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Genetic Diversity of Red-fleshed Kiwifruit Germplasm Based on Fruit
Traits and AFLP Markers
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Abstract: The germplasm resources of red-fleshed kiwifruit in China were investigated, and the
genetic diversity and genetic relationship of red-fleshed kiwifruit germplasm were evaluated by fruit traits
and AFLP markers. Fifty-two wild accessions and two cultivars of red-fleshed kiwifruit germplasm
belonged to three Actinidia taxa (A. arguta, A. chinensis and A. deliciosa) were collected, which were
mainly distributed in Hunan, Hubei, Henan, Jiangxi, Sichuan and Shaanxi provinces. The collected
accessions have rich genetic variation in both fruit traits and AFLP markers. AFLP analysis using four
primer combinations gave a total of 259 polymorphic bands. The percentage of polymorphic bands was
90.56%, Nei’s genetic diversity was 0.318, and Shannon’s index was 0.477. Genetic similarity based on
AFLP markers ranged from 0.568 to 0.883, with an average of 0.714. UPGMA cluster and principal
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coordinate analysis separated 54 accessions into four major groups. Accessions of red-fleshed kiwifruit in
A. arguta grouped together, accessions in A. chinensis and A. deliciosa had closely genetic relationship and
would be clustered preferentially related to their geographical origin. A significant though moderate
correlation was observed between AFLP and phenotypic data. Both AFLP markers and phenotypic traits
could be used to characterize red-fleshed kiwifruit germplasm, and would be valuable for germplasm
management and utilization.

Key words: red-fleshed kiwifruit; germplasm resource; fruit trait; AFLP; genetic diversity

BRAEpk (Actinidia) H 20 tH 204t B4 PR Le it N T IE BRI AL AT AR 1 75 b AL A= 7 DA
K, YEAAT 100 ZAERINI S (BEZE3C, 2009) 0 BRAGERk AR KT i o 2 ik A AR 5 95 b e P el Ay
LHFMR, SEAMLEEAL IR AR ZES, ARG 2L I IR R /NS 7> (Huang &
Ferguson, 2007). " [E 2B EEKEADIGRIR. Sk oAby, BEARVEEAER 5, b E
B SRR & A ML AT R R iR T AR B A (B3R %5 5C 4%, 20005 Huang et al., 2004;
Huang & Ferguson, 2007). LA HRAERE A MR B Er] 73 A4k A B IRFIZEIA 3 Bl BT 48C
I, LU R BRI T R AT R R SRR R S BT SRR R B R S S
Pk (EWE, 2003; Chengetal., 2007).

LT A Rk 32 A T IOk (A, arguta). HAEBRIERE (A, chinensis). SEBEER
Wk (A. deliciosa) M EAFERE (A. eriantha) 25 (Montefiori et al., 2009); ZI ABRIEMEAE b —Ff
FERIE AR TR, AR R D, Har A XA GR35, 1983; Cuietal., 2002), &4
BBt RMIERI & Aok, BERT CAIE I BB A I TR BRI ER AT A R, At nT DU e R S
R AZ B T il e A 20 A0 80 AEARTTAR, i B M BRAEA B R 1A 2 AT 2B (1) 21 B B Aol 5
PRIENT, WTLLRBRERR T T RESEMEH L. JPRFFIA, HET O & B —#EA A= G mEm)
AP EC R, W ‘ZIFH” (Wangetal., 2002). ‘40387 (EME %%, 2005). ‘441" (Zhongetal.,
2007) %,

I F AR E AN T B R A ) W R oA Z AR 48 (Zhen et al., 2004). RFE KRR
S (Huang et al., 2002; Chatetal., 2004), FEARBHERIZLAZHTE (XA 25, 2006; 5K 2,
2007; Liu et al., 20100 557710 CA A FTHRIE, (HN L0 R BRI — 4 el 0 e U 11 45 0 v
My sl 2 FEE 2 A A AR D K

ABIFFEAEFT AR e (R E0AG £ PR Rk b B 2 AT R AT S b 8 8 R0 B U B R Bl b, SR AR sk
AR HTFI AFLP ARic BEARARL: G (1732, L0 BRI R 00 w8 R 304 738 4% 22 FE Ak 3 BT FH B8R VEARY
h £1 PR A AR DI ot 5 DR 20 3 R F R i R ot B 4R A AR

QY ZE SRS DARE

1.1 R

T-2010 4F 8—10 H A 2011 4F 9—10 HERMEMR RSBl 2ot toRise i, Xmrrg . Wik, Wl
B~ VPG BRVG. PUNIEEE I 13 A B B pk i 28 e R A T i A . ARSI 52 00 BF A 21 Bk
AR ESORI B AN LT B AR R SRl CCZrBH A AELr), dLsa edkE (R 1)

T AEEREE ST B 2~3 f, fEISTERAE S H . R RIS 10 ~ 20 S A S db AT 5
SRR AT
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F 1 AABBHMRIERE. REMKS

Table1 Plant materials, geographical origin and code for red-fleshed Kiwifruit accessions

2 Taxon K Origin 45 Accession P2 Taxon K5 Origin R+ Accession
FRAEBERE W IN Longhui, Hunan  Achn01 LB WIFG A 1] Shimen, Hunan  AdhnOl
A. chinensis Achn02 A. deliciosa Adhn02
Achn03 Adhn03
Achn04 Adhn04
WP Mayang, Hunan  Achn05 Adhn05
Achn06 Adhn06
Achn07 Adhn07
Achn08 Adhn08
W UH Xupu, Hunan Achn09 Adhn09
Chuhong Adhn10
T VG Xixia, Henan Achx01 Adhnl1
Achx02 Adhn12
Achx03 Adhn13
Achx04 Adhn14
Achx06 Adhnl5
Achx07 WALZRLG Jianshi, Hubei  AdhbOl
Achx08 Adhb02
Achx09 WIJLFI)1 Lichuan, Hubei ~ Adhb03
Hongyang Adhb04
YLVE7K1& Yongxiu, Jiangxi — Acjx01 Adhb05
VLT Wuning, Jiangxi  Acjx02 WAL 1% Wufeng, Hubei  Adhb06
RAF IR PG PRBH Mayang, Hunan  Aahn01 LYIRSv) Adsc01
Mabian, Sichuan
A. arguta T P Xixia, Henan Aahx01 Adsc02
WAL % Wufeng, Hubei Aahb01 Adsc03
Aahb02 IHES Adsx01
Zhouzhi, Shaanxi
Aahb03
Aahb04
BevG)E B Meixian, Shaanxi  Aasx0l1
Aasx02

1.2 REMRHH

TSR 2 RO PEAN bR vEF I UPOV [Actinidia Lindl. (Kiwifruit) (Revision), http: //www.upov.
int/meetings/en/doc] AT AT HEARELFE R SR/ RITEAR. BB CGEARIEED . Rl
o, RAEE (AR RIS LKW E MO G, R4 UPOV btk AT 73 4
FRAE (32 2) B Hqs 212 R HCHE 1

1.3 AFLP &#f

KH L CTAB ¥ (Doyle, 1987) $EHUIERFIALE DNA, 76 CTAB $#EHGE T INAE =T B - 37
FEOWEM PVP UABR 22 28525, FEAM Ot vHIE DNA [RIRERI BT, Mk 50
ng - uL! J5 - 20 CIRAERH . AFLP 20 W% Vos 25 (1995) 77 1:8k4T, R EcoR 1/ Mse 1 fif)
HERBIAT LR AR EIERGY], JFN 32 S5 EGh ikt 4 628505 BRER WS

(E-ACC/M-CTG; E-ACA/M-CTG; E-ACT/M-CAT; E-ATC/M-CAC. }:/ E-f{#& GACTGCGTACCA
ATTC, M-f{#£ GATGAGTCCTGAGTAA) #ATY H4Hr. %I EcoR I 514 5%k 6-FAM %64
BIbRAC G HEAT R BEMEY 1, $ 88 27K ABI 3730XL H & AGIAT 22 ek, il 45 51
GeneMarker V1.75 4 (Hulce et al., 2011) AT 7041, Hobs 25 R4 0/1 s kiR H T4t 4

14 BEESKITESH
TSR IAR 55 4 )5 (P Edis R Excel 2007 BEATHUR 344341, I+ KH NTSYS-PC 2.1 #%Aff:
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(Rohlf, 2000) I8 KR 2AERE, SRAAR DAL 281357 CUPGMAD R4 ¥ B 2 5% 41 PR A
WK AT RIS T . S 2RI 1) Z A MEAL S E /3 B (PPB). Shannon’s {5 B84 (1D Nei’s %t
R ZFEME (H) 25345 2 REVESHCR T POPGENE 32 #ff (Yeh et al., 1997) 14, 8 u) )0 4%
FEACLPE R B R 35244 5 25 HE B SR B NTSYS-PC 2.1 KPR A2, 3T UPGMA 25 H Fl 32 Ak b
M1 (PCoA) LT MRLL IR RE B8 Y5 ] R 15245 G &R o K AFLP 8 R S TE A £ R H NTSYS-PC
2.1 BAFBEAT Mantel AHICPERTES,  FFAE 20 H .

2 HiIR5 0

21 RIS
54 3 21 A BRB AT BT BE U 70 0] e T ORIk (8 43 ). R AEERIERE (21 1) RISEMRBRBE (25
1) (B 1o BPELLABRGRE T E Al e e WTRg. DUJI BRPGRITLE A5 .

1 TEZERIABBRERET
Ac: PHEERIERE: Ad: SEIRERIEBE: Aa: BOABRIERE.
Fig. 1 The fruit characteristics of different types of red-fleshed kiwifruit

Ac: A.chinensis; Ad: A.deliciosa; Aa: A.arguta.

ZL BRI RE TR AR S MR A AR, 9 AN RSV > A IR R 2 A p A e R 20 Prifd
L RBRERR PRI R SR B2 R, FONETE . B BB BEAE: e —Mem s (10 ~
30 g, 27 33%) BUPEER/N (30~50g, 2T 43%); B T HRABERERSLTE RS (8 I, 4
i 15%), HEONFE G1%) AR (42%); AMREBEZ AFREE (30%) FIERTE (30%),
DB F OB A IR I ERBAGL, RAORR G, HUOOES (91%); WRRA AR
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ek (31%) KHaE (36%), #ar el (R RERLER (33%); ZLtyG A/ (63%). Frififs
(ILL BRIk R T OB EE RN 2 DS SERBR RN 4A (AdhnlS AT Adsc03) 4b, RRLLEAEHE) H
BRI MR A Z

AR A SR B AT 2L BRI S IR IEAT SRS #r, a5 R B (B 2). UPGMA FKE 1
W 54 U3 0 IBRAERE VR R 20 A KA T AL HE HOBRER 20 2R TANA, %20 A BRI SR St
N T, RSN R RSN R 8, bR, AT A AN RS . ALl
R SEMRBRERR LT R B, AT 20 i 3 N4l WAl 1 A SEEBR e AN AL %, (Adhnl5

R 2 OARKRRERRIIEREE RME G T Adbol
Adhn07

Table 2 The description and frequency of fruit traits for Adhb02
red-fleshed kiwifruit accessions Adhb05
. “ - Adhb03
%‘j\'lﬁ% Ti%\ﬁj\é&ﬁ*ﬁ@ fﬁ')!@/% Adhn06
Fruit trait Description Frequency Adhn10
| Achn02
TR 1 R Ovate 16 Adhb04
Fruit shape 2 [##E: Oblong 16 id;i(())é
Cl
3 #hlA Elliptic 35 Adsc02
4 |5 Circular 28 igﬁgg
5 JilA Oblate 5 . ‘Adhn02
HESERN 1 1R/ Very small 15 o3 | Adhn04
Fruit size 3 /N Small 33 igﬁ?g
5 H14§ Medium 43 Adhn01
7 K Large 9 ighhi(l);
g 1 Z¢% Green 12 Adhnl3
Color of skin 2 FEZES Greenish brown 30 ighhﬁ(l)g
3 ¥ Brown 30 [ Adsc01
4 34 Dark brown 15 e QChhﬁgg
Cl
EHI 1 & Downy 15 AChh§07
Achx04
Type of hairs 2 #E Tomentose 31 AzhnOI
3 f&FE Hirsute 42 | Achx03
4 NI Bristly 12 iﬁﬁgé
BHEE 1 J& None 15 - Achn04
Density of hairs 3 Mili Sparse 35 231;(?18
5 %% Medium 21 L Achx08
7 %4 Dense 29 n-2 ichhnxgi
. Cl
SR B 1 %t Green 49 Chuhong
Color of outer pericarp 2 ¥4k Greenish yellow 16 QChhnxgg
Cl
3 3 Yellow 20 Hongyang
4 U846 Red orpurple 15 — AghnIS
WL i 1 4T Red 92 m-1 23:;8?
Color of inner pericarp 3 R4 Purple red 4 Aahb03
5 (% Purple 4 thgé
PR R At R 1 ¥ Light 31 1 L Aol
Intensity of reddish 3 H4E Medium 36 E x;i%zs
color in locules 5 ¥ Strong 33 Aahb04
PR 1 1R/ Very small 16 ‘ . : ! I
4.44
Spread of reddish color 2 /)» Small 47 3.93 2.96 1.48 0
along locules 3 4% Medium 21 Wk 3[4 %5 2 2L Euclidean distance coefficient
4 4 All 16

EH 2 IABBFERIHER UPGMA BEE (K5 0LE D

Fig. 2 UPGMA Dendrogram of red-fleshed kiwifruit accessions
based on fruit traits (Code see Table 1)
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A Adsc03), RSEFUENHA, AOREERE, WHBE; WA 2 58 mh e R
AR CEFEPN RS A CZLR A L), RSCBHRE, 2R, WA 3 3 ESERER
WRRLL PRI AL, REBHPR T, HEZNRETWIE, SAREHOL k.

2.2 AFLP EEZHM

TEF 32 X5 1A A 5 AERE AT AFLP 9709, MR ik He 4 %) 22 2 my HARIURS e 1 5 1Al
ERITA 54 I 2L BRI R BLEAT Y38 GHr 25 R ILE 3) . 4 X5 A& S 19 H 286 My ad, 37
B8 BRI FITE 60 ~ 500 bp 2 [1], 2 28TE4AT R 259 4%, PN G IG5 1 2 &4
64.75 4, ZBMHDFE (PPB) N 90.56% (£ 3). BABRGERE. BBk M SR BRBER £ A 25
WL ARSI N 42.75 4. 57.25 M1 54.50 4%, ZAPEAL S22 00 60.84%. 78.67%F
76.22% (K 4),

B 3 544E4& E-ACCIM-CTG 3 54 {3 BBk R RITE R AFLP i i8E %
Fig. 3 Fluorescent AFLP patterns of 54 red-fleshed kiwifruit accessions by E-ACC/M-CTG

® 3 TR AFLP 3I¥RAY LM

Table 3 Polymorphism of different AFLP primers combinations

B A% TR =N eL /L E 2 i

2| %gﬂﬁ LA i;ﬁi:ﬁ;ﬁ Percentage.of Polymorphic bands of each type

Primer Totalbands ——p  ds polymorphic AR A SRR b
bands A. arguta A. chinensis A. deliciosa

E-ACC/M-CTG 71 65 91.55 45 57 59

E-ACA/M-CTG 76 67 88.16 45 61 62

E-ACT/M-CAT 92 82 89.13 51 58 66

E-ATC/M-CAC 47 45 95.74 30 42 42

*F-3% Mean 71.50 64.75 90.56 42.75 54.50 57.25

ST Total 286 259 171 218 229

K H POPGENE #4115 43 221 R BRI AN [R] 8 284 (1) 5 T ast A% 2 AR MR 4 (3R 4D, 54 4 SR A
FRIRLI 5 00 FE PRI (N AR FEPRI B (Ne) Nei’s BiAEZFEME (H) LUK Shannon’s 17 B 5%k
(D 435124 1.905. 1.539. 0.318 Fl 0.477. SRABRMEHLL RS BL IR % Wbt AL 2 FEVEFR BOARLAIC (Ne
H AL 235024 1.3764 0.217 F10.324), AR AN SE AR BRI DR 21 A 2 84 & b4 22 FEPEFR SR A
A, HAR LG R £l S R B iy
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F4 TELABBRHAER AFLP BESHMKT
Table 4 Genetic diversity level of different types of red-fleshed kiwifruit based on AFLP markers

WA FERE ARSI Neis JEF 2R Shannon’s 840 ZAMALAH %%

th A&
Trl - Allele number Effective alleles Nei’s genetic Shannon’s index  Percentage of polymorphic
Xon
axo (N (NO diversity (H) ) band (PPB)
KAEIERE A arguta 1.602 1.376 0.217 0.324 60.84
HHAERREBE A. chinensis 1.762 1.470 0.272 0.405 76.22
FWRBRIERE A. deliciosa 1.787 1.473 0.279 0.417 78.67
Sl Total 1.905 1.539 0.318 0.477 90.56
S| A A4 1 X Rl sei Adhb01
2.3 AREBIASEHERSREXR Adhb03
Adhn08
54 o 0% YR PN TG O T8 AR AH BT R e Adhn09
0.568 ~ 0.883 . [i], -4 0.714; AMAIEEXS Adhn07

0t A% A ALL P 2R B0 SRR A ik 4 TR 2R AR R
0.692 ~0.803, & " BRI FI S BRBRBE BT A

Adhn05
Adhn10
Adhnll
Adhn14

AP35k 0.657 ~ 0.883 F10.657 ~ 0.865,  —
ol Achn07 il Achn08 2 [ {38 H AT BUME | A3
I8 %E] 0.883, “HLLKFRmIT; Achx04 b L
Fl Aahb05 SEZR K RIRE, & A AU 3 Adss01
1 0.568. | Adhb02
JET AFLP S HIBIE ACK 54 604 1k | Adiots
17 UPGMA B A4 0T, Sl 4 s, 7oA | Adino1
IPEREL N 0.72 WA THFT A Bk 4> T v
A. B. CHID 4 M. A A1IE 8 GHHEL, § preert
AR BTN AR, B AL } A2
8 4 PAEBRIRBEL B BERL, b 7 ok KT § Achnos
[ F A SR 1 AR ZEB . C 4L T o A Adhnod
HERISERBIIEBE T AL 19 By bhEL, £ 32 | Acino
WIRG. DU PGB R | AR A 1 U
£17; D AU AT SR B B P KA LR § Aco?
9K IR WG KBTI R L, bR Sk | {E%{ﬁﬁk
BRIRHEAT BRI 3% LR R I 9, 1% X = Aenod
BT TEAIX AT IR R 138 vT LU | — 1
LT AR Mk A 4 BT SR U S S 2K M | Ansx02
e ? Aunb02
1T DICE M ARMMERIEE (GS), i A Aabod
AR T A LT P BRI B VU — 2 A1 § Aalbos
DL TR Z s R R (B S, s L e

%EZ/T\% 1 Eﬁ%ﬁﬁﬁ?’y 0.0892, ﬁﬁfﬂ@%%} HBL FRHL Similarity coefficient

0./\‘/\— ‘/\E?:/ \‘ ,,:l:\\;<
2‘0'464’ . Zfﬂ i%ﬁﬁ:} 9’06I05 ! m@(i B 4 LASEHESIR AFLP 3 UPGMA BREE (LS HE D
7"3 13.88%, HI [} /l\ + §J\ i R V" DAl l—“*jj‘ i pEN @J Fig. 4 UPGMA Dendrogram of red-fleshed kiwifruit accessions
34.34%., MK 5 0] LLE BB FRER L Y 2 A based on AFLP markers (Code see Table 1)
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BRI —, SR ERISEIRE R AL R G R s h AR R SE R BRI PR 4L 2R A B A
EIRA IR RIRAE RISy, HPRRIZ RIFARESE 2 TT, fAEMEEEIL. AR D
Hréi R 5 UPGMA BRI Wi RIEA— 2.

0.5 -+ ALNRIRRk A chinensis O EWIRIBEM A. deliciosa

O AWM A. arguta
0.4

03
02

0.1

4 2 F 438 Coordinate 2

-0.1

-02

-03 -

-0.4 ! ! ! ! ! ! ! | |
-0.24 -0.16 -0.08 0 0.08 0.16 0.24 032 0.40

% 1 F 43 Coordinate 1

5 LIPIBRARHESTIR £ AR

Fig. 5 Principal coordinate analysis of red-fleshed kiwifruit germplasm based on AFLP markers

24 RIMIRS AFLP #RicHEXE
K Mantel A0 ) 5 32568 SR S PR R EG R B4 FERT AFLP bric Aot A2 5 28 0 B A 7 A0 5 1 43
BT, @5 RFW 3 2 [0 A P2 e, HaA RN B2 /KF (r=0.581, P <0.001),

3 e
31 IABBHGEES %R RIS S

PN RIS 5/ & = AN A 7% 75 L A A S e R S A B I = S B e e R T - T
IR A BN RIS R BN AR X, PR R X DU 4R 3810 X LA B e 25 0
XA EARET A LT BRI R U AE o [ 2 AN 88 A, AR TR BURES, HARZ 5 3
FLENT 1~2 0k, SMARREEIFAZ: PN BB IR AR ™ 5, 20 R ot DR R R 4 RV
M TAE B BT T 0 D) RG22 8 0 P A7 1) S b o A RIDSCAR , SRR 3 52 BRI AR 21 R BR A
Pits WA 4 R0 SR SR AT T ECDRE 49 el 51 SR A A ol i 0 9050 BT, 5% £ PR B A Ak Aol it 2 9058 ) b AR A
FG 2L TF R A A+ EZERE L.

TERRERFN T 2 PR PE R AL B A LA, RSEtiRe — R T mEE PP bR (250 45,
2000 AHIFFTH T 2 LT BRI RR T 2 BE YR A0 sk EAR R, e R SEBR . KN, B
g RGNS S FAREER e NN R N oo |8 N NP8 N |E A S G P e W R AN K S
BB S R 3 B3Rt 7 2 & R g R AL A (H AR HE YR, RS N AN
T ELER SRRk (0 21 A 2SR DL b Adhnl5 AT Adsc03 Ak, Heer 2870 (1) e 50 A 20 (0 R BE Ak« S Bl
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B, Pt seE ik ge . A EMEIle T A E R TBL WP EE SN LT, A
PR R H A A B LT IR G IR L0 R BRI i R, 2 NP TR R

3.2 AAFRMFIRIEE S HERIREXR

AT PR 4 %) AFLP 51906 54 43 21 BRI FP T Y BEA T4 158, J3R 15 1 8 b (1) 4% i
R, HAH 2B/ S (90.56%) . W&tk Z R (New Hy | fTPPBY AT 04T, IR
HHARHRER LT R S R SRR R AT I S IR 2 A 2, (R L AR BRI R 2 R B e vy 40
PRI SRR 22 0] PR35 AL A AL R BAE 0. 568 ~0.883 2 00), HE—B Ui B T 40 PARRIGERE % U N B A
B ZFEEACT o 20 R BT A 05 S e S DRV E I B AE S % AH LE (Wang et al., 2007;
Tatikonda et al., 2009; Pazetal., 2012), WA [FSE/KP 80 & I AE 2 FEMEKE, v oA 20 B
BT AT 13 & AR E AR

it UPGMA SR A EARKR AT, AR 21 R S L 5 rh A I SR A Bk 21 ) 28 7Y
Z IR Is A 22 IR AH R SRR AR RN SE BRI (K 21 A 2RI 2 TR A ey, HATFAE R AR IR st
FERFR . BN — 0 IR BT 25 B2 5 e e B R YR SR AE — R R 35, Ud BH X Be 21 R o
BEVEUR IS T AERS L HAT R K 22 7 25 Ak, AN [a) M BRI () 8 R 1) A7 AE — R AL A o % H Ak
Mo Wk A2 5 AR A0 ) Jo R et A 5 R R ) 2R 95856 28 73 W 45 SRS W] i SRR R S AR e bk 2 1] AT 5%
F BRI AR 2 SRR WE IS Ui =8 B T % VIS5 LR (Chatetal., 2004;
XA 45, 2006; 5KH %%, 2007; Liuetal,, 20100 ASCEXS A BRI BER SERABRBERE N (121 A
RAUPEAT A 5 R AW I A3 B AL 25 5L

ZL BRI RE AN A B A 2 RE R SR R 1, i FLAE X SR se MR AFLP A58
S HEAT ARG 20 AT I A BT R A Bt D 1 R T B I AFLP 8504l 2 I AE (Al 2 2 AR G (r =
0.581, P < 0.001), [tk AFLP 43 FAric nf DAYE— @ R B2 b S AN [RIBR A Ak % U050 SR S MR 1 A% e
o RIMEAE A 5 B L0 R BRI B3 U5 T AR AR A S R rpr, B 25 & 3R B A1 AFLP Aric 2
HATER G AT AP
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