ﬁ

474 (saru-4 by horai): 5'-ATC AGG GTC TAT CAC CC TAT-3'

561 (saru-5 by horai): 5'-GGC CAG GAC CAA GCC TAT TTG-3'

Iwsinef 474 (i biotinylated primer (primer ﬁﬁﬂuﬂtjﬁumi‘ biotin)

iasuuiiewe luvaeamaaaslagld AmpliTaq Gold™ Kit (Applied Biosystems, Japan) thermal
cycle dmLIiNAUAewesENaUAY denaturation & 94 B9ANITAE A W 1 w77, annealing 71 45 89
iwaida w11 1117, extention 1 72 asrniEadg W 2 WA 4791 30 s [(94:1-45:1-72:2), ] u% extension
7l 72 asrnaaida siedn 10 WAl uazrouRiazix thermal cycle 891Fu PCR amplification azdinaisazant PCR
mixture 7l 94 BaATAELA U 10 WTiney uﬁqmniuqmmzmum? PCR amplification ¥\n1smsaaey PCR

o il A J Rdpr
product A2t 2% agarose gel electrophoresis a1 mtDNA AnawulFRauaseuntL 680 Aiua (Aagui 4)

71U 4 uanaTufieuieesiiu mitochondrial DNA s uawuliluvasanaassdefimauenalszunm 680 AL
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nlifieumefifndnnuldsavalatld Milipore Ultrafree™DA  (Millipore Corp., USA) Sl filter
fmFuuenTuduRiewafinuna 100 - 10,000 bp aanfaﬂn‘lwsmm'ﬁl‘ﬁua:mm:mzlmﬁfaéu'] Tmel PCR product
aztlamednaeguu fiter lunnisiilwsefuszasazantindodn 7 avanasnlumaeanasaadatitlui

niduganiniinsuudiews naxinligns Aewailddinaiiuiiouediug (double strand DNA;
dsDNA) 8t Feazgpainnifiuiiewe duden (single strand DNA; ssDNA) nieu mnA5999 Malaivijitnond
and Takenaka (1998) uaz Malaivijitnond et a/. (2002) 1neil4 avidin-coated magnetic bead (Danabeads® M-280
Streptavidin. Nihon Dynal K.K., Tokyo, Japan) $au1iu biotinylated primer mn%umummﬁuﬁmum'twaﬂm
A8 dsDNA Fiadnuaulindu arfifieweeguiladuiiidoularudeneyiuans biotin wmzinsue g
biotinylated primer (primer-474) ¥l dsDNA 11 1 @NALALANT avidin ﬁﬁﬂﬁmﬂﬂﬁu magnetic bead ‘&
(avidin-coated magnetic bead) &3NS alkalinization dsDNA &981 0.1 N NaOH e l314 ssDNA 2 1
%uﬁuuﬁm:ﬁmﬁmﬂgjﬁu avidin-coated magnetic bead uazAnAznavatfifivaen 'lummzﬁ’ﬂ'nﬁwﬁm:aﬂﬂﬂgj
udasyludaues supermatant wein ssDNA v"quamdquaﬂnmnﬁuua:ﬁ'flﬂ'l'ﬁ'lumﬁtﬂmzﬁmﬁqﬁuﬁfmﬁ‘iﬂ‘lwﬁ
sialy)

nMsAassinaduiiaadlendaes mtDNA D-loop azinluiisuercaeady Wedlunisnmasey na
ivinlae 4 cycle sequencing kit ﬁmﬁmTﬂﬂu?ﬁw USB Corporation, USA ‘1WTL:J'BT"7;'["ITLﬂu FITC labeled primer
(Japan Bioservice, Japan) Frail

554F: F 5'-ATC ACC CTA TTT AAC CAG TCA C-3'

567F: F 5'-AAA CCC ATC TAG GCA TTT TCA G-3'

TuGnannisdinansazant PCR mixture i 95 BaAIMTHA WU 5 wilinaw Ty thermal cycle AwFy
amplification 1szneufiat denaturation # 95 sarTaEEs WY 30 AU, annealing 1 53 asANTARHE 1 30
A, extention 7l 70 seATATLA 1L 60 AT S09n 30 70U [95:5(94:30sec-53:30sec-70:60sec),,] NN
aﬁnéuqmﬂﬁn?ﬂwtﬁu stop solution 2 lulAsAns w proteinase K (0.5 ug/ul) 1 alasans U lintdidau]
il 65 asrnradun Wi 20 Wi At R 95 esmadng W 5 Wit Weliewefians
denaturation ua:‘twumzﬁﬁuﬁ’uﬁwﬁ'qquﬁ@:amawm 95 aernradua udhevaeanaansitifioweatiy
undlugnaiudanadt (chiling) aantis load FetadiawmeitliasluanFunms 2-2.5 lnsdmamgu M3

adiutinmdlandlanld Shimadzu fluorescent automatic sequencer DSO-1

3.29. madanFnnsiewelaginiuignls (ONA amplification) uaznsdnmzsianaduiianalaing

-~ - £

(sequencing) 983 TSPY gene s

TSPY gene (funguiiu (gene famiy) finresiaguulasatonmatiy  (v-chromosome) 13ty

L

nonrecombining portion (Schempp et al., 1995; Affara et al., 1996) AmzuanuasRuyuazawmeglu

° ' Y Y a ¢ T 'y dy v o
fumdalng 1 fuulnsfies (proximal to the centromere) (Kim et al., 1996; Glaser et al., 1998) ﬂfagaw‘lmmm

fumsAnmtuuulasTaleumeny aunssi o eqiuinudrduulashlomamofidunuuasinnisinm sy
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-

agilifieud 7 By uaelifins 2 Buvinduiinuutasidsumee TiwuuutasTulanmands (X-chromosome)
|88 (Zhang et al., 1992) A8 SRY gene UWaZ TSPY gene (testis-specific protein, Y chromosome gene) Tag
TSPY gene Usenausae 6 exons WAL 5 introns mnﬁtﬁanﬁuﬁ";ﬂrm'lﬂumiﬁnmLﬁmﬁ'uﬂsvmnsﬁaq'an
Fagemangaiiainaniiauelily project proposal mw'awm'l'nwmummnu paternal Imeage 109
qandaumﬂu “fanan” asaviTali LLﬂvmmmi‘l'nwmw,nmnqum{] male fission %58 male migration uuﬂﬂmmﬂ
r_ﬁ:ujumwma'awa'anmncjemﬂmz_mL@ﬂywuthg‘lﬂmgﬂuu 'I.umm:wmmﬁLumzﬂqnum’lzjmaﬂuaﬂnmng}q
W31z TSPY gene ({utiuayinif (conservation and species specific) lunguaslaninin (old world monkeys) #i
uluden (Macaca mulatta), AdnuiRey (Macaca assamensis) WNSRINNENT (Macaca fascicularis) TSPY
gene HIUAWINTWAS 10.6 Kb (Kim and Takenaka, 1996)

a9 TSPY gene 1t33 PCR Tael¥insmeMeanuuuaindduionalenduns TSPY gene 184
Al (Zhang et al., 1992) Fii ‘

TSPY-A: 5'-AGC CAG GAA GGC CTT TTC TCG-3'

TSPY-B: 5'-CCA TGT AGC TCA GCA TGT CTT CAT-3' (Kim and Takenaka, 1996).

Tngsinumia 5 va3lnaied TSPY-A uaz 3' vadlnsines TSPY-B msafudduiinndlend 324 uas 1093
284 TSPY gene 189AU ANAFU

Lﬁnéwmuﬁmmﬂum'ﬂmwmameu'L'ﬁ AmpliTag Gold™ Kit (Applied Biosystems, Japan) Thermal
cycle dwinifinduantszneudas denaturation 7 94 avrIalid W 1 Wi, annealing 7 60 avATadya
114 1 1, extention A 72 avATadua s 2 WIf Suaw 30 seu [(94:1-60:1-72:2),.] ua extension i 72
svradua siedn 10 wd TauneufiazBy thermal cycle & Fu PCR amplification azsinansazane PCR
mixture 7| 94 BvFTATHA WY 10 WNTirew uﬁqmn‘éumn?vmunw PCR amplification ¥N1sAs9agaLuay
LLfJn‘nudeu'um TSPY gene A2t 2% Nusieve” GTGR Agarose gel electrophore3|s (Rockland, USA) mmwawu‘iu
d7UT83 TSPY gene 8E8BNN" UAY weingugan TSPY gene aniiaiaalngld g glass powder (Easytrap™ Ver.2,
Takara Bio Inc, Japan). aAnuuti1 dsDNA A ndndutandteindsiel Tay TSPY gene MfinsmaulET
WALTENN 750 Flua (ﬁqgﬂﬁ 5)

d & Aa o 1 .
U7 5 uamdTudiauiauas TSPY gene Mins i lunaennaaesdefinuenlszan 750 Aiua

mEE Ry
© o < W0 o)
.3 8 B 8 & :
o—= ” 7 =
= M = male g
m__‘:
F = female

Y
()
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nmsilnzinaduiiordlaindues TSPY gene vinlmeld cycle sequencing kit finAmlAtLEY USB
Corporation, USA lwswa il FITC labeled primer (Japan Bioservice, Japan) fiaanuuyiatianizduiy
nfndnen dntnmnndeluai TngeanuuranarAuiandle infueBensunpmumenuees Tosi ef
al. (2000) Fal

TSPY-SEQ: 5-GGA GGG AGA GGA GAA AGG GA-3'

TSPY-SEQR: 5'-TCC CTT TCT CCT CTC CCT CC-3'. T

TneEuannnsdiuasazany PCR mixture 7 95 BeANTATEA WY 5 winau Tng thermal cycle AWy
amplification Usznaudat denaturation 7 95 seraliEd W 30 A, annealing 7 53 asATadEs WL 30
A, extention i 70 avANTalus U 60 Auhl 419 30 seU [95:5(94:30sec-53:30sec-70:60sec),,] Mund
mnauamﬂgmm@vmwjummnunummLﬂmvummmumﬂa‘iﬂ‘lwm mtONA  Aevinldin stop solution 2
Tulnsims & proteinase K (0.5 ug/ul) 1 ulAsams iU 65 asrnaadug win 20 unit Al o5
avieada Wi 5 unil WeliRiewefiams denaturation ua:'lumm:ﬁﬁu&uﬁﬂu‘/'{amuqﬁq:amm'a'm 95
avusadun uihevaeanasediifieweegiu quadludrahudond andy oad Mntiediawadiliadly
walinms 2-2.5 lilasimemay  msvamdduiiaedlendlaeld Shimadzu fluorescent automatic sequencer
DSO-1

3.3 MTILATIZHNA

3.3.1. AAA blood hematocrit, fecal parasites, lipid levels Wazblood chemistry

WnnzAei 4 dr9du muAmIANGnsTBaeny uazn TanldafR one-way ANOVA (LSD test) nas
wianudiiugvesndeyadanannlnaldatia corelation and regression analysis TaeldTusunsupasiames
o < o ' ) ﬂ‘A
@333 SPSS version 10.0 InstanFuAIANNLANGNINARET p <0.05

3.3.2. JimziAY morphometrics

AR morphometrics 199R8N (4 FAGAHMNANES WieufuBeen Alfutiaanyssmaiuuay
SuiftiAeeegi Primate Research Institute s ntndaditnla Uszmadiu uardananaludszmalnglng
14405 Principle component analysis laellsunsumaniamefdndagl s-Plus version4.0 (Data Analysis
Products Division, 1997)

3.3.3. Januirdsuionalelng £

o o < A ’:l o = . o v o 1 o< - 3

aduABweRildamunssgnimdinmei§adue (align) whdasiuliagluglvasmmaudiavindiaya
(data matrix) Tne@1Aulusunsy Clustalx 'Lum?'ammuuuﬂm‘iuum wininndn Fuadaumuasdnaundtasidn
mudavindimnzanige mmqLLummniw”l,mm:qnmmoLﬂi’\vumaﬂiﬂmnm PAUP* version 4.10b tial4lu

mmmuuuqumu‘lﬁlw‘immumnd (phylogenetic tree) 'lu‘uuuin@::'mﬂfﬂmi‘mwuuuqumu'lu‘ﬂu'l (guide tree)
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FrtAEMTiATsssnannaWugnITN (genetic distance) WLy Neighbor-joining (NJ) unupisiulid N f‘:@:qn
1'Htﬂuﬁq%ﬁwdﬁ@:ﬁﬁ0mhqz%ﬂm"uﬁLﬁutﬂmn&ﬁ%m'l.m“?{muwm:ﬁmaﬂnmnmsﬁmm:u"l.ui?uvi*a‘lﬂ‘lﬁﬁ"m e
snsaannnaemmudmdndiiayaaluudn mmeuiaindilazgnivludluntséum (search) WUl
ﬁu‘lﬁlﬂi’mmﬁnzﬁ'{Lﬂu‘lﬂ‘lﬁﬁmmﬁoﬂ?ﬁ'mﬁmm:ﬁﬁnum: (character)  wuuNedadgega  (maximum
parsimony) sial1l Tnendenl4AZn1eMunuuy brach-and-bound search strategy usugiiiedadgegaldtauna
avgminnafusuniisiulisenafesuuudingm  (strict  consensus  tree) ANATUAYUNNATA  (statistic
supporting value) ﬁ'uq 4 Bootstrap U Jackknife (31A3153 1000 91 WLy Fast-heuristic search) Aa¥QNAI
deldtlsznenlumsiansantennnahilaresi (branch) LLﬁazﬁquuLLuuqﬁﬁu1ﬁ
umsiiemeiaduinedlelndies miDNA darduiionale lnsvasds Barbary macaque (Macaca
sylvanus) (AJ309865, Amason et al., 2000) i1 out-group reference WaAMan (M. mulatta) REunaeindinann
AuuarBuiy (Lgﬂ\'lﬂfii"?; Primate Research Institute, Kyoto University, Japan) uasfawwena  (Macaca
fascicularis) Tuszinalnaidu in-group reference  dwsulunisiwssf TSPy gene Masutinpdlaindensda
renfiflunsernifinanUssmaBude 3u uszwin Aate (M.nemestrina) fWEN9 UASAUAW (M. arctoides) AN

Uszinalneniu references

a o au v
4. ARUISENLASY
&
4.1, i’agaﬁupummwuﬁﬁﬁnm

AN Sndarnvannde 2.NATW AAY
GPS =17° 14'56"S 108°39' 50"E

NMAAUNN; WHURWMNIEIAY 2 AINNZUNNY B9 28R 2.uATNTRIN TvEEMa 240
Alawms bazouuAt 201 410 2. ARe e Fadrmannde A.NAN A.1a8
T2HEN 240 Alms

i, Tadnemannae ;ngjumﬁuwﬁqLﬂumﬁm‘luqqﬂﬁzmm 400 AT LW
ﬁﬁu‘lﬁﬂ?:mw‘lﬁtgﬂuﬁﬁumuLmau'%uﬂt_jtﬁu uananidonudingiaed
uunasemng Lﬂﬂmnqzﬂﬂnqnaﬁuﬁuvﬁﬂ Uszannd 20w Fsdanndia
Wl Aufilausendufufinemsnsnmesmatig Tnafinnsgnda,

2 o
ndia, nzaama, damdes, dratwe, Bhe uazdn s quUit 6) anms

1
o

a s t o PP & odda X ,
wudrmmiaviaiiug hinudndristuladniaeluiuiifidnendidianduer)

Wriliandndudan (predator) uazmila (prey)
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z“ﬂ'/l 6 meanwmxwuwuazmmﬂwmwamﬂnmﬁﬂﬂq M IANNIUNINED D WASWI Q.08

Wat Tham Pa Mak Ho

* % LEGENDS

(222222

&N

L §
FlERREKREER
LA T

BREKERKERERKER

[y

kY
;*:; Soya Bean Cultivation
T L

B -

" m®  teps
£
ma # Home Range of Macaque Troo

190700

1907 450 ah
S . Tamarind Tree

Q Fig Tree

5
<% Flamboyan Tree
"% Temple Area boundaries

Parking Area

- Banana Garden

: e
195300 795350 95400 195450 195500 795650 795600 195650 195700 195750 wmmmm  GrauelRoad

1907 400

19073504

s ¥ = o o a a
4.2. anumﬂnﬂmwﬂwmns NHANTTNNITUIRINIT NITURAY miuauwuq HASNITINARIGN
HNAN

o - J
4.2.1. AuRIny
nnmzasunviudenada (mezAulag Youdy) ludleununiug 2546 wudnilanendmau

X
WA 142 60 -naummutwmumummu’luumﬁl Tmﬂmummma“lmmmmuunmmumwnﬂ H'IT’NVI 2)

MINT 2 WA RTINS 0y SadrNange A, 1t o Aust WA, 2641-2546
1 w.a. [71UU (F)
2541 103
2544 ' 115
2546 142
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wianivinsiulae AN luden funan 2546 wudnAsTiFauns 110 5 Fauanuasmame

a uy o <
LLﬂ:i‘Zﬂzﬂ’]i‘Wi‘Iy1ﬂ PRANTNN 3

1 v
AN 3 WARISIUIUAIIINMIAIIIR Dl SAGIHAMIANES &, e ludaadiou Suian 2546 TaEsULNANLNA

Was ?wﬂvﬂﬁi‘L"‘IﬂU

Growing stage Male Female Sex undetermination Total
Rhesus Pig-tailed
Adult 6 (3) LA 35 - 42
Sub-adult 9 (6)* - 3 - 12
Juvenile - - - 38 38
Infant - - - .18 18
Total 15 (9)* 1 38 56 110

f
ol il

- o i -1 ] < o J o { LY
WHIBIMA: Adult male waeDe Auwadifiaunadalug) fiden (canine) nnjiasnyifinf uasdunsiadousadn

2

agluguindtuncuunuda
- -~ ud'd o a’l’ . ar - [ 1 n‘ -l H4

Sub-adult male MmN dunAgiinafalunan @u9 (canine) st liiing fnunady uay
o A LY I3 o ) o ’ Ld
soenzianausainnegdlugeiudamsudn widslinuysal

Adult female winefe fuwadeifownelug aunfisuelng 11 waefifuae wazBon sexual
skin Tudaanguaniugidunaidiu

< - o aa o/ < -4 v [9%)

Sub-adult female wanEm funwAlB IR uNaY  Funflauadn & wacdlidonuny uas
L1904 sexual skin udsagguaniugidunady

Juvenile yunetle Euiludanadazfaunasadin iTtu-n:qu‘hJtmﬁﬂuﬁoaqmﬂfﬂumﬁuﬁmm wazan
atranmudugaiudeiaiu 7 withfhRanadssaihdeiinnedadn wazainagrniu
WugaiuiAasingu 1

- 1 -3 -~ U4 4 - o

Infant MBI anmwmmwanuumfag @y < 1 1) Jonadn RomleiFunluwihidneusiy
sauthuuazilaudd dusey I ua"'lu'nmvwanmLauﬂqun@"uuummummq’tna 91

* mmuamﬂnmﬂuwﬂﬂ'l.u male group 178 Robert group

** 84 (pig-tailed macaque; Macaca nemestrina leonina) l.‘u'm'l'ag'ludm'lﬂﬂi‘“u’lm 31 uaznaeil

Lﬂumgjwmmmmmuum (Malaivijithond end- Varavudhl 2002) e

« - -

4.2.2. ansurlargFialssains

'umvwmLuunwﬁnmafwwummoﬂnuﬂﬂmedumm Tmﬂumnuﬂumd 1 (dominant male or alpha-male)
valRmenfome Anwas Tmmmﬂ?:'mnwmge Usznaudon 1 galunftiuue Wy 2 QEHEGENT Y

daiau (gﬂvu 7) fieid
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1. ﬂﬁ:uuﬁ'ﬂ'lﬁ%ﬂdﬁ “Main group” ﬁﬁm’ﬂmwmﬂﬁﬂ')”] “Stone” (U784} (sub-dominant male or beta-
male) uazfigngadiudneniivdetuamlszunn 98 f

2. ngadanAE (male group) Wiedn “Robert group” padarasingltien UszneudasRanagifanan
w9 i agfluszur adult 3 /1 was sub-adult 6

u@nmnﬁﬁ’qs‘ﬁamamwmﬁ*?';‘laimmmﬁﬂg,lﬂﬁﬁn 2 6 %m:uﬂnﬁqaﬂnmmnaq%mmnfg’u Tneisiouileas
wuaglFlunahdn mu%'nﬁwﬁqﬁnwmgiuummiﬂa’huuu ?qnﬁmﬂnﬁaﬂﬂnmngq PNRMRNNAGAINGT
sanulludannsasdenii 1 W TmﬂqnﬁqmaélﬁﬂLﬁﬁéi:ﬂ:ffﬂiuﬁnqxuﬂnﬁqmnmng{atﬁu‘lﬂﬁa:Ja'lmj
(male migration effect of fission) ¥7a Lﬁﬁiquﬁuga'lmitﬁﬂﬂi"uamuzmmi:ﬂu (social rank) 'l.ﬁfja%unfhtﬁu uay
Wetlaafumsnaniuneszuineit IBIUATIATATYIA (Cheverud et al, 1978) thwndaenmagiinaslal
annsadintusoniugluiviadegsluaiaslaily ﬁ@zﬁmﬁ*wﬁutﬂuc_}lduﬁﬁﬂi:nwé\’qﬂaqmefjwhﬁu

o ] dl < o %’ [} -1 |‘Jv - (s o ]
(Seinfeld, 2001) Auguiinulu@men Fatiuvanndacil wingnaeansgtiniianduagsauiuuasal

A ' MY e - ¥ o o o, & dda 1
mminLLuawuwagmﬁﬂumtmmmmifaﬂnmnnu‘lﬂﬂmwmu Lummnmamnmwmwuwwmmﬁ’ﬂﬂqutﬂu
- lil o A’ Aﬂ.l - A’ d. n‘l ¥ ¥ 3 A o Lo 1
WULMUENAAAN NN NUNUIMTaNUANNEIINTFIDY T WRSHNRDNTAUAILWUNINBATNTTH MR

4 s - > v a La ouye o o Ay
mmmtﬂﬂﬂumﬂm‘ﬂLLﬂﬂE‘l')@ﬂﬂMM ﬂﬂﬂ\iﬂ\iﬂ\iulﬂmﬂqu’]ﬂ‘q’lﬂunﬂﬂ\’Wlf.l'luﬂzWT:Lﬁuvmﬂﬂnﬂ')ﬂ

U7 7 uansdneniTassaiiulsymnsreagidnaniigninantasdaris

Pig-tailed macaque

(dominant male)

v

Solitary

male Stone

N

Robert
(dominant male)
Robert or

male grou

(sub-dominant male)

ain group .

* " o

« v

LY

@ Solitary male
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4.2.3. WOANITHNNINIAIMNT

2seanmiuFnnmainluneudn desaniszanns 0600-0800 u. ansfildannsssnniiiiueenteu
gadlyfiuncgning Besulnsagilszanns 20 #u LmV'lmiqqm’mmm?ﬂnmwmnumu‘lmwmhLﬂua'\mmq
2 11in (m;ﬂw 8) ummnuuqumﬂ:qumqmuumqmmmmumwwmnunwmwnmua"wu Faamsfiag
dnadlifuRe ndae, NEITNNINY, &, wnsluuazdnowiles usiu quﬂqummumomummumu Tugae
1nANYsTNNs 1800 . wmwmmqmq"qumnﬁuminumu (soil-eating or geophagy behavior) ummnvﬂuu
Auliigmnsudn 'ﬂmnmu:mnmqmmmwu‘lo’ﬂumwuﬂﬂ'numu 7 v Aufiu (Japanese macaque;
Macaca fuscata) °n~1mmfnwqmnﬁuminumutﬂumﬂmm'afanqumna‘sumiw\nuéwﬁu (co-feeding
custom) ua:Lﬁﬁlﬂﬁ?ﬂLtéﬁﬁo}umﬂf_i'\mnﬁuuﬁmﬁn iy waades, unnfides uarlndesdusiu (Mino, 1987)

avasindawautuagialy luFnminda

~ T
s uamgninsuazlulififaenfiuduems

Fiscus sp. 1 Fiscus sp. 2

Sterculia sSp.
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4.2.4. NOANTINNITUDY

- - 73 ] ¥ ] .‘/ :" = ¥ v ¥ 73 o
AazuauLinneeals wudulnsuale nezaneialuslutiinuduntiuazinudnagna

4.2.5. WOANITHNITHANNUEG

£ a v a o g ] oA d‘ld v o
anmssaumamatiuiunindidsaasnssluindmunnnds wudndsengsiliinnznauiugiulugos
deusuan - fwan Taenwudndaneadladusioyiugl sexual skin (Rowianfuneey ) aduazfuiug uas
I @ P ] o o a - o d ]
ischial callosity) Aunadiu uazazifiunaunaifusessasanmsiafiuresdelufmaeda  Tvludasggnianis
nanufAsasifiduinni1n (aggressive behavior) uAIAINTUAIZEENgNUIANMURRMIINEY — NINIAN
v
(sraizmaviauny Ussunns 165 Gu)
Tudaaieufunauiidnuninsdnemunsdanaiiugiuesdnenmaguardnanmadoinnnega
- o o a ] o/ o a i o ’IA J .
waswunsdnusnsesdiamAdiuanennadly @ainazduiaduniidneusiaenise Wtedn “bending
) v v H
tail") 412w 2 SulumiledUandT Taswsiazafsaidinnaunuilszanns 30 3undi Anseiulszanns 4 A (U 9) Tu
s & - a o ° o oy - v | '
doadauihnanfidnaninnsanensedn woddanedleluszes adult uaz sub-adult iU sexual skin SaiiAuacey)

o

7101 9 usmamsdnaufaesdeiamagiuRanenmedy

4.2.6. mﬂ,ﬁmﬁmnuauu@:ﬁnumzmqﬁmgquﬁwmmm‘wmg f il G

i, a o A e ] a - ' ¥ o o a -
'ﬁ’lﬂﬁ")’\mmﬁ‘n’mﬁ"m@ﬁnme%uuﬂuﬂﬂaﬂﬂL‘IJ”]&JQMQ?JH ﬁﬂu’\ﬂlﬁmuqn (¥munm2 13.10 ﬂTﬂﬁfu) ($X13)]

o = . Eovsdue : e S
Feufuasenwalladiudy @nenmaifidulsnisumiaiy subdominant male fwinifies 6.45 filanii)

o

ynlfaieanansofnsesinuminiiusngasdnengitilduaransnsoduauiugivanenmadylidmounn
o a - ° o AJ o o/
annsdanadnEENAgIUANEY (morphology) wugnAuwaAgdua 3 i flAnEzTeIuLWA (crown)

PULTLITULNN umua:mmmﬂnummmme'l.ugﬂw 10 WAZANTNN 4
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andnuen A wInenateis Aelrudiienamt uannany Tasrudew hindquarter azanandndinu

1 v
W Ui (crown) JRumaan  wFaalAdlimeiumi - acuenaunduimg (tail-length/crown rump

3 L A ‘J - L 4 ! o - 1
length) Wiriu 36.6% (FUN11 uaz12) Aiadendnnasdnidueiintioy Macaca nemestrina leonina (Fooden,

4, diyy v o ) Ve e d o o e a -
1975) 'INWn'/]llﬂﬂuﬂq’]Lﬂﬂm’]?ﬂ’]\’q,ﬁqn']ﬁ'mfm "| WUQWHQ1NNTWHQW%LHHQnuqnwﬂm}mmmﬂﬂ"i’]ﬂﬂm'ﬂﬂLWﬂLNf_I

o

a o ] AI ] o a - - o N
wardatamading whilinsnunuwignuaaniisandwenmagivaatanadly (Berstein and Gordon, 1980)

=
MUY

'Y

A o J - - o - 1 - - J L
AN 4 LLEfmLﬁﬂuanwm:mﬂuﬂn7:m’mmoan, AN u.a:m@nNam:m'mmafamm:mnqmu'lﬁ

Az iiny fen farfa QNHANTIMINRNBNUATAIN
TUUUID z%uua:fa"ﬂuzj‘lﬂmq Amasmisas @d | Avmasnitesn @dundndau
Funas nidnuduuaind | UFouaiss) Tdnsuswannan
ANHOUTUANNGT
LTt auilufuven Tawidlufuvae fiveanadnuny
-gNAMNBIAY 014(138 254) Hau
authufiunay
-gnawmNNLIeT 019(WFa 259) Taifl
suniiuiuvat
MWLFIUNA Avdonimaited | finenadn Aimnasn
Yhanageu
B0 hindquarter | Avaesdinidaduuns | Aimamadiaiy fivia 2 Anwouy
liutemuendu | odu | -gNAMNLIGT 014(T8 254)

J U
2 & NFundn

"bipartite pattern”

WAAY bipartite pattern
-QNASMINEILAY 019 (W78 259) I
WaA bipartite pattern (WAL

arla

N

wNgUsENN 50-

60% Hausadlunag

MgUsEN 30% 3

v v
auduirnman Tddlu

NN ANBUEARIIY Y

nEUTENN 50-60% WAUuEY

Tdiflunae dnmnusrAawluniede

-

fia . -

L
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a o a aa a o ¥ a =l
E'Ll'VI 10 WAPNANBUENIUUBNTAIAIYNHANNNAIIMNAINNALILATAIIDNLNALNE

fagnuan

NNANUNNELATY 014 S ﬁqgnmwmmm 019

N

D
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A 1 '.I' 1 o - ] - 1
U7 11 usmern@n (pelage color) ¥4 3 An A L*, a* Uz b* ATRAINLFRNEN 7 12989 (Avg Mmul = A

L* (dark-light)

a* (green-red)

b* (blue-yellow)

d' - ’." - - o
IRALYBANANBNYNUNA, Mmul = 63280, Mnem = R4N3)

60 -

50 -

40 4

30 -

20

—_—0—— Avg-MmuIWTPMH
e— MmulWTPMH259
——— MmulWTPMH254

e MnemWTPMH

T T T
Vertex Back Upper arm Forearm Hand  Waist  Thigh Leg Foot

25 -

20 4

15 4

10 S

L} 1 L
Vertex  Back Upper arm Forearm Hand  Waist  Thigh Leg Foot

| T T T 7L T
Vertex Back Upper arm Forearm Hand Waist . ‘Thigh “Leg Foot
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- A o -
gﬂw 12 UaRIANENINNIANANS (relative tail-length = tail-length/crown-rump length) 48983380 (Mmul)

Aurle (Mnem) ULazAagnuas (no. 259 Uax 254)

70+
[ ¢
<
° o
~_ 8 o
= o
e g
K n o o
=
< o
*;50 ] )
>
=
=
D
R
o Avg-MmulWTPMH
40+ - MmulWTPMH259
° MmulWTPMH254 X
* MnemWTPMH
30 [} } ]
0 5 10 : 15
Age (Year)

A' - J
4.2.7. fayaitFaew 9
n‘ Ll o L % -~ [ d. o ¥ J A’ - o -‘ » [ g ) - W
andidnnsinonusainludnadaimihndeedmnivuacnsenagudndnmannds wuddeaia
v v 1 - n’l‘ ‘ll -l 9 - A' o ) 4 1 1 - - o J
Tdnanaglugdmanilifissaniisniing o inuue andseslagiiinsudniufnusceiiaiy e
dy o o.ddo X, X e e doae XA .
Uszunod 3 DRudn Tmnmmwmmﬂaﬂﬂwnmmummam‘hLuﬂmq_qutan Tt willeflnIuGEug uarinau
A’ L7 -3 v o + d' 0 - . - -~ J q 173 - d—' - -‘
e athuAslinantdaes Tsmaiidasuan (Reana Macaca) slisvilsnndaesidngdifzuandnatianii
] .° o - [l - :/’ - J U -
Wutlym Ineginndandioyeg luAsana Macaca ¥ 5 afiagasznalne \iaeaniisneeuinfsgnuan (hybrid)

o . . oo .~ . - )
AFannnsuanfussswaiasunimduauazaiaiiliidundu (Bernstein and Gordon, 1980)
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° a oo [ [v)
4.3. muouquu'lﬂmnmﬂ’nnﬂmn

° - Av o o ‘." o - o o -
AunudidulFaannisaenssdinuasihgneaannasufidnuwionan 33 fr Wudaianag 1 5a feen

AN 10 F0 uazRwmsnmaleduou 22 f IilinsAnmsing o uazldnadail

ade ny Iy
4.3.1. Uszanaunsenedshiduldannniganensedn

dszrnninisangfdafidulianou 33 fa annismenssinluifsuiiunan 2546 AN dental formula

o o
(lwamoto et al., 1984; lwamoto et al., 1987) AAITNN 5

o SV A vy .
AR 5 uansany, A uaziwminsiresdnenuardsisndulalunimensedinlusieuiiuiau 2546

o

No. species-no. Sex Age (yr) Body Weight (kg)
1 Mm 001 F Adult 6.20
2 Mm 002 M 2.5 :2.75
3 Mm 003 F 2 2.00
4 Mm 004 M 3 3.20
5 Mm 005 F 2 1.85
6 Mnem M Adult 13.1
7 Mm 007 M 2 2.10
8 Mm 008 M 2.5 2.90
9 Mm 009 F Adult 6.55
10 Mm 010 M 1 1.25
11 Mm 011 F 3 4.55
12 Mm 012 F Adult 6.90
13 Mm 013 M 2 2.00
14 Mm 014%* M 1 1.50
15 Mm 015 F 7 5.35
16 Mm 016 F 1 1.10
17 Mm 017 F 7 4.45
18 Mm 018 F 2.5 2.50
19 Mm 019%* M 3 3.20
20 Mm 020 F Adult 6.30
21 Mm 021 F 7 5.50
22 Mm 022 F Adult 6.45
23 Mm 023 F 7 6.10
24 Mm 024 F 3 2.70
25 Mm 025 F 1 1.35
26 Mm 026 M 4 STt 3,10
27 Mm 027 M Adult . 6.45
28 Mm 028 F 2.5 2.85
29 Mm 029 F 3 2.30
30 Mm 030 F +Adult 6.65
31 Mm 031 F Adult 9.10
32 Mm 032 F 7 6.00
33 Mm 033 F Adult 7.50
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a

WNEWE Mm = Q398N (Macaca mulatta)
Mnem = &34 (Macaca nemestrina)
F.M = AanAdle (female) WAZIWAE (male) AMNATAL

s o
Adult = Ashfienguinnda 7 Tauly

AMNEAT MmMO14 uaz MmO19 Lﬂuqnaa'?iﬁd’mgquﬁwmuaui:udwamﬂnua:ﬁan"a mnmqﬁﬂszmm‘lﬁ 1
uaz 3 il dneyluszu juvenile Fsdsiintiazdingiusoiuffannsoduiudlignuauléfenguszinm 5 T
(Burton and Eaton, 1995) wnuansAsIaNIsAaulanudignas 2 sadiudegnuaseis azdasduuni
natusialy

4.3.2 NANTAIITIVI parasites ugaanse

o [} 4 -3 } % ’." o 1 - - “" o’ -
anfatingaaseiuliianan 27 frating wumsaanune EluRMIIMNA 18 i 1iTe 66.67% 18R

- a a o a o a ek
avum uaswunenBineTiiaiuafe Oesophagostomum sp AagU# 13 FamlAnlse Oesophagostomiasis

ad o a
(Nodular Intestinal Worm Infection) Oesophagostomum sp Wunendinuluanlfresnsumassfiauasng
pfinuluau  doulugnuiueninn uaznutindlusudmlfuazieds  Wasannendetaidnazunsnuasilasion
v v

wlsan i liiadufouyu Anluwdseraniiineinison densan wazenainifiiansindedndeunaziy

wuaslumadiua sl (Karr et al., 1980; Son, 2002)

pr . o & ¥ d 4
U7 13 uamawend Oesophagostomum sp inuluden o dadawuunnge a.iae inanisensesiniy

\auiiunAN 2546
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4.3.3 panisimeirndaninein luides (blood haematocrit)

d ' o - v a ! ] 1 o A
WenFeuisudduninainludentneniudunenainuasine q ludsanelng 3 wia (Gaguit 14)
AR AWNEAINgREUILeYY  A5TyE Anougnenuindiil asmnaisea (p<0.01) uazaIndagMANY
v 1
a.8va1 wudrAdunlaAinresdnenmAleiAgandIRmEamAlei 3 Wi TwrneiiAdininainresda
v
W T ‘e e iy o
saninag LiunnsinsatinediiidAtynn9atia (p>0.05) AuBamaenamagainiia 3 wis wasillanFouiisulagsy
' ! - _ ’I’I U o a A 1 - a o -
wudrAEnninainludneniiseanatid indidseiudanenaiendveguiuanAefmnesaindaguiiyg
P \ a < \ Tkl a -
2.8¥A (p>0.05) waitldrgandn@muenafidanlngjenAueguuiufeangnenuiiuiang a.: i ussougnenuln
= Ao o o aa - P a o ¥ = v o
A aavnansauetallidAnymeadil (p<0.01)  e1AallissnaINdIAmen datuvanndeiinisuiusasie

oAl e a S =& a P a & R a
llﬂﬂ\l'f\ﬂq’ﬂqﬁﬂuqu ARUTNUBANTLAUFN FANNIANYT LN ALRD ALANTIY QQVI'ﬂMﬂ'\ﬂN'ITNﬂ?VIQQ

UM 14 usmAnBanlneaeesdnen o dadiunmannds (WTPMH) &. e ulfsuidisuiufmneenn o
UG (KNG) 2.91113, augneuindnfl (KSP) a.umansann uadngwiiing (WKH)

R.881

Blood hematocrit in macaque monkeys

55
§ s0
[}
E = 5 @ WTPVH
-§ 46 1 m KN
S 40 - T OKSP
E OoWKH
o
E 35 | L

30 -

Female Male total

4.3.4. pansnnzdrzauluiiuuarAmiedawniluaes

wWhruwisuszduledy (triglyceride, HDL, LDL uazmaiaginesen) uazAmnsdaniilu@en (alkaline
phosphatases, SGOT uaz SGPT) luawmanmaduaziwallewudilifinoiuuanssetiniiiaddynieata segy

& < a o Y e O a o ' o
71 15u8216 Tauanadrdnenmeaduazmaisilenialdfuemnaisainssmmuazannnszainvieaifinamn 4 iy
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Uit 15 WinuieusziulafunazAmisdaniiludenstudefnenwalls (F) uazRamanndg (M)

Cholesterol, triglyceride, HDL and LDL in
female and male rhesus macaque

aF
aM

T

Cholesterol Triglyceride HDL LDL

A o o’ ' ' a - k7
Ui 16 WisuieuszavleiuuazAmisdaniiludenssuindnennadlouazfneninag

SGOT and SGPT levels in female and male
rhesus macaques

Female
m Male

4.3.5. HaN15AIIEIAY morphometrics - o=

v
— U 3 - o o o o J
NN FEUTiEUAY morphometrics s¥MdNAMeEn td dan ik vannds  auiuAweanhi
O a P X ] ‘, o & a o 4
waanfinanUszimAduuarauAeiineeey o Primate Research Institute, awanendeifissln Uszmedlu

WU
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B e e a o ¥ TR i o 1d
1.UMUNFAIDIANEN T IRDINIUNINED AININIAIIBNAN Primate Research Institute (ﬂﬂgﬂﬂ 17)

{ :’ o o ! - o ] o a A 1 o =
qUl 17 WRauidieuiwingaszwdndanen o dafwmaings W) fudveniiflunasindiaannlszne
2 | & H : " = o - H
AuuasBuiAniaeeet o Primate Research Institute (PRI), iunangndeiiaaln Uszmadgiu s

WAL (M)uazineide (F)

Body Weght Growth

x PREF
A WS-M '

v ]
2. 9UNAANNNENIFY (sitting height) 1898980 D4 TANNKIUNINES ANNTI1RNIANAIN Primate Research
o Py a o g 1a & " cll
Institute Wi3aBnTaMiaAaAaN 14 TatkviIngs HauiAdnNINaanaIn Primate Research Institute W83

(ﬁqgﬂﬁ 18)

J -l o 1 - o },’ o o Jd "D -
un 18 WIHUWELTIUIAAINENIFITEWINNAIEN B FANIHIMNINED (WS) AUAANANUUAINIUARIN
- -‘ X 1 % £ - o
ﬂi‘:mﬂﬁuuﬂ:ﬂmﬁﬂmﬁmﬂq Q4 Primate Research Institute (PRI), ananendtiiann Uszine

- 4 o -
lUlJu VNLWFW;} (M)UAZIWALNE (F)

G rowth of S itthhg Heght:W ang Saphun vs PRI

700

600

Sitthg Heght fam
B (2]
(=] <
o o
l 1

x PREM x PREFF S e

s WS-F A WS-M
Age

100 ; t ; f t
0 5 10 15 %20 25, 30
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i d o 4 .
3.A2NENUN (tail length) WauBauifauanuetanelaglildauunmumeg Wasannldfiaanuuan
v v
ANNNADA (p>0.05) TBIANBNINNTENINAMIARIUNA NLI1RMEN M AADIHIMNINED Hueenandndenen

91N Primate Research Institute (gﬂﬁ 19)

{ ' a o :,' o a J ¥ a
77 19, WisusuraANENIMNIEMdNANeNn 1 datnmEangs (WS) fudveniilumandin

a P -1 1 & A a o
anUszimARnuarBuAsdeet] o Primate Research Institute (PRI), iuianenduifiaals

-
dszinAgiu
350 . TR 120
5 Rehtive Tail kngth @gahst S itthg Height)
-
300 T% o
-
3
250 +°
y = 05545x
R =0.752
200 o
Y
150 gk ’
s - L y = 04319x
100 f},}? = R = 06251
50 ——— - PREM * PREF
> WS-F A WS-M SithgHeight @m)
0 } } ; } ;
100 200 300 400 500 600 700

adlenfuudinfauiivi uiauazand (ﬁqgﬂﬁ 20) wunliflpnauAnsinafuszuansdanen o fadn
HAMNANEBUA AN Primate Research Institute $98141ii893nanndnAanen o Primate Research Institute @ty
nsaideadla (Out-door enclosure) ﬁq-inlﬁﬁqqnuammmmamnmrﬂutﬁmﬁuﬁuﬁmmﬁffmgﬁmumndfa usi
atelsfimunuindauiBundeiierednen o dadmmnndeasiidseuuazeanvdesnnnitdnen o
Primate Research Institute uazamﬂnmnv?mmuﬁﬁzﬂuuwnmﬁmu (pelage color) \ilu “bipartite pattern” 1w

et ol o o T a
Weaiy Seansueianandaiy key-character 2189a928n (Fooden, 2000)

35



T o S e Py

&
g

- 4 e St : Ea saLe
717 20. whnuifisuduunndih vduazasasenininen w datumannga (WS) fuRennHunas

fifinanszinAAuuasAuinfiideseg o Primate Research Institute (PRI), duninandeiienin

|
UszimA)u
Face cobr Cobr com parison :Back
25.00 the 8.00 WS
k) x x
o i .
s 700 T%
a & [
20.00 o A
=} s 6.00 S 5
- s () x
L e 5.00 e
* xc® K . o b
o 2{& x X & % Ex
15,00 2L *ﬁ* A, 400 il A
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: 0:‘%&;}‘ x 3 3.00 x X X gl X x
10.00 » X eXy XX % X x
& o > R * o x : 2 OO xﬁ X
x x .3 x
» &
1.00 f
5.00 3 .
e WS-a* o WS-b* 0.00 + t Ehiness (a0 |
xPREax xPREDY | | ghiness L% 25.00 35.00 45.00 55.00 65.00
0.00 + + + + + e WS—-a*x xCH-a* x hd-a*
30.00 35.00 40.00 45.00 50.00 55.00 60.00
Cobr com parison :Back
Body Cobr :Wakt
2000 T—
E-Y
18.00 e - 30.00 o
= x - .
S F i )
16.00 ) 25.00 5
- - 3
14.00 ey -
g T . g 20.00 -
12.00 TR x'-h- piy * « o
- 18.
10.00 = e g LIS 3
) < o x xx o
8.00 ey - X 10.00 o o 5 7
x:
6.00 x X x x5 S Iat Wyo Tl
o - WS-bk CH-b* e Ind-b* s 'x‘ﬂ:“*& RPN s e
400 | ” & 4 Lightness (L*)
2.00 0.00 + +— t t t
Lightess Lx*)
0.00 + + + + + + 25.00 30.00 35.00 40.00 45.00 50.00 55.00
25.00 30.00 35.00 4000 45.00 50.00 55.00 60.00
a WS-a* W S—b*
*x PRFa* x PREb*

d o ) JV o 1 - -3 o o
dlannnisuFuuiiuuAn morphometric dimension MdAl#a U 35 A TRsRBnTmANTWARY 0 0
¥ A WL 3 gy
fennnge fudmenmadienfiunssinifinandszinedu Niduset o Primate Research Institute (Ao
Lk
wefifwsiiuAsen oy Primate Research Institute uazAnIIUAY Z-score) WUINAFIN ] 189RIBN (LRGN
-

] ° ' ] a -‘" g 2 &P .
winnde fuueaindn ({Aszanns 90%) 1a9Reenau (U 21)  aoviuATRENIMN (tail-length UAY relative
tail-length) ARiA1gaNd" (140 - 160%) :

36



) v
3107 21. WBnuidinudn morphometric dimension 31uau 35 An resdventuAinSumAdizNIAt

, v a = (o - ‘1 '
wnngde WTPMH) fudnenmadeifunasinilinandszimadu fineeet] o Primate Research

Institute
160
% .
140 T— “—%TW’IPMH female Rhesus: % to Chinese female Rhesus
120
o ,/’*-// \\—/“‘—/—W_‘\/)\\/“//\\'_W
80
60
0 s'?-‘zl:l'r's'z";':'z"!';!':';':‘é;'s’.lzls';;'2'915‘5*';'5'5[5‘;'al"*‘z"ra‘s
EEfEfgfeaeciiietigeibEgaeiaaiaziEas
£33 8agdr cFEEREorwE i dzzgRgErregg T g
$Egegif’ feogped dsE ggil s ic °F
A~ 5 8 & = EE
T
5
a
14
o’s;.
=
6 % WTPMH rhesus Z-score:agahst Chha—Fem ak
S 1\
NREA
2 N
N =y A A N N
&E'W’EEKFﬁééeggggiiEiﬁiigggaiii“aaagi
:‘ZE‘EEEEr !-w”'“'“'a‘rwgE?==&LE=ZTN€§'-“38
- - = z ® o o & e B m S o B £ g - o
"%g :‘__,r- = - & 5 5;: o -
: g - E :
4

e
-

o - ) o A ' ° -
Fooden (2000) 1#4uundsmaneaniilu 3 nqu Aa 1) Eastern group tsznaudnsdwmanifiuvasiniialy
; - < P o a
UsneRy wasBeauny Svneenatlizanns 30% ) Western-group Usznaudasdmanifiunaiindinlullszma
Sudemamile (northern India) Uhiignaw uazwan fmnaenauseanod 45 -50% Az 3) Southern group Uszneu

FntAmenituvasinfislulrzmAnouauladn saialsanalng Sweenadssan 50 - 60% 1ae Fooden I
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o?mhuﬁgw%@d'\ “The Hybridization Hypothesis” Thia B8n Southern group Lﬂuﬁmﬂnqnuauﬁﬁmmnmi
nasufrewinRenaeufuiifudanaenn Auinlidean Southern group flaunadnndn usiweenand |9
aendn 2 nguTinde

aANN1sANE1189 Fooden (1980) Amanuazdanene anglu species group A (§Aduun
muadunzAuiug) Ae Fascicularis group aneniinsuwinszanufawinAvileneuureslszalng @ 15
aemwiiateadufe) llfenn Buawn 3w Buida uazdwniilanu (Fooden, 2000) Turniaawenaiinag
unnsraes s mAwiionauaselszmalng @ 17 ssrnwmilovaadulq) a0 (Fooden, 1995) uazfauzuAn
*;Taaﬂq'nﬁm:ﬁm?ﬂfﬁquﬁutmu allopatric 138 parapatric (Fooden, 1971) Iati¥l boundary zone # 15 - 20 89N
wile (Fooden, 1982) Lm:f'fmgmmumntiﬂ Jmdmay aglurFuusaingq GPS = 17° 14' 56°S 108° 39' 50"E
ﬁamfuﬁwﬂmﬁmnnﬁfﬁnmmaﬂ’mj'\uﬁwm'lmi:’q'ﬁ Aafluualihuflazmivayumunfigns “The Hybridization

Hypothesis”

4.3.6. HANIIAAIIT wmmummiﬂwmLwamummummnmammmwmmqan mommmumnaﬂ‘imﬂ

4 mtDNA uaz TSPY gene

nsdrseandufinadlaing miDNA

anMsATsTaFLTanaleng mDNA ga1 D-loop Tae’ld primer 554F uay 567F @asoaiATzyim
MIDNA D-loop Mlszanns 477 g snareudavindieyaddumiiuie (appendix 1) 1u1m 477 fualdgnistun
Tunandidueduon 59 fantinadailuwes 1) AMENINTAGEAMNANED (MMUWTPMH) 8743 32 Faating
2/anenangnumuuieagidies Smindugl (MmulPRU)1 faatne  3) Aweananasudndidalnd AR
Primate Research Institute, Japan (MmUIPRI) 47474 6 finatia 4) A1ANANUsTNARY (MmMUICN) 749U 7 6
gt 8) AwanansuinABude (MmulD) 37U 3 st 9) Aanasnaanndminuasantsd sunelng
(MfaskN) 149U 5 Fating UaT10) AN RENAINAMIRAIIAT sznAlng (MfaskN-KTK) 49194 4 fiaating tng
fifetnmiBuIa1a9ds Barbary (Msyl) (Arnason et al., 2000) Anwilesaeting ﬁWﬁqnﬁwum’tﬁLﬁuaaﬁ%muﬂnnq‘u
Anm (outgroup) ukuni fosliinuLL NJ LXK (gﬂva 22) uamaliihufianisdunguaasfenudnenemafgnasy
atiednLau Tmumnqm‘lmummmmwﬁnmﬂﬂnLﬂuamnqu'mmmqwuqmm AD nqausmilunqwmawanmn
anudnfadlval (MmUIPRI) AanUszne@i (MmUICN) uazanuszmeduise (Feuiavam) (MmullD) Taungadl
aaaq:Lﬂunzjmm?mﬂnmm"mgﬁmumnﬂa (MMUWTPMH) a9 (MmuIPRU) uazanuszinaBuds (W

uﬁqrﬁoﬂtm) (MmullD) muﬁu?zqmqm')mnﬁmffmummﬁﬁ (MfaskN) waz@Ian (MfaskN-KTK). A ANATA
aviuayu Bootstrap ‘ummmmnﬂuﬂqw 99% UAL 90% AWANFY . - o

arnnasiansanurunfisuld NJ & wusamenaningaamInngs (MmUWTPMH) 'nui‘]uaquifm
uﬁn'tummwuuanumzmqwuqnﬁumLmnﬂuqmmmmumumquumnvmnumewuqmmmﬂ'luﬂ?,'mmqq
mmm-‘/’iﬂ:uﬂanq‘uﬁoﬂfjwamﬂnmnffm5’\mumndm;7~mumﬁ'aﬂnLﬂuﬂmnfiumuﬁnwm:ﬁuqnim Tntngud

d o + U ] o’ 3 A ! o [} 1 o 1 o
wilail 18 Faating (A1 Bootstrap WL 100%) uatnguiaesdl 14 faatin (Bootstrap Winu 62% Tnaazinfiu

38



100% #lshiusaetnada MmuWTPMH260) lutnurfidesandnniug Wlszmalnagnwudifidnenemaiug
NITHANMITTRAUS AT NG NITWIY ﬁqﬁq:Lﬁu‘lﬁmnmff-Tundumuﬁuqnﬁummﬁqmqmqmnfa"m':“ﬂummﬁ‘ﬁ
(MfaskN) fhunguarmnzuanaaniyl (A1 Bootstrap WL 96%) uarnsdLNgNYERMNENANSMINaIaT
(MfaskN-KTK) Tuuuuideaiy (Bootstrap winfiu 100%)
wrgRdsld NY WroniauauulumssndeyadduiiSuetesdaunsietveaniaumsiinmsiuse
W tawldismaan 31 et lusietineesds MfaskNgs, MmuIPRI1990, MmullD464 uay MmUICNS64 uazsa
et SuerasBnenaInIntnunnded o 27 ﬁfmthqLﬁ‘ﬂamﬂ'nu'f”m"ﬁﬂumﬁm‘m msaudavingd
Wmenwdaanmsasdnuiiayadrdufidueuds fnsfianavindu fe 477 duas Jadlelinsiuisdadgs
fatAEnsAumiunL  Branch-and-bound  ud  wudwmswudiavinduszneudhedeyaitammneluds
Anrzvie 73 Alua (15.5% mm'ﬁmﬂav?wum) uazasnsaAuRL e RE LT A dagegain fiuaiy
(equally parsimonious tree) Viawam 143 g TnefiauenaugRsuldisanwiniy 174 naudsuutiasesilo
pdlelne '
urRdulinTaianindaastais 28 fetihe (U 23) duuniseasdesundianiiaieanms
ﬁmm’nﬁmfnuaamﬁmﬁuv”TwummLtuuqﬁﬁu'lﬁ'?;ﬁmmxu”lo’iv?q 5 WA ANaTuaYUN AT Bootstrap uar
#n Jackknife WgnAnnnduuazuandlitlsznenffusiazAuusngfdulll (A Bootstrap agjwilafa
Jackknife ﬂgj'l.l;]’?’;\i) uuuqﬁv”m‘tﬁﬁ“lﬁﬁl,ﬂuﬁqLmuuamﬁmmuﬁ’uﬁuﬁﬁﬁffmmmﬂ]mﬁoati'nﬁmnﬁoiw] oy
asnuduunRRane s Inaruag updeTuuunRdull NI Aafaduntewt] nendelinsuanantdsmanms
snsdsiimladnueaniunesansdaiay fAnauayunaiifige (A1 Bootstrap ua Jackknife vasmEinilain
1 86% UAE 83% ANAFL douAntesaeinaawiniy 97% uaz 97%) Tmu"n"mﬂusnuamﬁqma‘ﬁmiwmmﬁa‘lﬁ
oy (recent common ancestor) 1as8venannaudRSdnslv (MmUPRI) AnUsznddn (MmUICN)
uazanuszinABudie (Heuiom) (MmuliD) daumtfsesuanaidimnnnimiinsaniuedmnanainiadimn
Wnde (MmUIWTPMH) angnanuiuiaeaigilisn (MmulPRU) uazanndszinaBuide (MmulD) sauiu@annanns
MNIMIAUATAITA (MfaskN) UAAINTRAITAT (MfaskN-KTK)
Lﬁﬂﬁmmﬁﬁqﬁnum:mﬁun@'umm“mmu'tumw“n”mmn'mua"\ﬁ ANNHANTTIATIEATA TN 8
dayasnudiduwavesiiu TSPY gene Taniamzilenifiannudiuindsmunnresdnenanindsmnn
datﬁanﬁuﬁoﬁﬂwﬁq%’m udr nudr anuewisiuliuuuasaadaadingg Funutidresdnenainindan
j umndﬂﬁuﬁﬂoﬁuﬁuﬁuﬁ‘mﬁﬁmmmi'Lné"‘nmati'nmnﬁu‘ﬁmanmnqwmuuu‘qmﬁqL’imeﬂﬁﬁguﬂmdﬁtﬁurﬁw
ilprandlUFigenniiaets 6 asTfJaﬂ"mc-i’anﬂ'ﬁafm:ﬁmqumémﬁ'tnﬁmﬁ’ﬁﬁqﬂahwmﬁamqaﬂﬁdﬁén‘lﬂ Ag
?qumcmnq”ew?mummmﬁqmmnu?wmmﬂmﬁﬂmﬂmwm‘lwﬁ (GPS =N15° 57' 01.5", E99° 52" 56.6") (1u
fiu (Malaivijitnond and Hamada, 2004) (" Bootstrap U Jackknife ﬂmmﬁunzim:udm?\qmmﬁwhﬁu 98%
WAL 97% ATNAIAL) 'lumm:'?'iﬁaatmf‘wmamomnfﬂ’mﬁmmmﬁmgluu?nmmﬂ'lc"immﬂ?:mﬂ (GPS =N7° 12
332", E100° 35' 49.8") (Malaivijitnond and Hamada, 2004) finsdungauengenliusinamnann@stiug fanan

i
mawmiialuaneAdmun1sudnil (Bootstrap AT Jackknife WinL 99% WAz 97% FNNATAL) dauanedTmuanis
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atNaalsznaudufnenainaudndideslvd andsemAay wazanndssinadude (Heuvianum) W4 AN
[ a o ' - ' ‘:‘4 {73 o -y luJ =t v
AfufmadTmunmsszudtadamaniuidnasgnuansudnwnisessaugiisiulinuileGuuies (resolved tree)
: o an 2 2o : 4 de
Whudaulngiuda  wiknaTusyumatifsewsssitesnansfisfidAsudwanann  (<50%) Teuansfianisiisi

P oA P o o o = o 1w ' ' al o
ptdTanuAAN AN RS TRN R IndTadusaniumue widiazunannsinsaniuniy

mAwmziaauiiaadialng TSPY gene
A1n phylogenetic tree ann TSPY gene Anandadnrmanngds (MmUWTPMH) azatjlunguipeai
fudwmenifwaindisanlszmawan, S uazdu (Tosi et al, 2000) WprAmENT a.num"T a.qam871
uazdamatadadmmiiunna Anpsysed uazaguanngnatndasenaludsznalne (Tosi et al., 2000) uavda

WREIAINIITBEIIAINY 2,497 (JUI7 24)

ranldannsdnssiansuiloadlelndues mDNA uaz TSPY gene seaafasiuiunansdigidne
P . ¥ , = o ya o a | - o ol - J -l
fdnendatumanndaianudiiusindidsaiudwnesninuinnnindnentudoussdn - Tauahldaanns
- g 3 -1 | o @ . e R R -l (-3 -
Aduhalessuiifiuu innazaiuayuannfgnu “The Hybridization Hypothesis” 184 Fooden (2000) fiddaant

11 Lol o -~ J - o & ) -~ -~
flagludszmanoudulndu (sudszmalng) uilaaiu (dudgnuanifinannisnaniugrzunindoanaieiug
2 - -l ] [l < 4 v -Jv 1% - S o = - g -

wiazdweenluedn  usetnelsfmuielilideagUndniauasdinssenanisiinssidsuiiondle indundd

aanglau  llsznalnaanaduayu
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Ui 22 uaneusunRliEinuun Neighbour Joining Aléannmsitanzsfdndutiandle e mONA dau D-oop
AU 477 @'mﬂmmﬁmanmnfi’mgqmumndﬂ (MmMUIWTPMH) A98nanngnenuuwieigidisn
(MmUIPRU) atanangrudndidedivud (MmulPRI) Raranannidsznadu (MmuiCN) &eanaindsana
A (MmuliD) AN INAIMIAUATAITIA (MfaskN) UATAININEIIAINAINIAAITAT (MfaskN-

KTK) Tnuilsatine@iiuienesds Barbary (Msyl) (Arnason et al., 2000) i{lu outgroup

Neighbor-Joining tree
MmulWTPMH248

Mmul = Macaca mulata . MmulWTPMH257
Mfas = Macaca fascicularis MmulWTPMH261
Msyl = Macaca sylvanus MmulWTPMH265
MmuWTPMH241
MmulWTPMH267
MmulWTPMH245
MmulWTPMH256
100 MmuWTPMH273
MmulWTPMH268
MmulWTPMH269
MmulWTPMH244
MmulWTPMH250
MmulWTPMH271
MmuIWTPMH263
MmulWTPMH252
MmuiWTPMH264
MmulWTPMH262
MmulPRU
MfasKN76
MfasKN8S
% MfaskN8o
MfaskN78
MfasKN79
MmulWTPMH247
MmulWTPMH258
100 MmulWTPMH253
MmulWTPMH251
MmuIWTPMH249
go | MmuIWTPMH270
MmulWTPMH259
MmulWTPMH272
MmulWTPMH254
9% 62 MmulWTPMH266
MmulWTPMH243
L MmulWTPMH242
MmulWTPMH255
MmulWTPMH260

Wat Tham Pa Mak Ho

Genogroup |

T LLTL ST L L LA LS ST LS LS LTSS LSS TS

Wat Tham Pa Mak Ho

Genogroup I

HISLISTITILLESIT LTSI SIS

MmuliD464
57 MfasKN-KTKe17all
MfasKN-KTK618all
MfaskN-KTKe15all
MfaskN-KTK616all

100

MmulPRI1993
MmulPRI1997
MmulPRI1994
«+ o+ MmulPRI1990

MmullD460

70 ¢ MMuICN566

MmulCN567

----- MmuiCN564 -

— MpuliD466 = -

100 e—e’ MMuIPRI1995
T MMulPRI1996. .

MmuICNS68 -
_99_.'{: MmuiCN560

MmuICN561

MmuICN562

Msyl

L

99

LY

- 0.005 substitutions/site -

41



a° a - a b Y ' o & I . TR -
i 23 wnugfisiulintalndndredens 28 Aretn ndnsetaduliordlainiuesds MiaskNes,

MmUIPRI1990 MmullDA464 WAE MmUICNS64 uazAmananiatmnnaadnuam 27 fetie anusunl

2 ¥ ° dl 1% A k) ] - ﬂl 1 1 !I.I
FuliMinuuy Neighbour Joining Ailéian Uit 22 (A1 Bootstrap Bgjiuliena A1 Jackknife atflAna)

Strict consensus tree

Mmul = Macaca mulata
Mfas = Macaca fascicularis

86

97

96

57

85

<50

96

99

95

MfasKN76
MfasKN78
MfasKN79
MfasKN80O
MmulWTPMH241
MmulWTPMH244
MmulPRU

___L__: MmulWTPMH242
<50 MmulWTPMH243

MmuiWTPMH260

99

<50

98

<50

96

MmulCN562
MmulCN568

87

MmulCN560

<50

<50
<50
<50

96

<50

86

MmulCN561

81

MmulCN566
MmuICN567
MmullD466

98

97

83

MmulPRI1995
MMuiPRI1996
MmulPRI1993
MmulPRI1994

97

74

MmuiPRI1997

—22t MmUlID460

MfasKN-KTK615all
MfaskKN-KTK616all
MfasKN-KTK617all
MfasKN-KTKé18all

—< Macaca sylvanus

Nakhonsawan(N, Thailand)

Wat Tham Pa Mak Ho
% (NE, Thailand)

ﬂ Phu Kieo (NE, Thailand)

S
N
\
R

Wat Tham Pa Mak Ho
(NE, Thailand)

Songkhla(S, Thailand)

China

T T T T T Ml

E India

Chiangmai Zoo

Binga -
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© g 24 wamawsnan ALY Neighbor Joining ildanmsdiaszidndiuiiondlend TSPY gene

794 711 Auaeadann (Mmul) aandadimanngs (WTPMH), wii (Burma), 8 (India) uazAu (China)

AW (Mfas) mnqumﬁﬂ (KPW), Sa0immiiuana (WTT), satiansianau (KN/KTK) wazssinding (Thai)

Tnaiifednedinuenesduanlusunalng (MarcThai) (Tosi et al., 2000) {14 outgroup

ingle most-parsimonious tree

imul = Macaca mulata
Inem = Macaca nemestrina
ifas = Macaca fascicularis

Macaca mulata (Burma)
Macaca mulata (India)

Macaca mulata (China)

Mmui242 Wat Tham Pa Mak Ho
Mmul244 (NE Thailand)
Mmul247
MtaskNT7 Kao Nor
I (N. Thailand)
MfasKN78
n
2 MfasKPW128 |
87% BS MfaskPW129 |
MfaskPWA130 | )
'} Kumpawapee (NE Thailand)
MfaskPW134 |
MfasKPW136 |:
MfaskPwW137 |
1 MfaskPW138
66% BS MfaskPw140 |
MfasKPW141 L'
MiasWTT790 ] Wat Tham Thep Bandan (NE Thailand)
— 3 Macaca fascicularis
(Thai)
MfasKN-KTK609 Kao Noi/Kao Tang Kuan
(S. Thailand)
MfaskKN-KTK610
3 Macaca.nemestrina L. -
4 <] (Thai)y .
98% BS | Mnem246 -
Macaca arctoides
— (Thai)
— 0.5 changes N
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o ° o & - | 3 A o o %l 1
4.3.7. pamensiasiedleindifteneudronuiaoiudgnuan o dacevanndalagld mtDNA

War TSPY gene

mawmsiansuiiaadieng mtDNA

NMsAsiasuTiondlalng mtDNA dou D-loop 89&1MBNAMNITANINMNINGE (MMUIWTPMH)

41U 12 Fretne RIQNIANMINNEIAT MMUIWTPMH 254 uaz 259 AeranainuszinAdu (MmuICN) uav@nen

anUszinABwAe (MmullD) atineas 2 fnting Tnafifetiediduianaddd Barbary (Msyl) (Amason et al., 2000)

v v
I outgroup WunAsgnuasiasessadneglunguiAsatiuiuanenaniatimuinnds uazusnngueanaInge

v v
senauuarBuie uazAs Barbary sahuAsaglfdinRegnuaivivaessiniiue (maternal lineage) Wderenanda

DMNInds

i - Y 3 o . ‘) o r°;: LAY - &
71N 25 wameununfislidiauuy Neighbour Joining nlFannrswmedansuiondlang mtONA @2u D-loop

q1uau 477 Fwarasdvenaindatiuuannga (MmuWTPMH) Sagnuanvintias MmuWTPMH 254

LAY 259 AW9EnaNUIzmAaL (MmUICN) uardsanandszmaAdwds (MmullD) laefifatinemiguie

98989 Barbary (Msyl) (Arnason et al., 2000) (1w outgroup

Most parsimonious tree
(from branch-&-bound search)

18

MmuWTPMH248

MmuWTPMH253

MmulWTPMH270

MmulWTPMH272

MmulWTPMH251

1>

MmulWTPMH266

MmulWTPMH258

MmulWTPMH243

MmulWTPMH255

100% BS

MmulWTPMH242

MmulWTPMH247

1 MmuwTPMH260

21

5 changes

MnluliD466

56% 8
35 17
99% BS MmulCN561
4
”"'| MmuICNS62
M sylvanus

MmuliD460
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nsesmsiansudandlelng TSPY gene

rananasesiilFanmsiinmeiinduliondlang TSPY gene uRmanwagdnuau 10  (:aagnasiienn
duflufsgnuananuau 2 5 Ae uanuae 254 uar 259) wasAeia 1 fa Taeld primer TSPY-SEQ war TSPY-SEQR
finsaLAqNAILIRY exon 1, exon 2 WA intron AALA 1 asnsadATEIdALTaARTe LS 711 uaz 713 4
wa WdsenuazAeis pugsu wudflenBeudeudduiondlelndues TSPY gene §muau 711 Alua sEndn
Smeniadneminndediuau 8 i dnenifluwssinlnanlssmaBudi Suuaswain (Tosi et al., 2000) Wil
FrAnuARRRe 100% waidlenBuuiiuusauiandlendres TSPY gene 41uau 713 fua sewinsdeiedndn
nwannde MuAeilng (Tosi et al., 2000) nuiMRAANARIBARY 100% Wuis usidlanBoudiou TSPY gene
szwinsdmenuardsianuindiannuuansinsesidulondlandiome 7 gua (the 78" 153%, 320", 428",
483”, 626", and 778" uazifim insertion 14BN 2 Aiua (the 324" and 325") Asawnsald TSPY gene Tunns
Suundeisgenandnentd  WenFeudnudiulandleinduasfgnuanineiay 254 uay 259 wudrdndu
fiondlalnsaes TSPY gene 104AgNEANMMNELAY 254 RHANAINARILARY 100% UT84R0EN Tunnusfdndu
fiandlalnaes TSPY gene 184AsgnHANMNIELAY 259 TANAMNARIEARS 100% fUTevdefs tuReaansoagl
Iadegnuasvineat 254 TlRegnuanaInmMsieasinabiewe  witegnuanuuneiay 259 Lﬂuﬁqqnuauﬁ
ManuNGmanuaznafaiete ‘%aﬁnwmzﬁ'ﬁnﬂ'wa:ﬂ'amm’i’mﬁuﬁ’nwmzmqﬁmgwﬁwm ARRIgNNANMNNY
101 254 Ruauilufuvesfiufn pelage color uAAS bipartite pattern Tunnusivaneias 259 uiwfalainudhui

v
wet pelage color Luand bipartite pattern WAgNANYRABIIENNEIITNNM 50%
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gﬂﬁ 26 LLamaLLuuqﬁﬁu’hﬁﬁmuu Neighbour Joining #lgannnisinseisnduiiondlang TSPY gene Amiau
711 guaresdanan (Mmul) AnTagkIvEINga (WTPMH), A1 (China), SWAtl (India) wazwain (Burma)
A1 (Mnem) andndntmannge (WTPMH246) ‘Inel (Thai) APNRANNIHIAT MMUIWTPMH 254 uay
259 wardseanannuszindlng (MfasThai) Tnafifetinsdifuesnsdaausinlssmalng (MarcThai)

(Tosi et al., 2000) W outgroup

Single most-parsimonious tree Macaca mulata (Burma)
Mmul = Macaca mulata
Mnem = Macaca nemestrina Macaca mulata (India)
Macaca mulata (China)
Mmul242
Mmui244
Mmul247
2
86% BS Wat Tham Pa Mak Ho
’ Mmul248 (Northeastern Thailand)
Mmuil250
Mmui253
1
61% BS Mmul266
Mmul267
3 Macaca fascicularis
(Thai)
Macaca nemestrina
(Thai)
3 4
Mnem246 g
98% BS y Wat Tham Pa
PN y Mak Ha' -
Macaca arctoides (Thai)

0.5 changes

Y
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4.4, MaRMmAURINI

anAlEAEnnsulgnaenenaaL ketamine hydrochloride ﬁﬁlﬁﬁqﬁqLWF\Q’MULLﬁqmnﬁfuﬁeﬁ'mﬁuﬁquﬂ
nmisinviatinags (vas deference; vasectomy) uasimdunzaanan 1 419 (orchidectomy) maslu 10% buffer
formalin e lunsfinsmdiuqanitinamanisiell vananbivldFmdiadceen Wasinuaasalfuds

-] L U 1 o o 1 A -~
ddaferaudneg uazinsednaziadnveafisauarsatihwlunfonlndides

4.4.1. dnwuslazaafnedianeeidananmendaa nyinneaaiumee
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APPENDIX
1. meeudimvindteysdndudduiiondleindueslulnreusiuafiewadnuem 477 gua anaduiesum 59
Frathadafhues 1) Aanaandadumnngs (MmuWTPMH) 47474 32 fetine. 2)A1anangnumuieTig
@0 SmIadund (MmuIPRU)1 fasting - 3) AwanainaiudadiFualual (MmulPRI) 47u9u 6 faetia 4) Awven
A NUszinAAL (MmUICN) 419U 7 faatine. 8) AvanaindsswnmABuide (MmullD) 4717w 3 fatin 9) Rawneena
ANTINTAUATANTIA (MFaskN) 811493 5 FI8EN9 LAT10) AMNNBAINAINTAAITAT (MfasKN-KTK) 419 4 #9
a9 TneiFaatnaAEuIe109R Barbary (Msyl) (Arnason et al., 2000) \lu out-group

out-group
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TTTGGTATCT
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GTCTGCACGC
GTCTGCACGC
GTCTGCACGC
GTCTGCACGC
GTCTGCACGC
GTCTGCACGC
GTCTGCACGC
GTCTGCACGC
GTCTGCACGC

GTCTGCACGC

GTCTGCACGC
GTCTGCACGC
GTCTGCACGC
GTCTGCACGC
GTCTGCACGC
GTCTGCACGC
GTCTGCACGC
GTCTGCACGC
GTCTGCACGC
GTCTGCACGC
GTCTGCACGC
GTCTGCACGC
GTCTGCACGC
GTCTGCACGC
GTCTGCACGC
GTCTECACGC

GTCTGCACGC
-GTCTGCACGC

GTCTGCACGC
GTCTGCACGC
GTCTGCACGC
GTCTGCACGC
GTCTGCACGC
GTCTGCACGC
GTCTGCACGC

et
50
AAACCCCATC
AA-CCCCATC
AA-CCCCATC
AA-CCCCATT
AA-CCCCATC
ARA-CCCCATT
AA-CCCCATT
AA-CCCCATT
AA-CCCCATC
AA-CCCCATC
AA-CCCCATC
AA-CCCCATC
AA-~CCCCATC
AA-CCCCATT
AA-CCCCATC
AA-CCCCATC
AA-CCCCATC
AA-CCCCATC
AA-CCCCATC
AA-CCCCATC
AR-CCCCATC
AA-CCCCATC
AA-CCCCATC
AA-~CCCCATC
AA-CCCCATC
AA-CCCCATC
AA-CCCCATC
AA-CCCCATC
AA-CCCCATC
AA-CCCCATC
AA-CCCCATC
AA-CCCCATC
ARA-CCCCATC
AA-CCCCATC
AA-CCCCATC
AA-CCCCATC
AA-CCCCATC
AA-CCCCATC
AA-CCCCATC
AA-CCCCATC
AA-CCCCATC
AA-CCCCATC
AA-CCCCATC
BAA-CCCCATC
AA-CCCCATC
AA-CCCCATC
AA-CCCCATC
AA-CCCCATC
AA-CCCCATC
AA-CCCCATC
AA-CCCCATC
AA-CCCCATC
AA-CCCCATC
AA-CCCCATC
AA-CCCCATC
AA-CCCCATT
AA-CCCCATT
AA-CCCCATT
AA-CCCCATT

N

60
GCAGTATGCT
GCAGAATGCT
GCAGAATGCT
GCAGAATGCT
GCAGAATGCT
GCAGAATGCT
GCAGAATGCT
GCAGAATGCT
GCAGAATGCT
GCAGAATGCT
GCAGAATGCT
GCAGAATGCT
GCAGAATGCT
GCAGAATGCT
GCAGRATGCT
GCAGAATGCT
GCAGAATGCT
GCAGAATGCT
GCAGAATGCT
GCAGAATGCT
GCAGAATGCT
GCAGAATGCT
GCAGAATGCT
GCAGAATGCT
GCAGAATGCT
GCAGAATGCT
GCAGAATGCT
GCAGAATGCT
GCAGAATGCT
GCAGAATGCT
GCAGAATGCT
GCAGAATGCT
GCAGAATGCT
GCAGAATGCT
GCAGAATGCT
GCAGAATGCT
GCAGAATGCT
GCAGAATGCT
GCAGAATGCT
GCAGAATGCT
GCAGAATGCT
GCAGAATGCT
GCAGAATGCT
GCAGAATGCT
GCAGAATGCT
GCAGAATGCT
GCAGAATGCT
GCAGAATGCT
GCAGAATGCT
GCAGAATGCT
GCAGAATGCT
GCAGAATGCT
GCAGAATGCT
GCAGAATGCT
GCAGAATGCT
GCAGTATGCT
GCAGTATGCT
GCAGTATGCT
GCAGTATGCT
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Msyl
MmulID460
MmulID464
MmulID466
MmulCN562
MmulCN564
MmulCN566
MmulCN567
MmulCNS568
MmulCN560
MmulCN561
MmulPRI1990
MmulPRI1993
MmulPRI1994
MmulPRI1995
MMulPRI1996
MmulPRI1997
MmulPRU

MmulWTPMH241
MmulWTPMH242

MmulWTPMH243
MmulWTPMH244

MmulWTPMH245

MmulWTPMH247
MmulWTPMH248

MmulWTPMH24 9

MmulWTPMH250

MmulWTPMH251

MmulWTPMH252
MmulWTPMH253
MmulWTPMH254
MmulWTPMH255
MmulWTPMH256
MmulWTPMH257
MmulWTPMH258

MmulWTPMH259

MmulWTPMH260
MmulWTPMH261
MmulWTPMH262
MmulWTPMH263
MmulWTPMH264

MmulWTPMH265

MmulWTPMH266
MmulWTPMH267
MmulWTPMH268
MmulWTPMH269
MmulWTPMH270
MmulWTPMH271
MmulWTPMH272
MmulWTPMH273

MfasKN76
MfasKN78
MfasKN79
MfasKN80
MfasKN85S
MfasKN-KTK615all
MfasKN-KTK616all
MfasKN-KTK617all
MfasKN-KTK618all

et

70
GACTCCCACC
GACTCCCACC
GACTCCCACC
GACTCCCACC
GACTCCCACC
GACTCCCACC
GACTCCCACC
GACTCCCACC
GACTCCCACC
GACTCCCACC
GACTCCCACC
GACTCCCACC
GACTCCCACC
GACTCCCACC
GACTCCCACC
GACTCCCACC
GACTCCCACC
GACTCCCACC
GACTCCCACC
GACTCCCACC
GACTCCCACC
GACTCCCACC
GACTCCCACC
GACTCCCACC
GACTCCCACC
GACTCCCACC
GACTCCCACC
GACTCCCACC
GACTCCCACC
GACTCCCACC
GACTCCCACC
GACTCCCACC
GACTCCCACC
GACTCCCACC
GACTCCCACC
GACTCCCACC
GACTCCCACC
GACTCCCACC
GACTCCCACC
GACTCCCACC
GACTCCCACC
GACTCCCACC
GACTCCCACC
GACTCCCACC
GACTCCCACC
GACTCCCACC
GACTCCCACC
GACTCCCACC
GACTCCCACC
GACTCCCACC
GACTCCCACC
GACTCCCACC
GACTCCCACC
GACTCCCACC
GACTCCCACC
GACTCCCACC
GACTCCCACC
GACTCCCACC
GACTCCCACC

et
80
ACATCTCGTC
ACATCCCGTC
ACATCCCGTC
ACATCCCGTC
ACATCCCGTC
ACATCTCGTC
ACATCTCGTC
ACATCTCGTC
ACATCCCGTC
ACATCCCGTC
ACATCCCGTC
ACARCCCGTC
ACAACCCGTC
ACAACCCGTC
ACATCCCGTC
ACATCCCGTC
ACAACCCGTC
ACATCCCGTC
ACATCCCGTC
ACATCCCGTC
ACATCCCGTC
ACATCCCGTC
ACATCCCGTC
ACATCCCGTC
ACATCCCGTC
ACATCCCGTC
ACATCCCGTC
ACATCCCGTC
ACATCCCGTC
ACATCCCGTC
ACATCCCGTC
ACATCCCGTC
ACATCCCGTC
ACATCCCGTC
ACATCCCGTC
ACATCCCGTC
ACATCCCGTC
ACATCCCGTC
ACATCCCGTC
ACATCCCGTC
ACATCCCGTC
ACATCCCGTC
ACATCCCGTC
ACATCCCGTC
ACATCCCGTC
ACATCCCGTC
ACATCCCGTC
ACATCCCGTC
ACATCCCGTC
ACATCCCGTC
ACATCCCGTC
ACATCCCGTC
ACATCCCGTC
ACATCCCGTC
ACATCCCGTC
ACATCCCETC
ACATCCCGTC
ACATCCCGTC
ACATCCCGTC

e

90
CTGAATGCGC
CTGTATGCGC
CTGTATGCGC
CTGTATGCGC
CTGTATGCGC
CTGTATGCGC
CTGTATGCGC
CTGTATGCGC
CTGTATGCGC
CTGTATGCGC
CTGTATGCGC
CTGTATGCGC
CTGTATGCGC
CTGTATGCGC
CTGTATGCGC
CTGTATGCGC
CTGTATGCGC
CTGTATGCGC
CTGTATGCGC
CTGTATGCGC
CTGTATGCGC
CTGTATGCGC
CTGTATGCGC
CTGTATGCGC
CTGTATGCGC
CTGTATGCGC
CTGTATGCGC
CTGTATGCGC
CTGTATGCGC
CTGTATGCGC
CTGTATGCGC
CTGTATGCGC
CTGTATGCGC
CTGTATGCGC
CTGTATGCGC
CTGTATGCGC
CTGTATGCGC
CTGTATGCGC
CTGTATGCGC
CTGTATGCGC
CTGTATGCGC
CTGTATGCGC
CTGTATGCGC
CTGTATGCGC
CTGTATGCGC
CTGTATGCGC
CTGTATGCGC
CTGTATGCGC
CTGTATGCGC
CTGTATGCGC
CTGTAFGECEC

CTGTATGCGC

CTGTATGCGC
CTGTATGCGC
CTGTATGCGC
CTGAATGCGC
CTGAATGCGC
CTGAATGCGC
CTGEATGCGC

et

100
CTGTCTTTGA
CTGTCTTTGA
CTGTCTTTGA
CTGTCTTTGA
CTGTCTTTGA
CTGTCTTTGA
CTGTCTTTGA
CTGTCTTTGA
CTGTCTTTGA
CTGTCTTTGA
CTGTCTTTGA
CTGTCTTTGA
CTGTCTTTGA
CTGTCTTTGA
CTGTCTTTGA
CTGTCTTTGA
CTGTCTTTGA
CTGTCTTTGA
CTGTCTTTGA
CTGTCTTTGA
CTGTCTTTGA
CTGTCTTTGA
CTGTCTTTGA
CTGTCTTTGA
CTGTCTTTGA
CTGTCTTTGA
CTGTCTTTGA
CTGTCTTTGA
CTGTCTTTGA
CTGTCTTTGA
CTGTCTTTGA
CTGTCTTTGA
CTGTCTTTGA
CTGTCTTTGA
CTGTCTTTGA
CTGTCTTTGA
CTGTCTTTGA
CTGTCTTTGA
CTGTCTTTGA
CTGTCTTTGA
CTGTCTTTGA
CTGTCTTTGA
CTGTCTTTGA
CTGTCTTTGA
CTGTCTTTGA
CTGTCTTTGA
CTGTCTTTGA
CTGTCTTTGA
CTGTCTTTGA
CTGTCTTTGA
CTGTCTTTGA
£TGTCTTTGA
CTGTCTTTGA
CTGTCTTTGA
CTGTCTTTGA
CTGTCTTTGA
CTGTCTTTGA
CTGTCTTTGA
CTGTCTTTGA

e
110
TTCCTAGTAC
TCCCTAGTAC
TTCCTAGTAC
TTCCTAGTAC
TTCCTAGTAC
TTCCTAGTAC
TTCCTAGTAC
TTCCTAGTAC
TTCCTAGTAC
TTCCTAGTAC
TTCCTAGTAC
TTCCTAGTAC
TTCCTAGTAC
TTCCTAGTAC
TTCCTAGTAC
TTCCTAGTAC
TTCCTAGTAC
TTCCTAGTAC
TTCCTAGTAC
TTCCTAGTAC
TTCCTAGTAC
TTCCTAGTAC
TTCCTAGTAC
TTCCTAGTAC
TTCCTAGTAC
TTCCTAGTAC
TTCCTAGTAC
TTCCTAGTAC
TTCCTAGTAC
TTCCTAGTAC
TTCCTAGTAC
TTCCTAGTAC
TTCCTAGTAC
TTCCTAGTAC
TTCCTAGTAC
TTCCTAGTAC
TTCCTAGTAC
TTCCTAGTAC
TTCCTAGTAC
TTCCTAGTAC
TTCCTAGTAC
TTCCTAGTAC
TTCCTAGTAC
TTCCTAGTAC
TTCCTAGTAC
TTCCTAGTAC
TTCCTAGTAC
TTCCTAGTAC
TTCCTAGTAC
TTCCTAGTAC

et
120
ATGCAGTTAT
ATGCAGTTAT
ATGCAGTTAT
ATGCAGTTGT
ATGCAGTTGT
ATGCAGTTGT
ATGCAGTTGT
ATGCAGTTGT
ATGCAGTTGT
ATGCAGTTGT
ATGCAGTTGT
ATGCAGTTAT
ATGCAGTTAT
ATGCAGTTAT
ATGCAGTTGT
ATGCAGTTGT
ATGCAGTTAT
ATGCAGTTAT
ATGCAATTAT
ATGCAGTTAT
ATGCAGTTAT
ATGCAATTAT
ATGCAATTAT
ATGCAGTTAT
ATGCAATTAT
ATGCAGTTAT
ATGCAATTAT
ATGCAGTTAT
ATGCAATTAT
ATGCAGTTAT
ATGCAGTTAT
ATGCAGTTAT
ATGCAATTAT
ATGCAATTAT
ATGCAGTTAT
ATGCAGTTAT
ATGCAGTTAT
ATGCAATTAT
ATGCAATTAT
ATGCAATTAT
ATGCAATTAT
ATGCAATTAT
ATGCAGTTAT
ATGCAATTAT
ATGCAATTAT
ATGCAATTAT
ATGCAGTTAT
ATGCAATTAT
ATGCAGTTAT
ATGCAATTAT

TCCCTAGTAC" ATGCAGTTAT
TCCCTAGTAC ATGCAGTTAT
TCCCTAGTAC ATGCAGTTAT
TCCCTAGTAC ATGCAGTTAT
TCCCTAGTAC ATGCAGTTAT
TTCCTAGTAC ATGCAGTTAT
TTCCTAGTAC ATGCAGTTAT
TTCCTAGTAC ATGCAGTTAT
TTCCTAGTAC ATGCAGTTAT
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MmulID460
MmulID464
MmulID466
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MmulCN564
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MmulCNS67
MmulCNS568
MmulCN560
MmulCNS561
MmulPRI1990
MmulPRI1993
MmulPRI1994
MmulPRI1995
MMulPRI1996
MmulPRI1997
MmulPRU
MmulWTPMH241
MmulWTPMH242
MmulWTPMH243
MmulWTPMH244
MmulWTPMH245
MmulWTPMH24 7
MmulWTPMH248
MmulWTPMH249
MmulWTPMH250
MmulWTPMH251
MmulWTPMH252
MmulWTPMH253
MmulWTPMH254
MmulWTPMH255
MmulWTPMH256
MmulWTPMH257
MmulWTPMH258
MmulWTPMH259
MmulWTPMH260
MmulWTPMH261
MmulWTPMH262
MmulWTPMH263
MmulWTPMH264
MmulWTPMH265
MmulWTPMH266
MmulWTPMH267
MmulWTPMH268
MmulWTPMH269
MmulWTPMH270
MmulWTPMH271
MmulWTPMH272
MmulWTPMH273
MfasKN76
MfasKN78
MfasKN79
MfasKN80
MfasKN85
MfasKN-KTK615all
MfasKN-KTKé616all
MfasKN-KTK617all
MfasKN-KTK618all

et

130
TAATCGCACC
TGATCGCACC
TAATCGCACC
TGATCGCACC
TGATCGCACC
TGATCGCACC
TGATCGCACC
TGATCGCACC
TGATCGCACC
TGATCGCACC
TGATCGCACC
TGATCGCACC
TGATCGCACC
TGATCGCACC
TGATCGCACC
TGATCGCACC
TGATCGCACC
TAATCGCACC
TAARTCGCACC
TAATCGCACC
TAATCGCACC
TAATCGCACC
TAATCGCACC
TAATCGCACC
TAATCGCACC
TAATCGCACC
TAATCGCACC
TAATCGCACC
TAATCGCACC
TAATCGCACC
TAATCGCACC
TAATCGCACC
TAATCGCACC
TAATCGCACC
TAATCGCACC
TAATCGCACC
TAATCGCACC
TAATCGCACC
TAATCGCACC
TAATCGCACC
TAATCGCACC
TAATCGCACC
TAATCGCACC
TAATCGCACC
TAATCGCACC
TAATCGCACC
TAATCGCACC
TAATCGCACC
TAATCGCACC
TAATCGCACC
TAATCGCACC
TAATCGCACC
TAATCGCACC
TAATCGCACC
TAATCGCACC
TGATCGCACC
TGATCGCACC

TGATCGCACC

TGATCGCACC

]

140
TACG-TTCAA
TACG-TTCAA
TACGGTTCAA
TACG-TTCAA
TACG-TTCAA
TACG-TTCAA
TACG-TTCAA
TACG-TTCAA
TACG-TTCAA
TACG-TTCAA
TACG-TTCAA
TACG-TTCAA
TACG-TTCAA
TACG-TTCAA
TACG-TTCAA
TACG-TTCAA
TACG-TTCAA
TATGGTTCAA
TATGGTCCAA
TACGGTTCAA
TACGGTTCAA
TATGGTCCAA
TATGGTCCAA
TACGGTTCAA
TATGGTCCAA
TACGGTTCAA
TATGGTCCAA
TACGGTTCAA
TATGGTCCAA
TACGGTTCAA
TACGGTTCAA
TACGGTTCAA
TATGGTCCAA
TATGGTCCAA
TACGGTTCAA
TACGGTTCAA
TACGGTTCAA
TATGGTCCAA
TATGGTCCAA
TATGGTCCAA
TATGGTCCAA
TATGGTCCAA
TACGGTTCAA
TATGGTCCAA
TATGGTCCAA
TATGGTCCAA
TACGGTTCAA
TATGGTCCAA
TACGGTTCAA
TATGGTCCAA
TACGGTTCAA
TACGGTTCAA
TACGGTTCAA
TACGGTTCAA
TACGGTTCAA
TACG-TTCAA
TACG-TTCAA
TACG-TTCAA
TACG-TTCAA

N
150
TATTCTAGCT
TATTCTAGCT
TATTCTAGCT
TATTCTAGCT
TATTCTAGCT
TATTCTAGCT
TATTCTAGCT
TATTCTAGCT
TATTCTAGCT
TATTCTAGCT
TATTCTAGCT
TATTCTAGCT
TATTCTAGCT
TATTCTAGCT
TATTCTAGCT
TATTCTAGCT
TATTCTAGCT
TATTCTAGCT
TATTCTAGCT
TATTCTAGCT
TATTCTAGCT
TATTCTAGCT
TATTCTAGCT
TATTCTAGCT
TATTCTAGCT
TATTCTAGCT
TATTCTAGCT
TATTCTAGCT
TATTCTAGCT
TATTCTAGCT
TATTCTAGCT
TATTCTAGCT
TATTCTAGCT
TATTCTAGCT
TATTCTAGCT
TATTCTAGCT
TATTCTAGCT
TATTCTAGCT
TATTCTAGCT
TATTCTAGCT
TATTCTAGCT
TATTCTAGCT
TATTCTAGCT
TATTCTAGCT
TATTCTAGCT
TATTCTAGCT
TATTCTAGCT
TATTCTAGCT
TATTCTAGCT
TATTCTAGCT
TATTGTAGLY
TATTCTAGET.-
TATTCTAGCT
TATTCTAGCT
TATTCTAGCT
TATTCTAGCT
TATTCTAGCT
TATTCTAGCT
TATTCTAGCT

N

160
CCACACGGAC
CCACGCARAC
CCACGCAAAC
CCACGCAGAC
CCACGCARAC
CCACGCAAAC
CCACGCARAC
CCACGCAAAC
CCACGCAAAC
CCACGCARAAC
CCACGCAAAC
CCACGCAAAC
CCACGCARAC
CCACGCAAAC
CCACGCAARAC
CCACGCAAAC
CCACGCAAAC
CCACGCARAC
CCACGCAAAC
CCACGCABRAC
CCACGCAAAC
CCACGCARAC
CCACGCAAAC
CCACGCARAC
CCACGCARAC
CCACGCARAC
CCACGCAAAC
CCACGCARAC
CCACGCAAAC
CCACGCAAAC
CCACGCAAAC
CCACGCAAAC
CCACGCARAC
CCACGCARAAC
CCACGCARAC
CCACGCAAARC
CCACGCARAC
CCACGCAARC
CCACGCAAAC
CCACGCAAAC
CCACGCAAAC
CCACGCAAAC
CCACGCAAAC
CCACGCAAAC
CCACGCAAAC
CCACGCAAAC
CCACGCAAAC
CCACGCAAAC
CCACGCAARAC
CCACGCAAAC

.CCACACAAAC

CCACACAAAC
CCACACARAC
CCACACAAAC
CCACACARAC
CCACGCAAAC
CCACGCAAAC
CCACGCARAC
CCACGCARAC

N

170
TTCAGCAATG
TTCAGCAAGG
TTTAGCAGGG
TTTAGCAAGG
CTTAGCAAGG
CTTAGCAAGG
CTTAGCAAGG
CTTAGCAAGG
CTTAGCAAGG
CTTAGCAAGG
CTTAGCAAGG
CTTAGCAAGG
CTTAGCAAGG
CTTAGCAAGG
TCTAACAAGG
TCTAACAAGG
CTTAGCAAGG
TTTAGCAGGG
TTTAGCAGGG
TTTAGCAGGG
TTTAGCAGGG
TTTAGCAGGG
TTTAGCAGGG
TTTAGCAGGG
TTTAGCAGGG
TTTAGCAGGG
TTTAGCAGGG
TTTAGCAGGG
TTTAGCAGGG
TTTAGCAGGG
TTTAGCAGGG
TTTAGCAGGG
TTTAGCAGGG
TTTAGCAGGG
TTTAGCAGGG
TTTAGCAGGG
TTTAGCAGGG
TTTAGCAGGG
TTTAGCAGGG
TTTAGCAGGG
TTTAGCAGGG
TTTAGCAGGG
TTTAGCAGGG
TTTAGCAGGG
TTTAGCAGGG
TTTAGCAGGG
TTTAGCAGGG
TTTAGCAGGG
TTTAGCAGGG
TTTAGCAGGG
CTTAGCAGSG
CTTAGCAGGG
CTTAGCAGGG
CTTAGCAGGG
CTTAGCAGGG
CTTAGCAGGG
CTTAGCAGGG
CTTAGCAGGG
CTTAGCAGGG

.
180
TGTTATTTAA
TGTTATTTAA
TGTTATTTAA
TGTTATTTAA
TGTTATTTAA
TGTTATTTAA
TGTTATTTAA
TGTTATTTAA
TGTTATTTAA
TGTTATTTAA
TGTTATTTAA
TGTTATTTAA
TGTTATTTAA
TGTTATTTAA
TGTTATTTAA
TGTTATTTAA
TGTTATTTAA
TGTTATTTAA
TGTTATTTAA
TGTTATTTAA
TGTTATTTAA
TGTTATTTAA
TGTTATTTAA
TGTTATTTAA
TGTTATTTAA
TGTTATTTAA
TGTTATTTAA
TGTTATTTAA
TGTTATTTAA
TGTTATTTAA
TGTTATTTAA
TGTTATTTAA
TGTTATTTAA
TGTTATTTAA
TGTTATTTAA
TGTTATTTAA
TGTTATTTAA
TGTTATTTAA
TGTTATTTAA
TGTTATTTAA
TGTTATTTAA
TGTTATTTAA
TGTTATTTAA
TGTTATTTAA
TGTTATTTAA
TGTTATTTAA
TGTTATTTAA
TGTTATTTAA
TGTTATTTAA
TGTTATTTAA
TGTTATTTAA
TGTTATTTAA
TGTTATTTAA
TGTTATTTAA
TGTTATTTAA
TGTTATTTAA
TGTTATTTAA
TGTTATTTAA
TGTTATTTAA

57
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MmulPRI1995
MMulPRI1996
MmulPRI1997
MmulPRU
MmulWTPMH241
MmulWTPMH242
MmulWTPMH243
MmulWTPMH244
MmulWTPMH245
MmulWTPMH247
MmulWTPMH248
MmulWTPMH24 2
MmulWTPMH250
MmulWTPMH251
MmulWTPMH252
MmulWTPMH253
MmulWTPMH254
MmulWTPMH255
MmulWTPMH256
MmulWTPMH257
MmulWTPMH258
MmulWTPMH259
MmulWTPMH260
MmulWTPMH261
MmulWTPMH262
MmulWTPMH263
MmulWTPMH264
MmulWTPMH265
MmulWTPMH266
MmulWTPMH267
MmulWTPMH268
MmulWTPMH269
MmulWTPMH270
MmulWTPMH271
MmulWTPMH272
MmulWTPMH273
MfasKN76
MfasKN78
MfasKN79
MfasKN80
MfasKN85
MfasKN-KTKé1l5all
MfasKN-KTKé616all
MfaskKN-KTK617all
MfasKN-KTKé618all

et

190
TTCATGCTTG
TTCATGCTTG
TTCATGCTTG
TTCATGCTTG
TTCATGCTTG
TTCATGCTTG
TTCATGCTTG
TTCATGCTTG
TTCATGCTTG
TTCATGCTTG
TTCATGCTTG
TTCATGCTTG
TTCATGCTTG
TTCATGCTTG
TTCATGCTTG
TTCATGCTTG
TTCATGCTTG
TTCATGCTTG
TTCATGCTTG
TTCATGCTTG
TTCATGCTTG
TTCATGCTTG

TTCATGCTTG’

TTCATGCTTG
TTCATGCTTG
TTCATGCTTG
TTCATGCTTG
TTCATGCTTG
TTCATGCTTG
TTCATGCTTG
TTCATGCTTG
TTCATGCTTG
TTCATGCTTG
TTCATGCTTG
TTCATGCTTG
TTCATGCTTG
TTCATGCTTG
TTCATGCTTG
TTCATGCTTG
TTCATGCTTG
TTCATGCTTG
TTCATGCTTG
TTCATGCTTG
TTCATGCTTG
TTCATGCTTG
TTCATGCTTG
TTCATGCTTG
TTCATGCTTG
TTCATGCTTG
TTCATGCTTG
TTCATGCTTG
TTCATGCTTG
TTCATGCTTG
TTCATGCTTG
TTCATGCTTG
TTCATGCTTG
TTCATGCTTG
TTCATGCTTG
TTCATGCTTG

et
200
TAGGACATAC
TAGGACATAT
TAGGACATAC
TAGGACATAT
TAGGACATAC
TAGGACATAC
TAGGACATAC
TAGGACATAC
TAGGACATAC
TAGGACATAC
TAGGACATAC
TAGGACATAT
TAGGACATAT
TAGGACATAT
TAGGACATAT
TAGGACATAT
TAGGACATAT
TAGGACATAC
TAGGACATAC
TAGGACATAC
TAGGACATAC
TAGGACATAC
TAGGACATAC
TAGGACATAC
TAGGACATAC
TAGGACATAC
TAGGACATAC
TAGGACATAC
TAGGACATAC
TAGGACATAC
TAGGACATAC
TAGGACATAC
TAGGACATAC
TAGGACATAC
TAGGACATAC
TAGGACATAC
TAGGACATAC
TAGGACATAC
TAGGACATAC
TAGGACATAC
TAGGACATAC
TAGGACATAC
TAGGACATAC
TAGGACATAC
TAGGACATAC
TAGGACATAC
TAGGACATAC
TAGGACATAC
TAGGACATAC
TAGGACATAC
TAGGACATAC
TAGGACATAC
TAGGACATAC
TAGGACATAC
TAGGACATAC
TAGGACATAC
TAGGACATAC
TAGGACATAC

‘"TAGGACATAC

et

210
CAATTAACCA
TAAT-AATCA
CAAT-AATTA
TAAT-AACCA
CAAT-AACCA
CAAT-AACCA
CAAT-AACCA
CAAT-AACCA
CAAT-AACCA
CAAT-AACCA
CRAT-AACCA
TAAT-AACCA
TAAT-AACCA
TAAT-AACCA
TAAT-AACCA
TAAT-AACCA
TAAT-AACCA
CAAT-AATTA
CAAT-AATTA
CAAT-AATTA
CAAT-AATTA
CAAT-AATTA
CAAT-AATTA
CAAT-AATTA
CAAT-AATTA
CAAT-AATTA
CAAT-AATTA
CAAT-AATTA
CAAT-AATTA
CAAT-AATTA
CAAT-AATTA
CAAT-AATTA
CAAT-AATTA
CAAT-AATTA
CAAT-AATTA
CAAT-AATTA
CAAT-AATTA
CAAT-AATTA
CAAT-AATTA
CAAT-AATTA
CAAT-AATTA
CAAT-AATTA
CAAT-AATTA
CAAT-AATTA
CAAT-AATTA
CAAT-AATTA
CAAT-AATTA
CAAT-AATTA
CAAT-AATTA
CAAT-AATTA
CAAT-ARTTA

CAAT-AATTA:

CAAT-RATTA
CAAT-AATTA
CAAT-AATTA
TAAT-AATTA
TAAT-AATTA
TAAT-AATTA
TAAT-AATTA

N

240

220 230
ACCCAAC-AA ------- CAC CACCCCCGCC
TTCCAACCAA CACCACACCA CACCACACCA
TTTCAGCCAA ------ ATAC CATTCTCATC
TTCCAACCAA ------- CAT CGCCCACACC
TTCCAGCCRA ---------- ==-=--= CACC
CTCCAACCAA ---------- =-===-- CACC
CTCCAACCAA ---------- ===--=-= CACC
CTCCAACCAA ~--------- ~===-=-- CACC
TTCCAGCCRA -----=----- ====--=- CACC
TTCCAGCCAA ------=-~--- -===-- CACC
TTCCAGCCAA -~-------== =-===-=-- CACC
TTCCAACCAA ------- CAT CACCCACACC
TTCCAACCAA ------- CAT CACCCACACC
TTCCAACCAA ------- CAT CACCCACACC
TTCCAACCAA ------- TAT CACCCACACC
TTCCAGCCAA ------- TAT CACCCACACC
TTCCAACCAA ------- CAT CACCCACACC
TTTCAGCCARA ------ ATAC CATTCTCGTC
TCTCAGCCAA ------ ATAC CATTCTCATC
TTTCAGCCAA ------ ATAC CATTCTCATC
TTTCAGCCAA ------ ATAC CATTCTCATC
TCTCAGCCAA ------ ATAC CATTCTCATC
TCTCAGCCARA ------ ATAC CATTCTCATC
TTTCAGCCAA ------ ATAC CATTCTCATC
TCTCAGCCAA ------ ATAC CATTCTCATC
TTTCAGCCAA ------ ATAC CATTCTCATC
TCTCAGCCAA ------ ATAC CATTCTCATC
TTTCAGCCAA ------ ATAC CATTCTCATC
TCTCAGCCAA ------ ATAC CATTCTCATC
TTTCAGCCRA ------ ATAC CATTCTCATC
TTTCAGCCARA --=---- ATAC CATTCTCATC
TTTCAGCCAA ------ ATAC CATTCTCATC
TCTCAGCCRA ------ ATAC CATTCTCATC
TCTCAGCCAA ------ ATAC CATTCTCATC
TTTCAGCCAA ------ ATAC CATTCTCATC
TTTCAGCCAA ------ ATAC CATTCTCATC
TTTCAGCCAA ------ ATAC CATTCTCATC
TCTCAGCCAA ------ ATAC CATTCTCATC
TCTCAGCCAA ------ ATAC CATTCTCATC
TCTCAGCCAA ------ ATAC CATTCTCATC
TCTCAGCCAA ------ ATAC CATTCTCATC
TCTCAGCCAA ------ ATAC CATTCTCATC
TTTCAGCCAA ---~--- ATAC CATTCTCATC
TCTCAGCCAA ------ ATAC CATTCTCATC
TCTCAGCCAA ------ ATAC CATTCTCATC
TCTCAGCCRA ------ ATAC CATTCTCATC
TTTCAGCCAA ------ ATAC CATTCTCATC
TCTCAGCCAA ------ ATAC CATTCTCATC
TTTCAGCCAA ~------ ATAC CATTCTCATC
TCTCAGCCAA ------ ATAC CATTCTCATC
TTTCAGCCAA ------ ATAC- CATTCTCGTC
FTTCAGCCAA ------ ATAC CATTCTCGTC
TTTCAGCCARA ---=--- ATAC CAPTCTCGTC
TTTCAGCCAA ------ ATAC CATTCTCGTC
TTTCAGCCAA ------ ATAC CATTCTCGTC
TCTTAACCAA ------ ATAC CATTCCTACC
TCTTAACCAA ------ ATAC CATTCCTACC
TCTTAACCAA ------ ATAC CATTCCTACC
TCTTAACCAA ------ ATAC CATTCCTACC
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e

250
ATACCA-CAA
CAACCA-TTA
GTGTCAATCA
ACACCA-CCA
ACACCA-CTA
ACACCA-CTA
ACACCA-CTA
ACACCA-CTA
ACACCA-CTA
ACACCA-CTA
ACACCA-CTA
ACACCA-TTA
ACACCA-TTA
ACACCA-TTA
ACGCCA-TTA
ACGCCA-TTA
ACACCA-TTA
ATGTCAATCA
ATGTCAATCA
GTGTCAATCA
GTGTCAATCA
ATGTCAATCA
ATGTCAATCA
GTGTCAATCA
ATGTCAATCA
GTGTCAATCA
ATGTCAATCA
GTGTCAATCA
ATGTCAATCA
GTGTCAATCA
GTGTCAATCA
GTGTCAATCA
ATGTCAATCA
ATGTCAATCA
GTGTCAATCA
GTGTCAATCA
GTGTCAATCA
ATGTCAATCA
ATGTCAATCA
ATGTCAATCA
ATGTCAATCA
ATGTCAATCA
GTGTCAATCA
ATGTCAATCA
ATGTCAATCA
ATGTCAATCA
GTGTCAATCA
ATGTCAATCA
GTGTCAATCA
ATGTCAATCA
GTGTCAATCA
GTGTCAATCA
GTGTCAATCA
GTGTCAATCA
GTGTCAATCA
ACACCAAT-A
ACACCAAT-A
ACACCAAT-A
ACACCAAT-A

et

260
A-CCACGAT-
A-CCACAACC
AACCACAACC
A-CCACAACC
A-TCACAACC
A-CCACAACC
A-CCACAACC
A-CCACRACC
A-TCACAACC
A-TCACAACC
A-TCACAACC
A-CCACAACC
A-CCACAACC
A-CCACAACC
A-CCACAACC
A-CCACAACC
A-CCACAACC
AACCACAACC
AACCACAACC
AACCACAACC
AACCACAACC
AACCACAACC
AACCACAACC
AACCACAACC
AACCACAACC
AACCACAACC
AACCACAACC
AACCACAACC
AACCACAACC
AACCACAACC
AACCACAACC
AACCACAACC
AACCACAACC
AACCACAACC
AACCACAACC
AACCACAACC
AACCACAACC
AACCACAACC
AACCACAACC
AACCACAACC
AACCACAACC
AACCACAACC
AACCACAACC
AACCACAACC
AACCACAACC
AACCACAACC
AACCACAACC
AACCACAACC
AACCACAACC
AACCACAACC
AACCACAACC
AACCACAACC
AACCACAACC
AACCACAACC
AACCACAACC
AACCACAACC
AACCACAAcC
AACCACAACC
AACCACAACC

et

270
AAATCTCATC
GTGTCTTATC
ATACCTCGTC
GTGTCTTATC
GTGTCTTGTC
GTGTCTTATC
GTGTCTTATC
GTGTCTTATC
GTGTCTTGTC
GTGTCTTGTC
GTGTCTTGTC
GTGTCTTATC
GTGTCTTATC
GTGTCTTATC
GTATCTTATC
GTATCTTATC
GTGTCTTATC
ACACCTCGTC
ACACCTCGTC
ATATCTCATC
ATATCTCATC
ACACCTCGTC
ACACCTCGTC
ATATCTCATC
ACACCTCGTC
ATATCTCATC
ACACCTCGTC
ATATCTCATC
ACACCTCGTC
ATATCTCATC
ATATCTCATC
ATATCTCATC
ACACCTCGTC
ACACCTCGTC
ATATCTCATC
ATATCTCATC
ATATCTCATC
ACACCTCGTC
ACACCTCGTC
ACACCTCGTC
ACACCTCGTC
ACACCTCGTC
ATATCTCATC
ACACCTCGTC
ACACCTCGTC
ACACCTCGTC
ATATCTCATC
ACACCTCGTC
ATATCTCATC
ACACCTCGTC

e

280
AAACCCCCCC
AAMACCCCCCC
AAACCCCCCC
AAACCCCCCC
AAACCCCCCC
AAACCCCCCC
AAACCCCCCC
AAACCCCCCC
AAACCCCCCC
AAACCCCCCC
AAACCCCCCC
ARACCCCCCC
ARACCCCCCC
ARACCCCCCC
AARCCCCCCC
AAACCCCCCC
AAACCCCCCC
AAACCCCCCC
ARAACCCCCCC
AMAACCCCCCC
ARACCCCCCC
AAACCCCCCC
AAACCCCCCC
AAACCCCCCC
AAACCCCCCC
AAACCCCCCC
ARACCCCCCC
AAACCCCCCC
AAACCCCCCC
AAACCCCCCC
AAACCCCCCC
AAACCCCCCC
AAACCCCCCC
AAACCCCCCC
AAACCCCCCC
AAACCCCCCC
AAACCCCCCC
AAACCCCCCC
AAACCCCCCC
ARACCCCCCC
AAACCCCCCC
AAACCCCCCC
AAACCCCCCC
ARACCCCCCC
ABACCCCCCC
AAACCCCCCC
AAACCCCCCC
AAACCCCCCC
ABAACCCCCCC
ARACCCCCCC

ACACCTEGTC ARACCCCCCC

ACACCTCGTC
ACACCTCGTC
ACACCTCGTC
ACACCTCGTC
ATACCTCATC
ATACGTCATC
ATACCTCATC
ATAGCTCATC

- ARACCCCCCC
AAACCCCCCC
ARACCCCCCC
ARACCCCCCC
ARRCCCCCCC
ARACCCCCCC
AARCCCCCCC
AAACCCCCCC

300

290
GACCCCCATC ---TCTGACC
-ACCCCCATC ---TCCGACC
-ACCCCCATC ---TCCGATC
~-ACCCCCATC ---TCCGACC
-ACCCCCATC ATCTCCGACC
-ACCCCCATC ---TCCGACC
-ACCCCCATC ---TCCGACC
-ACCCCCATC ---TCCGACC
-ACCCCCATC ATCTCCGACC
~-ACCCCCATC ATCTCCGACC
-ACCCCCATC ATCTCCGACC
-ACCCCCATC ---TCCGACC
-ACCCCCATC ---TCCGACC
-ACCCCCATC --~-TCCGACC
-ACCCCCATC ---TCTGACC
-ACCCCCATC ---TCTGACC
-ACCCCCATC ---TCCGACC
-ACCCCCATC ---TCCGACC
-ACCCCCATC ---TCCGACC
-ACCCCCATC ---TCCGACC
-ACCCCCATC ---TCCGACC
-ACCCCCATC ---TCCGACC
-ACCCCCATC ---TCCGACC
~ACCCCCATC ---TCCGACC
~-ACCCCCATC ---TCCGACC
-ACCCCCATC ---TCCGACC
-ACCCCCATC ---TCCGACC
-ACCCCCATC ---TCCGACC
-ACCCCCATC ---TCCGACC
-ACCCCCATC ---TCCGACC
-ACCCCCATC ---TCCGACC
-ACCCCCATC ---TCCGACC
-ACCCCCATC ---TCCGACC
-ACCCCCATC ---TCCGACC
-ACCCCCATC ---TCCGACC
-ACCCCCATC ---TCCGACC
-ACCCCCATC ---TCCGACC
-ACCCCCATC ---TCCGACC
-ACCCCCATC ---TCCGACC
-ACCCCCATC ---TCCGACC
-ACCCCCATC ---TCCGACC
-ACCCCCATC ---TCCGACC
-ACCCCCATC ---TCCGACC
-ACCCCCATC ---TCCGACC
-ACCCCCATC ---TCCGACC
-ACCCCCATC ---TCCGACC
-ACCCCCATC ---TCCGACC
-ACCCCCATC -~-TCCGACC
-ACCCCCATC ---TCCGACC
-ACCCCCATC ---TCCGACC
-ACCCCCATC~ - - “TCCGACC
-ACCCCCATC ---TCCGACC
-ACCCCCATC ~-=TCCGACC
-ACCCCCATC ---TCCGACC
-ACCCCCATC ---TCCGACC
-ACCCCCATC ---TCCGACC
-ACCCCCATC ---TCCGACC
-ACCCCCATC ---TCCGACC
-ACCCCCATC ---TCCGACC
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.
310
CCCATCCAAG
TTCATCCAAT
TTCATCCAAA
TTCATCCAARA
TTCATCCAAA
TTCATCCAAAR
TTCATCCAAA
TTCATCCAAA
TTCATCCAAA
TTCATCCAAR
TTCATCCAAA
TTCATCCAAA
TTCATCCAAA
TTCATCCAAA
CTCATCCAAA
CTCATCCARA
TTCATCCAAA
TTCATCCAAA
TTCATCCAARA
TTCATCCAAA
TTCATCCAAA
TTCATCCAAA
TTCATCCARA
TTCATCCAAA
TTCATCCAAA
TTCATCCAAR
TTCATCCAAA
TTCATCCAARA
TTCATCCAAA
TTCATCCARA
TTCATCCAAA
TTCATCCAAA
TTCATCCAAA
TTCATCCARA
TTCATCCAAA
TTCATCCAAA
TTCATCCAARA
TTCATCCAAA
TTCATCCAAA
TTCATCCAAA
TTCATCCAAA
TTCATCCAAA
TTCATCCAAA
TTCATCCAAA
TTCATCCAAA
TTCATCCAAA
TTCATCCAAA
TTCATCCAAA
TTCATCCAAA
TTCATCCAAA
TTCATCCAAA
TTCATCCARA
TTCATCCAAA
TTCATCCAAA
TTCATCCAAA
TTCATCCAAA
TTCATCCAAA
TTCATCCAAA
TTCATCCAAA

et

320
A---CCCACT
A---CCCACT
AAACCCGACT
----CCCACT
----CCCACT
----CCCACT
----CCCACT
---~-CCCACT
----CCCACT
----CCCACT
----CCCACT
----CCCACT
--~~CCCACT
~---CCCACT
-=---CCCACT
----CCCACT
--~--CCCACT
AAA-~CCCACT
AAA-CCCACT
AAA-CCCACT
AAA-CCCACT
AAA-CCCACT
ARA-CCCACT
ARARA-CCCACT
AAA-~-CCCACT
AAA-CCCACT
AAA-CCCACT
AAA-CCCACT
AAA-CCCACT
AAA-CCCACT
AAA-CCCACT
ARA-CCCACT
AAA-CCCACT
AAA-CCCACT
AAA-CCCACT
AAA-CCCACT
AAA-CCCACT
AAA-CCCACT
AAA-CCCACT
AAA-CCCACT
AAA-CCCACT
AAA-CCCACT
AAA-CCCACT
AAA-CCCACT
AAA-CCCACT
AAA-CCCACT
ARAA-CCCACT
AAA-CCCACT
ARA-CCCACT
AAA-CCCACT
AAMA-CCCACT
AAA-CCCACT
AAA-CCCACT
ARA-CCCACT
ABA-CCCACT
A---CCCﬁCT
A---CCCACT
A---CCCACT
A---CCCACT

330
TTTGCCAARAC
CTTGCCAAAA
CTTGCCAARA
CTTGCCAARC
CTTGCCAAAC
CTTGCCAAAC
CTTGCCAAAC
CTTGCCAAAC
CTTGCCAAAC
CTTGCCAAAC
CTTGCCAAAC
CTTGCCAAAC
CTTGCCAAAC
CTTGCCAAAC
CTTGCCAAAC
CTTGCCAAAC
CTTGCCAAAC
CTTGCCAAAC
CTTGCCAARC
CTTGCCAAAC
CTTGCCAAAC
CTTGCCAAAC
CTTGCCAAAC
CTTGCCAAAC
CTTGCCAAAC
CTTGCCAAAC
CTTGCCAAAC
CTTGCCAAAC
CTTGCCAAAC
CTTGCCAAAC
CTTGCCAAAC
CTTGCCAAAC
CTTGCCAAAC
CTTGCCAAAC
CTTGCCAAAC
CTTGCCAAAC
CTTGCCAAAC
CTTGCCAAAC
CTTGCCARAC
CTTGCCAAAC
CTTGCCARAC
CTTGCCAAAC
CTTGCCARAC
CTTGCCAAAC
CTTGCCAAAC
CTTGCCAAAC
CTTGCCAAAC
CTTGCCAAAC
CTTGCCAAAC
CTTGCCAAAC

CTTGCERAAC

CTTGCCARAC

CTTGCCAARC
CTTGCCAAAC
CTTGCCRAAC
CTTGCCAAAC
CTTGCCAAAC
CTTGCCAAAC
CTTGCCAAAC

eeand
340
CCCAAAAACA
CCCAAAAACA
CCCAAAAACA
CCCAAAAACA
CCCAAAAACA
CCCAAAAACA
CCCAAAAACA
CCCAAAAACA
CCCAAAAACA
CCCAARAACA
CCCAAAAACA
CCCAAAAACA
CCCAARAACA
CCCAAAAACA
CCCAAAAACA
CCCAAAAACA
CCCAAAAACA
CCCARAAACA
CCCAABRAACA
CCCAAAAACA
CCCAAAAACA
CCCARAAACA
CCCAAAAACA
CCCAAAAACA
CCCAAAAACA
CCCAAAAACA
CCCAAAAACA
CCCAAAAACA
CCCAAAAACA
CCCAAAAACA
CCCAAAAACA
CCCAAAAACA
CCCAAAAACA
CCCARAAACA
CCCAAAAACA
CCCAAAARACA
CCCAAAAACA
CCCAAAAACA
CCCAAAAACA
CCCAAAAACA
CCCAAAAACA
CCCAAAAACA
CCCAAAAACA
CCCAAAAACA
CCCAAAAACA
CCCAAAAACA
CCCAAAAACA
CCCAAAAACA
CCCAARAACA
CCCAAAAACA
CCCAAAAACA

.CCCARBAACA

CCCAAAAACA
CCCAAAAANCA
CCCAAAAACA
CCCAARAACA
CCCAAAAACA
CCCAAAAACA
CCCAAAAACA

et
350
AAAGTTTTAA
AAAGTCTTAA
AAAGTCTTAA
AAAGTCTTAA
AAAGTCTTAA
AAAGTCTTAA
AAAGTCTTAA
AAAGTCTTAA
AAAGTCTTARA
AAAGTCTTAA
AAAGTCTTARA
AAAGTCTTAA
AAAGTGTTAA
AAAGTCTTAA
AAAGTCTTAA
AAAGTCTTAA
AAAGTCTTAA
AAAGTCTTAA
AAAGTCTTAA
AAAGTCTTARA
AAAGTCTTAA
AAAGTCTTAA
AAAGTCTTAA
AAAGTCTTAA
AAAGTCTTAA
AAAGTCTTAA
AAAGTCTTAA
AAAGTCTTAA
AAAGTCTTAA
AAAGTCTTAA
AAAGTCTTAA
AAAGTCTTAA
AAAGTCTTAA
AAAGTCTTAA
AAAGTCTTAA
AAAGTCTTAA
AAAGTCTTAA
AAAGTCTTAA
AAAGTCTTAA
AAAGTCTTAA
AAAGTCTTAA
AAAGTCTTAA
AAAGTCTTAA
AAAGTCTTAA
AAAGTCTTAA
AAAGTCTTAA
ABAAGTCTTAA
AAAGTCTTAA
AAAGTCTTAA
AAAGTCTTAA
AAAGTCTTAA
AAAGTCTTAA
AAAGTCTTAA
AAAGTCTTAA
ARAGTCTTAA
AAAGTCTTAA
AAAGTCTTAA
AAAGTCTTAA
AAAGTCTTAA

e
360
TAT-ACCGGA
CATGATCCGG
TAT-ATCCGA
CAT-ATCCGG
CAT-ATCCGG
CAT-ATCCGG
CAT-ATCCGG
CAT-ATCCGG
CAT-ATCCGG
CAT-ATCCGG
CAT-ATCCGG
CAT-ATCCGG
CAT-ATCCGG
CAT-ATCCGG
CAT-ATCCGG
CAT-ATCCGG
CAT-ATCCGG
TAT-ATCCGA
TAT-ATCCGA
TAT-ATCCGA
TAT-ATCCGA
TAT-ATCCGA
TAT-ATCCGA
TAT-ATCCGA
TAT-ATCCGA
TAT-ATCCGA
TAT-ATCCGA
TAT-ATCCGA
TAT-ATCCGA
TAT-ATCCGA
TAT-ATCCGA
TAT-ATCCGA
TAT-ATCCGA
TAT-ATCCGA
TAT-ATCCGA
TAT-ATCCGA
TAT-ATCCGA
TAT-ATCCGA
TAT-ATCCGA
TAT-ATCCGA
TAT-ATCCGA
TAT-ATCCGA
TAT-ATCCGA
TAT-ATCCGA
TAT-ATCCGA
TAT-ATCCGA
TAT-ATCCGA
TAT-ATCCGA
TAT-ATCCGA
TAT-ATCCGA
TAT-ATCCGA
TAT-ATCCGA
TAT-ATCCGA
TAT-ATCCGA
TAT-ATCCGA
TAT-ATCCGA
TAT-ATCCGA
TAT-ATCCGA
TAT-ATCCGA
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MmulWTPMH242
MmulWTPMH243
MmulWTPMH244

MmulWTPMH245

MmulWTPMH247
MmulWTPMH248

MmulWTPMH24 9
MmulWTPMH250

MmulWTPMH251
MmulWTPMH252
MmulWTPMH253
MmulWTPMH254
MmulWTPMH255
MmulWTPMH256
MmulWTPMH257
MmulWTPMH258
MmulWTPMH259
MmulWTPMH260
MmulWTPMH261
MmulWTPMH262
MmulWTPMH263
MmulWTPMH264
MmulWTPMH265
MmulWTPMH266
MmulWTPMH267
MmulWTPMH268
MmulWTPMH269
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MmulWTPMH271
MmulWTPMH272
MmulWTPMH273
MfasKN76

MfasKN78
MfasKN79
MfasKN80
MfasKN8S
MfaskKN-KTK615all
MfasKN-KTK61l6all
MfasKN-KTKé617all
MfasKN-KTK618all

et

370
TCAGAGCTTG
TCAGAGCCCA
TCAGAGCTCG
TCAGAGCCCA
TCAGAGCCCA
TCAGAGCCCA
TCAGAGCCCA
TCAGAGCCCA
TCAGAGCCCA
TCAGAGCCCA
TCAGAGCCCA
TCAGAGCCCA
TCAGAGCCCA
TCAGAGCCTA
TCAGAGCCTA
TCAGAGCCCA
TCAGAGCTCG
TCAGAGCTCG
TCAGAGCTCG
TCAGAGCTCG
TCAGAGCTCG
TCAGAGCTCG
TCAGAGCTCG
TCAGAGCTCG
TCAGAGCTCG
TCAGAGCTCG
TCAGAGCTCG
TCAGAGCTCG
TCAGAGCTCG
TCAGAGCTCG
TCAGAGCTCG
TCAGAGCTCG
TCAGAGCTCG
TCAGAGCTCG
TCAGAGCTCG
TCAGAGCTCG
TCAGAGCTCG
TCAGAGCTCG
TCAGAGCTCG
TCAGAGCTCG
TCAGAGCTCG
TCAGAGCTCG
TCAGAGCTCG
TCAGAGCTCG
TCAGAGCTCG
TCAGAGCTCG
TCAGAGCTCG
TCAGAGCTCG
TCAGAGCTCG
TCAGAGCTCG
TCAGAGCTCG
TCAGAGCTCG
TCAGAGCTCG
TCAGAGCTCG
TCAGAGCTTA
TCAGAGCTTA
TCAGAGCTTA
TCAGAGCTTA

e

380
TATTTTCATC
TATTTTTATC
CATTTTTATC
TATTTTTATC
TATTTTTATC
TATTTTTATC
TATTTTTATC
TATTTTTATC
TATTTTTATC
TATTTTTATC
TATTTTTATC
TATTTTTATC
TATTTTTATC
TATTTTTATC
TATTTTTATC
TATTTTTATC
CATTTTTATC

et

390
TTTT-AGGTG
TTTTTGGGTG
TTTTGGGGTG
TTTT-GGGTG

TTTTAGGGTG
2272272772227

TTT-AGGGCTG
TTT-AGGGTG
TTT-AGGGTG
TTTTAGGGTG
TTTTAGGGTG
TTTT-AGGTG
TTTT-AGGTG
TTTT-AGGTG
TTTT-GGGTG
TTTT-GGGTG
TTTT-AGGTG
TTTT-GGGTG

CGTTTTTATC
CATTTTTATC
CATTTTTATC
CGTTTTTATC

TTTT-GGGTG
TTTT-GGGTG
TTTT-GGGTG
TTTT-GGGTG

CGTTTTTATC
CATTTTTATC
CGTTTTTATC
CATTTTTATC
CGTTTTTATC
CATTTTTATC
CGTTTTTATC
CATTTTTATC
CATTTTTATC
CATTTTTATC
CGTTTTTATC

TTTT-GGGTG
TTTT-GGGTG
TTTT-GGGTG
TTTT-GGGTG
TTTT-GGGTG
TTTT-GGGTG
TTTT-GGGTG
TTTT-GGGTG
TTTT-GGGTG
TTTT-GGGTG
TTTT-GGGTG

CGTTTTTATC
CATTTTTATC
CATTTTTATC
CATTTTTATC

TTTT-GGGTG
TTTT-GGGTG
TTTT-GGGTG
TTTT-GGGTG

CGTTTTTATC

TTTT-GGGTG

CGTTTTTATC

TTTT-GGGTG

CGTTTTTATC

TTTT-GGGTG

CGTTTTTATC
CGTTTTTATC
CATTTTTATC

TTTT-GGGTG
TTTT-GGGTG
TTTT-GGGTG

CGTTTTTATC

TTTT-GGGTG

CGTTTTTATC

TTTT-GGGTG

CGTTTTTATC
CATTTTTATC

TTTT-GGGTG
TTTT-GGGTG

CGTTTTTATC
CATTTTTATC

TTTT~-GGGTG
TTTT-GGGTG

CGTTTTTATC

TTTT-GGGTG

CGTTTTTATC

TTTT-GCCTE

CGTTTTTATC

TTTT-GGGTG

CGTTTTTATC

TTTT-GGGTG

CGTTTTTATC

TTTT-GGGTG

CGTTTTTATC
CATTTTTATC
CATTTTTATC
CATTTTTATC
CATTTTTATC

TTTT-GGGTG
TTTT-AGGTG
TTTT-AGGTG
TTTT-AGGTG
TTTT-AGGTG

400
TGCACAACCC
TGCACAACTC
TACATAACTC
TACACAACTC
TACACAACTC
TACACAACTC
TACACAACTC
TACACAACTC
TACACAACTC
TACACAACTC
TACACAACTC
TACACAACTC
TACACAACTC
TGCACAACTC
TACACAACTC
TACACAACTC
TACATAACTC
TACATAACTC
TACATAACTC
TACATAACTC
TACATAACTC
TACATAACTC
TACATAACTC
TACATAACTC
TACATAACTC
TACATAACTC
TACATAACTC
TACATAACTC
TACATAACTC
TACATAACTC
TACATAACTC
TACATAACTC
TACATAACTC
TACATAACTC
TACATAACTC
TACATAACTC
TACATAACTC
TACATAACTC
TACATAACTC
TACATAACTC
TACATAACTC
TACATAACTC
TACATAACTC
TACATAACTC
TACATAACTC
TACATAACTC
TACATAACTC
TACATAACTC
TACATAACTC
TACATAACTC

. TACATAACTC
TACATAACTC
TACATAACTC
TACATAACTC
TACACAACTC
TACACAACTC
TACACAACTC
TACACAACTC

et

410
C-AACTGCCA
C-AACTGCCA
CCAACTGCCA
C-AACTGCCA
C-AACTGCCA
C-AACTGCCA
C-AACTGCCA
C-AACTGCCA
C-AACTGCCA
C-AACTGCCA
C-AACTGC-A
C-AACTGC-A
C-AACTGC-A
C-AACTGC-A
C-AACTGC-A
C-AACTGC-A
C-AACTGCCA
C-AACTGCCA
C-AACTGCCA
C-AACTGCCA
C-AACTGCCA
C-AACTGCCA
C-AACTGCCA
C-AACTGCCA
C-AACTGCCA
C-AACTGCCA
C-AACTGCCA
C-AACTGCCA
C-AACTGCCA
C-AACTGCCA
C-AACTGCCA
C-AACTGCCA
C-AACTGCCA
C-AACTGCCA
C-AACTGCCA
C-AACTGCCA
C-AACTGCCA
C-AACTGCCA
C-AACTGCCA
C-AACTGCCA
C-AACTGCCA
C-AACTGCCA
C-AACTGCCA
C-AACTGCCA
C-AACTGCCA
C-AACTGCCA
C-AACTGCCA
C-AACTGCCA
C-AACTGCCTA

et

420
TTCTCTCAAC
TTCCCTCAAC
TTCTCTCAAC
TTCCCTCAAC
TTCTCTCAAC
TTCCCTCAAC
TTCCCTCAAC
TTCTCTCAAC
TTCTCTCAAC
TTCTCTCAAC
TTCCCTCAA?
TTCCCTCAAC
TTCCCTCAAC
TTCCCTCAAC
TTCCCTCAAC
TTCCCTCAAC
TTCTCTCAAC
TTCTCTCAAC
TTCTCTCAAC
TTCTCTCAAC
TTCTCTCAAC
TTCTCTCAAC
TTCTCTCAAC
TTCTCTCAAC
TTCTCTCAAC
TTCTCTCAAC
TTCTCTCAAC
TTCTCTCAAC
TTCTCTCAAC
TTCTCTCAAC
TTCTCTCAAC
TTCTCTCAAC
TTCTCTCAAC
TTCTCTCAAC
TTCTCTCAAC
TTCTCTCAAC
TTCTCTCAAC
TTCTCTCAAC
TTCTCTCAAC
TTCTCTCAAC
TTCTCTCAAC
TTCTCTCAAC
TTCTCTCAAC
TTCTCTCAAC
TTCTCTCAAC
TTCTCTCAAC
TTCTCTCAAC
TTCTCTCAAC
TTCTCTCAAC

C-AACTGCCA* TTCTCTCAAC

C-AACTGCCA TTCTCTCAAC
C-AACTGCCA TTCTCTCAAC
C-AACTGCCA TTCTCTCAAC
C-AACTGCCA TTCTCTCAAC
C-AACTGCCA TTCTCTCAAC
C-AACTGCCA TTCTCTCAAC
C-AACTGCCA TTCTCTCAAC
C-AACTGCCA TTCTCTCAAC
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MmulWTPMH258

MmulWTPMH259

PMH260

MmulWTPMH261

MmulWTPMH262
MmulWTPMH263
MmulWTPMH264
MmulWTPMH265
MmulWTPMH266
MmulWTPMH267
MmulWTPMH268
MmulWTPMH269
MmulWTPMH270
MmulWTPMH271
MmulWTPMH272
MmulWTPMH273
MfasKN76

MfasKN78

MfasKN79

MfasKN80

MfasKN85

MfasKN-KTK615all
MfasKN-KTK61l6all
MfasKN-KTK617all
MfasKN-KTK618all

N

TAAT-AAATA
TAAC-TTACA
TARCTAAATA
TAAC-ARACA
TAAC-ARACA
TAAC-ARACA
TAAC-AAACA
TAAC-AAACA
TAAC-ARACA
TAAC-AAACA
TAAC-AAACA
TAAC-ARACA
TAAC-ARACA
TAAC-AAACA
TAAC-AAACA
TAAC-AAATA
TAAC-AAGCA
TAAC-AAATA
TAAC-AAATA
TAAC-AAGCA
TAAC-AAGCA
TAAC-AAATA
TAAC- AAGCA
TAAC-AAATA
TAAC-AAGCA
TAAC-AAATA
TAAC-AAGCA
TAAC-AAATA
TAAC-AAATA
TAAC-AAATA
TAAC-AAGCA
TAAC-AAGCA
TAAC-AAATA
TAAC-AAARTA
TAAC-AAGCA
TAAC-AAGCA
TAAC-AAGCA
TAAC-AAGCA
TAAC-AAGCA
TAAC-AAGCA
TAAC-AAATA
TAAC- AAGCA
TAAC-AAGCA
TAAC-AAGCA
TAAC-AAATA
TAAC-AAGCA
TAAC-AAATA
TAAC-AAGCA
TAACCAAACA
TAAC-AAACA
TAAC-AAACA
TAAC-AAACA
TAAC-AAACA
TAAC-AAGCA
TAAC-AAGCA
TAAC-AAGCA
TAAC-AAGCA

[ ...

430
TTTACTT-CA
TTTACTTACA
TTTACTT-CA
TTTACTT-CA
TTTACTT-CA
TTTACTT-CA
TTTACTT-CA
TTTACTT-CA
TTTACTT-CA
TTTACTT-CA
TTTACTT-CA
TTTACTT-CA
TTTACTT-CA
TTTACTT-CA
TTTACTT-CA
TTTACTT-CA
TTTACTT-CA
TTTACTT-CA
TTTACTT-CA
TTTACTT-CA
TTTACTT-CA
TTTACTT-CA
TTTACTT-CA
TTTACTT-CA
TTTACTT-CA
TTTACTT-CA
TTTACTT-CA
TTTACTT-CA
TTTACTT-CA
TTTACTT-CA
TTTACTT-CA
TTTACTT-CA
TTTACTT-CA
TTTACTT-CA
TTTACTT-CA
TTTACTT-CA
TTTACTT-CA
TTTACTT-CA
TTTACTT-CA
TTTACTT-CA
TTTACTT-CA
TTTACTT-CA
TTTACTT-CA
TTTACTT-CA
TTTACTT-CA
TTTACTT-CA
TTTACTT-CA
TTTACTT-CA
TTTACTT-CA
TTTACTT-CA
TTTACTT-CA
TTTACTT-CA

TTTACTT-CA
TTTACTT-CA
TTTACTT-CA
TTTACTT-CA

(...

[ i,

440
CCAAA-CACT
CCATA-CACC
CTAAA-CACC
CCAAA-CACC

CCAAA-CACC
22727727227272°7

CCAAA-CACC
CCAARACACC
CCAAA-CACC
CCAAA-CACC
CCAAA-CACC
CCAAA-CACC
CCAAA-CACC
CCAAA-CACC
CCRAA-CACC
CCAARA-CACC
CTAAA-CACC
CTAAA-CACC
CTAAA-CACC
CTARA-CACC
CTAAA-CACC
CTAAA-CACC
CTAAA-CACC
CTAAA-CACC
CTAAA-CACC
CTARA-CACC
CTAAA-CACC
CTAAA-CACC
CTAAA-CACC
CTAAA-CACC
CTAAA-CACC
CTAAA-CACC
CTAAA-CACC
CTAAA-CACC
CTAAA-CACC
CTAAA-CACC
CTAAA-CACC
CTAAA-CACC
CTAAA-CACC
CTAAA-CACC
CTAAA-CACC
CTAAA-CACC
CTAAA-CACC
CTAAA-CACC
CTAAA-CACC
CTAAA-CACC
CTAAA-CACC
CTAAA-CACC
CTAAA-CACC

CTAAR~CACT

CTAAA-CACC,
CTAARA-CACC
CTAAA-CAC?
CTAAA-CACC
CTARA-CACC
CTAAA-CACC
CTAAA-CACC

[ vl

450
-CTTAACATC
ATTTTACACC
-CCTTACACC
-CACTGCACC
-CTCTACACC
-CTCTACACC
-CTCTACACC
-CTCTACACC
-CTCTACACC
-CTCTACACC
- CTCTGCACC
-CTCTGCACC
-CTCTACACC
-CTCTACACC
-CTCTGCACC
-CCTTACACC
-CCTTACACC
-CCTTACACC
-CCTTACACC
-CCTTACACC
-CCTTACACC
-CCTTACACC
-CCTTACACC
-CCTTACACC
-CCTTACACC
-CCTTACACC
-CCTTACACC
-CCTTACACC
- CCTTACACC
-CCTTACACC
-CCTTACACC
-CCTTACACC
-CCTTACACC
-CCTTACACC
-CCTTACACC
-CCTTACACC
-CCTTACACC
- CCTTACACC
-CCTTACACC
-CCTTACACC
- CCTTACACC
-CCTTACACC
-CCTTACACC
-CCTTACACC
-CCTTACACC
-CCTTACACC
-CCTTACACC
- CCTTACACC

~CTTTACACC
-CTTTACACC
-CTTTACACC
-CTTTACACC

(o],

460
AACCCACAAC
AACC-GCGCC
AACC-GACAT
AACCCGCGAC
AACCCGCGAC
AACCCGCGAC
AACCCGCGAC
AACCCGCGAC
AACCCGCGAC

AACCCGCGAC
22272222272

AACCCGCGAC
AACCCGCGAC
AACCCGCGAC
AACCCGCGAC
AACCCGCGAC
AACCCACAAT
AACCCACAAC
AACCCACAAT
AACCCACAAT
AACCCACAAC
AACCCACAAC
AACCCACAAT
AACCCACAAC
AACCCACAAT
AACCCACAAC
AACCCACAAT
AACCCACAAC
AACCCACAAT
AACCCACAAT
AACCCACAAT
AACCCACAAC
AACCCACAAC
AACCCACAAT
AACCCACAAT
AACCCACAAT
AACCCACAAC
AACCCACAAC
AACCCACAAC
AACCCACAAC
AACCCACAAC
AACCCACAAT
AACCCACAAC
AACCCACAAC
AACCCACAAC
AACCCACAAT
AACCCACAAC
AACCCACAAT
AACCCACAAC

AACCCACAAT
AACCCACAAT
AACCCACAAT
AACCCACAAT

N

470
AAACCCC
2292727277

AGATCCT
AAATCCT
AGACCCT
AGATCCT
AAATCCT
AARATCCT
AAATCCT
AGATCC?
AGATCC?
AAATCC?
AGATCC?
AGACCCC
AGACCCC
AGACCCC
AGACCCC
AGACCCC
AGACCCC
AGACCCC
AGACCCC
AGACCCC
AGACCCC
AGACCCC
AGACCCC
AGACCCC
AGACCCC
AGACCCC
AGACCCC
AGACCCC
AGACCCC
AGACCCC
AGACCCC
AGACCCC
AGACCCC
AGACCCC
AGACCCC
AGACCCC
AGACCCC
AGACCCC
AGACCCC
AGACCCC
AGACCCC
AGACCCC
AGACCCC

AGACCCC
2?7?2227

AGACCCC
AGACCCC
AGACCCC
AGACCCC



- 2. seudavanddayas

o O o

ALAIALY

Py

apdlelnsdaas TSPY gene 43 711 iua Anmiduiednuau 10 fetn

- 1898999naNTRGIHIMNNNED (MMUWTPMH) WATRIGNNANMANNEIAT 254 UAT 269 UATANINU 713 FLud AINA

v v

WAGIHIMNNNAR’IW 1 A28tNe (Mnem246)

fmannun (MmulBurma), Bwde (Mmulindia) UAZAY

~ (MmuIChina) Btin9as 1 fagNg LATAIWMNNENY (MfasThai), A9ia (MnemThai) WasRaL@W (MarcThai) aanussine

Tne wudnilaauumnsinsesddiuiinadlenfuasdnanuarfsiaionun 7 dwa (the 78", 153°, 320", 428",

4837, 626", and 778") uazifin insertion AT 2 ALua (the 324" and 325") MNAIAL

Marc-Thai -70bp
Mnem-Thai - 700bp
Mfas-Thai-7wbp
Mmul - Burma - 700bp
Mmul - India-7mobp
Mmul - China-70bp
Mmulze

Mmul24e

Mnem24s

Mmulas?

Mmula4s

Mmu 1250

Mmu12s3

Hybridass
Hybridase

Mmul266

Mmulae?

Marc-Thai -0bp
Mnem-Thai -70bp
Mfas-Thai-7bp
Mmul - Burma - 700bp
Mmul - India-7e0bp
Mmul-China-70bp
Mmula42

Mmulas

Mnem246

Mmul247

Mmu 1248

Mmulzso

Mmu 1253

Hybridass
Hybridase

Mmulass

Mmu 1267

Marc-Thai - 0bp
Mnem-Thai - 70bp
Mfas-Thai-wbp
Mmul - Burma - 700bp
Mmul - India-roebp
Mmul -China-70bp
Mmul242

Jeentl
10
iedede e Bedr Be e Be il

e

70
CCTGGCTTCT
CCTGGCTTCT
CCTGGCTTCT
CCTGGCTTCT
CCTGGCTTCT
CCTGGCTTCT
CCTGGCTTCT
CCTGGCTTCT
CCTGGCTTCT
CCTGGCTTCT
CCTGGCTTCT
CCTGGCTTCT
CCTGGCTTCT
CCTGGCTTCT
CCTGGCTTCT
CCTGGCTTCT
CCTGGCTTCT

el

130
GGTGCTCTTG
GGTGCTCTTG
GGTGCTCTTG

GGTGCTCTTG

et
20
il Be Be Br B le )

.

80
GGGCCAATGT
GGGCCAATGT
GGGCCAACGT
GGGCCAATGT
GGGCCAATGT
GGGCCAATGT
GGGCCAATGT
GGGCCAATGT
GGGCCAATGT
GGGCCAATGT
GGGCCAATGT
GGGCCAATGT
GGGCCAATGT
GGGCCAATGT
GGGCCAATGT
GGGCCAATGT
GGGCCAATGT

| 140
GGAAGTGTAA
GGAAGTGTAA
GGAAGTGTAA
GGAAGTGTAA

GGTGCTCTTG
GGTGCTCTTG
GGTGCTCTTG

GGAAGTGTAA
GGAAGTGTAA
GGAAGTGTAA

et
30

TGTATCCTTT

N
40
e dr Be e e Be e Br e Brd

GACCGCAGAG
??2?772277??

GCAGTGTTTC

50
??GCCATCAT
??2GCCATCAT
GCGCCATCAT
??GCCATCAT
??7GCCATCAT
??GCCATCAT
??GCCATCAT
??GCCATCAT
??GCCATCAT
??GCCATCAT
??GCCATCAT
? ?GCCATCAT
??GCCATCAT
??GCCATCAT
??GCCATCAT
??GCCATCAT
??GCCATCAT

el
110
TTCTGCTTTT

TGTATCCTTT
TGTATCCTTT
TGTATCCTTT

GCAGTGTTTC

TTCTGCTITT

GCAGTGTTTC
GCAGTGTTTC

TTCTGCTTTT
TTCTGCTTTT

TGTATCCTTT
TGTATCCTTT
TGTATCCTTT

GCAGTGTTTC
GCAGTGTTTC
GCAGTGTTTC

TTCTGCTTTT
TTCTGCTTTT
TTCTGCTTTT

TGTATCCTTT

GCAGTGTTTC

TTCIGCT T

TGTATCCTTT
TGTATCCTTT
TGTATCCTTT

GCAGTGTTTC
GCAGTGTTTC

TTCTGCTTTT
TTCTGCTTTT

GCAGTGTTTC

TTCTGCTTIT

TGTATCCTTT
TGTATCCTTT
TGTATCCTTT
TGTATCCTTT
TGTATCCTTT
TGTATCCTTT

el

150
GGAACTTACG
GGAACTTACG

GGAACTTACG

GGAACTTACG,

GGAACTTACG
GGAACTTACG
GGAACTTACG

GCAGTGTTTC

TTCTGCTTTT

GCAGTGTTTC
GCAGTGTTTC
GCAGTGTTTC
GCAGTGTTTE

TTCTGCTTTT
TTCTGCTTTT
TTCTGCTTTT
TTCTGCTTTT

GCAGTGTTTC
pgeie

el
160
GGCGGCTCGG
GGCGGCTCGG
GGCGGCTCGG
GGCGGCTCGG
GGCGGCTCGG
GGCGGCTCGG
GGCGGCTCGG

TTCTGCTTTT

et

170
CGTCGATGTG
CGTCGATGTG
CGTCGATGTG
CGTCGATGTG
CGTCGATGTG
CGTCGATGTG
CGTCGATGTG

et

60
CCAGAGCATG
CCAGAGCATG
CCAGAGCATG
CCAGAGCATG
CCAGAGCATG
CCAGAGCATG
CCAGAGCATG
CCAGAGCATG
CCAGAGCATG
CCAGAGCATG
CCAGAGCATG
CCAGAGCATG
CCAGAGCATG
CCAGAGCATG
CCAGAGCATG
CCAGAGCATG
CCAGAGCATG

S P
120
CCAGTTGAGA
CCAGTTGAGC
CCAGTTGAGA
CCAGTTGAGA
CCAGTTGAGA
CCAGTTGAGA
CCAGTTGAGA
CCAGTTGAGA
CCAGTTGAGC
CCAGTTGAGA
CCAGTTGAGA
CCAGTTGAGA
CCAGTTGAGA
CCAGTTGAGA
CCAGTTGAGC
CCAGTTGAGA
CCAGTTGAGA

N

180
ACCATTTGGG
ACCATTTGGG
ACCATTTGGG
ACCATTTGGG
ACCATTTGGG
ACCATTTGGG
ACCATTTGGG

63



Mmulasa
Mnemz4s

- Mmulasr

Mmul24g
Mmulazso
Mmu 1253
Hybridass
Hybridase
Mmu 1266
Mmu 267

Marc-Thai - 70bp
Mnem-Thai - 70bp
Mfas-Thai-7wbp
Mmul-Burma-7wbp
Mmul -India-7obp
Mmul-China-mbp
Mmulze

Mmul244

Mnem24s

Mmul24r

Mmu 1248

Mmu 1250

Mmulazs3

Hybridas
Hybridase

Mmu 1266

Mmul267

Marc-Thai-7bp
Mnem-Thai - 700bp
Mfas-Thai-0bp
Mmul - Burma - 70bp
Mmul - India-70bp
Mmul - China-70bp
Mmul242

Mmulas

Mnemz46

Mmu 1247

Mmul248

Mmul2s0

Mmul2s3

Hybridzsa
Hybridase

Mmu 1266

Mmu 1267

Marc-Thai-wbp
Mnem-Thai - 00bp
Mfas-Thai -70bp
Mmul - Burma - 700bp
Mmul-India-7mwobp
Mmul -China-70bp
Mmul242

Mmul244

GGTGCTCTTG
GGTGCTCTTG
GGTGCTCTTG
GGTGCTCTTG
GGTGCTCTTG
GGTGCTCTTG
GGTGCTCTTG
GGTGCTCTTG
GGTGCTCTTG

GGAAGTGTAA
GGAAGTGTAA
GGAAGTGTAA
GGAAGTGTAA
GGAAGTGTAA
GGAAGTGTAA
GGAAGTGTAA
GGAAGTGTAA
GGAAGTGTAA

GGTGCTCTTG

e

190
GAACACGGGT
GAACACGGGT
GAACACGGGT
GAACACGGGT
GAACACGGGT
GAACACGGGT
GAACACGGGT
GAACACGGGT
GAACACGGGT
GAACACGGGT
GAACACGGGT
GAACACGGGT
GAACACGGGT
GAACACGGGT
GAACACGGGT
GAACACGGGT
GAACACGGGT

| ZSé
CTATTTTCCT
CTATTTTCCT
CTATTTTCCT
CTATTTTCCT
CTATTTTCCT
CTATTTTCCT
CTATTTTCCT
CTATTTTCCT
CTATTTTCCT
CTATTTTCCT
CTATTTTCCT
CTATTTTCCT
CTATTTTCCT
CTATTTTCCT
CTATTTTCCT
CTATTTTCCT
CTATTTTCCT

| 31é
ATCTTTCTGA
ATCTTTCTGA
ATCTTTCTGA
ATCTTTCTGA
ATCTTTCTGA
ATCTTTCTGA
ATCTTTCTGA
ATCTTTCTGA

GGAAGTGTAA

.

200
GAGTTTCCAC
GAGTTTCCAC
GAGTGTCCAC
GAGTGTCCAC
GAGTGTCCAC
GAGTGTCCAC
GAGTGTCCAC
GAGTGTCCAC
GAGTTTCCAC
GAGTGTCCAC
GAGTGTCCAC
GAGTGTCCAC
GAGTGTCCAC
GAGTGTCCAC
GAGTTTCCAC
GAGTGTCCAC
GAGTGTCCAC

et

260
GCGTGCGTGA
GCGTGCGTGA
GCGTGCGCGA
GCGTGCGTGA
GCGTGCGTGA
GCGTGCGTGA
GCGTGCGTGA
GCGTGCGTGA
GCGTGCGTGA
GCGTGCGTGA
GCGTGCGTGA
GCGTGCGTGA
GCGTGCGTGA
GCGTGCGTGA
GCGTGCGTGA
GCGTGCGTGA
GCGTGCGTGA

N

320
AGAGCAGAAG
AGAGCAGAAG
AGAGCAGAAG
AGAGCAGAAG
AGAGCAGAAG
AGAGCAGAAG
AGAGCAGAAG
AGAGCAGAAG

GGAACTTACG
GGAACTTACG
GGAACTTACG
GGAACTTACG
GGAACTTACG
GGAACTTACG
GGAACTTACG
GGAACTTACG
GGAACTTACG
GGAACTTACG

et

210
AGACAAATGT
AGACAAATGT
AGACAAATGT
AGACAAATGT
AGACARATGT
AGACAAATGT
AGACAAATGT
AGACAAATGT
AGACAAATGT
AGACAAATGT
AGACARATGT
AGACAAATGT
AGACAAATGT
AGACAAATGT
AGACAAATGT
AGACAAATGT
AGACAAATGT

et

270
GAGAAACGCT
GAGAAACGCT
GAGGAACGCT
GAGAAACGCT
GAGAAACGCT
GAGAAACGCT
GAGAAACGCT
GAGAAACGCT
GAGAAACGCT
GAGAAACGCT
GAGAAACGCT
GAGAAACGCT
GAGAAACGCT
GAGAAACGCT
GAGAAACGCT
GAGAAACGCT
GAGAAACGCT

330

‘CGAGTTCTCA

CGAGTTCTCA
CGAGTTCTCA
CGAGTTCTCA
CGAGTTCTCA
CGAGTTCTCA
CGAGTTCTCA
CGAGTTCTCA

GGCGGCTCGG
GGCGGCTCGG
GGCGGCTCGG
GGCGGCTCGG
GGCGGCTCGG
GGCGGCTCGG
GGCGGCTCGG
GGCGGCTCGG
GGCGGCTCGG
GGCGGCTCGG

e

220
GGCTGAAGAA
GGCTGAAGAA
GGCTGAAGAA
GGCTGAAGAA
GGCTGAAGAA
GGCTGAAGAA
GGCTGAAGAA
GGCTGAAGAA
GGCTGAAGAA
GGCTGAAGAA
GGCTGAAGAA
GGCTGAAGAA
GGCTGAAGAA
GGCTGAAGAA
GGCTGAAGAA
GGCTGAAGAA
GGCTGAAGAA

eeidd
280
TCATGGTGCC
TCATGGTGCC
TCATGGTGCC
TCATGGTGCC
TCATGGTGCC
TCATGGTGCC
TCATGGTGCC
TCATGGTGCC
TCATGGTGCC
TCATGGTGCC
TCATGGTGCC
TCATGGTGCC
TCATGGTGCC
TCATGGTGCC
TCATGGTGCC
TCATGGTGCC
TCATGGTGCC
N B
< 7340
GCAGAACACG
GCAGAACACG
GCAGAACACG
GCAGAACACG
GCAGAACACG
GCAGAACACG
GCAGAACACG
GCAGAACACG

CGTCGATGTG
CGTCGATGTG

ACCATTTGGG
ACCATTTGGG

CGTCGATGTG
CGTCGATGTG
CGTCGATGTG
CGTCGATGTG
CGTCGATGTG
CGTCGATGTG
CGTCGATGTG
CGTCGATGTG

| 23é
AGCCAGAGCA
AGCCAGAGCA
AGCCAGAGCA
AGCCAGAGCA
AGCCAGAGCA
AGCCAGAGCA
AGCCAGAGCA
AGCCAGAGCA
AGCCAGAGCA
AGCCAGAGCA
AGCCAGAGCA
AGCCAGAGCA
AGCCAGAGCA
AGCCAGAGCA
AGCCAGAGCA
AGCCAGAGCA
AGCCAGAGCA

-

290
AAGCAGCAGA
AAGCAGCAGA
AAGCAGCAGA
AAGCAGCAGA
AAGCAGCAGA
AAGCAGCAGA
AAGCAGCAGA
AAGCAGCAGA
AAGCAGCAGA
AAGCAGCAGA
AAGCAGCAGA
AAGCAGCAGA
AAGCAGCAGA
AAGCAGCAGA
AAGCAGCAGA
AAGCAGCAGA
AAGCAGCAGA

350
TGTTGCTGTG
TGTTGCTGTG
TGTTGCTGTG
TGTTGCTGTG
TGTTGCTGTG
TGTTGCTGTG
TGTTGCTGTG
TGTTGCTGTG

|

ACCATTTGGG
ACCATTTGGG
ACCATTTGGG
ACCATTTGGG
ACCATTTGGG
ACCATTTGGG
ACCATTTGGG
ACCATTTGGG

e

240
GACACGGGTA
GACACGGGTA
GACACGGGTA
GACACGGGTA
GACACGGGTA
GACACGGGTA
GACACGGGTA
GACACGGGTA
GACACGGGTA
GACACGGGTA
GACACGGGTA
GACACGGGTA
GACACGGGTA
GACACGGGTA
GACACGGGTA
GACACGGGTA
GACACGGGTA

et

300
CGTTTGGGGC
CGTTTGGGGC
CGTTTGGGGC
CGTTTGGGGC
CGTTTGGGGC
CGTTTGGGGC
CGTTTGGGGC
CGTTTGGGGC
CGTTTGGGGC
CGTTTGGGGC
CGTTTGGGGC
CGTTTGGGGC
CGTTTGGGGC
CGTTTGGGGC
CGTTTGGGGC
CGTTTGGGGC
CGTTTGGGGC

N

360
AATCAAGCTG
AATCAAGCTA
AATCAAGCTA
AATCAAGCTA
AATCAAGCTA
AATCAAGCTA
AATCAAGCTA
AATCAAGCTA

64



Mnem246

. Mmulasr

Mmu 1248

: Mmul2so

Mmul2s3
Hybridas¢
Hybridase

Mmu 1266

Mmul267

Marc-Thai-70bp
Mnem-Thai - 70bp
Mfas-Thai-mwbp
Mmul -Burma-70bp
Mmul - India-7bp
Mmul -China-7bp
Mmulase

Mmulzss

Mnem246

Mmul24

Mmula4s

Mmulaso

Mmul2s3

Hybridas
Hybridase

Mmu 1266

Mmul267

Marc-Thai -10bp
Mnem-Thai -70bp
Mfas-Thai - 7wbp
Mmul -Burma - 700bp
Mmul-India-mebp
Mmul -China-bp
Mmulae

Mmul244

Mnem24s

Mmul247

Mmul24s

Mmu 1250

Mmul2s3

Hybridas
Hybridase

Mmu 1266

Mmulae?

Marc-Thai-70bp
Mnem-Thai -70bp
Mfas-Thai-wbp
Mmul - Burma - 700bp
Mmul - India-mobp
Mmul -China-0bp
Mmul2s
Mmulzea
Mnemzss

ATCTTTCTGA
ATCTTTCTGA
ATCTTTCTGA
ATCTTTCTGA
ATCTTTCTGA
ATCTTTCTGA
ATCTTTCTGA
ATCTTTCTGA
ATCTTTCTGA

et
370
TTGTT- -AARG

AGAGCAGAAG
AGAGCAGAAG
AGAGCAGAAG
AGAGCAGAAG
AGAGCAGAAG
AGAGCAGAAG
AGAGCAGARAG
AGAGCAGAAG
AGAGCAGAAG

et
380
GGACTGTGAC

TCGTTTTAAG
TTGTT- -AAG
TTGTT- -ARG
TTGTT- -AAG
TTGTT- -AAG
TTGTT- -AAG
TTGTT--AAG

GGACTGTGAC
GGACTGTGAC
GGACTGTGAC

CGAGTTCTCA GCAGAACACG
CGAGTTCTCA GCAGAACACG
CGAGTTCTCA GCAGAACACG
CGAGTTCTCA GCAGAACACG
CGAGTTCTCA GCAGAACACG
CGAGTTCTCA GCAGAACACG
CGAGTTCTCA GCAGAACACG
CGAGTTCTCA GCAGAACACG
CGAGTTCTCA GCAGAACACG

I
TGCTCCGCCT TGCCAGTCCG
TGCTCCGCCT TGCCAGTCCG
TGCTCCGCCT TGCCAGTCCG
TGCTCCGCCT TGCCAGTCCG

GGACTGTGAC
GGACTGTGAC
GGACTGTGAC
GGACTGTGAC

TCGTTTTAAG
TTGTT- -AAG
TTGTT- -AAG
TTGTT- -AAG
TTGTT- -AAG
TTGTT- -AAG
TCGTTTTAAG
TTGTT- -AAG
TTGTT--AAG

N

430
GGGTATGAGC
GGGTATGAGC
GGGTATGAGC
GGGTATGAGC
GGGTATGAGC
GGGTATGAGC
GGGTATGAGC
GGGTATGAGC
GGGTATGAGC
GGGTATGAGC
GGGTATGAGC
GGGTATGAGC
GGGTATGAGC
GGGTATGAGC
GGGTATGAGC
GGGTATGAGC
GGGTATGAGC

et

490
CCGTGTCAGT
CCGTGTCAGT
CCGTGTCAGT
CCGTGTCAGT
CCGTGTCAGT
CCGTGTCAGT
CCGTGTCAGT
CCGTGTCAGT
CCGTGTCAGT

GGACTGTGAC

TGCTCCGCCT TGCCAGTCCG
TGCTCCGCCT TGCCAGTCCG
TGCTCCGCCT TGCCAGTCCG
TGCTCCGCCT TGCCAGTCCG
TGCTCCGCCT TGCCAGTCCG

GGACTGTGAC

TGCTCCGCCT TGCCAGTCCG

GGACTGTGAC
GGACTGTGAC
GGACTGTGAC

TGCTCCGCCT TGCCAGTCCG
TGCTCCGCCT TGCCAGTCCG
TGCTCCGCCT TGCCAGTCCG

GGACTGTGAC
GGACTGTGAC
GGACTGTGAC
GGACTGTGAC

eenn]
440
AGATTCTGCC

TGCTCCGCCT TGCCAGTCCG
TGCTCCGCCT TGCCAGTCCG
TGCTCCGCCT TGCCAGTCCG
TGCTCCGCCT TGCCAGTCCG

NS T D
450 460
AGGCCTCAGA CACCGGCAGT

AGATTCTGCC
AGATTCTGCC
AGATTCTGCC
AGATTCTGCC
AGATTCTGCC
AGATTCTGCC
AGATTCTGCC
AGATTCTGCC
AGATTCTGCC

AGGCCTCAGA CACCGGCAGT
AGGCCTCAGA CACCGGCAGT
AGGCCTCAGA CACCGGCAGT
AGGCCTCAGA CACCGGCAGT
AGGCCTCAGA CACCGGCAGT
AGGCCTCAGA CACCGGCAGT
AGGCCTCAGA CACCGGCAGT
AGGCCTCAGA CACCGGCAGT
AGGCCTCAGA CACCGGCAGT

AGATTCTGCC
AGATTCTGCC
AGATTCTGCC
AGATTCTGCC
AGATTCTGCC
AGATTCTGCC
AGATTCTGCC

.

500
GCGGTCAGCC
GCGGTCAGCC
GCGGTCAGCC
GCGGTCAGCC
GCGGTCAGCC
GCGGTCAGCC
GCGGTCAGCC
GCGGTCAGCC
GCGGTCAGCC

AGGCCTCAGA CACCGGCAGT
AGGCCTCAGA CACCGGCAGT
AGGCCTCAGA CACCGGCAGT
AGGCCTCAGA CACCGGCAGT
AGGCCTCAGA CACCGGCAGT
AGGCCTCAGA CACCGGCAGT
AGGCCTCAGA CACCGGCAGT

N D I
510 ¢ 520
TCACAATGAT ACACGCTEGG
TCACAATGAT ACACCCTCGG
TCACAATGAT ACACCCTCGG
TCACAATGAT ACACCCTCGG
TCACAATGAT ACACCCTCGG
TCACAATGAT ACACCCTCGG
TCACAATGAT: ACACCCTCGG
TCACAATGAT ACACCCTCGG
TCACAATGAT ACACCCTCGG

TGTTGCTGTG
TGTTGCTGTG
TGTTGCTGTG
TGTTGCTGTG
TGTTGCTGTG
TGTTGCTGTG
TGTTGCTGTG
TGTTGCTGTG
TGTTGCTGTG

e

410
ATCTGGGACT
ATCTGGGACT
ATCTGGGACT
ATCTGGGACT
ATCTGGGACT
ATCTGGGACT
ATCTGGGACT

AATCAAGCTA
AATCAAGCTA
AATCAAGCTA
AATCAAGCTA
AATCAAGCTA
AATCAAGCTA
AATCAAGCTA
AATCAAGCTA
AATCAAGCTA

N

420
GGGCTTCTTC
GGGCTTCTTC
GGGCTTCTTC
GGGCTTCTTC
GGGCTTCTTC
GGGCTTCTTC
GGGCTTCTTC

ATCTGGGACT
ATCTGGGACT
ATCTGGGACT
ATCTGGGACT
ATCTGGGACT
ATCTGGGACT
ATCTGGGACT
ATCTGGGACT
ATCTGGGACT
ATCTGGGACT

el

470
TCTCTGCATA
TCTCTGCATG
TCTCTGCATA
TCTCTGCATA
TCTCTGCATA
TCTCTGCATA
TCTCTGCATA
TCTCTGCATA
TCTCTGCATG
TCTCTGCATA
TCTCTGCATA
TCTCTGCATA
TCTCTGCATA
TCTCTGCATA
TCTCTGCATG
TCTCTGCATA
TCTCTGCATA

o]

. 530
TGAAACCCGA
TGAAACCCGA
TGAAACCCGA
TGAACCCCGA
TGAACCCCGA
TGAACCCCGA
TGAACCCCGA
TGAACCCCGA
TGAAACCCGA

GGGCTICTTIC
GGGCTTCTTC
GGGCTTCTTC
GGGCTTCTTC
GGGCTTCTTC
GGGCTTCTTC
GGGCTTCTTC
GGGCTTCTTC
GGGCTTCTTC
GGGCTTCTTC

el

480
TCGCCCCTCC
TCGCCCCTCC
TCGCCCCTCC
TCGCCCCTCC
TCGCCCCTCC
TCGCCCCTCC
TCGCCCCTCC
TCGCCCCTCC
TCGCCCCTCC
TCGCCCCTCC
TCGCCCCTCC
TCGCCCCTCC
TCGCCCCTCC
TCGCCCCTCC
TCGCCCCTCC
TCGCCCCTCC
TCGCCCCTCC

-

eeand

540
GAGGTCTGAA
GAGGTCTGAA
GAGGTCTGAA
GAGGTCTGAA
GAGGTCTGAA
GAGGTCTGAA
GAGGTCTGAA
GAGGTCTGAA
GAGGTCTGAA
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. Mmul267

Marc-Thai -7wbp
Mnem-Thai -700bp
Mfas-Thai -70bp
Mmul - Burma - 700bp
" Mmul-India-7obp
Mmul -China-webp
Mmul2e

{ Mmulases

Mnema4s

Mmul247

Mmul24s

Mmu12s0

¢ Mmulass

Hybridass
Hybridase

- Mmul2es

Mmul267

Marc-Thai -7wbp
Mnem-Thai -70bp
Mfas-Thai-7wbp
Mmul -Burma - 700bp
Mmul - India-7obp
Mmul-China-70bp
Mmul242

Mmu 1244

Mnem24s

Mmu 1247

Mmu 1248

Mmul2s0

Mmula2s3

Hybridas
Hybridase

Mmul266

Mmul267

Marc-Thai -7bp
Mnem-Thai -wbp
Mfas-Thai-7wbp
Mmul - Burma- 700bp
Mmul-India-7wbp
Mmul -China-70bp
Mmul24
Mmul244
Mnemz4s
Mmul247

CCGTGTCAGT
CCGTGTCAGT
CCGTGTCAGT
CCGTGTCAGT
CCGTGTCAGT
CCGTGTCAGT
CCGTGTCAGT
CCGTGTCAGT

| 55$
TTCAGGGGGA
TTCAGGGGGA
TTCAGGGGGA
TTCAGGGGGA
TTCAGGGGGA
TTCAGGGGGA
TTCAGGGGGA
TTCAGGGGGA
TTCAGGGGGA
TTCAGGGGGA
TTCAGGGGGA
TTCAGGGGGA
TTCAGGGGGA
TTCAGGGGGA
TTCAGGGGGA
TTCAGGGGGA
TTCAGGGGGA

610
CTAGCCGCCC
CTAGCCGCCC
CTAGCCGCCC
CTAGCCGCCC
CTAGCCGCCC
CTAGCCGCCC
CTAGCCGCCC
CTAGCCGCCC
CTAGCCGCCC
CTAGCCGCCC
CTAGCCGCCC
CTAGCCGCCC
CTAGCCGCCC
CTAGCCGCCC
CTAGCCGCCC
CTAGCCGCCC
CTAGCCGCCC

e

670
GCATCTCAAG
GCATCTCGAG
GCATCTCAAG
GCATCTCAAG
GCATCTCAAG
GCATCTCAAG
GCATCTCAAG
GCATCTCAAG
GCATCTCGAG
GCATCTCAAG

GCGGTCAGCC
GCGGTCAGCC
GCGGTCAGCC
GCGGTCAGCC
GCGGTCAGCC
GCGGTCAGCC
GCGGTCAGCC
GCGGTCAGCC

et

560
GGGAGAGGAG
GGGAGAGGAG
GGGAGAGGAG
GGGAGAGGAG
GGGAGAGGAG
GGGAGAGGAG
GGGAGAGGAG
GGGAGAGGAG
GGGAGAGGAG
GGGAGAGGAG
GGGAGAGGAG
GGGAGAGGAG
GGGAGAGGAG
GGGAGAGGAG
GGGAGAGGAG
GGGAGAGGAG
GGGAGAGGAG

[ ...
620

TCACAATGAT ACACCCTCGG
TCACAATGAT ACACCCTCGG
TCACAATGAT ACACCCTCGG
TCACAATGAT ACACCCTCGG
TCACAATGAT ACACCCTCGG
TCACAATGAT ACACCCTCGG
TCACAATGAT ACACCCTCGG
TCACAATGAT ACACCCTCGG

N R P
570 580
AAAGGGAGGT CATTCATGGA
AAAGGGAGGT CATTCATGGA
ARAAGGGAGGT CATTCATGGA
ARAGGGAGGT CATTCATGGA
AAAGGGAGGT CATTCATGGA
ARAAGGGAGGT CATTCATGGA
AAAGGGAGGT CATTCATGGA
ARAAGGGAGGT CATTCATGGA
AAAGGGAGGT CATTCATGGA
AAAGGGAGGT CATTCATGGA
AAAGGGAGGT CATTCATGGA
ARAAGGGAGGT CATTCATGGA
AAAGGGAGGT CATTCATGGA
AAAGGGAGGT CATTCATGGA
AAAGGGAGGT CATTCATGGA
AARAGGGAGGT CATTCATGGA
AAAGGGAGGT CATTCATGGA

| e
63 640

CTCTGGGTGC
CTCTGGGTGC
CTCTGGGTGC

TCTTAGGCCT TCCCCGTTGC

I I D

TGAACCCCGA
TGAACCCCGA
TGAACCCCGA
TGAACCCCGA
TGAACCCCGA
TGAAACCCGA
TGAACCCCGA
TGAACCCCGA

N

590
TGCGGATCGG
TGCAGATCTG
TGCAGATCTG
TGCAGATCTG
TGCAGATCTG
TGCAGATCTG
TGCAGATCTG
TGCAGATCTG
TGCAGATCTG
TGCAGATCTG
TGCAGATCTG
TGCAGATCTG
TGCAGATCTG
TGCAGATCTG
TGCAGATCTG
TGCAGATCTG
TGCAGATCTG

[ o,
650
TTCTAGCTTT

GAGGTCTGAA
GAGGTCTGAA
GAGGTCTGAA
GAGGTCTGAA
GAGGTCTGAA
GAGGTCTGAA
GAGGTCTGAA
GAGGTCTGAA

| 60$
AAAAAATCCC
AAAAAATCCC
AAARAATCCC
AAAAAATCCC
ARAAAATCCC
AAAAAATCCC
ARARAAATCCC
ARAAAATCCC
AAAARATCCC
AAAAAATCCC
AAAAAATCCC
AAAAAATCCC
AAARAAATCCC
AARAAAATCCC
ARAAAATCCC
AAAAMATCCC
AAAAAATCCC

..
660
TCTTTCCGTT

TCTTAGGCCT TCCCCGTTGC
TCTTAGGCCT TCCCCGTTGC

CTCTGGGTGC

TCTTAGGCCT TCCCCGTTGC

CTCTGEGTGC
CTCTGGGTGC
CTCTGGGTGC
CTCTGGGTGC
CTCTGGGTGC
CTCTGGGTGC
CTCTGGGTGC
CTCTGGGTGC
CTCTGGGTGC
CTCTGGGTGC
CTCTGGGTGC
CTCTGGGTGC
CTCTGGGTGC

]

680
GCTCTTTGAC
GCTCTTTGAC
GCTCTTTGAC
GCTCTTTGAC
GCTCTTTGAC
GCTCTTTGAC
GCTCTTTGAC
GCTCTTTGAC
GCTCTTTGAC
GCTCTTTGAC

TCTTAGGCCT TCCCCGTTGC
TCTTAGGCCT TCCCCGTTGC

TTCTAGCTTT
TTCTAGCTTT

TCTTTCCGTT
TCTTTCCGTT

TTCTAGCTTT
TTCTAGCTTT

TCTTTCCGTT
TCTTTCCGTT

TTCTAGCTTT

ITCTTICCGTT

TCTTAGGCCT TCCCCGTTGC
TCTTAGGCCT TCCCCGTTGC
TCTTAGGCCT TCCCCGTTGC
TCTTAGGCCT TCCCCGTTGC
TCTTAGGCCT TCCCCGTTGC
TCTTAGGCCT TCCCCGTTGC

TTCTAGCTTT
TTCTAGCTTT

TCTTTCCGTT
TCTTTCCGTT

TTCTAGCTTT
TTCTAGCTTT
TTCTAGCTTT
TTCTAGCTTT

TCTTAGGCCT TCCCCGTTGC
TCTTAGGCCT TCCCCGTTGC
TCTTAGGCCT TCCCCGTTGC
TCTTAGGCCT TCCCCGTTGC
TCTTAGGCCT TCCCCGTTGC

U R P
690 _.. 709
CTCAATCAGA TTGCAAAGCA
CTCAATCAGA TTGCAAACCA
CTCAATCAGA TTGCAAACCA
CTCAATCAGA TTGCAAACCA
CTCAATCAGA TTGCAAACCA
CTCAATCAGA TTGCAAACCA
CTCAATCAGA TTGCAAACCA
CTCAATCAGA, TTGCARACCA
CTCAATCAGA TTGCARACCA
CTCAATCAGA TTGCAAACCA

TTCTAGCTTT
TTCTAGCTTT
TTCTAGCTTT
TTCTAGCTTT
TTCTAGCTTT

o]

~ 710
CCCTCAGATG
CCCTCAGATG
CCCTCAGATG
CCCTCAGATG
CCCTCAGATG
CCCTCAGATG
CCCTCAGATG
CCCTCAGATG
CCCTCAGATG
CCCTCAGATG

TCTTICCGTY
TCTTTCCGTT
TCTTTCCGTT
TCTTTCCGTT
TCTTTCCGTT
TCTTTCCGTT
TCTTTCCGTT
TCTTTCCGTT
TCTTTCCGTT

e
72
TCGGCCCTGA
TCGGCCCTGA
TCGGCCCTGA
TCGGCCCTGC
TCGGCCCTGC
TCGGCCCTGE
TCGGCCCTGC
TCGGCCCTGC
TCGGCCCTGA
TCGGCCCTGC



Mmul24s
Mmu 250
Mmul2s3
Hybridzss
Hybridass
Mmulaes
Mmul267

Marc-Thai -70bp
Mnem-Thai - 0bp
Mfas-Thai-70bp
Mmul - Burma - 700bp
Mmul - India-7bp
Mmul-China-mbp
Mmulae

Mmul244

Mnem24s

Mmul247

Mmul248

Mmul2so

Mmul2s3

Hybridas
Hybrid2se

Mmu 1266

Mmu 1267

GCATCTCAAG
GCATCTCAAG
GCATCTCAAG
GCATCTCAAG
GCATCTCGAG
GCATCTCAAG
GCATCTCAAG

R
TCACTGACCA
TCACTGACCA
TCACTGACCA
TCACTGACCA
TCACTGACCA
TCACTGACCA
TCACTGACCA
TCACTGACCA
TCACTGACCA
TCACTGACCA
TCACTGACCA
TCACTGACCA
TCACTGACCA
TCACTGACCA
TCACTGACCA
TCACTGACCA
TCACTGACCA

GCTCTTTGAC
GCTCTTTGAC
GCTCTTTGAC
GCTCTTTGAC
GCTCTTTGAC
GCTCTTTGAC
GCTCTTTGAC

e

740
AGATGAAGAC
AGATGAAGAC
AGATGAAGAC
AGATGAAGAC
AGATGAAGAC
AGATGARAGAC
AGATGAAGAC
AGATGAAGAC
AGATGAAGAC
AGATGAAGAC
AGATGAAGAC
AGATGAAGAC
AGATGAAGAC
AGATGAAGAC
AGATGAAGAC
AGATGAAGAC
AGATGAAGAC

CTCAATCAGA
CTCAATCAGA
CTCAATCAGA
CTCAATCAGA
CTCAATCAGA
CTCAATCAGA
CTCAATCAGA

et

750
ATGCTGAGCT
ATGCTGAGCT
ATGCTGAGCT
ATGCTGAGCT
ATGCTGAGCT
ATGCTGAGCT
ATGCTGAGCT
ATGCTGAGCT
ATGCTGAGCT
ATGCTGAGCT
ATGCTGAGCT
ATGCTGAGCT
ATGCTGAGCT
ATGCTGAGCT
ATGCTGAGCT
ATGCTGAGCT
ATGCTGAGCT

TTGCAAACCA
TTGCAAACCA
TTGCAAACCA
TTGCAARACCA
TTGCAAACCA
TTGCAARACCA
TTGCAAACCA

ACATG
ACATG
ACATG
ACATG
ACATG
ACATG
ACATG
ACATG
ACATG
ACATG
ACATG
ACATG
ACATG
ACATG
ACATG
ACATG
ACATG

A -

.,

CCCTCAGATG
CCCTCAGATG
CCCTCAGATG
CCCTCAGATG
CCCTCAGATG
CCCTCAGATG
CCCTCAGATG

TCGGCCCTGC
TCGGCCCTGC
TCGGCCCTGC
TCGGCCCTGC
TCGGCCCTGA
TCGGCCCTGC
TCGGCCCTGC
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Abstract

We report an artificial “genetic pollution” observed in the semi-wild troop of rhesus
macaques (Macaca mulatta) inhabiting the Wat Tham Pa Mak Ho (WTPMH), northeastern
Thailand. The gene pool of this rhesus troop was influenced by a pet pigtail male (M.
nemestrina leonina) that has been released into the troop and subsequently become the alpha
male. Three juvenile males with mixed morphological characters were suspected to be
hybrids. Thirty-three troop members were temporarily trapped and inspected, including two
of the suspected hybrids and the pigtail. Genetic and morphometric analyses were conducted
to clarify whether those juveniles had been sired by the pigtail male. A one-hundred per cent
homology of TSPY nucleotide sequences was observed between the eight male WTPMH
rhesuses investigated and between the WTPMH pigtail and Thai pigtail (Tosi et al., 2000).
When the TSPY gene sequences were compared between WTPMH rhesus and the pigtail, 7
different nucleotide positions and 2 successive nucleotide insertions in the pigtail were
revealed. Only one of the two suspected hybrids was sired by the pigtail, while the other was
sired by a rhesus male, as indicated by TSPY gene analysis. Both suspected hybrids were
born from rhesus females as determined by analysis of mt DNA.. Morphometric results,
pelage color and relative-tail length, are relevant to the result obtained from the mt DNA and
TSPY gene analyses. The TSPY gene, a conserved and species-specific gene, is, therefore, a

reliable choice of genetic marker to identify hybrids between macaque species.



: Introduction

Rhesus macaques have been reported to inhabit a variety of habitats from the upper

‘b northeastern (Nongkhai and Loei provinces) and northern (Nan and Chiangmai provinces)

: parts to the western part (Uthai Thani province) of Thailand (Fooden, 2000). They are,
however, rarely found at present, which perhaps reflects habitat deterioration due to logging,
‘: deforestation and agricultural development. They are also considered to have suffered from
so-called “genetic pollution” (via the release of pet monkeys). We recently reported on a

.k troop of rhesus inhabiting the Wat Tham Pa Mak Ho (WTPMH), a Buddhist temple, in
northeastern Thailand (Malaivijitnond and Varavudhi, 2002). A few years after our first
census in 1998, one pigtail male, formerly a pet, was released into this troop. Because the

] home-range of the WTPMH troop is located on a limestone hill and isolated from other
macaque troops by the surrounding agricultural area, the released pigtail male was forced to
_;1 join the WTPMH?s rhesus troop. As he is twice the size of any adult rhesus male, he rapidly
| became the alpha male (Malaivijitnond and Varavudhi, 2002). During our March 2003
census, the pigtail was observed to mate with rhesus females, and three immature males with
morphological characters between those of pigtail and rhesus macaques were also found. To
determine whether those immature males were truly hybrid, DNA analysis had to be
performed. Since all were males, they were considered to have inherited the Y-chromosome
from the pigtail. Although it is unlikely that their mothers were not rhesus, since we

observed no other species during our survey, analysis of mitochondrial DNA (mtDNA) was

" R
e e - A -

also necessary. e -

So far, only seven functional génes have been isolated and/or mapped on th; Y
chromosome. Of these only the TSPY dnd SRY genes are strictly Y-specific as the other Y-
chromosome genes have a corresponding homolbg on the X chromosome (Zhang et al., 1992).

The TSPY (testis-specific protein, Y chromosome) gene, a conserved testis-specific gene that



ontains six exons and five introns, was selected for this study, because it is evolutionarily
onserved in old world monkeys, including at least M. mulatta, M. assamensis and M.
ascicularis, which showed the same single band (10.6 kb) in male DNA (Kim and Takenaka,
%.1996). It is also a gene family found on the nonrecombining portion of the Y chromosome
:(Schempp et al., 1995; Affara et al., 1996); in macaques and baboons this cluster is located
fon the long arm, proximal to the centromere (Kim et al., 1996; Glaser et al., 1998).

Thus, the present study aims to investigate whether the supposed hybrid offspring
were truly sired by the pigtail male via TSPY gene analysis. Mitochondrial DNA was also
analyzed to confirm the maternal lineage of the supposed hybrids (Hayasaka et al., 1991,

Evans et al., 2001),

_ Materials and methods
Study area and subject population

The subject macaques belonged to the troop of rhesus inhabiting the Wat Tham Pa

:‘ Mak Ho, a Buddhist temple, Wang Sapung District, Loei Province, northeastern Thailand
(GPS 17° 14’ 56”N 108°39’ 50”E). The temple is located on a limestone hill (340 m msl)
that is covered mainly with spiny shrubs, bamboo and fig trees and surrounded by

agricultural fields of rice, soybean, cassava, banana and tamarind. One-hundred and nine

: rhesuses were counted in March, 2003, including 4% Edul}s, (6 males and 36~fcimal.es), 12 sub-

adults, 38 juveniles and 18 infants. A released pigtaﬂ was the ‘alpha male of the treop.

Capture-and-release field work
In total 33 macaques (11 males and 22 females) were temporarily caught in a trap (6
m X 6 m) in March 2003, including the pigtail and two of the three suspected hybrids

‘ (monkey nos. 254 and 259). Monkeys were anesthetized by intramuscular injection with 10



mg/kg BW of ketamine hydrochloride. While the monkeys were immobilized,
somatometrics and pelage color were recorded, blood was collected, and overall health was
determined before they were released back to the troop after their complete recovery. The
ages of monkeys were estimated from the denta] formula according to Iwamoto et al. (1984,
1987) and Smith et al. ( 1994). The estimated agés 0f10.254 and no. 259 were 1 and 3 years,
respectively.
Somatometric determination

The immobilized monkeys were measured using somatometric instruments and
methods for anthropometry (Martin and Saller, 1957) with slight modification (c.f., Iwamoto,

1971). Relative tail length (%) was obtained by dividing tail length by crown-rump length.

Determination of pelage color

Pelage color was quantitatively determined using a color reflectometer (Color
Analyzer™ Model CR-200, Minolta Co., Ltd) (Hamada ez al., 1988; 1992), that emits a
standardized light (D65) and measures the light reflected through a hole of 8 mm in diameter.
Color is expressed by three parameters: L* for lightness, ranging from 0 (darkest) to 100
(lightest); a* for the hue of green (-60) to red (+60); and b* for the hue of blue (-60) to
yellow (+60). We measured color at the vertex of the head, the back (interscapular), lateral
upper arm and forearm, dorsum of the hand, waist (suprailiac), lateral thigh and leg, and

dorsum of the foot.

~ .-
a - - i

Blood collection | - | -

Blood samples (3 ml/kg BW, max1mum 10 ml) were collected from the monkeys by
femoral venipuncture and immediately mixed with 0.1 ml of heparin. The buffy-coat
- containing white blood cells was separated by centrifugation at 2,000 rpm for 10 minutes and

used for DNA extraction. DNA was extracted following the method described by Sambrook



et al. (1989). The mtDNA (Hayasaka et al., 1991) and TSPY gene (Zhang et al., 1992; Kim
- and Takenaka, 1996) were analyzed.

PCR primers for amplification and sequence determination

mitochondrial DNA

: To examine the maternal lineage of the suspected hybrids, a 454-bp portion of the
mitochondrial genome spanning the major noncoding region (MNR) in both suspected

; hybrids and 14 randomly selected rhesuses was amplified and sequenced. Primers used for
PCR amplification followed Hayasaka et al. (1991); saru-4 : 5’-~ATC AGG GTC TAT CAC
CC TAT-3’ and saru-5: 5°-GGC CAG GAC CAA GCC TAT TTG-3’ and primers used for
sequencing were designed from the mtDNA sequence of J apanese macaque as follows; 554F:
- 5’-ATC ACC CTA TTT AAC CAG TCA C-3’ and 567F: 5’-AAA CCC ATC TAG GCA

B TTT TCA G-3’. The 5’ of primer 554F and the 3’ of primer 567F correspond to nucleotide
number 18 and 831, respectively, of the Japanese sequence (Hayasaka et al., 1991). The
primer saru-4 was biotinylated, whereas primers 554F and 567F were FITC labeled (Japan

- Bioservice, Japan). Amplification was achieved using the AmpliTaq Gold™ Kit (Applied

- Biosystems, Japan). Amplification of the mtDNA gene was carried out in a Perkin-Elmer
Cetus Thermal Cycler (model 9600) for 30 cycles consisting of denaturation at 94°C for 1

- min, annealing at 52°C for 1 min, and extension at 72°C for 2 min. The main PCR

- amplification cycle was preceded by an initial denaturation step of 94°C for 10 min and

followed by an additional extension period of 72°C for 10 min. The PCR product was
| purified by Microcon YM-100 Centrifugal Filter Dévices (Millipore Corporation, USA).

Sequencing of the PCR product was performed in a single strand of DNA (ssDNA) using a

; Thermo Sequenase Cycle Sequencing Kit (USB Corporation, USA). A ssDNA was prepared
3 using streptavidin magnetic beads in combination §vith a biotinylated primer (Malaivijitnond

et al., 2002). The nucleotide sequence was determined for both directions using a fluorescent



automatic sequencer (DSQ-1, Shimadzu, Japan). Mitochondrial DNA sequences of rhesus
}e‘v originating from India (ID) and China (CN) and reared at the Primate Research Institute,
. Kyoto University, Japan were also analyzed and used as references for phylogenetic analysis.
TSPY gene
One pigtail and ten rhesus males (including suspected hybrid nos. 254 and 259) were

studied for the TSPY gene which was amplified using the following primers: TSPY-A: 5°-

 AGC CAG GAA GGC CTT TTC TCG-3’ and TSPY-B: 5’-CCA TGT AGC TCA GCA TGT
- CTT CAT-3’ (Kim and Takenaka, 1996). The 5’ of primer TSPY-A and the 3’ of primer

- TSPY-B correspond to nucleotide number 324 and 1093, respectively, of the human sequence
| (Zhang et al., 1992). Amplification was achieved using the AmpliTaq Gold™ Kit (Applied

- Biosystems, Japan). Amplification of the TSPY gene was carried out in a Perkin-Elmer
Cetus Thermal Cycler (model 9600) for 30 cycles consisting of denaturation at 94°C for 1

| min, annealing at 60°C for 1 min, and extension at 72°C for 2 min. The main PCR

amplification cycle was preceded by an initial denaturation step of 94°C for 10 min and

- followed by an additional extension period of 72°C for 10 min. The PCR product was

3

electrophoresed through 2% Nusieve® GTGR Agarose gel electrop]}oresis (Rockland, USA)

and the expected fragment was recovered from the gel utilizing glass powder (Easytrap™

Ver.2, Takara Bio Inc, Japan). Direct sequencing of the TSPY gene PCR product was

performed using a Thermo Sequenase Cycle Sequencing Kit (USB Corporation, USA). The

- primer for sequencing was designed in our laboratory from the macaque TSPY gene

| sequences (Tosi et al., 2000) as follows: TSPY-SEQ:‘?’&C%GA GGG AGA GGA GAA AGG
GA-3’ and TSPY-SEQR: 5°-TCC CTT TCT CCT CTC CCT CC-3’. The 5’ of primer TSPY-
SEQ and the 3’ of primer TSPY-SEQR cotrespond to nucleotide number 546 of the rhesus

sequence or number 548 of the pigtail sequence, réspectively. The primers TSPY-SEQ and



E

:

TSPY-SEQR were FITC labeled (Japan Bioservice, Japan). A nucleotide sequence of TSPY
gene was determined using a Shimadzu fluorescent automatic sequencer DSQ-1.
Analyses of sequence data

The nucleotide sequences were edited with the GENETYX program (version 5.0,

SDC Tokyo, Japan) and aligned using Clustal X. Phylogenetic trees were constructed from

the genetic distance data (Kimura’s two parameters) based on the neighbor-joining method

(Saitou and Nei, 1987) using the MEGA program (version 3). The mitochondrial DNA

sequence of the Barbary macaque (M. sylvanus) (Amason et al., 2000) was used as an out-

group reference for mtDNA analysis. TSPY gene sequences of rhesuses from India, China

- and Burma, and pigtail, longtail and stumptail (M. arctoides) from Thailand (Tosi et al.,

2000) were used as in-group and out-group references, respectively, for TSPY gene analysis.

.~ Results

Pelage character and relative tail-length

The pigtail male at WTPMH had golden brown-agouti hair around the mid-dorsal

- region of the trunk with lighter color on the underparts (Figure 1) and a dark brown crown

- patch. Its slender and thinly-furred tail arched forward over its back and relative tail-length
 (tail-length/crown-rump length) was 36.6 per cent (Figure 2). From these characteristics, this
. individual was considered to be M. nemestrina leonia (Fooden, 1975). In rhesuses, the fur of

- the lower back was conspicuously more reddish and yellowish than that of the upper back.

“

This pattern of pelage color is termed a “bipartite” paﬁérh _‘(laooden, 1964), a ke}.l character for

species identification of rhesus (Figure i). However, the pelage color of rhesuses was lighter

- (L*) than that of pigtail (Figure 1). Crown hairs are directed smooothly posteriorly. Hairs on

- the side of the face usually form a small crest or whorl near the angle of the jaw. The facial

skin is thinly haired and reddish. The tail is significantly longer (57.0 + 4.2%, S.D.) than that



of the pigtail and buffy. Relative tail-length, however, becomes gradually less with
‘ advancing age (Figure 2).
Both suspected hybrid (nos. 254 and 259) had a dark brown and anteriorly narrow
crown patch and a thinly haired tail as for pigtails, but the relative tail-lengths were more
| similar (65.5 and 54.2 per cent, respectively) to thesuses. Although the relative tail length of
. 10. 259 is large, it was the smallest among individuals of the same age (Figure 2). Animal no.
- 259 showed no hair whorl at the cheek, whereas no. 254 did. On the other hand, no.254
showed a bipartite pattern of pelage color, but no.259 did not (Figure 1).

Maternal lineage of suspected hybrids resolved by mtDNA gene
| From the phylogenetic tree of 454-bp of mt DNA sequences, rhesus macaques

originating from WTPMH, Thailand, India and China are monophyletically separated from

the Barbary macaque. However, the WTPMH rhesuses, including the two suspected hybrids,

were separated from Indian and Chinese rhesuses and solidly clustered into 1 haplotype.

- Paternal lineage of suspected hybrids resolved by TSPY gene

The TSPY gene of 711 bp in rhesuses and 713 bp in pigtail were sequenced. The

sequences included parts of exon 1, exon 2 and the first intron. One-hundred per cent

:
:
|
- homology of 711-bp of TSPY nucleotide sequences was observed between the eight
|
i
- WTPMH rhesuses and Indian, Chinese and Burmese rhesuses (Tosi et al., 2000).

Furthermore, one-hundred per cent homology of 713-bp of TSPY gene betweeQ the WTPMH

pigtail and Thai pigtail (Tosi ef al., 2000) was also cbééé&gd: When the TSPY gene '_
sequences were compared between WTPMH’s rhesus and pigtail, 7 different nucleotide
positions (the 78", 153, 320", 428", 483™, 626", and 778™) and 2 successive nucleotide
insertions (the 324" and 325™) were found in the pigtail (Figure 4). The TSPY gene

sequence of no. 254 showed a one-hundred per cent homology with those of rhesuses,
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whereas no. 259 showed a one-hundred per cent homology with the pigtail. Monkey no. 254
was therefore phylogenetically placed into the rhesus group, and no. 259 was clustered with
the pigtail group (Figure 5).

Discussion

Although there are many reports on rhesuses in Thailand (Fooden, 1971; Fooden,
2000), it is rather difficult to find the publications on their recent situation. We first found a
natural troop of rhesus at Wat Tham Pa Mak Ho, northern Thailand (Malaivijitnond and
Varavudhi, 2002) in 1998. A few years after our first census, a pet pigtail male was released
into that troop. Based on morphological characters (Fooden, 1975), the pigtail was classified
as M. nemestrina leonina. Rhesus and pigtail are classified into different species groups in
the genus Macaca (Fooden, 1980) and from an ecological viewpoint, rhesuses are segregated
from pigtail by habitat preference and climate (Fooden, 1982) such that they would not
normally interbreed with each other in the wild. There are numerous reports on macaques,
however, where single individual, usually male, temporarily associates with a troop of a
different species (Bernstein and Gordon, 1980). As the home range of WTPMH troop is
isolated from other macaque troops, of both the same and different species, by vast
agricultural fields, the released pigtail had to stay in that troop. Being twice as heavy as
thesus adult males, he rapidly became the alpha male and acquired reproductive access to
females.

WTPMH rhesuses exhibit the reproductive seasonality as found in rhesuses in general
(Fooden, 2000), that is, a mating peak in fall and wmte1; iI}_Ic;vel;ber to March iI{ WTIEMH
troop). During our census in March 2003, mating behaviors between the pigtail male and
thesus females were observed. In addition, three male juveniles exhibiting mixed
morphological characters of rhesus and pigtail wefe found. To determine whether they were

truly hybrid, two of them, nos. 254 and 259, were successfully trapped and inspected.
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Although both had dark-brown fur at the vertex, a character of pigtails, monkey no.254 had
rhesus characters such as a bipartite pattern (see Figure. 1) and whorl hair on the cheek.
Analysis of the TSPY gene showed that the nucleotide sequence in monkey no.254 was one-
hundred per cent homologous with that of rhesuses, whereas no.259 was one-hundred per
cent homologous with that of the pigtail. It is worth noting that the relative tail-length of
WTPMH rhesus is much longer (ca. 55 per cent) than the Indian (ca. 45 per cent) and
Chinese (ca. 30 per cent) rhesuses, respectively (Fooden, 2000). The relative tail-length
lessens with advancing age, and although no. 259 had a slightly longer tail than the adult
average, juveniles of the same age as no. 259 had even longertails. Thus, it can be concluded
that the non-bipartite pattern of pelage color and the thinly-furred tail in the pigtail are
dominant to that in rhesus, but the relative tail-length of more than 50 per cent in rhesus is
dominant to that in pigtail, as observed in hybrid no.259. Although the shape of glans penis
is used for classification of species-groups in the genus Macaca (Fooden, 1975), those in
pigtail and rhesus are similar to each other and of moderate size (Fooden, 1975). This is no
doubt facilitates the high incidence of hybridization between pigtail and rhesus that has been

reported. In general, the body mass of male macaques is higher than females and, because of

the bigger size of pigtail compared to rhesus (Bernstein and Gordon, 1980), most of the

~ reported hybrids are the product of thesus male and pigtail female matings. Our study might

 be the first report on a hybrid produced by a pigtail male and rhesus female in nature.

Typically, hybridization occurs when humans introduce exotic species into the range
of rare species, or alter the habitat so that previously 'igd'lﬂaljc_efi s;;ecies comic into ‘sécm;dary
contact. In Thailand, the hybridization of macaques precipitated by human activities has
become a serious problem for the biodivetsity of wild populations. Thai people, who

sometimes rear macaques as pets, they usually release their pet monkeys to a troop of wild-

or semi-wild macaques when they do not want to continue rearing them. In many localities
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of Thailand, released pet macaques have been found in natural troops of the same or different
species, for example, a released female stumptail and pigtail were found in a longtail troop at
Lopburi province, central Thailand, and a released female longtail was found in a stumptail
troop at Petchaburi province, upper southern Thailand (personal observation). The release
not only results in the hybridization, as in the WTPMH’s rhesus troop, but also threatens the
genetic integrity of the native troop via, so-called, “genetic pollution”. Thus, tracing the
evolutionary history of those populations will be complicated and difficult.

It is not always possible to detect hybridization by morphological characters,
especially in the case of immature individuals. As shown in the present study, however, it is
necessary to develop an appropriate way to detect and evaluate the influence of hybridization.
Thus, MNR of mtDNA is clearly suitable material with which to investigate the maternal
lineage of hybrids in WTPMH’s monkeys. According to the phylogenetic analysis of
mtDNA sequences, both suspected hybrids, nos.254 and 259, clustered with other WTPMH
rhesus and were separated from Indian and Chinese rhesuses and Barbary macaques, hence,
they were shown to be born from local rhesus females.

A Y-specific gene should be useful for tracing the paternal inheritance of hybrids
because of non-recombining along most of its length (Dorit et al., 1995). So far, only seven
functional genes have been isolated and/or mapped on the Y chromosome, and only the
TSPY gene is strictly Y-specific and conserved in macaque species. Based on analysis of the
TSPY gene, one-hundred per cent homology of the nucleotide sequences were revealed
within the same species and fixed genetic differences‘,‘fé&fei‘en%«nucleotide posifi;)ns:a"md 2
successive nucleotide insertions, were found between rhesus and pigtail in the present study.
These results demonstrate that the TSPY géne in theregion of exon 1, exon 2 and the first

intron is highly conserved in macaque species. A TSPY gene, hence, is evidently the choice

of genetic marker to identify a male hybrid between macaque species. Although the
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uniparentally inherited non-recombining markers such as mtDNA and TSPY gene allow for
direct examination of the maternal/paternal component of hybridization, the screening of
other character sets, such as allozymes or other diploid DNA markers may provide better

information.
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Figure legends

Figure 1. Pelage color by L*, a* and b* in rhesuses, the pigtail male and suspected hybrids
(no0s.254 and 259).

:' Figure 2. Relative tail-length (tail length/head and body length) in rhesuses, the pigtail male
: and suspected hybrids (nos.254 and 259).

Figure 3. The phylogenetic tree constructed from mitochondrial DNA (D-loop) sequences.

.?' Mmul and Msyl indicate rhesuses and Barbary macagques, respectively. WTPMH, ID and
CN indicate the Wat Tham Pa Mak Ho, Indian and Chinese rhesuses, respectively.
;_Figure 4. Nucleotide sequences of the TSPY gene in 8 male WTPMH rhesuses, 2 suspected
hybrids and a male pigtail. Mmul and Mnem indicate the rhesus and pigtail macaques,
respectively. Dashes (-) indicate gaps.

f Figure 5. The phylogenetic tree constructed from TSPY gene sequences. Mmul, Mnem,

Mfas and Marc indicate the rhesus, pigtail, longtail and stumptail macaques, respectively.
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ABSTRACT  The rhesus (Macaca mulatta) and long-tailed macaques (M.
fascicularis) belong to the same species-group, and are parapatric at the boundary of 15
~ 20°N on the Indochinese peninsula. Probable hybrids between the two hybrid
species have been reported from this boundary zone in Thailand, Laos and Vietnam, but
the exact state of intergradation has not been studied. At a locality close to the
boundary, viz., Wat Tam Pa Mak Ho (WTPMH), Wang Saphun district, Loei province,
northeastern Thailand (17°14° N, 101°47°E), we collected somatometrics analyzed from
12 adult females and pelage color readings from 30 males and females of older than 1
year. Morphology (body size and proportions) and pelage color were compared with
those of captive Chinese- and Indian-derived rhesuses and with Thai long-tailed
macaques. WTPMH macaques are smaller than Chinese- and Indian-derived rhesuses
by 10 to 20 %, but have a greater relative tail length (ca. 53 %). They show the
“bipartite” pelage color pattern typical of the rhesus species. They are larger than the
long-tailed macaques, but have a much shorter relative tail length. Our results offer
little evidence that the WTPMH macaque group is a hybrid one. A survey to
determine the exact distribution and the range of variation of macaques at the boundary
zone is urgently needed because their habitat is being rapidly destroyed by deforestation

and they are under other artificial disturbances.
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INTRODUCTION

The rhesus macaque (Macaca mulatta, hereafter rhesus) has a very wide
geographical range from Afghanistan in the west, to Vietnam in the east, to China in the
north (Fooden, 2000). The number of subspecies is debatable, ranging from four
(Napier and Napier, 1967) to six (Groves, 2001) to seven (Zhang and Shi, 1993) to 15
(Fooden, 2000). The Chinese rhesuses alone have been classified into six subspecies
based on craniometric data (Jiang et al., 1991). Traditionally, the rhesus has been
assigned to the fascicularis species-group (Fooden, 1976), but based on molecular
comparisons (Morales and Melnick, 1998), it has been placed, along with the Japanese
(M. fuscata) and Taiwanese macaque (M. cyclopis) into its own species (mulatta) group
(Groves, 2001). Most recently, however, again with molecular data, the traditional
classification has been supported (Tosi et al., 2003); the authors offered an explanation
for their results, recent introgression between rhesus and long-tailed macaques.

In many localities rhesuses are sympatric with other macaque species that are not
members of the fascicularis species-group (Lekagul and McNeely, 1988), such as
pig-tailed (M. nemestrina), stump-tailed, (M. arctoides) or assamese macaques (M.
assamensis; Fooden, 1980). Generally, rhesuses are not sympatric with the long-tailed
macaque (M. fascicularis), except in cases of limited local sympatry (Eudey, 1980).
Rhesus and long-tailed macaques are, however,- parapatﬁ'@ally distribute:i within a
boundary zone (15 — 20 °N) on the Indochinese peni;ls;la. It is probable that hé;e is,
and has been, local hybridization (introgression).between the two species. Within the
zone rhesuses lie and have adapted to a sub-tropical climate and the long-tailed

macaques, south of the zone where they have adapted to a more tropical climate.
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Fgoden (1964, 1997) depicted specimens of probable “hybrids”, that were found within
the zone, in central-western and northeastern Thailand, central-western Vietnam, and
southern Laos. The localities are in the mountainous areas close to, or included in, the
Dawna Range and Annamitique Mountain Chain where “refugia” supposedly existed in
the glacial period (Eudey, 1980). Obviously, different evolutionary scenarios can be
reconstructed for rhesus populations (Delson, 1980; Hayasaka et al., 1996; Morales and
Melnick, 1998; Fooden, 2000; Tosi et al., 2003).

The substantial morphological variation observed within the wide distribution of
the rhesus species has not been studied in detail. In a review of the natural history of
the species, Fooden (2000) described some of the variation, based on museum materials
(skull and pelage) and collectors’ measurements. Although some other morphometric
studies have been made, e.g. craniometric study on Chinese rhesuses from various
localities (Jiang et al., 1991) and a somatometric study of artificially rearred Chinese-
and Indian-derived rhesuses (DeRousseau and Reichs, 1987; Turnquist and Kessler,
1989; Clarke and O’Neil, 1999), study on free-ranging rhesuses has not been made in
Indochinese peninsula. Especially lacking is information on the “rhesus-like”
macaque populations that inhabit the Indochinese peninsula, and have been suspected to
be hybrids between pure rhesuses (Macaca mulatta) and long-tailed macaques (M.
fascicularis), since the report by Fooden (1964).- *‘Fopden"‘(VZOOO) classiﬁ;d« rheésuses
into eastern and western groups, mainly on the ba;is; of tail length, but Indochinese
rhesuses have tails longer than either, pbssibly attributable to hybridization of parapatric

M. mulatta and M. fascicularis (Fooden, 1964,‘ 1995, 1997, 2000). This conjecture is

partly supported by the molecular phylogenetic data (Tosi e al., 2003), that suggest
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recent introgression between the two species. To date, however, the hybridization
hypothesis has not been explored in a free-ranging troop from the supposed hybrid zone.
Just such a troop vwas recently reported from Wat Tam Pa Mak Ho, a Buddhist temple, in
northeastern Thailand (Malaivijitnond and Varabudhi, 2002). We first surveyed and
subsequently employed a temporary catch and release of the troop in March, 2003 and
collected morphological, pelage and related data. Here we compare the results with
data from captive Chinese- and Indian-derived rhesuses and free-ranging Thai

long-tailed macaques.

Materials and Methods

Subjects

The study animals belonged to the free-ranging macaque troop of Wat Tam Pa
Mak Ho temple (WTPMH), Wang Saphun district, Loei province, northeastern Thailand,
17°14’N and 101°47°E (Figure 1). There, the troop occupies a limestone rocky hill
covered by spiky shrubs, bamboo, and several species of fig trees. The forested area
of about 12.25 ha is surrounded by wide agricultural fields that isolate the WTPMH
troop from others. The troop consisted of 110 individuals, including one pig-tailed
macaque, the « -male which is a released pet. Three juveniles were suspected hybrid
offspring of this male. Developmental age-classes were dé}¢nnined accoriiing to the
method of Dittus (1980). Only sub-adult and adult i;d;Viduals were sexed (Tablemlﬂ).

We trapped 33 individuals from the troop,.including the pig-tailed macaque and
two of the suspected hybrids ’in March, 2003. Ages were estimated from dental

eruption status (Smith ez al., 1994). The sex-age composition of the trapped sample
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was representative of that of the total troop.
<<Insert Figure 1 and Table 1 around here >>

We compared the somatometric and pelage color data from WTPMH macaques
with those from captive Chinese- and India-derived rhesuses, born and reared at the
Primate Research Institute of Kyoto University, Inuyama, Japan. We also compared
the somatometric and pelage color data from WTPMH macaques with those from two
free-ranging Thai long-tailed macaque troops: WTT-long-tailed (Wat Tam Taep Ban
Dan, 15° 42°N and 101° 02°E) from Petchabun province which lies close to the
supposed boundary zone of M. mulatta and M. fascicularis, and WKH-long-tailed (Wat
Kuha Phimuk, 6° 31’N and 101° 21I’E) from Yala province which lies in the
southernmost of Thailand. Table 2 lists the number of subjects.

<< Insert Table 2 around here >>

Somatometry

As a few individuals of adult male in WTPMH troop and only a single individual
was trapped, we confined the somatometric analysis to WTPMH females >= 7 years of
age (n=12). Seventeen morphological characters (Table 3a) were measured using
balance, anthropometer, spreading caliper, sliding caliper and tape, following the
method of Martin and Saller (1957) with slight modification (c.f, Iwamoto, 1971).
Measurements taken were body mass, nine gos‘t—fc‘raﬁial ”‘r_neasurements"‘of length
(crown-rump, anterior trunk, tail, upper arm, forearn:, ;11nar aspect of hand, thighj leg,
and foot), three measurements of widtlt (thoracie and thigh girths, and foot) and three

craniofacial dimensions (head length, head and b‘izygomatic widths).

Body proportions were determined from relative tail, forelimb and lower-limb
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- lengths and imtermembral index (Table 3b).

<< Insert Table 3 around here >>

The average and standard deviation were calculated for each somatometric
measurement and proportion using Excel (Microsoft, Co. Ltd), and the significance of
differences between averages were examined by t-test modified with Bonferroni method
(Sokal and Rohlf, 1995). The size of WTPMH macaques, Indian-derived rhesus and
WTT-long-tailed were then described as a percent of Chinese-derived rhesus, e.g.,
(WTPMH average) / (Chinese average) * 100. The Chinese-derived rhesuses were
chosen as they comprised the largest sample with numbers ranging from n=14 to n=36,
depending on the measurement, and the major length dimensions used to calculate body
proportions was n >= 23. The WKH-long-tailed showed similar body size and
proportion with those of WTT-long-tailed, excepting body mass and relative tail length.
The comparison of morphological traits between rhesuses and long-tailed macaques will
be separately made.

As the many somatometric variables are not independent, Principal Component
Analysis (PCA, S-Plus 4.0, MathSoft Co. Ltd.) was applied to the major length data
(crown-rump, upper arm, forearm, ulnar aspect of hand, thigh, leg, and foot lengths,
foot breadth, head length and breadth, and bizygomatic breadth).

Pelage color e - .-

* R

@

Pelage color was measured with a color reflectometer (Color Analyzer™, Minolta
Co. 1td.) (Hamada et al.,, 1988, 1992), that emits a standardized light (D65) and
measures the light reflected through a hole of 8 mm in diameter. Color is expressed by

three parameters (L*, a*, and b*); parameter L* stands for lightness, ranging from 0
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(darkest) to 100 (lightest); a* for the hue of red (+60) to green (-60); and b* for the hue
of yellow (+60) to blue (-60). We measured at the vertex of the head, back
(interscapular), lateral upper arm and forearm, dorsum of hand, waist (suprailiac),
lateral thigh and leg, and dorsum of foot. Pelage color pattern is completed by 1 year
of age (Hamada et al., 1992) and there are no sex differences, and therefore, the sample
for the analysis was > 1 year of age, and sex-combined (n=27). The pig-tailed and the

two suspected hybrids were excluded from the analyses.

RESULTS

Somatometry

Female WTPMH macaques, with average body mass of 6.39 kg (Figure 2), were
significantly smaller than female Chinese-derived rhesuses with respect to all
somatometric variables (Table 3a). Plotted as a percent of Chinese rhesus size (Figure
3), average WTPMH values ranged from 85% (anterior trunk length) to 92.95%
(thoracic girth). The patterns of sizes in WTPMH, Indian-derived rhesus and
WTT-long-tailed were similar with each other. Average ratios (percents) which were
obtained from all of somatometrics excepting body mass and tail length, were 89.1%,
95.6%, and 81.0% in WTPMH, Indian-derived rhesuses, and WTT-long-tailed
macaques, respectively. Body proportions of the four m_acaq'i;g groups (Tabl; 3b) Wwere
similar with each other. WTPMH macaques tended t; 1§ave relatively longer limbsT

<< Insert Figures'2 and 3 around here >>

The WTPMH macaques have significantly longer tails than the two rhesus groups.

Their relative tail lengths was as long as 53.9% =3.35 (sd), significantly longer than
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those of Chinese- (36.5%*2.85) and Indian-derived rhesuses (44.2%+4.91), but much
s.maller than those of WTT-long-tailed (112.5% =5.58, Figure 4).
<< Insert Figure 4 around here >>

The results of PCA with 11 somatometric variables are listed in Table 4. Figure
5 shows plottings of the first two principal component scores (PC scores). As the
PC-1 had positive and large loadings with all variables, it expresses “body size”. The
PC-1 explains as much as 93.4% of all variance, meaning that the great majority of
variation among four macaque groups is size and shape difference is rather minor.
This is also inferred from the similarity in the body proportions (Table 3b). The
plottings of WTPMH macaques locate between those of Chinese- and Indian-derived
rhesuses and WTT-long-tailed in the axis of PC-1. WTPMH macaques have slightly
larger PC-2 scores (average = 4.73) than other three groups, WTT-fascicularis (-3.67),
Chinese-derived rhesuses (1.26), and Indian-derived rhesuses (-5.65). As limb
segment lengths other than cheiridia have positive and large loadings on PC-2, WTPMH
macaques are considered to have proportionally longer limbs.

<< Insert Table 4 and Figure 5 around here >>

Pelage Color

Profiles of pelage color of the WTPMH macaques, Chinese-derived rhesus, WTT-
and WKH-long-tailed groups are shown in Figurgmé,- - In thEi proﬁle of L* 'ilighmess),
the four macaque groups show similar pattern, that i;, ;he vertex of the head and'”back
are the darkest and the upper arm and leg are the lightest areas. It is worthwhile noting

that the lightness profiles of WTPMH macaqhes and WTT-long-tailed were almost

identical. WKH-long-tailed was the darkest, and Chinese-derived rhesus was darker
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than WTPMH macaques.
<< Insert Figure 6 around here >>

Considerable differences were found in profiles of hue (a*; red-green and b*;
yellow-blue) between the four macaque groups. As the patterns of a* and b* are
similar with each other, variation in that of b* is described here. Although b* values
of Chinese-derived rhesuses were significantly smaller than those of WTPMH in the
upper half of body (from vertex to hand), their values in the lower half of body were
comparable to those of WIPMH. On the other hand, although the b* values of
WTT-long-tailed are comparable with those of WTPMH in the upper half of body, their
values in the lower-half of body is much smaller than those of WTPMH. Similar
pattern was found between WTT- and WKH-long-tailed in both of a* and b*.

PCA was applied on the five groups with the L* and b* at the vertex of head,
back, waist, and thigh. As shown in the loadings (Table 5), the PC-1 which explained
58.5% of all variances showed higher correlation with the lightness, and PC-2 (14.2%
of all variances) shows high correlation with the b*’s at waist and thigh. Plottings of
PC-1 and -2 (Figure 7) clearly show that the rhesus and long-tailed macaques are
separated by PC-2, that is, the former has positive scores and the latter has negative
ones. WTPMH macaques have positive PC-1 and -2 scores. WTT-long-tailed is

~ -

much greater (lighter) than WKH-long-tailed.  .--- - ‘e

£ N <
- - -

<< Insert Table 5 and Figure 7 around here >>

DISCUSSION

The Indochinese peninsula is a particular important locality for the elucidation of

10
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macaque evolution, because it is the intermediate area between mainland Asia and the
iﬁsular part of Southeast Asia. The distribution and biological characters of the
resident macaque species of the peninsula have been determined not only by
environmental conditions as they exist today, but also by past glacial and interglacial
alternations with their accompanying refugia (Eudey, 1980). According to one
evolutionary scenario (Fooden, 2000), the rhesus ancestor had once dispersed north to
China, where it speciated into Japanese (M. fuscata) and Taiwanese (M. cyclopis)
macaques. When the glacial period began, the rhesus migrated south, where they
remained confined to the Indochinese peninsula and its vicinity until the subsequent
interglacial period, when some rhesus populations again dispersed to the north and west.
Thus, throughout their history, ancestral rhesus populations could have exchanged genes
with those of other macaque populations (intergradation and introgression), and the
biological characters of the modern rhesus would have been produced by this
complicated history. If we follow this scenario, the eastern (Chinese) and western
(Indian) rhesus groups are rather new forms (Fooden, 2000), whereas the populations
inhabiting the Indochinese peninsula are a mixture of old and new rhesus forms and
within the boundary zone may have mixed with other macaque species, e.g., M.
Jascicularis. If in fact they mixed, traditional concepts of species, e.g., “Biological
Species Concept” (Mayr, 1942) and “Recognitior}-Gonccpt” "(Paterson, 1985),*are'not
readily applied. The taxonomic difficulty is especiall; ;pparent for macaque “speées”,
which can produce viable hybrid offspring in captivity (e.g., Bernstein & Gordon, 1980)

or in the wild, possibly in a disturbed boundary area as was observed for M. tonkeana

and M. hecki in the central part of Sulawesi island (Groves, 1980; Watanabe et al., 1991;

11
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Bynum and Bynum, 1992). However, there are not enough knowledge about the
t;iological characteristics of M. mulatta and M. fascicularis in the boundary zone in
Indochinese peninsula.

Of help in the identification of a species are biological characters, especially
morphological features and pelage color (Fooden, 1980). For example, the rostrum is
less protruded and the median sagittal crest less developed in M. mulatta than are these
same features in M. fascicularis (Fooden, 2000). Tail length, including relative tail
length (against head-and-body length or crown-rump length) is one of the most
important morphological characters to distinguish between M. mulatta and M.
Jascicularis, viz., relative tail length >= 90% in M. Jascicularis and <= 60% in M.
mulatta (Fooden and Albrecht, 1997). Pelage is also a valuable feature, in that rhesus
possesses a distinct “bipartite” pattern (Fooden, 1964) as contrasted to the more
homogeneous pattern of the long-tailed macaques.

The present study showed that the morphological characteristics of WTPMH
macaques, which inhabit within the supposed boundary zone between M. mulatta and M.

Jascicularis in Indochinese peninsula, can be summarized as follows:

Body size: smaller than captive Chinese- and Indian-derived rhesus by 10%-20%,

but larger than Thai long-tailed macaques.

Body proportion: quite similar not only to Chinese- arid Indian-derived rhesuses
but also to long-tailed macaques, with slightly relative longer extremities. -
Tail length: significantly longer.than those of Chinese- and Indian-derived

rhesuses.

* Relative tail length: highly significantly longer (53.9%) than those of Chinese-

12
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(36.5%) and Indian- derived rhesuses (44.2%), but far shorter than that of
WTT-long-tailed (112.5%).

Pelage color: “bipartite” color pattern as in Chinese- and Indian-derived rhesuses,
but WTPMH macaques are lighter and more vivid than Chinese- and
Indian-derived rhesus, especially at the waist and lateral aspects of thigh and leg.

The relative tail length (53.9%) of WTPMH is similar to the reported average value for
Thai and Laotian rhesuses (ca. 100 °E, 53.0%=%4.9, n=8, Fooden, 2000). Although
their lighter pelage color cannot be explained by Gloger’s rule, their body size and
proportion may be explained by such zoogeographical rules as Bergman’s and Allen’s
rules. Thus, there are no morphological characters that clearly identify the WTPMH
macaques as a hybrid population and we conclude that hybridization if| in fact, it has
occurred, has not been extensive. Thus, we need to gain some more knowledge on
other macaque populations inhabiting the boundary area of M. mulatta and M.
Jascicularis in Indochinese peninsula.

In addition to the paucity of studies on biological characters of macaques, the
current distribution of macaque species in Indochinese peninsula is also not known well
(Aggimarangsee, 1992). Deforestation has been intensively carried out in Thailand
since the 1960°s with the result that macaque troops are now confined to patchy forests
or temples, considerably isolated from one anothgr. --As exe{npliﬁed by the'i)rcsence of
the pig-tailed macaque male in WTPMH troop and tﬁé ;supposed hybrid infants sired by
this male, unique artificial disturbances can also impact the troops. These ecological
crises also pervade other Indochinese countries, which confirm not only the urgent

necessity of census of macaques but also the assessment of the extant biological

13
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diversity in Indochinese countries.
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Legends of figures
Figure 1. Indochinese countries and the locat;ion-of‘ WTP‘MH (Wat Tam Pa Mak Ho,
Loei province), WIT (Wat Tam Taep Ban D;n, Petchabun province), and WKH
(Wat Kuha Phimuk, Yala province) in_ Thailand. Boundary zone between
distribution of rhesus (Macaca mulatta) and long-tailed macaques (M. fascicularis)

is indicated by hatched band, which is produced based on Fooden (1995, 2000).
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Figure 2. Box-plot comparison of body mass between WTPMH macaques, Chinese-
and Indian-derived rhesuses, and WTT-long-tailed.

Figure 3. Body sizes of WTPMH macaques, Indian-derived rhesus, and
WTT-long-tailed relative to Chinese rhesuses, in percent.

Figure 4. Box-plot comparison of relative tail length (standardized by crown-rump
length, in %). All of the differences between averages of four macaque groups are
P<1% (t-test modified with Bonferroni method).

Figure 5. Plottings of PC-1 and PC-2 scores calculated for 11 somatometric characters
of WTPMH macaques, Chinese- and Indian-derived rhesuses, and WTT-long-tailed.

Figure 6. Comparison of pelage color between WTPMH macaques, Chinese-derived
thesuses, WTT- and WKH-long-tailed. Panels from upper to lower are for L*
(lightness), a* (red - green), and b* (yellow - blue), respectively.

Figure 7. Plottings of PC-1 and PC-2 scores calculated using L* and b* data at the
vertex of head, back, waist, and lateral aspect of thigh, for WTPMH macaques,

Chinese- and Indian-derived rhesus, and WT'T- and WKH-long-tailed.

19



Table 1a. Developmental-class and sex composition,
WTPMH troop.

class*1 female male  un-sexed  Total
Infant 18 18
Juvenile 38 38
Sub-adult 3 9 12
Adult 35 7*2 42
TOTAL 38 16 57 110

* 1: determined according to method of Dittus (1970).
* 2: including one pig-tailed macaque reportedly a released pet.

Table 1b. Age and sex composition of WTPMH

macaques trapped, excluding a male pig-tailed.

age*1 female male Total

1 3 1*2 3

2 4 4 8

3 3 2%2 3

4 1 1

5

6

7 4 1 5
Adult 8 1 9

TOTAL 22 7 29

*1: determined by the dental development based on
Smith et al. (1994).
2: suspected hybrid in each age



Table 2. Study samples for somatometry (=> 7 yrs) and
pelagae color (> 1yr).

Somatometry Pelage color
female total(female,male)
M. mulatta *1
China 36 49 (30,19)
India 17 36 (21,15)
WTPMH*Z 12 27 (20,7)
M. fascicularis
WTT*3 12 73 (52,21)
WKH*4 17 (10,7)

*1: Primate Research Institute, Kyoto University, Inuyama, Japan.
*2: Wat Tam Pa Mak Ho, Loei Province, Thailand.

*3: Wat Tam Taep Ban Dan, Petchabun Province, Thailand.

*4: Wat Kuha Phimuk, Yala Province, Thailand.
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Table 4. Result of PCA on 11 somatometrical characters.
Comp-1  Comp-2 Comp-3
Standard deviation  57.441 9.746 6.551
Proportion of variance 0.934 0.027 0.012
Cumulative Proportion 0.934 0.960 0.973
Loadings

CRL 0.994 -0.104 -0.018

Upper Arm L 0.897 0.306 -0.180
Forearm L 0.921 0.295 0.016
Thigh L 0.894 0.307 -0.159
LegL 0.908 0.244 -0.059

Head L 0.847 0.066 0.132

Head W 0.857 0.168 0.095
Bi-zigomatic W 0.875 0.001 0.095
Hand L 0.925 0.141 0.247
FootL 0.932 0.160 0.310

Foot W 0.894 0.069 0.228




Table 5. Result of PCA on L* and b* at four body sites.

Importance Comp-1 Comp-2 Comp-3

Standard Dev. 9.046 4.467 3.438

Proportion of Variance 0.585 0.143 0.085

Cumulative Proportion 0.585 0.728 0.812
Loadings

L* Vertex 0.729 -0.124 0.347

Back 0.905 -0.058 0.096

Waist 0.876 -0.097 -0.452

Thigh 0.862 -0.225 0.202

b*  Vertex 0.476 0.108 0.470

Back 0.486 -0.089 0.360

Waist 0.555 0.610 0.045

Thigh 0.417 0.862 0.009
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BIODIVERSITY OF MACAQUE MONKEYS IN THAILAND
Suchinda Malaivijitnond’, Nontakorn Urasopon’', Kwanta Thansa', Yuzuru Hamada?

'Primate Research Unit, Depa-rtment of Biology, Faculty of Science, Chulalongkorn University.
“ 2Section of Morphology, Primate Research Institute, Kyoto University, Inuyama, Aichi, 484-8506,
Japan
correspondence: Suchinda Malaivijitnond, Primate Research Unit, Department of Biology, Faculty o
Science, Chulalongkorn University, Fax: 02-2185386, E-mail: Suchinda.M@chula.ac.th

Macaque monkeys (the genus Macaca) are popular animals in Thailand. The genus contains up to 2
dgfferent species. According to Fooden (1980), based on the genital morphology, macaques are classified int:
dearly defined 4 species groups: silenus-sylvanus, sinica, fascicularis and arctoides. Geographical ranges ofa
four species groups overlap to some extent in the Indochinese Peninsula. Therefore, representatives of all fou
species groups are particularly occurred in Thailand, that is, M. nemestrina (silenus-sylvanus group), M
gssamensis (sinica group), M. fascicularis and M. mulafta (fascicularis group), and M. arctoides (arctoide:
goup). Three of these species are rated as vulnerable species on the 2000 IUCN Red List of Threatene:
Animals. :

In the collaboration between the Primate Research Institute, Kyoto University and the Primate Researcl
Unit, Chulalongkorn University, all 5 species of macaques have been studied in Thailand since 1988. We hav
determined their distribution and variation (morphology, physiology and genetic) within each of the species, an
aso found the occurrence of probable hybrids among those 5 macaque species. M. fascicularis is the mos
suiccessfully adapted to the habitats of wide ecological settings. Thus, it is to be found in a wide range ¢
habitats, such as primary and secondary forests, mangroves, plantations, and the outskirts of towns and villages
twidely deploys Thailand from the lower northern part (Nakorn Sawan and Petchabun provinces) to the
southern most part (Yala province). On the other hand, the populations of other 4 species are scattered il
Thailand and rarely seen. Especially for M. arctoides, it has been currently found only three places in Thailana
Kaeng Krachan National Park and Wat Kao Kra Puk-Kao Tao Mo, Petchaburi province and Wat Tam Ka
Daeng, Nakorn Sri Thammarat province.

- It is expected that M. fascicularis have wide variation in many biological characters. From our recen
frapping work, long-tailed macaque shows a geographical cline in morphology, body size and shape (proportior
e.g., relative tail-length). The body size decreases and relative-tail length increases from the Indochinese t
Malayan regions. In concordant with this morphological variation, other biological characters also show th
peographical variation, for example the higher number of females that have sexual skin swelling at the base ©
tail, or physiological variation, in the southern troops, and some genetic variations.

Thailand is a center of faunal migrating routes, as it situates in the center of Indo-Chinese peninsula. Thi
dimate and vegetation in Thailand are considered to have greatly fluctuated by the glacial — interglacic
exctrange in the Plio-Pleistocene era in which macaques have evolved. From these reasons, the macaqus
species in Thailand have experienced complicated history. The hybridization is one of such evolutionar
processes, and it may have been and may be occurred. It is worth while noting that M. mulatta and M
fascicularis that belonged to the same species group are found sympatric in some localities in Thailand, thougl
the two species are allopatric in general. The hypothetical hybrid zone is the lower northern part of Thailanc
From our recent survey, the macaques at Kumpawapee, Udon Thani province showed mixed characters o
these two species, suggesting the natural hybridization. Therefore, a more detailed study of the macaque in thi:
locality or other are necessary, that should provide us an insight into the evolutionary history of macaque i
Thailand. In addition to the natural hybridization, Thailand is now terribly facing with the problem of artificia
hybridization among those 5 species of macaques. The pet macaques are released into the troop of differen
Species of macaques, and producing hybrids. We are now making research on a trcop of rhesus macaque a
Loei province to which a male pig-tailed macaque immigrated three years ago. Three hyhsid offspring have
dready been produced. ‘

Nowadays, the reduction in biodiversity caused by human disturbance becomes a serious problem. Fores
destruction, which causes shrinkage of natural vegetation, food resources, and habitats for wild animal:
including macaques, poses diverse influences not onty on wild animals but also on human beings. The
Population fragmentation is one of them. Then, the isolated population will rapidly lose its genetica
heterogeneity by inbreeding and becomes vulnerable to the environmental changes. The population woul
fnally become extinct. We therefore should be alert to conserve the macaque monkeys before their extinction
long-tailed macaques are good indicator to evaluate the environment in Thailand. To make a conservation o
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aques in Thailand, the update of the knowledge of their distribution, morphological and genetic variation
‘1 local populations is urgently needed. However, there are only a few researchers in Thailand who

qularly intended to study the biology of these animals. Primatologists in Thailand are a few as well.
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Morphological characteristics of free-ranging rhesus macaques in northeastern Thailand

Yuzuru HAMADA', Nontakorn Urasopon®. Kwanta Thansa® Hadi Islamul. Kanva Kawin®. and Suchinda
Malaivijitnond®.  (1:Primate Res. Inst.. Kyoto Univ. 2: Primate Res. Unit. Chulalongkorn Univ. 3: Dept.
Biol. Bogor Agricult. Univ. 4: Dept. Biol. Rajabhat Inst. Nakhonsawan)

macaques (Macaca mulatta) have a wide geographical range from Afghanistan. through Southeast Asia. to China.
interesting pattern of geographical variation in biological characters. Research efforts should be directed to the
bs in the Indochinese peninsula, because they are considered to have curious characters. e.g. much longer tail than
iher localities, and onsite studies have not been made. The first field research on the free-ranging rhesus population
101° 47 E) in northeastern Thailand has been recently realizec. The population is composed of 110 individuals and
grant acult male pig-tailed macaque that is supposed to sire some infants. We temporarily caught 33 monkeys,
the pig-tailec. collected biological samples and determined the dermatogryphics, somatometry and body color. The
n of their somatometry and body color with rhesus of Indian and Chinese origin reared at the Primate Research

Kvoto University, will be reported.
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BIODIVERSITY OF MACAQUE MONKEYS IN THAILAND

Suchinda Malaivijitnond', Jessada Denduangboripant, Osamu Takenaka’, Yuzuru

Hamada®
"Primate  Research “Unit, Chulalongkorn University, Bangkok, Thailand; *Primate
Research Institute, Kyoto University, Inuyama, Aichi, Japan

Summary

The distributions, populatlon sizes and compositions, Varlatlons and
presumably an occurring of natural and artificial hybridization of all 5
species of macaques inhabiting Thailand have been studied. Macaca
fascicularis is the species that has successfully adapted the most to
disturbed habitats. They show a geographical cline in morphology,
physiology and genetic from the Indochinese to Malayan regions. The
other 4 species, especially M. arctoides, scatteredly spread throughout
Thailand and have been rarely seen. The natural and artificial
hybridization of M. mulatta with other macaques were found. Although .
population sizes appear to increase or be maintained in some species,
recent rapid deterioration of macaques’ habitat will much affect diversity
in the macaque population by geographical isolation and genetic pollution.

Introduction -
Macaque monkeys belong to the genus Macaca in the order Primates.
The genus contains up to 19 different species. According to Fooden
(1980) based on modification of the genital morphology, macaques are
clearly defined into 4 species groups: silenus-sylvanus, sinica, fascicularis
and arctoides [1]. Geographical ranges of all four species groups overlap
to some extent in the Indochinese Peninsula. Therefore, representatives of
all four species groups are particularly occurred in Thailand, that is; M.
- nemestrina (silenus-sylvanus group), M. assamensis (sinica group), M.
fascicularis and M. mulatta (fascicularis group), and M. arctoides
(arctoides group). Thailand is a center of faunal migrating routes as it
locates in the center of Indochinese Peninsula. The climate and vegetation
of Thailand are considered to have had greatly fluctuated by the glacial-
interglacial exchange in the Plio-Pleistocene epochs in which macaques
had evolved. From these reasons, the macaque species in Thailand
possibly varied in morphological, physjological and genetic characters,
and the probable hybrids among the species could occur. Up to now, theére
are no intensive studies on these variations of Thai macaques and their
present status. We therefore undertook the study on their biodiversity, that
is, distributions, population sizes and compositions, and variations in




morphology, physiology and genetics of the 5 macaque species in
Thailand.

Materials and Methods

We determined the present distribution by 2 means, a questionnaire and
a field census. The questionnaires asking for a distribution of all primates,
including macaques, were sent to all of the head of sub-district throughout
Thailand, in total 7,394 sub- districts. We selected the feasible sites from
replied questionnaires and from the previous reports on prlmates in
Thailand, then surveyed and elucidated the distributions, population sizes
and composmons and physiological and morphological characters of
macaques in those selected sites. The morphological characters collected
were colors and patterns of hair (crest, crown, and spiral hair at the cheek),
ischial callosities, body sizes and tail lengths. Any swelling and reddehing
of sexual skin in the female monkeys were also observed and scored their
stages as physiological characters. The monkeys were temporarily
captured by trapping. We anesthetized them with an intramuscular
injection of 10 mg/kg. BW of ketamine hydrochloride. We then collected
their morphological and physiological data, feces and blood, checked their
" health, and released them back to ‘the troop after they completely
recovered. We have recently obtained their mtDNA (D-loop region)
sequence c.a. 350 bp and analyzed the phylogenetical relationships of M.
fascicularis using neighbor-joining and pafsimony methods.

Results
The distributions, variations, and presumably occurrmg of hybridization
of 5 macaque species in Thailand were determined. Details of the
distributions will be presented elsewhere. Macaca fascicularis is the one
-that has successfully adapted the most to disturbed habitats. It disperses
from the lower northern part (Nakorn Sawan and Petchabun provmces) to
the southernmost part (Yala province). Its distribution found in this study
is similar to the previous reports about 30 years ago [2]. The population
sizes in 8 localities were increased by 25 — 775% compared to those
recorded 12 years ago [3]. This species showed a morphological. cline
regardmg to geography. For instance, their body sizes tended to decrease
in the Indochinese southward to Malayan regions, while the relative-tail
lengths showed an increasing tendency. In _accordance with this
morphological variation, other biological characters also show “the
geographically influent tendency, for example, the frequencies of females
with sexual skin swelling at the base of tail (physiological variation) were
higher in the southern troops. In term of genetic variation, M. fascicularis
was found to be clearly separated into 2 groups: Indochinese and Malayan.



Macaca mulatta has parapatrically distributed in Thailand with M.
fascicularis. The hypothetical hybrid-zone lies at the lower northern and
northeastern parts of Thailand. From our recent survey, the macaques
found in Kumpawapee (Udon Thani province), close to that zone, showed
mixed characters of the two species, suggesting a natural hybridization.
An artificial hybridization between M. mulatta and M. nemestrina was
also found in the northeastern part (Wat Tam Pa Mak Ho, Loei province).
One male pet macaque of M. nemestrina was once released into that troop
and then produced hybrids. At least three offspring with mixed
morphological characters were seen.

Macaca arctoides has been recently found only in three places in the
southern part of Thailand: Kaeng Krachan National Park and Wat Khao
Kra Puk-Khao Tao Mo (both in Petchaburi province) and Wat Tham Khao
Daeng (Nakhonsithammarat province). One hundred and four individuals
were counted in the later group in 2002. Their pelage and facial skin color
were widely variable between individuals. This troop was found
sympatrically living with another troop of M. fascicularis. Both troops
use the same provisioning site at the foot of the mountain. This M.
arctoides troop is therefore a good candidate for an intensive research in
the future.

Discussion

The reduction in biodiversity caused by human disturbances,
especially deforestation, becomes a serious problem in Thailand at present.
They cause shrinkage of natural vegetation, food resources, and habitats
for macaques, and pose multifold influences. Isolation and extinction of
local populations, and newly emerging hybridization (genetic pollution)
could have altered and will alter their genetic propertles We found high
frequency (5.2%) of individuals with the golden pelage in the troop at the
northeastern part of the country (Kosumpee Forest Park, Mahasarakham
province). To make a better and on time conservation of Thai macaques,
update knowledge on their present status, distributions and variations are
urgently needed. .
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Last wild rhesus macaques
studied

Published on Sep 8, 2003

»

A team of researchers yesterday unveiled
a study of what it believes to be the last
remaining troop of rhesus macaques, a
rare monkey species, living in the wild in
Thailand.

Researcher Suchinda Malaiwichitnont,
also a lecturer at Chulalongkorn
University's Science Faculty, said
yesterday that her team had-spent 15
years scouring the country before locating
the group in Loei in 1998.

Chulalongkorn University and Japan's
Kyoto University jointly conducted the
study.

"We believe this is the last group of free
rhesus macaques in Tpailar_ld,"'Suchinda
said. She blamed human:intrusions. into
the monkeys' natural habitat and the
resulting loss of food sources as a main
cause of the rhesus macaques' decline in
numbers.

The lecturer said this last troop had 142
members, led by a male pig-tailed
macaque that had been released into the
wild by local people. The troop includes
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three |pig-tailed/rhesus macaque hybrids.
The hybrids are fertile and could bring
about genetic changes in the rhesus-
macaque population, the lecturer said.

Suchinda hoped her study would focus
more academic attention on the monkeys,
which she pointed out are one of the
closest species to human beings. "That
means environmental factors that affect
monkeys can affect human beings as
well," she said.

She lamented the fact that very few Thai
researchers had expressed an interest in
conducting research on monkeys.

»
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fime moui When a lone pig-tailed macaque faces a
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f”am Search macaques and there's nowhere to run, what
IKOKPOST.COM  do you think would happen? Well, in the

§ive case at Wat Tham Pha Mak Ho in Loei ; £ -
Directory province, the newcomer simply made the Although the rhesus monkey population
fast in Bangkok other monkeys, each of whom was only at Wat Tham Pha Mak Ho keeps growing

g Mai & the North  about haif his size, recognise him as the new évery year, inbreeding and hybridisation
SnPtg:tThal Press  boss. And this is causing scientists to worry, ™Y S00n take their toll.

fri Arena Assoc Prof Suchinda Malaivijitnond and her colleagues at Chulalongkorn

ind & Beyond University's Primate Research Unit found this troop of rhesus monkeys, or ling
_Jnguage news wok in Thai, in 1998, well before the arnval-of the pxg -tailed macaque,or ling

% kang as the species is known in Thai. "

"ACH L . _
f\lt Editiong It was the first discovery of free roammg ling wok since the team began their
7ete Archives studies on the Kingdom's macaques in 1988. The troop had 115 monkeys.
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After interviews with the monks and locals, Dr
_ Suchinda found that this population of rhesus  Cas
macagque originated two decades earlier from
only eight individuals. Their habitat, a forested
limestone hill on which the monastery is
located, is surrounded by farmlands. Living in
such an isolated place, plus the fact that over
the past decades rhesus macaques in
Thailand have become far from common, the
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| ling wok at Wat Tham Pha Mak Ho had
virtually no chance of exchanging genes with
outsiders of their own kind.

It took the primatologist and her team a few
years before they could find funding for a
systematic study of this rare rhesus macaque
4 population. Finally, with the required support
from the Biodiversity Research and Training
; Programme (BRT), they were able to begin the
A i work in 2001.

)

oo
W >i4am With the money, the researchers conducted
oy, o )

Hiete A L Enlltih another survey of Wat Tham Pha Mak Ho's
e ';f(;”sa"r‘:ﬂ)ap';‘f'r‘;:;‘:’:a;‘gﬁ;g:“aa monkeys in February that year. With surprise,
pig-tailed macaque, or ling kang in ~ they found that the alpha ma!e _the one with
Thai. most chances of mating with females in the

troop _is not a member of the same species but a pig-tailed macaque.

""According to the monks, the pig-tailed macaque was a former pet. The animal
was cute when it was young, but as it grows it became more and more

- aggressive towards people. So the owner brought him to the monastery and left

him there," says Dr Suchinda. .

With such confined habitat, the pig-tailed (\‘ M.
macaque had to share resources with the AUVVER' . B
existing rhesus macaques. But the big guy, | o
weighing 13.5 kilogrammes, had no problem , \
getting along with the old folks. The largest
rhesus males, who later became his
sidekicks, weighed only 6.5kg.

Months after the presence of the new alpha
male, females in the troop gave birth to three
offspring who have several characteristics RN
that are different from other young members “t—
of the troop. One example is the hair on their, "+« . =
heads: Instead of being the s:me colour as ~ This young hybrid shows traces of both
the body and facing backwards, it parted  gpecles. e has s dark cap on the nea
sideways and dark in colour, so much so that on each cheek and a hairy taii'just like

it looks as.if these youngsters are wearing a his mum.

cap, just like the pig-tailed macaque (see pictures).

IER AR L Y

Obviously, the two species have produced hybrids.

"Other than inbreeding, hybridisation is another genetic threat that this rare
rhesus macaque population is facing," Dr Suchinda points out.

Early this year the research team decided to trap some of the macaques so they
could learn more about them. Qut of the, 142.monkeys, 33 _ includjng the pig-
tailed macaque and the hybrids _ were caught and anaesthetised so that Dr
Suchinda and her colleagues could take-meéasurements and photos and-collect
blood samples for DNA testing.

“"We had to be quick. And while we were busy working on the sleeping
monkeys, we had to have'several men surrounding us to ward off other
members of the troop who were trying to come in and rescue their friends,” she
relates. ' ' ;

This mother rhesus macaque  TO prevent the pig-tailed macaque from producing
:fk“°"”"9 a l"f;by “‘a; "\>(°'t<sks more hybrids, the researchers had him neutered. As
e a normal ling wok. Ye H
parentage can't be confirmed [OT the new capped kids, they are now three years old
and will soon reach sexual maturity. If these hybrids

until its DNA is thoroughly
examined. ~have the ability to produce offspring, they will have to



be sterilised, too.

It seems as if the problem of hybridisation is now under control, at least to some
extent. However, during Dr Suchinda's latest trip to Wat Tham Pha Mak Ho just
a few weeks ago, she spotted two more hybrids among this year's batch of
newborn monkeys. :

For now, it is uncertain whether these babies were fathered by the alpha-male
before he was neutered or the older hybrids.

At present, the primatologist is trying to figure out how to restore the genetic
purity of the rhesus monkey at the monastery.

In the meantime, she has aiso been seeking information from locals in northern
and northeastern provinces from where the species used to be reported.

The good news is that based'on that information, éhe recently found another
troop of ling wok, a really wild one, in Phu Wua Wildlife Sanctuary in Nong Khai
province.

But living in the fo'rest doesn't guarantee that this newly discovered troop will be
free of hybridisation.

“I've seen a hybrid of the’ stump-tailed macaque and the long-tailed [crab-
eating] macaque in Kaeng Krachan National Park," she said, adding that a
female long-tailed macaque, a former pet, was released by its owner in the part
of the forest occupied by a troop of stump-tailed.

“"Hybridisation among primates is widespread in Thailand. And in most cases,
it's caused by humans," she says. "'If you take a closer look at the monkey
troops at Khao Sammuk in Chon Buri or Sarn Phrakan in Lop Buri, you'il'find
individuals that are of different species from the majority. They're all discarded
‘pets,” the researcher points out.

“"To most people, all monkeys are the same. It doesn't matter which species
they are. When the keepers don't want to keep their monkeys any more, they
just leave them with wild, or semi-wild, troops, thinking that with such company
their pet will survive," she continues.

4

But to the macaques, it's not that easy.

Ifthe newcomer is a male, explains Dr Suchinda, it is likely to be forced away.
The pig-tailed macaque at Wat Tham Pha Mak Ho was lucky that the existing
rhesus macaques were not as large and strong as he.

""If the newcomer is a female, like the long-tailed macaque at Kaeng Krachan,
she may be allowed to hang around nearby. But that just raises the chance of
hybridisation," she says. ‘

As a back-up measure for possible genetic crisis, Chula's Primate Research
Unit has created a DNA bank which now has ng"ore than 400 DNA samples of
Thailand's five species of macaqués and other primates. But the scientists alone
won't be able to fight this problem.

Well, let's be straightforward: No more discarding your pets. Even better, stop
keeping wildlife as pets.

Previous story Next story
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