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Spatial Genetic Structure of A Sympatric Population of Castanea
mollissima and Castanea henryi
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Abstract: The spatial genetic structure (SGS) is an important part of evolutionary ecological and ecological genetic
processes in natural populations of plants. The spatial distribution patterns of genetic variation of two closely related
sympatric Castanea species, C. mollissima and C. henryi, were investigated using seven microsatellite loci. A total of
173 alleles were detected in the two species. According to the isolation by distance model, Sp-statistics were
calculated based on Moran’s ] spatial autocorrelation coefficient and F; kinship coefficient for the two species. The
results showed that there were high polymorphism in each species with low genetic differentiation ( Fy, =0.051).
However, the two species displayed significant difference of SGS in this sympatric population. Spatial genetic
structure was detected in C. Aenryi up to 100 m, while that was not observed in C. mollissima. Moreover, the Sp-
statistic values based on F;;, were 0.002 for C. mollissima and 0018 for C. henryi. These results further supported
that C. henryi had stronger spatial genetic structure than C. mollissima. The difference of SGS in C. mollissima and C.
henryi can be explained by different seed characteristics, as C. mollissima was charactertized by three nuts per cupule
while there was only one nuts per cupule for C. henryi. Therefore, the long-distance seed dispersal via gravity and
animals was much more favored for C. mollissima than C. henryi, which reduced different SGS between the two species.
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L J& (Castanea Miller) 3252 3} B (Fagaceae) H 3%
NB AR AE 7 Fh, )T T AR ERIE A b
XM, HA WA 4 Fi BRIE(C. mollissima
Bl).FZE(C. seguinii Dode) FI4ESE(C. henryi Rehd.
& Wils.)5r e B K ; H AZE(C. crenata Sieb. &
Cuce) i 1E H A FIEHEE L, WMERFEHTFA,
BB SRR EERE,EE 1 et
TR 3 ARE EERIEREER, NER SR, EF
E 2 IR N DUK B ILF T R ER I X
BEERBE . P E AR IR B H & R b v
RGREHIEEE M AR SR
HETUATERRITAR, iR AL, BN, RE R
A HERERIERRR, RIERIEEH, BRI TR
U EVT AR HB X,k AN AE AR B WL 55 SR BB b
XA R BB RiE

JEFEBAE G510 X L i B 7 A R AR 8
B2 EBENE , EMUEHTT Y RTE B K AEY
T8 W SRR A LR , 2 B M R A R P R
W 1K e B AR ED . 23 1] B AH 5% 4 T (spatial
autocorrelation analysis, SGS) &M 5% /& #E 53 [6] i %
SRR — R A BT, BH R TE /N R 25 A JE
W, RN 5 B\ A pr e s B AE B 1 2
AR , B A I — AN B b AR R RS T
R ALE AR TR Wik AR 7 R B A e 25 18] 5 A
Sk, R BAEEGEM T  IEAER, B REZSE
BEEHA T E &R F FAESEMRER%LY
BIRMEEFB., 8% 9 %) SSR 5| Hxi%
TEREAILAJE B LA R e 45 W0 8 B I 45 S5 M 4T
T 2318 B AHSEAMT. Cottrell 2517 2 SSR FRiCH:
AXF B ¥R (Quercus robur) RITCHERR(Q. petraea) I
AN [E] T2 BE JE B 1Y /A SR 23 IR s % G5 M i AT
T 50, G5 R B W X P RRAN 7E (7] — & 3 X [R] — Y
FEARE BRI R AR F W 23 R L 4548, 7T g
HYFh AR B F - 3 BOL TFZETE Sh X R R
R BIE G A %, XS RRAEY E
RIS WZRER AR EE BHE
EIEB ER B MAZSE S FRER M,

Y&4 R 1k , REHZS (R AR G54 73 Hr 38 vt B
AP BT R, T X T 221~ W F [R5 2 B 1
23 (R AE S5 A T A HR3E . ERBE#T, Y
TP T ALb Py A B RRAE B AR — 30, W ) 25 [ A% 45 4
f22 5 5 R S B B BURRAE , T HEBR A SR R R
FIRZI . A 5E LA 048 B 10 B3R 9 — R 38U 1

AR SE A SRR S 8, SR Al L A FARic
BiAR Koz 8] B ARSI, ST R S8 7 v A B
TR B A eSS AR 454 S ILTE SR B , S B
FE BT R AL R R ] A A AR SR s
RS HER UL 22K

1 AR

1.1 HAF &5 DNA 25

BEERMA AL 4 B 13 B A% MRS BS99 — A AR
(C. mollissima) NHETE(C. henryi)H) H $R [R5 7 &
BEVE I RAEHL(30°43" N, 110°48" E, ¥R 1100 ~
1200 m), FEHTIARZIA 12 hm’ ; JB W #t 22 XU ok
SRS, 4ESE B K B 990 ~ 1400 mm, TR #[H]
Z EPHSE 13C ~185C, 1 A& H)YEHA
B/BHA47C,7 AERA)TEHRIER279C, LFE
#1273 d; =10°C AEFR K 3000°C ~6080°C ; -
HRRUNERE, 2PN, L ERE, ARIEL#
T MR AL S 4 MR TR S AR B L bV A, R (1
He R e B2 8K (Q. variabilis ) Fl A2 K ( Cunninghamia
lanceolata),

SPHIKEARTE B I B AR L TR A
ARFEATRER , XoF [R138R 407 B A R 4 T A9 B A 47
AMEHFATEFERE L. FRERMENL T 450 #R-A
A, A AR EE 168 Bk, 4E5E 282 #R(E 1), BAMHER
KB E LR RER 5 F R AT RITH
BRI F SRR L BRI TR A
i) DNA $2BUCR FIB RIS CTAB 317,

1.2 B ERNIRIE S
FERTHASC IR A 1 AIRER T 7 MES
P SSR 514, Hodr 5 X3k A BRI ZE(C. sativa)
# B ¥ (CsCAT3. CsCAT5. CsCAT8. CsCATI14.
CsCATA1)'™ Fi1 2 Stk B H AZERF|#)(KT001b I
KT0082)") , i AW TEAF S K. R FAM,
TAMRA F1 HEX %5 3 Fi A [6] 35168 19 92 O Je b %t
SSR IE[ 5| ¥H 5" %4 A #E474R1E. DNA § 3
£ 311 PCR L4 FIFRF 2 I8 AR (07
Bio VHRNEMAEBUR 15 uL, HFE 1.5 pL 10 x
buffer,1.5 mmol/L MgCl, 0.9 uL,0.5 wmol/L HJIE
KI5 %% 0.75 pL,200 wmol/L dNTP 0.3 pL,
05 U pL™ Tag DNA BREE(ETAY TEAERA
Al A ) 03 pL F150 ng A4 DNA, PCR #3544+
H:95CHIAE S min, SR)5 94°C 50 s, FX 51 W
FrEiB KIREE 30 5,72°C 90 s,3E 35 IR, &5
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Fig. 1 Individual distribution of Castanea mollissima and C. henryi sympatric population in Zigui

72°C 7 min JEf, 3 3 W FE Master Gradient PCR
1Y (Eppendorf, Germany) b #47, ¥ A [F &l 4510
31 E BAw A BEE AR50 bp AR B EARIES | i
PCR F=YiRA&—E, B BB B Ik, 7€ ABI 3730
DNA 43 3T X 45

1.3 BES 7
1.3.1 s Zretk

KF GenALEx6 #fE! A & LRSS
B A AL AR AL I SR 4
(A )M E BN R4 ) RSB
(H,) M WA 22 & B (Hp)~ B B 20 46 R B Wright's
Fyro RHRM Wright's 138 REL Fy 7T J2 B AL
SR BIRES Hardy-Weinberg P45,
1.3.2 23] B A5 HT

Wik E &AL S B Morans 1 4 1HE A
Nason’s {&(F; Kyl 23 [a] B AR . By
ALK E] R RS, BE RS ZCR A 50 m, BN R 4
12 NMER . RIS R, B R SEF RN

R/DEA 30 PNEMRRT, LSS P SBBEE
SRTE 10% ~90% HIPL s, SR/ T 10% FI KT
90% PSR HERR, 2B B AT RIER
DIAME, RRERMLEBER" , RA SPAGEDI
L3RR R R B 4 T B 23 ] B A R R 3
Moran’s I, [, IS F 20 S FE R R EIE
BASKAE S BT BEMARR] 22 [R] B A6 R 4K Nason'’s
EE) ZSER T MK LR Z AR TR
P BER LA AR RB S AR U B AR AR DR BE
1.3.3 Sp GitEs T

Sp e HERT LA FH A W0 49 25 [ 38t 4% 45 4 19
SR, BRI SR R I RUBE R B R R
AR Y-S AS P AR, B T A Ty A el
MILE . Sp=b/(F,-1),HH F, FRFE—EBEFER
WAMAIRI B R, b RSB G R FMIEE K AR
XFERR [T E AR, A A 23 T 38t A 45 4 SR A R4
SPAGEDI 1.3 #4757, AR H, RITRAZ
6] B AHOC R HK Nason's {H(F,)ITHE Sp FiitE, B R
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S5HESHH L, Nason’s {5 (F,) G HHmZ 8D,

BATHORI AR
2 53R

2.1 BEESHEMESH

7 XRIARICH TR 5| Y AE RIS E R E B Fh
Frby B 173 ANEAER , B FE A4 TR B 1
69 Ml 104 NMEMEE ,AF 52 NMEMEFREFHY
P o AR TN R A 738 55 A 5 R 40 (4) 43 5
9.9 F14.9 , FIF RN R B4 )50 512 4.0

F 1 FBUERH SSR LR SRR M
Table 1 SSR locus diversity measures in sympatric population

2.9, WERE B (H,) 5514 0.387 ~0.940 F1
0.174 ~0.819, T 2+ & B (H) 43510 0.573 ~
0.843F10.217 ~0.789 ., HIEH T WML A B A
SERT 28 A B (0.655 1 0.720) M E THEER
(0.561710.566), FYIFLH LA L RES Hardy-
Weinberg “F ., #R R FHIEZX R B (Fs) N
0.095 ,4EFEH0.024(Fk 1), FEZMLE M, B 2R
FUER DA REOREEAL, R, BYFE
HIAME B BU(Fer =0 051)8K

5|4 Primer 4 A Hy Ho Fs
CM CH CM CH CM CH CM CH CM CH
CsCAT3 11 22 64 36 0843 0719 0810 0.664 0.039 0076
CsCATS 19 20 54 47 0816 0.789 0.647 0.680 0207 0.139
CsCAT8 10 14 3 3 0676 0678 0.940 0.819 -0390 -0.208
CsCAT14 10 12 50 40 0.801 0.752 0.749 0.772 0.066 -0.027
CsCAT41 5 16 28 13 0.646 0.240 0.506 0.174 0.217 0.273
KT001b 8 11 32 13 0.683 0.217 0.533 0.220 0.219 -0015
KT008a 6 9 23 23 0.573 0.570 0.387 0.609 0.325 -0.069
- Mean 99 149 40 29 0.720 0.566 0.655 0.561 0.095 0.024

CM: #REE; CH: $E3E; 4: SRR 4, AREMNERNEG Hy: BUREE; Hy: MEBEREE,; Fy: EXRE
CM: Castanea mollissima, CH: Castanea henryi; A: Number of alleles per locus; A;: Effectine number of alleles per locus; Hy: Expected

heterozygosity; H,: Observed heterozygosity; Fys: Inbreeding coefficient.

2.2 FEiEEEN
TEAR SEAHE L A Rl SsE BE HP R 43 12 MRS 45
&% BAERZARF 50 m, B &AL A M Moran’s 1
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Fig. 2 Moran’s I of Castanea mollissima (a) and C. henryi (b) at different distance. The solid lines indicate observed data, while dotted lines indicate
about 95% confidence interval for each distance class. The same as following Figure.
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Fig. 3 Kinship coefficient (F;) of Castanea mollissima (a) and C. henryi (b) at different distance

S HARRENL /0 (B 2b3b), Bl 15 B 38 in 4~ 8]
BRI SE MBI , FEBHZE 100 m P AN ] S35 4%
KRHMIT, M 100 m LAFMIAE AR 1575 S D] ol
AL BWEMMEERET SN AEERR MRS
6] B AHOR R YK F, 1 Sp B350 0.002 F10.018 , 1
2 U 7 [R) 32 R e O P 23 T s A 5 W5 T AR o

3 {HE
3.1 AEESEREMEENEESEY

AHFE LSRR B BRI TR B AR ER
5| WIAEAR RN 4 TR AR B AR G R R, (1
R EBI/MEYFRIFA 25 7 MM TESIYER
AR TE THEN ST R E EmUE
ZRB B (REER H, 9 0720, H, 2H 0.655; 4551 H,
N 0566, Hy A7 0.561), 347785 TRRMEEE R4 for B )
WIS R(RER H, 90311, H, 9 0.284 ; 4E5E /K
H, 70261, H, }0.218), [N}, FH&E IREFHIE
JERERS AN 10, H, 5 0355 ~0.817, H, 2} 0.637 ~
0879, M4 I EARE R REM A 74, H, A
0.590,H; 4 0.678 , AWFR HARSE A TR G 24
PR SHATMGRHZEAKR. XE5RBHEYAETE
SRHEAAT S B MY N AR F Y, 7
WET IR , MR FARE AL R BE B 38, B R
BRI ETRE R REaRgEn
EE%MJ .

ABFEH , RIEAAETEAL = 52 ANEN R, H
YRR R ERAEN S, B FREM
HERAE AT T ol 2438, B eI T R4 4k vl B
=F R N EE TR RN . A, RATERTX
XA A3 R AR B I oY R B, A SR A TR

ZEJLPBA QR . B, RS E R
T 2 TRV BAR P 43 Ak 5 W] BB IR T 33K 7 A 4 £ 4
T I AH MW MHE K £ S MW (Shared ancestral
polymorphisms). X EELENRIB (Quercus) B $R 7%
S BB B ST TR A Rl P

3.2 FEEEEN

WHRZR 5 (Y 23 [8] 43 A o 72 o 2 R B R S R A2
—PhEE B PR AR, AR B Y SR 4 Ok R BB R S Fy 3
IR, Z B 2 ¥ AR BEML A A T R B S
FREEMNFERE, ARG RRIETLE
100 m FYEFE A & B B 25 R 50, [HAR SR
W BA 3 2 R AL 5 M (1 2.3) . RIBUBR R
GeWRh R I A (] B4 2 )38 % Sk B B g L oA
— ey b1 4R, Soto 2 R I T EIRE
YTFER(Q. ilex)FIHE FZHR(Q. suber) 23 [A] 1545
WMIHAT T 500 SR RALFHRLE TS m WIEEN
ARENSEEM, M ERENEE. A, 230
2523 Al A5 G5 0 I BE B R/MBR KRR B IR T
B R B ARL, H I, XS B BB R kb i e
YIrhag 22 AL g4 . MR, Sp GetHE R
4 VB 2% (R EE A% G54 5 B D AS A T B 1 SR et
AT AR BB [ Y g,
Vekemans %7 M T 47 FAEYIR Sp SoitE, 4
RB XL B J1/30 8 B R Foh R 23 ] 8 A5 45
HISREEZIH 0003 ~0.123, AILIE H, FEERBM
YR ZS (R AL 4540 5 C OB W B R RUAETE 4
TEYIF 25 [ B AE S AW &, A, A TR A 25 ]
ARG B T HARAKT

EREENE, RERFABS G EHPEBR
FIAE Y 1 23 18] A S5 H S RAIR , (E HE TE A 25 TR 3t A%
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ZERIIKF(Sp =0.018) A7 1 F AR FE(Sp =0.002),
[E4% , Valbuena-Carabana 2521 F|FH 9 NE 25K
SSR ZrFHRic XS 3 AN G 4376 9% BE A AR 45 19 To A
¥R(Q. petraca)FI LRI - WK (Q. pyrendica)WiR G JE
BEBEAT T/ANREZS H S BT oT, 45 R RV ZEM ]
JEHERTCAE AR B A L B 27 3 BR B R 1 25 R AT
. TE/ANREZEEKE L, ARYEFEY BRE
B ERAESEWIE RN R EERREDY, 2R
EFER TR L3, (HE 2B RS R R, F
TG LU AR G 18 B8 25 5 5% W AEL ) 1Y 25 ) 8%
g, HA T BE R R R BREM
WEEEBREENERNEERE, EEHYF
FEREKEE I SMEEERE, B MBI 523
YR L BRR R T EEY '8E, BN
FEMTFRIREY B HEEENA G, wiish
YR E R REY R FEURSE, — HH R A
KEFFERLENE S ERYIE, e A7 &
HEUR B EFRYE, 25 i ENEERY
R H—A E, LB RNFF SR L E AR+
REARGFI 3, T A 5 R A R . RIE 1 A58
S 3 AR RSLECR, FI AR R 7 BUR
LRSI BRI SBR , 15 B8 B I3 4 Ao
FHENE T H AN BRZAB/NYZS, AT
A TR TR b 7 IR SR B A RSB/, W S W i 4%
H A BBED , K1 5 TE RN fHE B UK R &6
M, XFPRES G R T HEAA —E NS MEE
5k, AR, MR FE A TR B DL AR TE SRR,
BP0 REAE A, AE M vl LU BE B 98, — Mok
YE, BT B R S R R AR, X — B
SAEAR 2 KU ZR AR b R B8 B . IR
WA AR SERE, TR 2 B A A T Bet— B AR
BRI T AR Y HBIE RS, $E— 2P 0 T AR [ 35
R HRE

ARG STl K30 B T (G 2 AE R
P Wy B AT P I R R, R S A s R
B ST RS RMAE S EM R ESEENE
B30 ABIE R T e T A4 I B R
F R ARE R A B A A, X
FIRER M T B AW Fh 2 Fh 9 BB B BB )
FHMER AT RITEAN GBS 2 B HAE I X L
e PR 28 2E W A8 1% G540 Hh BT AR A R RN R L TR
Ro JEEERIFE AT LIRS A5 17 1 7 B 48 s 4B #3
AFhFLEERE T SEhr Y B RS, JF 28 BN 25 ]
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