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Abstract: The spatial structure of genetic variation is an important part of evolutionary and ecological ge-
netic processes in natural populations of plants, and may provide deep insights into the conservation of species.
In this paper, the spatial distribution patterns of genetic variation of two closely related sympatric species, Acti-
nidia chinensis and A. deliciosa, were investigated using SSR markers. A total of 104 alleles was scored by nine
pairs of SSR primers in two natural populations, and the alleles with frequency ranging from 20% to 80% were
chosen and then used to calculate Moran’s | spatial autocorrelation coefficients for the two individual species or
the species complex (A. chinensis/A. deliciosa) based on equal numbers of paired samples. Over half of the al-
leles were found to have a random distribution pattern within populations, while a large proportion of alleles
occurred as cline, depression, double depression or intrusion patterns (29.6-48.0% within populations of each
individual species, 51.0-44.7% for the two species complex, in Xixia of Henan and Shangnan of Shaanxi popu-
lations, respectively). This suggests that a moderate spatial structure of genetic variation occurred within the
natural populations of the two species. Moreover, a similar spatial distribution pattern of genetic variation was
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found within the two populations of each individual species and in the species complex at the two sampled loca-
tions. The results showed that allelic variation for individual plants within 100 m (and especially within 30 m)
distance had significant positive correlation, but changed into a negative correlation with increasing distance,
which may imply that the distances for pollen dispersal is about 100 m, and seed dispersal might be restricted to
within 30 m. The different spatial structures of genetic variation of Actinidia natural populations were influ-
enced by a combination of the biological characteristic of pollination, seed dispersal, and natural habitat. The
restricted seed and pollen dispersal, and intervention of human activities were the main factors influencing the
spatial pattern. The results should be of importance for further understanding of population genetic structure,
population spreading and phylogeography in Actinidia, and provide baseline data for the conservation and
management of these species, especially for sampling strategies for ex situ conservation.
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Fig. 1 Spatial distribution of sampled individuals from Actinidia chinensis and A. deliciosa populations. Xixia, Henan region (a);

Shangnan, Shaanxi region (b).
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Table | Nine pairs of primers and annealing temperature used in the microsatellite analysis of two closely related species in Acti-

nidia chinensis and A. deliciosa

(A S R TRk A DK
Locus Primer sequence (5'—3’) Repeat motif Annealing Number of alleles
e T Sk i
HX population SS population
i Sk LED
A. chinensis/A. A. chinensis/
deliciosa A. deliciosa
UDK96-001 5'GAATCGCGTAATGATTGATGG (AC)10(TC)16 55 17/20 20/25
5' GTTTCCCACTCTGCAAAAGC
UDK96-009 5'CACTCACATGCCTTTACACACA 55 16/8 12/11
5' AAGAGGCCACCAAAAACCTT
UDK96-013 5" ACGTGACTTGGTTTTTGAAGG (AO)15 55 12/11 2/2
5" CACTCCGATCAGCTCTCCTC
UDK96-019 5" ATACACTTGAAGCGCCGC (AG)11(AC)12 55 17/20 22/19
5' AAGCAGCCATGTCGATACG
UDK96-028 5' TCCCCACACAACAACTCCTC (AG)19 55 9/7 8/9
5" CAGATGACCTGCACGTGC
UDK96-039 5' GGTTTGATCGGTCTTCGAAA (AC)10 55 12/12 8/12
5" ATAAATGTGTGCCAGTGCGA
UDK97-404 5" CGGCATTTTCTTTTTAATGACC (TC)20 57 16/11 13/12
5' TTGCCTTGCTCTTGTTCATG
UDK97-408 5' GTGCTCCTCCGTCCATGTAT (AG)21 56 16/16 11/15
5" CGTCCTCTCTTCGCCATTTA
UDK97-420 5' GAGCGTAGAATGTGGCGG (AG)17 57 15/15 14/15

5" CATTTGAAATGAGTCAAGCTGC

ME B PEF R Moran’s | {H & 250 R E,
S HE DRI 3 AR AN R — 3, L &5 2
[A'UDK96-028-113. UDK96-039-153 2% Jll 4y 47 A5 A
i, BIEEE1-6 FE 2 %544(30-142 m)A i Moran’s |
2 0 B VR IEAE, Bl R 5 0038 N i 22 0 R BN
IR VSRR O E N PSS AT ENVIIPS
B AL, 454 T UDK96-009-167 4 3 4 XU )
7 47 15 X (double cline), HJJ7E 45 1-6 I B9 2% 2% 1)
Moran’s 1F F A 52 35 (1 11 AH DG 30 A8 4y 1 2 25 1)
TG, B 5 &0 ETEEI S 108E 2559 1) 2 2 1E
MTe. HiAth K2 B B3 MEMoran’s | (B0 254
[Al ) LLUDK97-408-111 8, UDK97-408-85 4 {4 3% &
By % 3B (depression) 2% XU 7] £ 3B £ 2 (double de-
pression), HP7ESE1PE B4 B 20F B4 2 (47 m)
W Moran’s ME A 025 IEAHOC, BE s ~F%, 4k
i BTN, R2ICATER A PR, JEE
& HIAE PR YRR BE KL%, AHX T UDK97-408-85 49 4%
N 3 ) LR LA F, UDK96-019-151
UDK97-420- 130 5 (o L K A AR, 7E559 PR
ST R I A X ) AR, (AR S 102E 5 5 R
T THE 3 8 ACT A B A A . AR e

A5y AT FE P I UDK97-408-101, H:Moran’s 1
PEAR 2B B RN 22 A S, B R fiag
B, LA PR B SRR B BT, RILAR
# 3 (intrusion).

[7] o SRR e AT L, SRR BRI Bk A
A S 23 (W) 5 R AR B8 A B A2 o 7 R SO S5 467 [
ST TR #1500 M Moran’s | H1(#2), 1144
(28.8%)IA F| 2. 3% (P<0.05) Bl b 1. 2 (P<0.00 1) 57K
F(Ey=—0.026), H i B2 1F ik 0 25 Bil 5 3 /K1
S HE IR AT 241 (48.0%),  BIVIT — 2~ At 25 47 3 A L
A5 R o (R AR ARk S R B 25 55 2
ARG AL, U BH AR [ 5 i e SR S B A
27104 m) B S 61 22 R (134 m). XFFH 2 E M
FHKMoran’s MEL[1) &S5 R, B T2 0]
2% ) 5 H) P S5 A7 R DR L A8 s P AR B Ak I A,
HARRILAHAZ . BUAHIAR . IR B iR 82
ook op 2K M (1 2b) o Mo A Ar BRI
UDK96-001-233. UDK96-028-117. UDK97-404-141
LR R AR R, S 3 TUDK97-404-135 4 XL
)T AR A, At K 22 5055 67 DR AR 2 S IR X
Ir) 8 IR AR S (Bl AR A1), ARG A A7 FE R 23 il Oy
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Table 2 Number of alleles showing significant correlation in each distance class for two sympatric Actinidia species (equal frequency correlograms)

FRAERRR IR BS54 Distance class of A. chinensis (m)

TR VEE Xixia, Henan

B2 PURi g Shangnan, Shaanxi

30 47 69 89 117 142 165 182 209 286 34 53 83 125 685 744 792 830 878 992
A A S R B 10 11 6 6 1 1 0 1 2 3 8 5 2 4 1 2 1 0 1 1
No. of alleles showing significant positive
correlation
38 2 A R B A7 i TR H 0 0 0 1 4 8 6 8 10 7 1 1 1 2 6 3 2 4 3 1
No. of alleles showing significant negative
correlation
LIRS R T S ] 263 289 158 184 132 237 158 237 316 263 333 222 111 222 259 185 111 148 148 74
Percentage of alleles showing significant
correlation (%)

FERBRIERRIE B 4% 2% Distance class of A. deliciosa (m)
TR VEE Xixia, Henan BV Shangnan, Shaanxi

27 52 70 83 104 134 156 174 201 231 30 46 66 83 97 119 138 181 766 927
NN B e TSR 21 16 12 6 8 0 0 2 1 8 17 3 4 4 5 2 4 2 1 7
No. of alleles showing significant positive
correlation
35 2 AR % R Aoy i TR B 0 0 0 7 4 9 11 17 15 17 0 3 2 3 2 9 4 7 10 7
No. of alleles showing significant negative
correlation
SLI A AR S A BE R T o E A 420 320 240 260 240 180 220 380 320 500 405 143 143 167 167 262 190 214 262 333
Percentage of alleles which showed sig-
nificant correlation (%)

RIS AL A AT BS 454 Distance class of A. chinensis/A. deliciosa complex (m)
T PEUE Xixia, Henan PRI R Shangnan, Shaanxi

30 52 72 89 117 143 164 183 207 286 34 58 82 111 145 705 767 817 871 1004
I EAH AT L R 23 9 11 12 7 1 1 4 4 4 13 4 5 5 9 0 2 2 1 1
No. of alleles showing significant positive
correlation
I AAH S IR A5 S R B 0 0 6 1 2 7 16 12 17 19 2 1 3 5 2 8 5 5 9 10
No. of alleles showing significant negative
correlation
ST A S At EE R BT o LA 469 184 347 265 184 163 347 327 429 469 395 132 211 263 289 211 184 184 211 289

Percentage of alleles showing significant
correlation (%)
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Fig. 2 Correlogram using mean value of Moran’l of all microsatellite alleles and typical alleles in 10 distance intervals (95% con-
fidence interval). A. chinensis population from Xixia, Henan (a); A. deliciosa population from Xixia, Henan (b); A. chinensis/A. deli-

ciosa complex population from Xixia, Henan (c).
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TR IR IB AL AR S (0 A% () 5 R . FEARIX I &
B H T 43 B 10 49 A 45 A7 55 DR P 45 21 11 490 4
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MBI i R S8 R A B T ) 3 P R A g rh
HATH 5 IE AR X Moran’s M, s PH 242K H
A 5 R 35 (K iMoran’s Ui, {HE& IEHTIN £
B 52 I Moran’s MEIYZEOA BT 3 8)), INAE
SE3RIEE 108E 25 55 900A B0 2 AH G, AR R4
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75 Bk G 75 e X IR R SSR AT BT, R ARG F
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2 3 AR S Moran’s I 1 AR Ab i FA 6] ] B 7Y
e DX IAH — 25, W S AR R4 A SR 4 A
(125 m), HEB4RR B 55205 55 500 B 25 40(685 m)IH]
(1) B B i R (3R2), Tt BH A DX 3 rh Aol s At
AR S (1) 2% [R) G W AR 59, (AR B 3L A0 A AN i
4. TP dMoran’s MEAR 2] 00 HH 55 1 IR AR
(Kl3a). 7EH B3 Moran’s | {H 19557 5 K A1,
UDKO97-420-1307E 25 1 480 24540 B 25 IEAH %, 7F
$2. SEEBS S W A OS, VA RIESASE R
IRy 35 He 7 A 5 5K (patch), UDK97-404-141 531 XY
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XTSRRI, G F T 4245 LA
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- (Eqy=0.026), H i 1k & 25 7K P 18 55 4 5 K]
A 174 (40.5%), 3 W12 DX 35 b 5 R A B o 1 3t
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F, FIHEEHB m)A A 22 HEMoran’s IE N
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MK SR 2 IFE B 3 Moran’s [E W />, 1 83
Moran’s ME N, 3 ZARH, 5T IE S 7E 5 SHE 2
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AEE—E X o 75294 B 5 2% Moran’s | {H 11
E VAR PSS ENE G ST Ol S0 (VA 7S I ()
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B

P AR DX 3 A/ SE R B Bk ) Bl A B SR R R
F T2 Hr 0384 45 A6, KL DX i 45 31 (13801 Moran’s |
i (2), 924N (24.2%)i% 2] i 2 (P<0.05) nl i
# (P<0.01)#H K /K P (Eqy=—0.013) (K A 41)), Horh
Bk W E KPS R 191N (44.7%) PR 2
22 b W PEMoran’s ME IR 50 H A2 4k 5 S8 B
BEJEBER A, T Moran’s MR Fth 2B
9 IR R WE A B EEMoran’s | H ST
FE A 22 $tn [RIUDK 96-028-137( & 3¢)—#f 5 3L XL 1)
TR (B R 51)), INUDK96-039-143 51 A
AR A — AN EE B A g b A B M A4
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Fig. 3 Correlogram using mean value of Moran’s | of all microsatellite alleles and typical alleles in 10 distance intervals (95% con-
fidence interval). A.chinensis population from Shangnan, Shaanxi (a); A. deliciosa population from Shangnan, Shaanxi (b); A chinen-

sis/A. deliciosa complex population from Shangnan, Shaanxi (c).

EE A DY ol B0 o B L5 245 0 A v 5 S A6
DR AR A, AR P IR /g 1Y e 5215 i A 4
H, BVR G T K2 B AL R AR AR Y
Pt B 23 T 3 A AR A, (BB AT A HA o
k7R e e Rl TS (AR VAR PSR
UDK96-009-165. UDK96-019-149. UDK97-404-149
SEAE G o A e AR D MUK 11 40 i sl AR 3
P HHE AR A)

3 itig

Wright’s F-Z81#5( Fsr) (Wright, 1978) . i#if%
IAEREGst (Nei, 1987) S5S 54— I L] LLg
AL e B TR A% 25 A 45 ., AR TR T R
g ) RSt O Nl 1 s el = o< 0 1 o I S S K
S AN (Dewey & Heywood, 1988; i FH 4%,
1999). i 7% [a) B A AR b — R 20t TR, 78
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JE AR AT T S AT A ORI IR N H (Sokal &
Oden, 1978a; Epperson & Chung, 2001; Chung et al.,
2004),  #E1A) HAH O 7 A G RESE £4 BE VR4 1) % W] 40
AR R, I HA I B 44 FOBE R/ R FRE R
(Dewey & Heywood, 1988).

Pl e e A S 1 4% () 23 A i SR AT AT S5 P Al )
BH ARG Mo SR A R v DL
BEE 55 5 % V) Bk & (Ellstrand & Elam, 1993;
Loiselle et al., 1995; Chung et al., 2000; Marquardt &
Epperson, 2004). H, HHY)E G HLHIFALH . PP
(R SR e 5 A R ) S AR P ) A5 67 s PR A
B R R AT 46 22 (R) 0 AT, ek ARh 545 ST AA
A PR 5 Bui AL A2 e B PEPCR A, Al i A 5
AR S B A 1A G54 I AR REAL 20 A, AT 3 35
AN A4 TB) ) 2 TR) B A G 1 B PR B %) B Ty B I
(Epperson, 1990b; Kelly, 2004). fiff 572052 e vt 44
AR S ) 245 ) G Rt T AR 7R OB AR 7
FRAECE UG T T LERUE, LA e 1 2% 1)
SR TR FORHERT W oA . 1T . AR By
el 28 S5 00t Ak R 7 1 4 (Hamrick & Allard, 1972;
Allard et al., 1977; Sokal & Oden, 1978b; Epperson,
1990b, 1993; Reusch et al., 1999; {r] H4E%E, 1999).,
AHIF 38 3 T e AR R B A S AR Bk 1 )
(O JE BE IR 2 ) L AH O 2 A e W, VA v 4R
TRk A P 2 B R IR SRR 1 N 5
DA b A5 457 i DT TR 358 A1 A8 S 18 2% 18] 53 A1 4% Jmy 52 B L
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ANTF (99 27 () 54, 430 29417 29.6-48.0% 1) 55 i K
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R R0 V) B A 0 2 R M T R S O 2 A e I
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ANFHERR 8 B AR B e BN A i B T E R
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DAL 1) LAt B S8 o 1 P SRR B TR, 15 B SRR
TRk 11 T2 A A S 2 E) 5 A4 LG PR AR B I 03X
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FEPE KA m (SE LSS, 2004; Ng et al., 2004;
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11.2, RERHAR), 5ma st 48 5 1) s 251 .
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RS ) G AL 9 T PRI & B S e, B Al i
R A8 AL B LA ) LR B AR B v o 53 b, BRI 23 A6 fir ik
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IE R .

bR TR R Ry S AR AR
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Moran’s WE 25 M TR R g - 10 LG I 25 5%
GRIRIHG N, AT R VG 0 X s R S 2 AR DG IR A
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T DX 3t P 2 45 0 Bk 2 M AORH O A A B DR Bk B
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B A I K B AR BRI A A, Nk I )
o AHCHTESNIRER, T Bk HEUE 18 N TAK,
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