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I n this work, we attempted to sthetywe¢edbre pepel
ofQuer cus ignd aluacitawan using microsatelliteymhr Beos
in the | ast glaciation @.t agg/edhtacsaWeef atuthdet ahi g
within-popul at iHon @i ¥et)siand (|l ow popul A3 dOn 0ddi 2f)
but shows isolation by distance. alchceo rnmbisrnt g dtiov @ rhi
Frfor individual populations in catmpamn, swear eiftd
popul ations Chinshuiying, Shanping and Hahgwpgh
north-central Taiwan. Moreover, pgpahdtPahsngh
recognized as being the source popub&teonshtolt
glaciation stage. I n addition, tghseh darh,r eaen ¢ iQheisn
exhibited the highest gene di verlsaittiioenss whiitchh tchoe
chl oroplast DNA variations. Thistmag baveolesl

routes.

Quercus g% amvmwaevergreen broadl eaf tr ee sfoouinnd
China, Korea@Q.agbldabamadre. most-commonly occurring
species of the famil Y. Fgdiaweaaeneidni drad wianed everg
up to 20 m high, and 0.6 m iMachrdast- Gaestgawme pda fasn
t wo major types of evergreen br onagd lad a 4 0f0o-rle&Dt0s m
number of tree species appear i nntt hamend otrheesm sb,
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to the families FagaQeag/ amdiadcand afcremam.sea | eve

and is one of the dMang mialhas sPé&oiresdass(4+Li ao, 199

al ., 1994) . No pure stand has beem dguamegabes (¢
hill sides as one of the pioneergsp@ficige/sabda.t gi na
people have used it in constructri makiing rmhwsilsredh ®
such as wheels, various poles, stwer Ehesoabyimare
forests in selected sites in orden &apelasi Wdtthi pe
and a |l ong @Prygédiaswssaenl.ect ed as material because t
for the expl@udraggponanéeé avail able and have been

speci es.

However, the popul #ti ghlaggeamene cesr obeen studi ed
chl oroplast DNA, Huang et al. (2008®) X auoichaeeyd
suggested the possibility that tolhud ds hatvleedetear a

during the | ast glaciation. A staedI|Q@. k /gasacead
gener al outcome of population expansion from a
Mi crosatellites are highly polymotrtphdcstabbnot
throughout the euchromatic part 50f W ewnboemegs e(tJ eafl
Kumar and Rostad, 1998; Richar dtiets ala.v,e 1ImBad%)
most-popul ar mar ker among ot hersali.n, tlhe9fastHAON
1996; Liwu et al ., 1996; Xiao ecto la,l .1,9 9169;9 6A Y rvea
1997Chen et al ., 1997; Bowers etlLalet abog; 2R
2000b; Schlotterer, 2004). Because nafmbtelre ogr & a&tp €
at most microsatellite |l oci, simplVedeegneinmgor ej
of mol ecul ar markers for many ariecarso 0dt glelniett e £
the popul ation gen&®ti g/ satidacweudr eusoft o reapprais
described above. The four microsatellnté@&ablaesl
The aims of this work wereer(sii)t yt avietshtiinmatne

popul ati@@ng/afincdai wan and to test, in particul



the area with the highest geneticpdtverastpf g
structure differentiation betwetemepppsaudiabli ® nesvo

hi story since the |l ast glaciation.

Mi crosatell i te diversi+kveradged popw/talt @ ofnosur
of alleles PAewalsobug5(to 7.25 at the popul e@atei on
group |l evel (Table 2)Awa&s$ |l edlicul a ceapeifsess ;(Wemea e
maxi mum value of 6.42 in the Wuf pHhp@8 aitn arhea M g
Coincidently, the Wu popul atvahudafbof@s) t hwhihli
Wi exhibited the | owest value (0s6@6B82)ofThet &t n
deficiency, statistically deviated from zero i

I f the popul ation was grouped usiintg gewlgd alpe id
into group A (1, 2, and 4), grouwp 7B ,( 3a,n d5,g raonudp
10) (Table 2). Group C (popul athiaormso rée & ntdh & Yhiod h ¢
di versity but not the greatest mhounenfishe 61 xaltlielne s
statistically deviated from zerouatstheffeoup

The four SSR Il oci investigated phmichienpallsemdpauy
The number of alleles observed pedrualosc uwsa nigne ds afm
17, with an overall total of 45 ial( Bdakrlses&pr eAn
four | oci, Mic67 was the most poR ymordpltites. cohra e
to these alleles were roughly beatbweee 3)1 4 BVNea mach a2l

flanking region and found substaltluagliesn s( iam d7 3 n dhe

about 2.8% of total alleles) showelknowirngtt me sf
sequence, the same | ength of s eqd eansc & hceo isladneb ea |
the case of variation in | engthl o€t adehankiyngase

by the | ength of the core sequemicati Bneviimifnlgarloi

of 72 individuals, | ess than 2% ofwtbhregt gtiadeatl



subtracting the four alleles mentioned above.
Overall geneticdh)dweeeressi mebaf( for each | ocus
0.820. The average Memmet7i4cl )d ivwaesrMHhi QheEc 2) hahhi s
reflected in Fhwealpoestiivei cating the existence
popul ation than expected under Ha3).y-AVelionw evragr ie
/rand only 4.2% of the total variation existed
Genetic differentiati on andseinseot/iact idanf fbeyr edwtsite
popul ations was | ow as reveal ed #Aryv arSiRe dnafrrkoem sO
0.041 (data not shown). The wunex pasctreedvlieya lha dy hb y
rrvalue was found between Pa and Wod Wh.ahdt ¥mge
through the calcul ateirdborof ndheiawadagepul ati ons
every other popul ation, we foundt tdiagt iCyctwapopusa
foll owed by Sa and Hy (Fig. 1), allilngipgamuleat iim
north-central area had a value comparable to H
A Mant el test for SSRs also showwdea pbDpgol &tc
di fferentiati oBfs( inéa,s mamadtas s significantly inc
| ogarithm of the geographical di=stOarbgwe 2l)e tOW&e nv
1000 permutations). To test the corstdamatceonamert
di stances for a specific popul atubmat agabk nvsatlhueeo
(correlation coefficient) was ugedulnatai ehudafy ttlo
Ful m&wv/ marus y/ @Bumg/est al ., 2003)R.vaMeudsavier mm
cal cul ations of the simple Mantedettseal gfemrer @d r
simple and partial Mantel tests AcCRommrddtngd wal \udre
for each population, all of the réguedsitbas Wwe
popul ations, i.e., Pa, Cy,>8a8 &amdbWle, 4hadndatat
source populations for gene r ecotlioomn zsattai goen. aM otpe
Pa and Wi are |l ocated in the nornthairm Ramge ohCHKk

Sa and Cy are in the south.



Genetic relati onshi—-psThoef ppoopmud/aatiioonnsNei ghbor -

according to Nei’'s D (Tamura andgNEl19983pP88ne anh
Figure 2A and B, respectively. Tpecepdliatsitomsa]jhy,
Cy. The second cluster included poguluateido s , CK m
and Ta. These two dendrograms, Bowévpopubhantetiomoaot

and no high bootstrap values exi st.

Same all eles present in both easher @M&ndawebeée
in Table 5. For example, in | ocusn Nviocp udl7at iadn se |z
10; allele 226 is present Iin popusaprnensnt andp b
2, 5, and 7. Every population harber ¢dhefewau:d
geographically isolated popul at i oonbss.e rSv erd Ifaorr ctc
ot her | oci

I n conclusion, we found the sout hagrhresparmptopaf
genetic di veOwegerwes ,gft ampared to all t he ot her s

exi stence of a potential maj or raefpuge.i ofTuhsi g eipso 1 t
to chloroplastic marReo2)( Hiaeng ehoabh there ha
of nuclear differentiation amongtpapgulatoonsl| at
exi sts between maternal | ineage tlicpoDElQAprrawd QU a

i n Tai wan.

Table 1. Core sequence for each smaguemsad.elThe ea
temperatures for all were 50 °C.

Locus Core sequence Primer sequenc
Mi c57 (CCA)n 5 - GCTAAGATTTATCGCAGCH

5° - TGAGGAGGTTGGTGGAGAAAA- 3"
Mic67 (CCA)n+(CCG)n+(CCT)n 5°- TGGCTTATCCA
5° - CGGCTTAGAGATTGGTGTCAAAG- ¢

Mic51 (CA)n+ (TA)n 5°- CAAAAACCTAAACCTA




5° - AATAGCAAGAGAGAAGATGTTGCAA
Mic69 (TGG) nGGGTGH( FEBICAATCTGCCCACATCATC - 3°

TGEG) 5 - GGATGGACGAAGAGAAAAGAT- 3

Table 2. Genetic var iQuteiracnw si mdignwdciaw ii dinasl or i n €
popul ations analyzed usiAn,g anli lce loe aftieglBlnietses ¢ odciiv.e

Fs Wright’'s inbreeding coefficientat iTohne gQeoou-pgirn

according to geographic | ocation.
Popul ati on Locat iNon ofdamg X
e siael el es/
| ocus
1. Wushe (W)W °EQS8 20 7. 25 6.42 0.765 0.215
24 .°R 3 *x
2. Paling @RA4&YfE23 20 6. 75 5.82 0.721 0.299
24 .°R 8 **
3. Yul i (Yapr1°ELS 19 6 5.45 0.747 0. 236
23.°09 *ox
4 . Chilan (@CHYE3S3 20 6. 75 5.58 0.703 0.287
24 .°R 8 **
5. Taroko (@PR4dYE37 20 6. 75 5.70 0.729 0.282
24 .°01 *ox
6. Shanpi ndR®FE40 20 7 6.24 0.739 0.443
Sa) 23.°R0 **
7. Chinshuilyionigg, 3 20 6 5.54 0.758 0.492
Cy) 22 .°R5 * %
8. Hungyeh1QHYEDL3 20 6.5 5.77 0.733 0.422
22 .°H3 **
9. Wul ai (W2 °es 3 20 5. 75 5.08 0.682 0.392

24 .°83 *ox




10. Yangmi 1@4hEmB 12 6 6.00 0.756 0.367
(Ym) 25 .°0 8 * x

Geo-group

A (1, 2, 4) North-central 60 8. 75 7.78
* *

B (5, 3, 8) Eastern 59 8.25 7.68 0.
* *

cC (6, 7) Sout hern 40 8 7.65 0.75
* *

D (9, 10) Northern 32 7.25 7.25 O
* *

* Significant at the 5% |l evel; ** Significant

Table 3. Allelic diversity of @Querossa.teldidae &dilso
(nt), range of sized# 0dbPLCRY pd oldaitcdrd sexypyead ietdy ;

heterozygoeWwriitgyghjt s i nbreedingkeoetefatientdi ahdr

according to allele identity.
Locus SNae ofNo. of H H Fs K
di stral |l elheest erozygotes
(nt)
Mi c 67 220~262 17 115 0.604 0.643
Mi c57 145~166 9 109 0.572 0.767 O
Mi c51 250~268 8 88 0.461 0.737 0.
Mi c 69 221~251 11 154 0.811 0.820
Me a n - - - - 116. 5 0.612 0.741 0.
* Significant at the 5% |l evel; ** Significant

''The number of plants showing hetumberygbtilel:

i ndi vi dual s.



Tabl e 4. |l sol ation by distance coaltebhbatedssetp
based on the gensgtianddigeobgmnae h( cal di stances be
and all other popubbhtesnwer&@heerived from calcu
test generated by zt, a softwar ¢ etloadlesftesr (sBiommle

de Peer, 2002).

Popul atR eml uep val ue

Wu 0. 7263 < 0.001
P a 0.8603 < 0.001
Yu 0.3879 0.002

Ch 0. 7662 < 0.001
Ta 0.7104 < 0.001
Sa 0.8374 < 0.001
Cy 0. 7965 0.002

Hy 0.6092 < 0.001
Wi 0.94414 < 0.001

Ym 0. 7712 < 0.001




Hy

W

TABLE 5. Representatives of al |l eMiec-5m zeeadh sgaop b
ofQuercus g/l auca

LocwWsc57 Popul ati on
Al |l el e Wu Pa Y u Ch Ta Sp Cy

si ze

220 0 0 0 0 0 0.02%5 0 0 0
223 0 0 0.053 0 0 0 0 0.0B.083
226 0 0 0 0 0 0.07%5 0.050 0
229 0.1%.0H.0206 1205 076®. 050.30.1HD. 025 083
231 0.02®. 050 0 0 0 0 0.1 O 0
232 0 0.050 0 0.02%5 0.02H% 0 0
235 0 0. 0225 026 0. 025 02®. 050 0. 025 042
238 0.320k. 2. 420. 550.550.50.3D. 3205525 375
241 0.20.175 106. 0. 0205 075 025 0M5 075
244 0. 0705 275 280.2 0.20.126.10.176k.19.292
247 0.10.0H.0%03 0205 026.10.10.026.1 O
250 0. 0205 025 0206 0205 075 0.0%.050 0.042
253 0.1 O 0 0 0 0.02% 0 0 0
256 0 0.050 0 0 0 0 0 0 0.042
259 0 0 0 0.02% 0 0 0 0.050
261 0 0 0 0 0 0 0 0.050 0
262 0 0 0 0 0 0 0 0 0 0.042
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Fig 1. Plot of thehfmawealrmge fpar remacshe popul ati on i

remaining popul ations Qagarcwst gCahwvwocebdeyNpng (22
popul ation no. 7) was geneticall yot hewmdsbydBh
(23°No0 no. 6) and PMunogwyeh 8)22.a83 |l ocated in sol

popul ation numbers see Table 1.
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(b) Goldstein’s Dmpy, Neighbor-joining
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Fig 2. Unrooted NeighborOyer auvs poitpag eaa a fo ntsh a r 1a(

Nei’s D (Nei, 1983) OanQo |Glosltdesitnelién®5sal by (a) and
Nei ghbor-joining methods. The numbersaloeshevéeé
bootstrap replicates. Only bootstedap values ov
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