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3. FELLRR2EBEER M A BFIRT, MR FRH 450009)

HE . R ISSR #ric ¥ Fh SRRk (Actinidia chinensis Planch.) SEBRBRMERE (A, chinensis var. deliciosa (A. Chev.)
A. Chev.) JKARMEBE [ A. arguta (Sieb. et Zucc.) Planch. ex Miq. ) MBIk (A. eriantha Benth.) i 32 FEAHE
11T AL RS, DL ISSR FRiC LRI T DNA $840 R3E , 45 R0 . i e Y 10 D221k H A4 s M
BI5 Y14 Y 200 AN S5 (a5, Horb 2207 15195 A4S, A PEAL 85 433 (PPL) 35 97. 50% ; 4 51 W10 £ 45
TG B S & (PIC) LA B AR A 1) S0 45 A0 JE R B (Na ) B BT LRI (Ve ) (Nei” s JE R Z R 3R 50 (H) Al
Shannon’ s Z2REVEFEEL (1) 1Y IME 4339 0. 908 0.1. 980 0.1. 356 9.0. 225 5 1 0. 361 3,4 MERIGEN A ] 193814 43
WLRE(G,) N 0.414 6 FEFFL (N, )4 0.705 9, H 32 MREARIA] ) Na Ne H 1 I {52554 .3 (P<0.001) , fiik
32 AR )it AR AL R B (GS) 2 0. 565 0~0. 965 0, FHI{E A 0. 716 4; 3T GS {HilTT UPGMA 250471, 7 GS
{E4 0. 76 40K 32 DMREAST Jy 4 41, FEARKE RN 4 DBRBERERP S, T 55 T 410 K ZB0REA R T 35 AR Bk
Al 5 T 41 A REAR S5 8 T AR Rk Al 26 T4 SRR 8 T B AL SRR A Al 28 IV 4L YRR AR 3 I8 T4 R iRk Bk
EFP T A T SR 4 ARG A ) A5 S AR S Y 40. 84% BRI AE R 7 B SR IY 59. 16% , BIFSTAS
SR A AR Bk i ol B3 A5 AL R B s, 25 PRI A8 A1 2R A1, L % 28 SR AT 60% A7 AE T, U i 3k
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Abstract: Genetic diversity of 32 samples of Actinidia chinensis Planch., A. chinensis var. deliciosa (A.
Chev.) A. Chev., A. arguta (Sieb. et Zucc.) Planch. ex Miq. and A. eriantha Benth. were analyzed by
using ISSR marker, and DNA fingerprinting was constructed based on ISSR marker. The results show that
200 bands (loci) are amplified by 10 primers screened with high polymorphic and clear band, in which,
there are 195 polymorphic loci with percentage of polymorphic loci ( PPL) of 97.50%. The overall
averages of polymorphism information content ( PIC) of each primer, observed number of alleles (Na) ,
effective number of alleles (Ne) , Nei’s gene diversity index (H) and Shannon’s diversity index (1) of
samples tested are 0.908 0, 1.980 0, 1.356 9, 0.225 5 and 0.361 3, respectively. The genetic
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differentiation coefficient (G, ) and gene flow (N, ) of four species in Actinidia Lindl. are 0. 414 6 and
0.705 9, respectively. The differences in Na, Ne, H and I values among 32 samples are extremely
significant (P<0.001). The genetic similarity coefficient ( GS) among 32 samples tested is 0. 565 0—
0.965 0 with average of 0. 716 4. UPGMA cluster analysis is carried out according to GS value, and 32
samples are divided into four groups at GS value of 0.76, which correspond to the four species in
Actinidia tested. Among them, most of samples in group [ belong to cultivars of A. chinensis var.
deliciosa, samples in group Il belong to cultivars of A. chinensis, sample in group Il belongs to cultivar
of A. eriantha, and samples in group IV belong to cultivars of A. arguta. The results of molecular variance
analysis show that interspecies variation of four species in Actinidia accounts for 40. 84% of the total
variation, while intraspecies variation accounts for 59.16% of the total variation. It is suggested that
cultivars of Actinidia spp. tested have high degree of genetic differentiation and low gene exchange
frequency, and nearly 60% of the total genetic variation is existed in species, indicating that there is
abundant genetic diversity in cultivars of Actinidia spp. tested. In addition, 15 polymorphic loci amplified
by primers UBC818, UBC824, UBC854 and UBC895 are screened based on amplification result of ten
ISSR primers, and DNA fingerprinting is constructed, which can be used to identify 32 samples of

526 &

Actinidia spp. tested.

Key words: Actinidia spp.; ISSR marker; genetic diversity; cluster analysis; DNA fingerprinting

BRWERE R (Actinidia Lindl.) F¥) 2 22 45 42 AR
e e Sk s BS54 Fh 21 AR 45 RS 43 Sy o R R
AR WO AR R B 2 E A R
(SR SR RN 44 7K R T v 8 bR T AR T 3 75 SR A
Hfﬁj’fj(,ﬁqj , qjﬂéﬁkijﬁeﬂE(A chinensis Planch.) VRIES
WRBRAE L (A, chinensis var. deliciosa ( A. Chev.) A.
Chev.] FiEEN 2 , R ARRAE A [A. arguta ( Sieb.
et Zucc.) Planch. ex Miq. ) 763543 H X AL B 4R 7l
A, AR AR & R R, AITE 2R 46 A
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VLS S B e b e i 9 58 A £ 4 ) P RGBT it b i 7 55
PR AR
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FERTHRAGA PR ] (B AL bR AR 22 113°42'367 L
£ 34°42'36") , 3k 4 b 32 NFEAR (ALHE 27 A E PG
WERRAN 5 A A HERR ) | 20 531 by S IR A Ak o Ao
BRA (“Xuxiang’ ) | AL (¢ Jinkui”?) | ¢ AL M
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TERE AR 20T A1 AL (¢ Ruby star’) | Z0 5 A1 & M
FR B (“Ruanhong’ ) 41017 (“ Hongbei’ ) | ¢ 41
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Thermo Fisher Scientific 23 &) ) . PTC-200 %! PCR 4
(Z£[H Bio—Rad 2~ F]) . NanoDrop 1000 £4k 53556 R
11 ( 32 [E Thermo Fisher Scientific 23 ) ) fil G:BOX-HR
BN R G (K H Syngene A H] ), EE ] 2x
Taq MasterMix ( ¥ Tag DNA R & Wi 2 x Tag PCR
buffer .3 mmol - L™' MgCl, il 400 wmol - L™' dNTP
Mix) F1DL2000 DNA Marker 14 [ Jb 50 HE b {40 4=
PRHEAT RS 7] 5 ISSR 5142 BRI & K BHE LE E K
F(UBC) A AT BY A, i MER MR (dbat) A
PR E &

1.2 Ak

1.2.1 ABZLDNA 425 B DEARRC3 #ghit i’
A RHBUR CTAB i SR BUEE K21 DNA - B i
PRFRAEL 0. 8% B EAHHEE I HL VK A1 NanoDrop 1000 %%
AN EE TR DU L BT B AR B . TE 22 vl il
DNA #i 8% 20 ng - pl™', T-20 CARAFE 5 H,
1.2.2 ISSR-PCR ¥ 3 #LH] 40 4~ ISSR 5| ¥t
PN SN 2 SRR 10,0 L, f15% 0.4 uL
DNA 1.0 pL 5% .5.0 pL 2xTag MasterMix £l 3.6
L RNase — Free water, 434 F2 ¥ H.94 °C 1A% 1
5 min;94 CAEME 1 min 3B K 1 min GE KR EAKS 1)
M) 72 CHEAR 1.5 min, fEH 40 Y5 T 72 C
FEAH 10 min, §HEH)T 4 COAE IF IR ARR >
B 1. 5% TR HERER LK I

1.3 BBZIT RS

% L3 40 A ISSR 5195 B A AT L, A

Hi e 10 A 2250 R HLACHR S Wi 514, IE 3T 4%
IR Skl AT GE i A, A A IE 1
FAIC R 07 IR R A 1 07 I, R
POPGENE 1. 32 #3047 32 MR R EEAS i 382 15 &2
FEPES BT, 1158 2 2P 05 A 43 (PPL) XL
NI (Na) A RCEN HE I EL(Ne ) (Nei” s
ZREMEFE R (H) Shannon’ s ZREMEFEEC(T) FEFR
(N,) Fii A& 250 (G,) VU B s (B AL 22 50 (GS)
AL IE B (GD) , HH ] SPSS 17. 0 #4145t Na  Ne
H M TEIFTIESE Kruskal Wallis Test i 37 FEAS#6
55, R H GenALEx 6.5 #KAF #1750 F 7 2 00 b7
(AMOVA) , ZHEFE Y Mkt BE&510mM£
SHFEBSE(PIC) , R NTSYS—pe 2.0 B {444 4
UPGMA R ; [, 2 IR AR AE 1 ) el 32
ANERIERRFEA ) DNA 88 1E3% IR A G. BOX-HR
B AR 2258 T Y Genetool B T8B & &4 19 F B
K,

2 S RMHMN

2.1 ISSR ¥ EZERKESESIFEIW

K10 A28 H A4S i 5 1 st 32 4
B FEAR AT ISSR 4307, U G 45 R WK 1, MR 1
AL H 10 5 A6y 18 H 200 44505 (fis) |, H
o ZAMENLSE 195 4, 28 S H % (PPL)
7 97.50% , KUK LLS [ W EA BN ZEE, 101

£1 EHT 104 ISSR 3| #1373 27 M EREHE R T 32 MEAMBEE S EES T

Table 1 Analysis on genetic diversity of 32 samples of 27 cultivars of Actinidia spp. based on ten ISSR primers'’

ElLZE 27 SIMFSI(5—3")

Primer code Primer sequence (5'—3") e N Np  PPL/% pic Na Ne " !
UBC815 CTCTCTCTCTCTCTCTG 524 21 21 100.00 0.9140 2.0000 1.3592 0.2304 0.3740
UBC818 CACACACACACACACAG 52.4 21 21 100.00 0.9145 2.0000 1.3912 0.2344 0.368 7
UBC820 GTGTGTGTGTGTGTGTC 52.4 14 13 92.86 0.8867 2.0000 1.4316 0.2605 0.405 7
UBC824 TCTCTCTCTCTCTCTCG 52.4 20 20 100.00 0.9193 2.0000 1.3691 0.2396 0.384 1
UBC835(1) AGAGAGAGAGAGAGAGCC 53.8 20 19 95.00 0.9197 1.9500 1.3896 0.2486 0.3930
UBC835(2) AGAGAGAGAGAGAGAGTC 56. 1 27 27 100.00 0.9269 2.0000 1.3504 0.2164 0.3469
UBC840 GAGAGAGAGAGAGAGATT 51.6 15 14 93.33 0.8970 1.9333 1.4902 0.2891 0.440 1
UBC841 GAGAGAGAGAGAGAGACC 53.8 22 21 95.45 0.9201 1.9545 1.3845 0.2394 0.377 8
UBC854 TCTCTCTCTCTCTCTCAG 53.8 20 20 100.00 0.9125 2.0000 1.3053 0.2051 0.3364
UBC895 AGAGTTGGTAGCTCTTGATC 56. 4 20 19 95.00 0.8692 1.9500 1.1516 0.1187 0.221 8
ST Total 200 195

BH4{H Overall average 20.0 19.5 97.50 0.9080 1.9800 1.3569 0.2255 0.361 3

Dy iR KIESE Annealing temperature; N; {37 55 88 Total number of loci; Np: 22725 %0 Number of polymorphic loci; PPL; Z2Z5M:A i H 43 %
Percentage of polymorphic loci; PIC. M EREE Polymorphism information content; Na : SR 4857 HL PRI E Observed number of alleles; Ne: VL e
v 7% Effective number of alleles; H: Nei’s FEHN ZRENEFEE Nei’ s gene diversity index; /; Shannon’s ZAREMFEEL Shannon’ s diversity index.
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S, 514 UBC835 (2) 971G 1 A s B Ui 22 (27
), 514 UBC820 ¥ 14 A sl BB e b (14 1), F
BRSSP 1 B 7 258 ECh 20 4, 514 UBC854
P4 ST UL 1, x5 Py 20 & BT
LAY DNA B BEK N 220~2 163 bp, HI N EZE
PESHF, PPL {4 100.00%; 25 L8 51 ¥ 6 A
UBC815 ,UBC818 . UBC824 Fl1 UBC835(2) , Hy 1 iy
P A Z AT A

3R 1IRFTLUE T 10 D514 ISSR 471
SERAHTT 32 NEREAREAR I AL RS, ]
H ZAME B AR (PIC) PIH M 0.869 2~0.926 9,
SEIE N 0.908 05 WL 45 37 55 4 (Na ) ¥I{E R
1.933 3~2.000 0, & 3{E R 1. 980 0; A &% 57 3 H
BU(Ne) YIE K 1. 151 6~1.490 2, M4 M 1. 356 9;
Nei’ s JER SRR (H) 916 0. 118 7~0.289 1,

MIMEH 0. 225 5;Shannon’ s ZREPESE R (1) 1 K
0.221 8~0.440 1,2 ¥{H R 0.361 3, 4 DB
[ L L REL(G,) R 0. 414 6, R BB fE AR 57
) 41. 46% f77E THp[A] | 58. S4%AF1E TR, JE R
(N,)}0.705 9, KB 4 DERERE R0 8 4% 7rfL R
FER R, A AR EAIR

T T RER ] (3K 2) 4 DBk Fh
6] 75 S BS540, 84% , Rl AR S o EAR S Y
59. 16% ,5 G AH B 53 A 45 B 0y, Ui W] 4 Bk
PR 5 st 2R X Na Ne (H F1 1
{EL AR 025 S R « IR 32 BB DA A ] 1) 5t
R FEE AR FEEN 3 22 55 (X° =35.753, P<
0.001) , FHAFETIX 10 4~ ISSR 5| ¥4 1 25 T4
1) 45 T 15t A 22 A 2 503 g D10 ST e IR A Ak o o )
1AL ZFEHEIKF-

M1 23 4 56 78 91011121314 1516 17 18 19 20 21222324 M 25 26 27 28 29 30 31 32

2000 bp

1 000 bp
750 bp

500 bp
250 bp
100 bp

M: DNA marker; 1-3,5-11; SERFRBERE SR Cultivars of Actinidia chinensis var. deliciosa (A. Chev.) A. Chev.; 4,12-21; PAERREERE I Cultivars
of A. chinensis Planch.; 22-30. IRABRERE R Cultivars of A. arguta ( Sieb. et Zucc.) Planch. ex Miq.; 31,32; E TR S AP Cultivars of A.
eriantha Benth. 1; ‘TR’ ‘Xuxiang’ ; 2: ‘&8 Jinkui’ 5 3 48 (HERE) ¢ Jinkui’ (male plant) ; 4; ‘FE’ Cuiyu’ ; 5: ‘HEHR < Wancui’ ; 6.

¢4 ¢ Jinshuo’ 5 7. ¢ iR 2 5 ¢ Zhongmi 2’ ; 8. CVREHE ‘ Haiyan’ ;

: = ilian; ; . CWEIRAE’ ¢ Hayward” s eI
KK 15 Miliang 175 10, WK ME ¢ Hayward” 5 11; “ fi

‘Bruno’ ; 12: ‘ZLBH’ ‘ Hongyang’ ; 13. ‘ #[H’ ‘ Huangyang’ ; 14. ‘ #&FH’ (HERR) ¢ Huangyang’ (male plant) ; 15. ‘BRZL’ ¢ Wanhong’ ; 16 ‘41’

“Chuhong’ ; 17: ‘4 ‘Hortl6A’ ; 18  &:#’ “ Jinyan’ ; 19

. B ¢ Qiongjiang’ 5 20: ‘TRE 15  Yuhuang 175 21 I35 4L ¢ Xiangjihong” ;

22. ‘4IFEAR ‘Ruby star’ ; 23; ‘AT AR (MERR) ¢ Ruby star’ (male plant) ; 24 “%KZL° ¢ Ruanhong’ ; 25: ‘ZLD1° ‘ Hongbei’ ; 26 ‘ £1.D1° (JfE

#£) ¢ Hongbei’ (male plant) ; 27 ‘#8411 5’ ‘ Huahong 1’ ; 28 ‘48412 %5’ ¢ Huahong 2

AR (HERR) ¢ Huate’ (male plant) ; 32, * 1E4%: ¢ Huate’ .

7529 ‘s “Kuili” 5 30: ‘AEE 15 Huanyou 17 31

Bl 1 5|4 UBC854 X 27 MER¥EHk M T 32 N EEAEY ISSR ¥ 15 E i
Fig. 1 ISSR amplification pattern of 32 samples of 27 cultivars of Actinidia spp. by primer UBC854

F2 ETISSRIREH 4 PMERIRBEMEM S FHESTER

Table 2 Result on molecular variance analysis on four species in Actinidia Lindl. based on ISSR marker

AR SR YR i H 7 A ¥y Ji 2% Ji 2 1t/ %
Source of variation Degree of freedom Sum of square Mean square Variance Percentage of variance
FE] Interspecies 3 349. 669 116. 556 13. 056 40. 84

FH N Intraspecies 28 529. 487 18.910 18.910 59.16

2.2 UPGMA BEH

X 32 BRI AR AR 1] 1) 32 14 AR DL R B ( GS ) ik
FIFE 4 R3] .32 NEEARTE] B9 GS E 9 0. 565 0~
0.965 0, FH{fiJy 0.716 4,71y 0. 400 0, BEWI it

Y 32 MR [R5 22 SR, b, il < G2t
S HMERRE GS H A K (0.965 0) , 3545 R il ; 1
A OKRE 1S 515 i 5 MR
15 1S 5 AR JERRIAIEY GS (H3 /)N,
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LR 0.565 0, R4 K RIKIL,
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UPGMA B2 Hr, 255 WK 2, R 2 v LA W . 7F
GS{HA 0.76 Ab, AT 32 DERIEAEAEA 732 4 41,
5 T AALHE 12 AR AR Rl e | IR
KRR LS R 2 5 AREE e ek
MEdk B | CUMEIRAE CAE W R E M 4
fiit” 5 55 1A EL4E 10 DFEAS, 4351 A R ¢ 20FH ¢ 1
gI0 B PR WG BBH MERE R
ST R LS RO AL 5 AL AR AR
FHERR 1 ANREAS S IV AL EE 9 NEEAS, 430 A R
CUIFAR AR MR R a4
DU MRk ARgr 2 50 s ARLr 15 R AEAR

145 Horp 58 T A MREAR R < ke T SR S
J& T BRI 3 20 1AL A REAS 2 I8 T AR e
Bl 28 AL R AR T B AR BRERE & A 28 1V 4L
(REA IS J& T ROk S IR SRR I AT &
1R85y 2645

XL 32 BRI AL A i FFp 2SR T 5 2,
A 4 A BRAEBRFR R 9 GS (A AR L IEE (GD)
S LFR 3, MR 3 ATLAE I 4 DEREBERRNE Y GS
{H°40.780 7~0.926 7, H 1, HAERREBE 5 SERTRABE
B GS fHR 0.926 7, 546 R IRl , 5 2 M BRE
S AR (1) — A5 b 1) S 2 Mo (37— 5 BAETR
B rh AR BRI | S8 R BRI RN BRI ) GS 1E 53
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BEHMLAEL  Genetic similarity coefficient

1-3,5-11; EWRFRBERES AN Cultivars of Actinidia chinensis var. deliciosa ( A. Chev.) A. Chev.; 4,12-21; FAEFBEAE AP Cultivars of A. chinensis
Planch.; 22-30. BRAFEERE S AP Cultivars of A. arguta ( Sieb. et Zucc.) Planch. ex Miq.; 31,32, BTN B Cultivars of A. eriantha Benth.

1: “PRAF “ Xuxiang’ 5 2: &8 ¢ Jinkui” ;

12. “ZLFH’ ‘ Hongyang’ ; 13. ‘ # [H’ ‘ Huangyang’; 14.
“Chuhong’ ; 17 ‘F4 ‘Hortl6A’ ; 18 ‘ 4x#i’ “ Jinyan’ ; 19

3. ‘A (HERR) € Jinkui’ (male plant) ; 4; ‘ZFRE’ ¢ Cuiyu’;
¢ Jinshuo’ 5 7. k2 B ‘Zhongmi 2’ ; 8. VRHE ‘ Haiyan’ ; 9: CRE 1

5. ‘BEFE’ ¢ Wancui’; 6; ¢4’
5 ‘ Miliang 1’ ; 10; ¢ YR ‘ Hayward’ ; 11 e ‘Bruno’ ;

CHPH (MERE) ¢ Huangyang’ (male plant); 15: ‘BRZL° ¢ Wanhong’ ; 16. ‘41’
;B ¢ Qiongjiang” 5 20 ‘TBE 15 ¢ Yuhuang 17

21; ‘T4 ¢ Xiangjihong” ;

22 ‘UIFAR ‘Ruby star’ ; 23: ‘ZLE AR (HERR) ¢ Ruby star’ (male plant) ; 24; “%RZL° ‘ Ruanhong’ ; 25: ‘ZLD1’ ‘Hongbei’ ; 26 ‘101" ( Mk

#£) < Hongbei’ (male plant) ; 27 ‘4841 15  Huahong 1’ ; 28 ‘#E41 2 5 ¢ Huahong 2’ ;

31, ‘AEHE (MERR) ¢ Huate’ (male plant) ; 32. ‘4RSS ¢ Huate” .

&2

29, ‘gt “Kuili’ ; 30; ‘AEME 1 5 ¢ Huanyou 17

HTF ISSR FRiCH £ R 27 M ERAZHESA T 32 PN HEEAR UPGMA BEE

Fig. 2 UPGMA dendrogram of 32 samples of 27 cultivars of Actinidia spp. based on analysis result of ISSR marker
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Table 3  Genetic similarity coefficient and genetic distance among
four species in Actinidia Lindl. based on analysis result of
ISSR marker?)

5Tl ) ) AL R D) R KR AR B

Fh? Genetic similarity coefficient and genetic
Species?) distance among different species

ACD AC AA AE
ACD — 0.926 7 0.821 4 0.895 1
AC 0.076 1 — 0.8109 0.895 4
AA 0.196 8 0.209 6 — 0.780 7
AE 0.110 8 0.1105 0.247 5 —

D AL AR LB BORE AL HE B 2 B TREZE I F 7 Genetic similarity
coefficient and genetic distance are located above and under the line,
respectively.

2) ACD . EWRBRMERE Actinidia chinensis var. deliciosa (A. Chev.) A.
Chev.; AC: "FIERRIERE A. chinensis Planch.; AA. BB A
arguta ( Sieb. et Zucc.) Planch. ex Miq.; AE. B £k Bk A

eriantha Benth.

EAEHRAER G AR A Ak RN 55 R BRI 1Y) S5 2% 06 R
B, 5 ERREEE A5,
2.3 DNA 54 EigHE

XIHTIAR 10 4~ ISSR 5191 4™ 18 45 S 647 73 Br fl
fifi &, & B 5] 4 UBC818, UBCS24, UBC854 i
UBC895 M B4 A s A AR R 15 28
PEOL A I T 32 DMRBEBRFE A 1Y) DNA 458018135,
ZEIR LA 3,

dy & 3 0] L. 7E5 1) UBC818 §M iy 5 DL Atk
DL, 20D 2r DL BERR A ¢ SRR BERR 3 MAEAR
FID7 s A RSP 7514 UBCS24 P31 2 275
PEOT 5 AN AR HERR A7 05 B R S 7ES |
UBC854 31 5 NN S, k2 5
R g M AR R 4 DREARBALE

Locus 1 2 3 45 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32

UBC818-953
UBC818-855
UBC818-759
UBC818-703
UBC818-488
UBC824-741
UBC824-304
UBC854-1681
UBC854-739
UBC854-709
UBC854-507
UBC854-391
UBC895-881
UBC895-822
UBC895-462

1-3,5-11; FERBBERE AP Cultivars of Actinidia chinensis var. deliciosa (A. Chev.) A. Chev.; 4,12-21; B SRR R Cultivars of A. chinensis
Planch. ; 22-30; HCERRBER M FH Cultivars of A. arguta (Sieb. et Zucc.) Planch. ex Miq.; 31,32: BAEFMENE M Cultivars of A. eriantha Benth. 1

URA  Xuxiang” 5 2: ‘AR ¢ Jinkui’ ; 3

L (/Lﬁﬁi)‘.]inkui’(male plant) ; 4. i ‘Cuiyu’ ; 5. CHEAL ¢ Wancui” 3 6 € 4l ¢ Jinshuo” ;
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Fig. 3 DNA fingerprinting of 32 samples of 27 cultivars of Actinidia spp. based on amplification result by
four ISSR primers (UBC818, UBC824, UBC854 and UBC895)
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