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POPULATION STRUCTURE IN A SNAIL SPEC ES FROM ISOLATED MALAYSIAN
LIMESTONE HILLS. INFEBBED FROI\,1 RIBOSOI\,4AL DNA SEOUENCES
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ABSTRACT

we sequefced | re I  rs l  n lerna l ra.scr  bed spacer 1 Ts 1)o l  the I  bosoma oNA n r  !e  pop
! alons otlhe verlg nd Gyrotta.hela hungenodia.a wh clr Nes o. so aied land llrreatened)
lmesrone h ls  in  the Maaysan pen ns!  a Cu(ent  dala sugqesl  tnat  lhe specres s an oblLgale
caccoe The appralon o l  a lentatve moec!arc lock s lggesls a Oualernarv dvergence ror
the G llrgedodranapopu ations Astro.g posLl ve co(eLal on between genel. and geograph c
d s lan.e was obsef ted wlrch comb.edwlhgeoogca data suqqesls lhal  the hL l  popula l  o.s
may be niercon.ecled by as yet unsamped popu alons.

(ey woros nterna lranscrlbed spacer Ts l. Gaslropoda Pu mofata verlg n dae.
Glliolrachela. qene I olv Soulhea$Asa

INTRODUCT ON

Land snaiis have proverb a y poor ab rties
for d spersal (e 9.,  Cowie. 1984: Sch Lthurz€n
I Lombae s. 1994),  whch causes lhem lo
show evolut onary patterns al rnuch snra ler
spanal scales than many olher organlsms oi
sirni lar sze As a resul s lrong geographrc
siruclur ng ol  popu al ions is common In sna!s
( e g  n  l r g r u s r  H i l  s e t a . 1 9 8 7 )  A n o l h e r
conseqLrence LS endemrsm. wnrcn rs seen. Ior
example. in the [,4edlerraneai clausi] d
genus Albinatia, oi which alnrost 30 speces
are endemic to lhe sland ol Crete wilh dislrl
bulron areas oi somelimes only one kiorneler
across (Git lenberger,  1991i We ter_Schu les,
r998)

An mpressive sluaton oi  hlgh endernisrn
and geograph c structuring ol land sna Ls n a
strongly fragmenled habtal ex s1s n peninsu
lar l4alaysia Here. mestone is exposed In
llre fom of lower karsl and other karstiica
tons l imi led lo about ihree hLrndred hi ls.
scatlered ovef the peninsula These hi s are
oiten very smal l .  the argeslwlh adtamelerol
a lew kilomelers but most rneasunng only a
tew hundfed rnelers across. In spite ol their
srna lsrze. ihe hi l ls are a prominenl ieaiure ol
the landscape, because they us!aly stand
soated, are ridded wilh caves and are
boLrnded by preclpnous cllfis

'oepanmenr 
ol Genelcs waqen nqen Agrcullural un te6 6703 HA Wao€n nq.n The Nelher ands:
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2 A :

For more tiran a centlrry, malacoog sts
have been interesled In lhe rich ma acotauna
lhal lhe hi  s supporl  (de L4organ. 1885).  High
numbers of species are loLrnd and lhe mor'
phologies oj  sorne Diplommalrndae l0re'
shadow the bzarre and extravagant lorms
found in this group in Borfeo (Vernreuen.
1993 1994 Gtenberger.  1995).  BLrt  espe
cia y fascifalirg is the slagger ng degree oi
endemLsm n lhese calcLco ous snars
Tweed e {1961) gave an overvlew ol  srx taxa
conla nrng many obligale cacicoles (Drplom-
mat na, Op istha stam a, V etlig nidae, trscarte-
nan. Oophana.ard Stnaerresl He listed the
presence oJ 106 specres on 28 hi  s or hr l_
clusters of wh ch 70 are endern c to only one
ocality some caoco ous speces, frowever.
are widespread and occlr on a rnost a L hl ls
wlhoLrl  a trace ol  morphoogca dt lerenta-
Iatl leg Gyliat?chela hungelardiana and
some,4tcaeus sPecies)

Geoogically, lhe hl s lorrn the eiposed
parls of a number ol larger paeozoic me-
stone deposits. whrclr are elsewhere overlain
by non calclerous alluvia deposils (Gale,
1986: Crowthef, 1986). Sonre lrLlls may ihus
have been connecled in lhe pas1. wh le others
have always been separale. Consequently
rhe h Ls lorrn virl|]al "slands lor obigateLy
calcicoLoLrs land sna(s. which they may reach
by ncidenta d spersa. Al lernalvey, the pop-
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ulal ions on the hi ls maybe rel icts frorn alrme
when the h l ls were pan ol  a.ge conlrnuous
paleaus. vvhrch were subsequenlly rrag

n this paper, we exam no a relatLvely w de'
spread representatve oi lhe pen nsLr ar
llalays an hi malacolalna, !s ng mo ecu ar
and geoogca dala to answer the to owng
qLreslons: ( l )  whal pal lern ol  phyogeo
graphic relal ionships exrsts among lhe popu
lai ions of lh s w despread spec es and {2)
how has the populalion struclure been
shaped that s. whal are the reLalrve niLr
ences oi dlspersal and habitat lragmentalron
over geo og ca lirne?

By analyzing ihe varance n a noncoding
nuc ear DNA marker. we altempt 10 d flerenli
ale belween various alernal ive popualon
structures n the case ol  ancrent vrcarance.
we expectlo f nd genei c d slances thal reliect
lhe age of l ragmental ion ot lhe hmestone fr  s.
whi le d spersal would resut n genel ic ds
lances more or less re aled to geograph c drs
lance Under the latler hyp0thesis (d spersa ).
Ind calons of lhe type and frequency ol drs
persal may be geaned irom the degree 01
correlaton belween genel lc and geographc
d stancei 1 dispersal s random y onenled
(.e..  co(espondrng lo an s and mode ofpop-
ulalon struclure Wrghl l93l)  s lochastcly
woLrLd resut in a poor t i i .  whie dispersal
occurr ng manlyamongneghboringh l ls ( i .e
correspond ng to a slepprng stone rnode l
K mura. 1953) would be reveal€d by a slrong
corre at on (Klmura & we ss. 1964).

Sad y. there are other molives tor work ng
on this ta!na. The h l ls ol  peninsular [4alays a
are drsappear ng and becoming depauperate
al an aarrning rale Foresl ceanng has de
slroyed the vegetaton on some hi  s:  and n
the densely populaled areas near poh and
Kuantan. many hi ls are berng removed by
quaffying. The lrue rate ol species loss can
on y be guessed at, bLrl the exlinct on 0t at
least one endemc snai speces, Oplslhos.
toma sctaphlum lrom Bukit Panch ng has
been docum€nied (Schl lht ] izen ei  al . .  un
P U D . J

-

F C 1 Gyl)otacheta hungetiordiara (von Mo en
dod l )  Scae bar  =  1  mn

-

F G 2. Gyl@ltachela tequers van Benlhem
.l! 

 

nq Scale bar = 1 mm.

speces G trequers {F g 2l was se ected 10
serve as an oulgroup n the phyogenelrc

Co ect ng

n Ju y 1997. ihe lirsl author v siied 22 ime
slone hi s nihe West lr,4aaysian slates of Pa_
hang, Kelantan. Perak and Perl is.  L vlng snai ls
were d scovered by eye !sing two svateg es
(aj cose nspeci on 01 llmestone rock laces,

IVATERIAL AND ]\,iETHODS

Seleclion ol Taxa

We s€ ecled the wdespread and morpho
log ca y uniiorm vertgin d Gyliotrachela hun-
geladiana tat study lFig 1) The rcaled
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either damp or dry. bare or covered n a gae.
mosses and lchens and {b)  s l l ing through
damp and decaying leai lter on r.estone
.ocks or at lhe base oi the limeslone clifls A
snais were pu1 in 100% elhanol  on lhe spol
and kept al ambient temperatures rnt atrva
n the aboralory lor  tur lher  processing ideni .
iicalron ol lhe mater a was carried out by lhe
second a l thor  whi le  lhe maler  a remained in
alcarral Gyliottachela hungerlardtana was
co ecled i ronr  n ne of lhe 22 ocal l tes{Fg 3)
oc 5 Sla le o l  Pahang:  Gua Bama (ca r0 km
w of  Kuala L ips)  oc 8,  Sla le o i  Kelantan:
GLra Mrsang southern ot the lwo l r  l ls ihal the
road to KL.rala KeraL passes belweenr oc. 9
Sia le of  Kelantan:rocks 59 krn f thedrrecton
oi  Gua Vlusang.  nreasured aong the road
i romKuaaKra loc 16 Siate of  Perak Buki t
TambLrn (ca 6 km E ol Lpoh): oc 22. State oi
Perak h ll direclly easl of S!ngai S put lltara
l rospi ta l i  oc 23.  Sta le of  Per  s :  h i l  ca.  1 km S
oi Kangar oc 24. Stale of Perlis 9 km along
the road lrom Kangar to Kakr Bukrt, oc. 25.
Slare o i  Per is :Gua Kelam a1 Kak Bukl i  oc.
26.  Sta le o i  Per l rs  Trmah Tasoh lca l6  km NE
ol  Kangar)  A sampes were laken between
27 v]1997 and 17\ .1997. Gyliottachela ft-.
qrenswas laken on y t rom ocal l lyS Voucher
spec mens have been deposned n lrre co ec'
l ron o i  lhe Narronal  l ,4useum of  Natura lHistory
Nalura s Leiden

l4olecu ar Techn ques

DNA was solaled ifom poos oi b€lweef
one and i lve complet€ sna s wi th thei rshel ls
usrng elh€r a phenolrchlorolorrn extract on as
descr ibed prevo!s ly  (Sch l lhu lzen et  a.
l998al or a slcrose based proloco (van
Moorse & van Nes,  unpub shed).  wh ch can
be f i  e ly  summarized as fo l lows SnaLis were
ground n 200 ! of sucrose bufler (0 1 trl Trsi
0.02 M NaCl;  0.2 M sucrose:  0.05 [ ,4  EDTA)
and centriuged The pelet was ncubaled al
65 'C 1or  60 min n 200 f l  SDS bui ier  (0.02 M
Tr s:0 0 l  M EDTA. 1.25% SDS).  15 t '  o l  co ld
KAc was added. and lfre mixlure \ras incu
baled on Lce ior 60 min and cenlrifuged. The
DNAv/as precrpitaled irom the supernatant by
lhe add lron ol l$ro vo Lrrnes of 100% elhanol
afd Inc lbaton ar  20 'Cfor30min TheDNA
was dr ed and lrealed wlh 200 ng of RNase.
FLrl dela s can be obtarned liom M S on re-
qLresl  Homogenizatron was aways done wrth
a s ler  e.  d isposabe p las l ic  pesl l€ .  The DNA
was drssolved in 50 u ol Tris EDTA bufler
{pheno protoco ) or 30 u oi ddH,O {slcrose

protocol) and stored ai -20'C. Th€ lirst inler
nal l ranscrbed spacer o l  the n lc lear  r iboso
mal  DNA was ampi i led wi lh  the SuperTaq
enzyme (l-lT B olechno ogy Cambridoe Eng
land) as descr bed prev oLrsly (Sch lthLrzen €l
a.  1995) and sola led usrng the l reeze
squeeze technquelTaulz& Renz,  r983)  Be
cause PCR amp i ica l ion was a l  l rmes too
weak lor  dned sequencing.  we resoded 1a
cionrng IPCR based error  s  us l ra ly  not  a con
cern wrth th s melfrodology Sch lhu zen el al .
1998b) Al ter  iso la l  on, lhe i ragmenls were g
aled nlo Promega or lnvitrogen T tailed vec
lors 10 owrngihe manulaciurers nslrlclrons.
Co on es were screened ior lhe presence ol
the correct  l fsed by PCB P asmrd DNA was
so ated kor . lhe baclera Lrs ng QlAPrep spin
cournns (QIAGEN).  One of  two cones per
samp e were sequenced rn bolh d rectons on
an AB auiomaled seqLrencef

A gnmeft

B€iore a gnment a chromalograrns were
checked and reading erors were correcled
b nd ywhere necessary ( th s  never  amounled
1o more than lhree correc l rons n a s ing€
seqlence)  veclor  afd prmer sequences
were removed sequences rn lhe ngroup
were sLr f fc  enl ly  s lmlar  lo  a ow manuala lgn
meft .  Wherever  a gnmenl  wl lh  lhe oulgroup
was ambguous.  mssing data were in l ro
duced lnto the ouigrolp sequence.

Phy oge n elrc An alysrs

Phyogenelic analyses ol the dala set were
pe rlormed rn PAU P3 1 (Swollord 1993) Gaps
\r'rere lreaied as misslng dala. Searchesfor the
mosl  pars imon ousl reeswere carred oulwlh
the branch-and-bound option Boolstrap repll
cateswerecarr ied oui  I  00 1 mes using he!r  s
1 ic  seafches.  In  addi ton aremer (1988) sup
porl was detem ned Knruras 2-parameler
genel ic  d s lances (K mura r980)werecacu-
lated wth the DNADST program ol  rhe
Pl_IYLLP package (Felsensle n 1995).

BESULTS

PCR prodl]cts rang€d in l€ngih lrom 755 to
772 bp, nclldrfg primers (52 bp). and the
i  anking reg ons o i  I83 (146 bp)  and 5.8 S (87
bp) These lengths corespond $rel wdh o1h€r
ITS 1 lenglhs repoded rn molusks {Anderson
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FIG 3 A map ot lhe nor lhern pad o l  Pen nsu ar  lvaays a.  wt l r  the mestone h is  drawn n back (modi ied
ailer Gobberr. 1!651 The nlmbers reier lo oca es where Gyrorracheia hu.?etlotdrana artd G frcquens
were co ecled isee letl lor 1!nher dela s)

& Adlard. 199:1 Schi l thLr izen et a.  1995i
Armbrusl€r et a.  unpubl )

We obtained sxteen sequences lrorn G.
hungelordlanaard ane sequence ior the ou1
qroLrp. G. lreqrens (Append x Tabe 1) They
have been deposled n GenBank under
accessiof nurnbers AF118000'AFl l80l6.
Ony smal genelc dislances were Tound
anrong llre G ,rndetord,ana sequences, the
argesl be ng 0.048 beiween sequence alrom
loca ty 5 and sequence tr irom ocality 23 A
comparson belween parwse genetc ds'
tances and parwse geographic d slances
belween sequences revea ed a strong y s g-
n l icant (p < 0.005)positve corelal  on 1Fg.4.
Appe ndix, Table 2). The phylog e netrc an alysrs
produced 18 mosi parsimon ous lrees (englh
= 89 sieps. R = 0.95) whch showed lwo

alernalve iopologres ior three monophy el c
groups ol  sequences, and otherwse ony
rninor d llerences in topology wilhin each ol
these thfee monophy elic groups (Figs 5, 6)
Th€ lact thal duplcale sequences irorn a srn
gle ocaLity aways lormed monophylelrc
groups m qht juslily the small sample s zes.
Geographic structurng is apparent rn lhe
rrees also. as these show nronophyly ior lhe
sequences derived irom pop! latons in Pedls
Pahang + Kelanlan and Perak

D]SCUSS ON

Ljnloa(unately it s dflcult lo €slimate reli
ab y tfom the mo ecular data ihe t me since
d vergence Un ke lhe s lualion for m lochon.
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o e o q n P h .  d A : f c e  ( k m )

FG. The reatorshp b€xveen geoqrapnr.  os
la.ce and K mlras 2 Darameler dstance ror lne
sequences 01 G),rolfachela hlnqerord'anr

dr a DNA. corroboraled molecular clocks lor
the TS reg ons are hard y avalable yet .  and
where lhey are. lhey d jier by orders oi mag
nl lde among laxononr ic  gfoups In lhe
anqrosDernr lam es Clcurblaceae and
W-nteraceae.  s !bs l i tu tLon rates o i  3 62 r  1O I

a n d  3 . 4 : 1 0 r  p e r s l e  p e r  m  i o n y e a r s ( M Y )
were caculaled respeclively (Jobsl et a .
1998:Suh et  a.  1993).whle n Chlorophyla,
. rate oi 0.8 2 0 : 10 " was est rnaled
(Bakker e la.  1995) Inannras ra iesolsub_
st tu l ron n ITS appear lo be somewhat  h gher
Sch onerer  e l  aL (1994) g ive a i iqLrre ot  1 2 I
fi 2lot aosaphila and prelirnrnary daia lor
c laus l i id  and snais l rom Greek s lands ndr '
cate a s rr ar rale (van [,4oorsel. unpublished
dara)

Here we wi l  adopt  asubst tu l ron rat€ o i  1 '
l0  'per  s  le  per  [ ,4Y as a very rorgh mo ecu_
ar c lock.  Appying lh is .ate 10 lhe average
genelrc drstance beMeen sequences on
e rher side 01 the node basa la all G hunger
/ordrara sequences n the 1rees. we obiarned
an eslrnrated dlvergence t me ol 1.8 MYA lor
lhe populalions al G hungelotdiana l\
should be stressed thal grven ihe ack ol
agreernenl in th€ lew calibraled moecular
cocks availade. no1 10o much connoence
shoud be placed on lhis date Howevel.
rnay be safe lo asslrne a Lale Tenary or
OLratemary origin lor G hungedordtana

Gvenlhe owdeg.eeolgenetcdrverg€nce
among the G hungeiordtana popr alrors, I
seems unl ikely that vcar ance has played an
mpo(anl roe h Ls whlch have been sudred
gcoloqr.a ly .re lhoLrghl 1o be o der lhan Late
Terlrarv Oualernary (G.le 19861 However '  In
vew oi the Lrnce aintyaboultheca bralron ol
ihe ITS'1 mo ecLrlar cock. th s reasoning rnay
be 1t e mean ngf! [,4ore mportantLy. geo og
ica dala ndicale that r.ost 01 the hils lrom
'xh ch lhe spec es was samp e0 nave never
been parl of ofe cont nuoLrs p aleau (Pa1on.
196r) I  s lor lh s reason not l ike y that vc
ar ance evenis have been mportani n ds d s
tr  but on paxern Balh€r thelmestonehrlson
which t ves now musl have been co 0n zed

Severa mechan sms ior passve d spersa
n sma snai ls have been suggested. ncud
ng wind and water med ated d spersal. In rer
ercrce 1a Gyliottachela and sirn lar sna s.
Tweedr€ 11961) l ras suggesled lhat food ng
may be mportanl In producng dspersal
arnong h s lhat are slualed close logelher
However, lhe dra nage patterns n the pen n
s!Laprecudeanylong range dispersa by thls
mechan sm. Stagnantwaler may as0 provoe
rneans o1 dspersa, and geoogca data
(Gae. 1986: Crorvther.  1986) rndicale lhal
ac!str  ne condl ions have prevaied around
several  l i rneslone h s in the past.  Bul here.
loo d spersa wolr d be across very smal dis
lances. Another possib ty s wnd dispersa
Kirchner et a {1997) dernonsirale how
Ttuncatellina, a vedig nid very similar in size
ta G. hungenordiana. coLrld be bown over
dislances ol severa kllomelers dur ng slorms

Some addil ona characterslcs oJ d spersal
may be g eaned lrom F gure4, which suggesls
a inear re alionsfrp belween geograpnrc ano
genet c drslance. f  drspersa i fom one h l l  to
anoiherwere Inlrequent and !nd recled ( .e ,  a
pop! laton strLrcturecorrespond ng to Wr ghl s
[ ]931l is land model.  where al l  poss ble pa rs ot
subpopulal ions are equal ly lkely 1o exchange
m qranls),  such a cear relat ion wo!Ld not be
expecl€d fhe facl 1ira1 genelrc dLstance sre'
t iably pred cted (r ' � -  0.77) by geographic d s
tance. suqqests that a slruciured nelwork ol
dispe rsal connects the hills. Th s corresponds
lo a sleppinq stone rnodel (Km!ra. 1953).
Under sLrch a model.  geneic simi lar l res drop
steeply wilh increasing I u mbers oJ nle rve n ng
populatons (K mufa & Weiss 1964) Theiacl
that we observe a slrong relal lonsirp wlh ge'
ographic d stance, suggeslslhatthe hr l  popu



h!nger lordr . . .  1o.16#a

hlnge ordana. oc22#a

li!ngedord ana. oc16rb

hungerlordran. oc22#b

hungericrdlana. oc23#a

hungerlordiana loc23#b

6r- hunge ord ana loc24#a

hungedordiana loc24#b

hungedordana oc25,a

h!ruedord ana loc25#b

hlngedordana ocs#b

hwge ord ana oc8#a

hungerrofd,ana oc26ta

lrunge ord ana. oc9fa

FlG5Arepresenlatve.noslparsmonousl reeol lheGy/ iorrache,aseque.cesBoolst rapperce. lagesand
decay indces have been ndcaled on the branches

hunge ordiana.loci6*a

hunge ordiana oc22#a

hungeriord ana.locl 6lb

hunge odana.loc22#b

hungedordiana loc23#a

hungeriordrana.loc24#a

hungedof diana.loc24#b

h'rngerf ordiana Loc25#a

hungerlordiana loc25*b

hungerlordiana.loc2tra

hung€dordiana.loc23#b

hungeriordiana.loc5#a

hungedofdiana loc5#b

hungerlord ana oc8#a

h!ngedord ana.locS#b

h!ngeriordiana locg#a

F G.6. St d consensus over a | 18 mosl oars mon ous lrees
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la1onscannol  represe n l  drrect  y  adJacentpop
Lrlalions in a lwo dimens ona slepping stone
atl ce. Falher to obla n thrs result t rs neces
sary to postu ate unsamp ed popu alions rn
belween l ln fodunale y the pop!Lanon genet
cs oi flbosonra DNAare as yel ial lrorn clear
( N r l  s  e r  a .  1 9 9 1  B c h  e l  a l .  1 9 9 7 )  w h i c h
makes a qLrantitalrve analysis ol dispersa pa
ranrelers and spal aldetais ol the population
strLc l r re mposs b le.  Therelore l rsnolpossl
b e to 1e whether lhe hi s thal separate oLrr
sampe s les (e.g lhe sx or  more h l ls  be
tween s tes I and 9) w sutfce as additrona
stepp ng stones. Thrs mrght be lesled ior rn
stance.  by exhausl ive y samp ng lhe hr ls  1n a
grven subreg 0n
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APPENDIX

TABLE 1 A gned seqlen.eslat Gltattachela hongenatdiana and G teqrers The 5'eid ollhr 185 rego.
s  a i  pcs  1c .  146 rhe  3 ' �end or  l :e  5  8S reg  on  s  a r  pos  l  on  694

unger fo rd iana, rocsrb

hunqerf ordaana. 1oc3#b
hunqerfoldiana. Loc9#a
hunqerf ordiana. rocr 6+a
hrnqerf o!diana. locl 6J*b

unger f  o rd iana.  1oc22#a
unge. f  o .d iana.  1 .c22+b
unger f  o rdrana.  loc23+.
ungerf ordrana. Ioc23#b

. , - , ' i  
' "  r  l i

A,\GTCGTAAC ACC,CTTTCCG TACCTGAACC IGCCGAAC,CA ICATTATCGG
A.AC AACCT"ITCCC TAC'GTGMCC TGCGGAACGA TCATTATCGC

ACfCC'ITCAC TGACCCCCTC CGATTGGTCT CCGTCTC'CTG CGCAAGTC,CC

CCATTGCTCT CCCTCTGCTC CGCMCTCCC
ACCCCTTCAC TCACCCCCTC
ACCC,CTTCAC "GACCCCCTC CCATTCCTCT CCCTCTC'CrG CGCAACTCCC
AGCCCTTCAC TCACCCCCTC Ci]ATTCCTCT CCCTCTG<]TC CGCAACTCCC

Acfcc.rTcAcTGAGccccTc

6 !  ' !  L9o

CIjCACCCCTG CCCGACIACA AGCTCGAACT CCATCCCTTG CACAAACTAA
AGCrcCMCT CCATCCCTTG GACA},IGTM

CC'ACCGCTC GCCCAGAAGA AGCTCCAACT CGATCCCTTG GAGiUCTAA

€GCACCCCTC CCCGAGAAGA AGCTCGNACT CGATCCCTIC GAGA}ACTAA

AGCTCCAACI' CGATCCCTTG GAGAAAGTAA

CC'CACCC'CTC GCCGACAIGA AGCTCGAACT CGATCGCTTC GACA}ACTAA
C,CCACCGCTC CCCCAGAACA

, t o  L ? 0  r l 0
I , _ |

AAGrcCTIAC AAGGTTTCCG TAGCTGAACC TCCGCAAGGA fCAI1ATCGC
TAGGTcAAccleccAAcGATcATTATccc

AACTCGTAAC AACCTTTCCG TAC,GTCAACC TGCGGAACCA TCATTA1CCC

AAGTCGTMC A}GGTTTCCG

unqe!f oldiana. 1oc25/b

unqe r fo rd i ana . l oc5#a
unge.fordiana. roc5*b

nger fordiana . loc€la
qerfordtana . loc 3*b
ge r f o rd i a .a . l oc9#a

e r fo rd i ana . l oc l 6#a
qerfordiana . loc 1 6#b

e r fo rd i ana . l oc22#a
e r fo rd i ana . roc22*b
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runger io rdrana.  1oc9+a

GCCCCCCCAC CGCCTTATCA

ruoqerf ordrana. ioc22#b

rungerf o!diana. Loc2 4#a

' i ' '1' 'l ' j ' 'i '

runqerf o!diana, 1oc3#a

'unqe.f o.drana. 1oc22#b
ru .qe r f  o ! d i ana .  1oc23#a

runge!f oldiana. loc25#a

'unqerf oldiana. 1oc5+a
'un9erf ordaana. 1o.5#b
'un9e r f o rdaana . rocs#a
,unqe ! ro l d1ana .  l ocS*b
,unqe.f ordiana. loc9,a
runqe ! f  o rd raDa .  l oc i 6#a
)unger fo.daana. roc 16#b
)unqe r f  o rd i ana ,  1oc22 la
runqe ! f o !d rana ,1oc22#b
runqerf ordrana. loc23*a
iunge r f o rd l ans . roc2s#b
,ungerf oldiana. 1oc24+a
'un9erf ordaana. roc24#b
rungerf ordrara. toc2s*a
,ungerf ordiana. toc2s#b
,underf ordiana. 1o.26J11a

---TCCCGTT GCCCATC@
.- rccccr' (^ Alccac G\..G.Mca Ac,{c/_c(cc ccc_-c,crr.

cAccccarcA Acceccccc cccTcGcTTG
GACCCCAiGA Ae6CC6CCC CC,GTC@TTC
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I
runqer rordiana, 1oc5#a
rungerf ordiana. rocs*b
runqerf ordiana. Ioc3#a
run9erf ordiana. rocs/b
ru.qerf ordiana, 1oc9*a
runge r f  o rd i ana . l oc l 6#a
run9e r fo !d i ana .1oc16 i f b
runger fordaana . 1e 2 2#a
rungerf ordia.a. 1oc22#b
runge.f ordiana. 1oc23*a
lunger fordiana . 1oc2 r#b
runqerf ordiana. loc24J{a
iunqerf ordiana. 1o.24#b
run9e!f oldiana, roc25J*a
rungerf o.diand. roc25#b

TACCTAGT'T TATCrcCCAC TCMTACGCC

ACCCCTCCCC TGTTTCCC&
TACCTAGrcT'TATCrcGCAC TCAATACGCC

AccccTcccc TGTTTccc,@
TACCTAGTC1 TATCl!ft AC TCAATACCI:C

TACCTACICT TATCICC{AC CA} ' ACC'C

t L l l
)unge!f ordiana. 1oc5+a
)unqerf ordrana. 1oc5#b
Nnqerfordiana . 1@ 3ta
runge ! f o rd i ana -  Loc3*b
)ungerfotdlana . 16c 9#a
runqeifordiana . loc 16*a
runge ! f o rd i ana . l oc l 6+b
run9erf o!diana. 1oc22#a
'nnqerfordrara . loc 2 2#b
runqerf ordiana. loc23#a
\unqerf ordaa.a. loc2lirb
'ungerfordrana . 1oc2 4#a
run9e i f  o rd i ana .  r oc24#b
ru.qe!f ordiana. 1oc25*a
ru.qerfordiara . 1oc2 5#b
ru.oerfordiana . loc 2 6*a

ccAc@TGAcccclAcAccl

ccAcGGTGAcGcclAGAccT
TTCACCTCCf CCCCTCGTCA ETCTAACCA
TrcAcaTC( 'cCCi.G_'l cr^T -_Mc,cA

CCACCCTGAC CCCAAGAGCT TTCAGCTCCC CGCCrcGTCA GCTCTAAC'GA
ccacccrcAc cccueAccT

TTCACCTCGC CGCGTCGTCA GCTCTAACGA
CCACCGTGAC GGCAAGACCT CTCAGC!]CGC CCCGTIGTCA GCTCTEC{]A

TTCACCTCGC CGCCTCGTCA GCTCTAAGCA
TICAGCTCGC CCCCTCGrcA CCTCTAACfA

CCACGGTGAC GCCAAGAGCT
?TCAGCTCCC CCC€rcGTCA CCTCTIACGA

CCACGGTGAC CGCAAGAGCT TTCACCTCCC CGGGTCoTCA CCrcTAACCA
cTcAGcTcGcccccTcc?cAccTclAAc'GA

r t o  4 ? 0  ! 1 0  4 1 0

runge!f ordiana. loc5+a
unge!fordiana. roc5#b
,unqe!f ordtana. 1oc3+a
)u.gerf ordiana. locS#b
,ungerf ordiana. ro.9*a
)unge! fo rd iana. loc l6+a
runqerfordiana . 1oc r 6#b
rungerfordiana . 1@ 2 2+a
)ungerf oidrana. t@22*b
rungerf ordraoa. 1oc23#a
,unqerfordiana . ld 2 3#b
)ungerf ordiana. 1oc24+a
runqerf ordiana. 1oc24#b
rungerfoldrana . loc 2 s#a
)unqerf oldiana. r@25#b

TcAcccccccccccccccTcGTTG-TGAGC

lcAcccc,cccccccccccTe6TIG-TGTGG
GCCCTC'CTCT GATTGCTCTG

TCAC,CCCCCC CG_CCCCG'�TC A'�|TC-CCTCT
TGACCCCCGC CCCCCCCGTC ATTC'CGTGG

((r€trcc GAIT(TC_G TcAcccc,ccic cc{ccccaTc \_Tc-cclcr
GCGC!]GCTCC GATTCCTCTC TGAC,CCCCGC CCCCCCGCTC ATTG-CGIGC
CCGCTCCTCT GATTGCCCTG TGACCGCCGC CCCCCCC€TG ATTC-TGTGC
GCCCTCfTCT CATTGCTCfG TGAGCGCCGC CCCCCCCCTC ATIG.TGTCC
CCGCTC,CTCT CATTCCTCTG TCAC'CGCCCC CCCCCCCCTG ATTG-TGTG
C'CC'CTGCTCT GATTCCTCTC TGACCCGCGC CGCCCCCEIC ATTC-TCTGG
GCCCTCCTCT CATTCCTCTG TGACCCCCCC CC,CCCCCCTG ATTG.TCTCC

lcAccctrcc.Gc. . .ccTcAT,rc-Tc| t r
Gcc,c'lscTcTGATTccTcTc

TGACCCCCGC CGCCCCGCTA CTTGGTGTCC
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t l

'crc,. rc a. c/:l 'rc/
)unqe.f ordiana. 1oc22#a

.  . rA.- tG ^c.c.T cA c,c/_t  ' -c /
-ATAACGCAG C------- ---GTACCTG TGCGCTCCAC CCCCTCCTC,C
-afaAcccAc G rfccccTccAc ccccTccTcc

)unqerf o!diana, loc23ta
)un9e r f  o rd i ana .  l oc23#b
)un9e r f  o . d i ana . l oc24#a

)u r9e r f  o rd !ana .  1oc25#a

ru .qe r f o rd1a .a . l oc5 *a
runqe!f ordiana. 1oc5#b
'unqerf ordlana. 1oc3#a
,u!gerf ordiana. 1oc3*b
runqerf ordiana. Ioc9la
runge ! f o rd i ana .1oc16*a

'unge!f ordiana. 1oc22*a
ru .ge r f o rd i ana . l oc22*b
' un9e r f  o rd i ana .  1oc23+a
runqe ! f o rd i ana . l oc23*b
' unge r f  o rd i ana .  1oc24*a
rungertordiana. 1oc24tb
,ungerf o.diana. 1oc25*a
'unqerf ordiana. 1oc2 5#b
,unqerfordiana . loc 2 6*a

Tcccc6 ! . . ' c c . | c c .AAG. I . ' Tc r cc ' | c .AAAcgAc . . . c / cA :
AGCTCCTG'C GTtrAAACCC ACCCCC{GA?
Accrcclccc cTccaAAccc Ac@cGcGA?

ICCiJ{CCATC CCrrrtrCA ACr_T.C_C.C C_C{AAACS qCC..CfC.:

rcc(@T' cs,trcA' acaT^_Tcrc clc.AAA -c. \ff_cacA:
c6 | ' . ' c ] . c cTc .AAA .ccccc . cc . -A :
AGCTCCT.,CG GTCCA.iCGC ACCCCCCCA?
ACCTCCTCCG GTGCAAACCC ACCCCEGA?

Tc.€cc>c4TccGccTGcGAGAccTccTGcGGTccAAAceAcGccGcGA?

TCC€CC,@T| CGCCTeCAG ACCTCCT.TG CTCCAiACGC ACCCCGCGA?
Accl cc r(6 '

TCGCCGGGTT CCC,GTCCGAG A€TCCTCCC GTC,CAAAC@ AGCCCGCGA?
?CGGCGCGTT CC'C'GTGCGAG ACCTCCTCCC GTCfA.A.AC@ AGGCCGCCA?
TCGC,CGGCTC T.iCTGCCAC AGCTCCTCCG CTCCA.ACCC ACGCCC'CCA?

'1' 'l ' 'i ' 'i ' 'i '
, unge r f  o . d i ana .  1oc5*a
,ungerf ordiana, locs#b

)un9erf ordtana. 1oc3#b
runqerf ordiana, loc9+a
'un9e r fo rd i ana . l oc l 6 *a
,unqerfordiana , I oc 1 6#b
rungerf ordiana, 1oc22*a
rungerf ordiana. loc22#b
runqe.f ordiana. 1o.21#a
run9erf ordiana. 1oc23#b
runge!f ordiana. 1oc2.4*a
,ungerf ordiana. loc24*b
,un9e.f ordiana. 1oc25+a
runqe!fordiana . loc 2 t#b
runqerf o.diana. loc26+a

c- - rccT ccAccA?Acc ceccccTcc

GCTTATAGA? CTCGCCC-AT G-----TCCT CCAC,CA?ACC CCCCCGCTCC
G- - -TCCT CCACCA?ACC C€CCCCTCC

GCTT&IAGA? GTCCCCC-AT G-----TGCT CCACCA?A-C CCCCC@TCC
G---- TCaT CCACCA?ACC CCCCCCCTCC
G-----TGCT CCACCA?ACC CGCCC@TCC
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r , nge i  f  o rd rana -  1oc5*b
iunge . f  o rd i ana .  l oc3+a
) !nge r f  o rd rana -  1o .3 rb
,unge . f  o rd rana ,  r o .9#a
)unge r f  o . d i a .a -  i oc l 6 l a
,unqerloidiana . I o. 1 6#b
)unge r f  o rd i a .a -  1oc22 ta
)un9e.:o.diana. roc22#b
:unqe.lordrana, 1oc23t+a
runqe r f  o rd rana .  i oc2 l#b
)un9e r f  o ! d rana .  i oc24*a
runqe r f  o rd i ana .  l oc24#b
iu .ge r f  o rd i ana -  1oc25#a
runqerf oi.lrana. ioc25#b

GTCTTCCT TATTT-AATT TCTTACCCTT CCTCCCTCCT CTCTCTTATT

TGTTAcccTTccTc,eTccTcTcTccTATT

TGTTACCCTT CCIC'NCTCGT CTGTCCTATT

' t  '  
;

) un9e : f  o rd rana .  l oc5 ra
ru rqe r f  o rd i ana .  l oc5 *b
runqe r fo rd rana . l o . s#a

fGTCI]CTTAT CGATIANN--- ---- .C AAGATTETT GTCGTACAIC

TGTCGGTTATc?AiIA...A

TGTcccTTATCGAAIAAAAAA---
1cc ( r c ITA ] l -AA iAA- - -

r unge : f o !d rana . I oca ta
unqerfordlana . Ioc 16*a

, rnge ! f  o rd i ana .  1oc22 rb
,Nng€ r fo rd i a .a .  l o . 23 la
n,ngerro.diana. loc2:l+b
:unge r f  o rd rana .  1 . c24#a
,unge r ro rd i ana . l oc24#b
,unqe r f  o rd rana - i oc25 ra

runoerfordiana . loc 2 6+a

rnqe r f o rd i ana . l oc5#a
rnqe r f o rd i ana . l oc9+b
Dnq€ r fo rd i ana .  Locs+ r

u iqe r f o rdaana .  r oc9#a
unge r f  o rd i ana .  l oc16#a
unqe r l o rd !ana -  r oc r6#b
un gerf oldiana. Ioc22+a
ungerfordiana . 1oc2 2+b
u!9erf ordiana, 1oc23if a
u !qe r f o rd i ana . l oc23+b
unqe r f  o rd i ana .  1oc24*a
unqerf ordiana. loc24rf b
unqe r f  o . d i ana .  r oc25*a
unge r l o i daa .a .  l oc25 i f  b
unaerf ordrana. 1oc26*a

TTTGAC,CGCT GCATCACTCC CCTCGTtrCT CGATGAAGAC CCCACCCACC
TTTGAGCCCT GCATCACTCG CCTCCTCCCT CGATCAACAG CGCAGCCAGC
TTTGAGCCCT EATCACTCG CCTCCTCCGT CGATCAAGAC CCCCCCCGCC
, | , | , | ' . , 2 ? ? ? ? ?  ? ? ? ? ? ? ? ? ? ?  ? ? ? ? ? ? ? ? ? ?  ? ? ? ? ? ? ' . ? ? ?  ?  ) ? 2 ? ? 7 ? ? 2

TTTGAGCGT GGATCACTCC CCTCGTGCGT CGATCAAGAC CCCAC'CCACC
TTTCACCGCT CCATCACTCG GCTCCTGCCT CGATGAAGAG CGCACCCACC



TG.GTGMTTAATGTGAATTccAcAAcAcA

?CCGTCAATT AATGreMTT CCAGAACACA
TGCCTGM'TT ETGTCAATT GCACAACACA
TCf GIGAATT AA?GTCAAT? ft ACAACACA
TC'GTCAATT AATGTGAATT CCACAACACA

TGCCTGAATT MTGTGAATT CCAGAACACA

gerfordiana . loc l 6#b
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TABLE 2 Pa Mrse K huras 2 paramer€r drslances anonq lhe G llrgertofdlata sequences


