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Small-scale spatial patterns of genetic structure in Castanopsis eyrei populations

based on autocorrelation analysis in the Tiantai Mountain of Zhejiang Province
QI Caihong'?, JIN Zexin®* , LI Junmin®

1 Key Laboratory of Eco-environments in Three Gorges Reservoir Region, Ministry of Education School of Life Sciences, Southwest University, Chongqing
400715, China
2 Institute of Ecology, Taizhou College, Linhai 317000, China

Abstract: Castanopsis eyrei is one of the main trees found in the subtropical evergreen broad-leaved forests of China’s
Zhejiang Province. The non-random genetic variation that describes the spatial genetic structure in this species reflects the
ecological and evolutionary processes of the plant population. Spatial autocorrelation analysis is an effective method to study
the spatial structure of genetic variation. The autocorrelation coefficient provides a measure of whether the location falls
within a specific distance class for genetic similarity among individuals. Here we analyzed the fine-scale spatial genetic
structure of the individual plants in C. eyrei populations and studied the individuals classified by age using the spatial
autocorrelation method to quantify spatial patterns of genetic variation within the populations and to explore potential
mechanisms that determine genetic variation in the plant populations. The spatial autocorrelation coefficient (r) at 10
distance classes was determined on the basis of both geographical distance and with a genetic distance matrix which was
derived from ISSR binary data. All analyses were conducted using GenAlEx software. The results showed that all the
individuals of C. eyrei exhibited significantly positive spatial genetic structure at distance less than 10m ( the X-intercept
was 9.945). This indicated that the same genotype of C. eyrei when grouped together had a small mean length within small

genetic patches. Limited seed dispersal was found to be the main factor that leads to the finding that genetic variation within
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populations adopted a certain spatial structure. For species whose seeds are spread by gravity, the spatial correlation
between individuals would decrease as the distance increased. In C. eyrei populations on the rough and uneven slopes that
form the Shiwo terrain in the mountain, the secondary spread of the seeds is limited to a small area. In addition, forest litter
covering the ground limits the secondary spread of the mature seeds to around the mother tree. Therefore, within these
smaller geographical distances the genotypes were similar. Thus, significant spatial genetic structures are formed at short
distances and weak spatial genetic structures are formed at long distances. The spatial genetic structure might be the result
of seed gravity dispersal and extensive pollen dispersal. The individuals of C. eyrei in the three age classes, age class I, age
class I and age class III, showed significantly positive spatial genetic structures at distance less than 10 m. The spatial
autocorrelation coefficients at 5 m were 0. 068, 0.054 and 0. 070 for the age classes I, II and III, respectively, and for the
three age classes the X-intercepts were at 11.820, 9.746 and 9.792, respectively. The individuals in age class IV showed
no significant spatial genetic structure in any of the spatial distance classes. C. eyrei is a long-lived perennial plant and the
evergreen broadleaf forest that C. eyrei was in was well preserved with little human interference. The loss of spatial genetic
structure for C. eyrei in age class IV might be due to self-thinning. The age class IV population had no significant spatial
structure, indicating that the self-thinning process was genotype non-dependent; cohort competition between individuals may
lead to self-thinning. To further understand the survival and maintenance mechanism of C. eyrei populations, an in-depth

study of the breeding system and the seed and pollen dispersal patterns is required.

Key Words: Castanopsis eyrei; spatial autocorrelation; spatial distance; genetic structure; distribution pattern

25 [a) AL 4574 ( Spatial genetic structure , SGS) JEF 448 S ARFEHLAY 25 18]/ Ak Sy | S sk 1 A A ke vh
A AEAS SR R Rl T e N B A4 B X SR AR b B RO AR T 1 A B 2 ) s A 2 A
RN R MR SR EEHLE ALK AR O Oy 38 R A R R AR B B R A 9 S
s MRS AT B AHOC  AEAS RSAL 25 M S e T R AR A GE R AEBRAR IR S A AR
RIS B AR Pl AL R R B VRO X R s AL R AiE A0 TE A i e e

A% ( Castanopsis eyrei) J&5¢ ) Bl ( Fagaceae ) ¥ J& ( Castanopsis ) ¥4, SHREM) 32 048 TIL95 L8 #T
L VTP S5, 2 v S AT S T PR B R ) A PR e 2 — ) e TR R A B R AE S R g A R
Mo, BT, R RIS 3 B TR BRI SRR AR R R R RELE A S Eh AR Rl 5 e
To T AR A S P LB i RO AR T A DX R sk A AL (AR ST

TE T R R R AL 45 A0 A B 2 b R A5 de 2 I IR b P OB AR IR 2B Y B S R T B A
XA 25 )AL A SR T AT A 2R WE 2 ISR & A BR A4 B5ORT LA™ A= AR DA AR B BRERR T B 48 25 1Y
ZS MR AE LSS W2 ARG R A RETHBR A BRI 70 B R R R A5 TR R TeA,
PEAE , MERE[RIAR , AEA 5 2R XU A RSN SE s A4 o A RHAR 268 7Y K R B AL B R AN 2357 Wil il
F PR AL RE I U 25 [A) 5 A5 2 | DR A TR 7 e B 2 0 R P R I 3 1 5 (s AR 454

T, — SRR ST T U6 SR R P9 AN [ A U A A T 25 i) sl A S R R T 12 3 B T f A )
AN AR 3% L B B 5 A% 78 S, NI 1) T B AR ) 2 [B] st AL 45 A0 i AR S S AR A . A SCHE T ISSR 43 F-#r
TCEHIE >R 25 18] 8 AR 55 125 23 M BRI R 139 25 [ 35 45 28548, 73 A5 6 ik PRUTE BRI RE PN 09 2 ) o A A =, R
T HIE 5 R R AERE AL 5 [ sf 20 A SR b B DAL AR [ 4 08 40 1) 25 1R 38 1 45 1, 440 A [m) A 355 58 B B i) =5 8] 43
AAK Sy S sl A AR, S AT TR P ire S5 B DR A P 25 20 AT A Jim , Ay o ST A 2 8 o e ) bR A ) B R DR 4 5 T
FRELF] FHER LR 2= AHE .
1 MMBEF=E
1.1 PRHERAE

FEH I AE WL K & LA T E SRR el A0 25 XN M B B 29°167 N (120°03" E, 4K 480 m 2245,

http ; //www. ecologica. cn



5132 V4SRN

Eild 31 &

T IS TR Ay e R bR, T A A % 110 55 — DI 34 i
FERD L RRE RO AR IR A5 A R E Y T 2008
A 10 HAERE b Py HoR AR TITRE A 462 BR, R GPS ¥
FEANAMAE A 02 A R %) A8 R 5, SR A 24 4R
Azt PR EEAS R S AT RSB0 =, Vi B, KR
T=70 CHERKF T, &M, FRERP R ARy =
[0 AT AP 1 I 43 B A2 IRk v s A e 4% 1k
I3 A DR, 1 IR (h<0.33 m) , [TAEREZL(dbh
<2.5em;h=0.33 m), MFEHHH (2.5 ecm<dbh<7.5
em) FTIVER T (dbh=7.5 em) , K 462 FEEHRE A T4E
RIS )T 52 T AR 118 #k | T AR 4
251 Bk AR 904 59 BRIV AR 90114 34 B, 45
AU DR R I 25 [R] 43 LI 2

1.2 WL

1.2.1 DNA B E R

o
Ogo :bf@DD
O a-H 00
q T SD Dmg?ﬂ lgD &
o B° B, g0 © = o
u] el B m )
10 o (B2 2]
EFJE% @ o = el
e @ m o of
D%] m | m 0O
g E g of o g
o md| O Ong
0 o
0 10 20 30 40 50

E1 #HirhErA#HEN S HE
Fig. 1 Distribution map of the total individuals within

Castanopsis eyrei population

P IR A2 ) P kY SDS W AT RTRE I B DNA AYFRHL, DNA 28 0. 8% MBS EEENE (0. 5XTBE 5
mg/mL AL 258 ) LIS , F 95 Bio-Rad 23 7] UM BUS 43 M R Ge411 B8, R Quantity one 1-D 43Hr 48,
ADNA/EcoR T +Hind Il (b 50 5% [ BB F] ) Mbn e i, #9641 MIXH% BEXT DNA £ i, FHJC KA
BE—HARE B DNA BB 2.5 ng/wL, IWAETF-20 COKFE&H .

40
a
19 om
a a
30| o5 S
& 5] o
ol Dtjmmu Du;
%
£ pf® - Du%f Fe, |
> b o N 0o dDD
o g o oo o
o a
a a
10 o
oo gn
@ 5 @
u}
0 n
0 10 20 30 40 50
40
o
AR
30 m oo
o
Ek] o
o o
g 0 m opdoo
£ 2 T oo
DD o o B
D[] o
o BDD a
10 o0
u} =g o
o o
-]
0
0 10 20 30 40 50
X/m

40
o
a
DDDE[@%D%;E][]&DD
P
T
e I
Og, W B o
g guod o
B o DQ&%[@ Og B
2 g%mgﬁg Op 0 o Pg
EH] 8 [LJEb o uﬂ@ @
0,
iy DQJDD% o?
10 o8 0o &
o g B3
og DDD
po O
o T Opd
0
0 10 20 30 40 50
40
a
gl o
30 DD
a
a
20 o
oo
o al o
o o
a
10 ° .
3]
o o
0 m o
0 DD oo E(
0 10 20 30 40 50
X/m

B2 &N FREHENEDHE

Fig. 2 Distribution maps of Castanopsis eyrei with different age class

http ; //www. ecologica. cn



18 1] FRRML A5 WL K 5 L RIRE R I 8 A 2 4 14 2 [ 1 AH S 7 5133
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ISSR 5|92k FH N KBS HEAE K2 ( University of British Columbia, Set No. 9, No. 801—900) $2 {1t #4551 |
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RAYEL 2R ST ISSR 28T, 5 1P s i3k 1,
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Table 1 Sequences of 11 primers used in ISSR analysis

BIE/ BN 5'—3' 75 GIL BN 5'>3' ¥ 5

Primer name Sequence (5'—3") Primer name Sequence (5'—3")

U808 AGAGAGAGAGAGAGAGC U856 ACACACACACACACACYA
U811 GAGAGAGAGAGAGAGAC U8s7 ACACACACACACACACYG
Ug12 GAGAGAGAGAGAGAGAA U864 ATGATGATGATGATGATG
U815 CTCTCTCTCTCTCTCTG U868 GAAGAAGAAGAAGAAGAA
U840 GAGAGAGAGAGAGAGAYT U873 GACAGACAGACAGACA
U855 ACACACACACACACACYT

Xof 1 T RIS N AR R EA T AR A e A RO A5 PCR 3R R0 . 10 L SOWARFR A 415 1x
Buffer,2 mmol/L 1) MgCl, ,0.3 mmol/I4xdNTP( dATP,dCTP,dGTP Fl1 dDTP) ,1U Taq DNA &M ( db 505
BT ,6 pmol F1W (LGB YIFHL A F]) 10 wg BSA(ZMEIMLEHEH ) ,2.5 ng DNA KAz, PCR
4 )2 % 7E 32 [ Bio-Rad 24 FAE 7 A9 PCT-220PCR A kA7, iz AT FEF AN F + (1)94 CHIZAEM: 5 min; (2)94 C4A2
P£ 1 min,56 °CiB K 1 min(BMEH FFE0.5 °C) ,72 CHEH 1.5 min, 1T 10 MEFF; (3)94 C251E 1 min,
50 CIRK 1 min,72 “CHEM 1.5 min, FeHEAT 25 MR (4)72 CHRIFIEM 5 min, §HGYIHE 4 CORAFE TR
1. 4% BYTENEWHEERE (1.4 g ZEIEKE, 100 mL 0. 5xTBE 3.5 mg/mL) F LIk, HLE 100 V, I 50 W, HLIKZ 1 h,
FEYITE L Bio-Rad 24w AL 7 B BENE BUR R 48 B AT
1.3 HdEair
1.3.1 ISSR ¥dlEgtit55r#Hr

H Quantity one 1-D 73H74% K PCR S1YP 12547 5 PCR DNA Ladder Marker( /i 50 4 B AE MR
A)) PR HE S T2 B T o0 i bnic, Ge it ISSR 7387 M iy e Uk (13, 157 0/1 ookl fi b TR & 4R 0%
G AP AR B R SRR A3 A ) DA s B A e
1.3.2  ZS[E HAHE T

)R 35t A2 25 1) 25 (1) [ AE G A AT R B a8t A% 70 S 25 (R S5 R A — oA 50 1, AL AR O R B A4 T I 58 X
1) 1 B A AE LR B AR 9 1A =2 Dt A5 AR DLEE () —Fh BE LAY . AR SR A GenAlEx 6 R4
T TR A A R I BB S A O (RIS R4 0 10 MRS 590 TRYE M CRE r, S AMKERE r 5
Moran’s I F§ECHILL, BUEAE-1 5 1 Z (8], F T8 78 AN [RS8 T Al o6t R[] 0 3 AL AR RLRE (R e 22 1]
WAESEMIIT  r=0; %] 1000 R BENUMEER HXUR 95% BASIX 0], r (675 T 95% B A5 X W] 43¢ W] BLAT g 5 1k
et MAETE I I IE A8 (s AL G5 A IS AR r (H 4 B KT +95% B AR IX10], L6 1 30 BE 5 25 1 119
11115 3/

2 ZERE5HH
2.1 HREFPHE A ]9 23 )35 L 45 )

FITRE AN EE 2 A AR (8] 23 (] FAH DG/ BT SR an 8] 3 7, STREFR R N MARAEZS B B /N T 10 m BHAEAE Bk
FIE A A4 H  H X-RhkE R 9. 945, 7EZS [ BEES AL T 10—40 m 22 [B] B8 o 35 1 £ 25 [l as AL 454
MR T 40 m B ANAALE b 35 128 (st B 4544
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