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Genetic diversity and differentiation study of Quercus dentata
with regards to its distribution in China and Japan
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Abstract: To reveal the level of genetic diversity and genetic structure of Quercus dentata distributed in
China and Japan, 12 microsatellite markers were used to analyze the genetic differentiation, diversity and
gene flow of 13 Q. dentata populations across Japan and China. The results showed that the species was
differentiated into three lineages: the Chinese Eastern lineage, the Chinese Qinba lineage and the Japa-
nese lineage. Although moderate gene flow existed between the two Chinese lineages with the historical
gene flow occurring predominantly from Chinese Eastern lineage into Qinba lineage, there was a limited
gene flow between Japanese and Chinese lineages. The high genetic diversity had been mainly caused by
the variations within population, and the genetic differentiation among populations was moderate for a
tree species, with the coefficient of genetic differentiation estimated to be 0.23. Genetic diversity analysis
also showed that the overall observed heterozygosity was 0.52 and the expected heterozygosity 0.57,
indicating a high level of genetic diversity. Compared with the Chinese lineage, the genetic diversity
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of the Japanese lineage was low. The observed genetic diversity and differentiation of species was likely

due to the long-term geographic isolation after Quaternary.

Key words: molecular marker; microsatellite; genetic diversity; genetic differentiation; gene flow
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Table 1 Sample information of Quercus dentata
PSS e N/(°) E/(°) W /m SKEEBUA
DSG  EPEIEE E AT RECE 34.97 107.01 890 23
GS T EREPE A KRG 34.34 107.84 1470 21
SYB  rEBEVEA BER R S 33.07 107.14 1020 21
MTZ T EPEE BIEE ST 33.09 106.35 1220 23
JLP PEITE A AETT R B4R 3571 113.33 590 24
ASS  HEILRAFTHEILTEKG 35.56 117.38 240 21
SFS T B X 7 39.68 115.83 660 20
ZLG  HWEETTABIS T RIS L 42.06 124.03 280 10
QHD HEWALERELEZMTAR  40.06 119.44 100 11
GSL  rEILTEE BRm 0 BEMAk 37.09 111.32 1450 8
LJ R AT R L 33.09 116.97 180 15
JPN HZR KL Bl 35.07 134.01 20 19
JPS H A8 A ¥ T 43.22 141.32 10 9
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Table 2 Detailed information of 12 pairs of SSR primers

slhis AR kEE/C EREMIT 51975 S0 7K /bp 2PN
AGAAAGTTCCAGGGAAAGCA

GOTO021 56 AT 111~128 [19]
CTTCGTCCCCAGTTGAATGT
CTTCATGCACCAATTCCTCA

FIR026 56 TC 208~217 [19]
GGCCATGTATGTGTGCAAAA
AAGAGAACCCATTCCATCCCTGA

QmC00716 56 TC 261~287 [20]

GTTTCCCGAACAGTGGTTTCTTGA

CCCATATCCCTCTACGAAAGAA
PORO17 54 CT 140~169 [19]
CTGGAGATGACATAGTGTCTCAAA

ACCCTAAAACCCCAATCACC
FIRO15 56 AC 128~138 [19]
CGGATCTTCGGCTATTCTTG

AGGCTCAAAACAAAACCAAACCG
QmC00932 54 TC 247~260 [20]
GTTTCCCCTTTCCCATAATCAAACCCT

TCTCTTTCTCCGTCCATTATCGC
DN950446 56 AG 155~185 [21]
GTTTCTCCACAGACCCCATTTCC

TCTGCAACAAAACCAAAACAC

WAG068 56 AG 165~195 [19]
CGGAGGAGAGAGTCAGCAAC
CACACTCACCAACCCTACCC

PIE271 56 TC 197247 [19]
GTGCGGTTGTAGACGGAGAT
CACACCCAGATCCACAAAACTCC

QmC02052 56 AG 250~300 [20]
GTTTGCCTCTACGGTCTCCCTCTT
CCCCACCGTCTACTCTCAAA

GOTO11 56 TC 197~255 [19]
GCGTTCACCACGTCCATAAT
AACCTGTTTGGCTTCGTGTG

WAGO066 56 AG 128~244 [19]
AACAAAAGATTGGGAGGTGC
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Fig. 2 Principal component analysis of Quercus dentata

population based on 12 nSSRs
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Table 3 AMOVA for Quercus dentata population based on 12 nSSRs

Y& A5 SRR AME BYWEEHFM 0w ZBRESHY% F4%ite

XA 2 238.84 0.78 16.0 Fe=0.16

BT A R X FRNFEER] 10 149.30 0.33 6.7 Fee=0.08

FREN 437 1645.78 3.77 77.3 Fe=023
kg 4 85.90 0.39 8.7

= ES F=0.09
IR L SR FHEN 219 896.28 4.09 91.3
puibiEals) 5 54.55 0.26 6.3

| R A ER S R Fyu=0.06
AR A MEA 164 628.86 3.83 93.7
ikl 1 8.46 0.26 11.4

% Feu=0.11
AR AN 54 110.25 2.04 88.6

For: LRI CRIG Foor SCRPNFRER AL ML R Fop M RIRAE 0L R AL

T AEFT IS AMOVA 438t s H AR 32 & 98t
Lok R B &, P E A E N, ZE LR
WAL AR T AR & fEr A FIRE, hEZE D
SE P E R SRR H AR R B L AR T
FER A TRHEES.
2.2 WBTHIEE S

HH 2% 4 ] UL, WA e 3ot A5 2 PR Ak T8 R K
Lo EZEE RN S T ED R LR,
HAZ R ZFEEI TP ESCR
2.3 HREEFS

ML o B0 P AN () Sl 3R PRI A BT 2R BH 3 32
F A AE AT FR G 3 PRI (3 5). &R i 1) =
RN EP AR L REPEZED LR, TE
YRGS HARLRZ LR NP EZEE
KRB H AL ZI7 ) WSR3
PRIAR AT B R 25 5, M ARXS BRIE R 3t . DA [ oo
RER S R F) H A R J7 I W SEPR5 1) E
FEPRUAR L 22 S, T8 T X BRI

=4
DR

W FERE T 2RI ERIZHNEE S ENE

Table 4 Results of genetic diversity based on 12
nSSRs for Quercus dentata

XFR Tl N, N, H, H,
DSG 775 454 0.68 0.69

GS 558 335 0.63 0.64

0 = SYB 6.75 3.55 0.60 0.63
MTZ 833 453 0.62 0.69

JLP 7.08 450 0.59 0.68

Yy 7.10 4.09 0.62 0.67

ASS 6.75 4.14 0.62 0.65

SFS 6.08 3.92 0.55 0.60

ZLG 558 4.06 0.66 0.64

PEP AR R QHD 6.83 468 0.62 068
GSL 333 266 0.58 0.58

LJ 558 266 0.60 0.57

T 569 3.69 0.61 0.62

JPN 3.08 212 034 035

HAZZR JPS 358 2.68 034 047
T 333 240 034 041

S ) 537 339 052 057
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Table 5 Gene flow as estimated by Migrate-n among the three lineages of Quercus dentata
Y& 0 N

PEELXR> PEPERTEXR—> HAZFR—

TEZEXZ R 1.3 [0.6~2.7] 30.1 [21.6~33.5]  4.2[2.9~8.8]

HEP AR Z R 1.6 [0.7~2.9] 25.2[16.6~28.1] 4.9[3.2~8.9]

HAXZ 1.1 [0.4~2.3] 13.1 [7.3~22.2] 8.2 [5.2~13.2]
N2 B ERRE RN, me SBR[ 1 ABUECR S X 0: A SO R /N AR AR A T i 58 A8 3R

3 i PR, — A R 5 R A R T AR A e st A%

3.1 HRMBENEEEHSRESEN

WAL A5 R AT B A AR S AR AR P sl R R
() £ A R A . I 9 4 ol ) 25 A% 5 4 ) D 48 o
B AL Z R Sh AR 1k, B4 R T W Rl ) O
R FHCY. AR 9 285 S 3R W AHARS ol 3 o AR 4 b 1)
Gy 3 AN SR MR R 1) 35t 4L 45 44 A2 M TR R
FISZIR, BT 23 W BELAS T A R BE S H A
B AIIRE A B I, 3 A 1 DX 3 B S8 1) b B o 5, i
DRI 2 sk /> . vl ] PR30S AR A A B A8 b 3 1 T
WA R, iR A TP e 28 B b DX — SR AR
R ) — 32, 52 BRI g 45 SR — 3L, Tl
TF5E 2% BH AR ol B A 38 56 PR = s A Sy A 2%, L L
EZEIHIX . ARYE AMOVA 3445 S m] 1, K34y
st SBR[ TRV N . &40 S 2 [hl, 7
A S R L oA REEAR, Th- B R R 5
R b R B, F W H Z BN C 2 A 5%
o [0 P o 5, e ] o 81 3t 32 S B

XoF T LR H AR AR R 1) 358 1 22 R s A
AL 5T 2 B, W A BELEMROR A P h st % 2
FEMERE . MR BT RREAE By | S AR R 19 e A
AR T e LR B i st il 200 . 22 SR 5T
E BFE AR UBE UK BsF, AR b 3 52 R 45 52 1) 22 17
RN TR M B AR E ey Ny e S VA
S AR P B AR S R WL Z R KT B
TR EBPIA LR . RS L ZREE SIS
VF 2 R A L, A FE R AR AR R | AR %L
T G H AR 2 a] G 3 R 5 i DL JE i W
F B ARMIE P B AT R S KR
FRREAH E A 2D . b 2% 0 1 BR S 1) 5 H A
DX P AR o R 2R A7 5 PR 2 9, s Fl T vk B g
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oAl Z R E 2R A
3.2 EYAREES G RESLHFE

e DR e A5 T2 0 L o ) o P A7 4 188

ZAEE, RIS L, B 5 1 RS AN
LA, R T R TR] A R SR, S BUs AL IR
ARYEGR 7 A Ry ERIE N, R0 ) A 5 A 22 R
AL L5, SR A 8% 3k . S ) e e 2
2 PSR f = i/ S D i ey
BN, — B HORE A SR A W) Rl A AT RE S L
Jok e g Ul 25 M A 1) LR 1 FH 2. R WA DA o A
HAS B R i AT, 7565 DU 28 D) Hhy T AR T 10 i e
%, S B A B i il B AHE 1E, ORI
ORIV - 1 B T, KRR % . B AR TR K A 2t
b g A, B S M R AR, Bl
[ 35 £ 70 A7 A2, JE AR 0 RO )8 - B 23 A
Ayl fETr 3.

4 it

H— AR A B A S L P S B
(Rt AL 3k, R Rk 8% 2 RV AL TR K F
55 o T A MR AR AR EL, L ASHRRS R 11 25
2R EACHRAR. PREAH IR SRELRZ
A]A7 A6 35 BN 5SS, J7 1] 2 DR I AR 988 52 &R ) 2%
ESAR, HASIER S [ P SR 2 18] i 2 AL i
Bl R EE S HIE N ERA K.

Bigt: Bt B K Ak 42 A& BF 7 AT Saneyoshi
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