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Identification o the Kiwifruit Ger mplasms in Jiangxi
Province by AFRL P and Its Classification Sgnificance
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(1) Department o Bidogy , Zhaoging University , Zhaoging 526061 , Guangdong , China;
2 |rtitute of Guangdong Fruit Tree, Guangdong Academy d Agricultural Sdences, Guangzhou 510640 , China;
3 Jiangxi Agricultural University, Nanchang 330045, Jiangxi , China)

Abgract  The kiwifruit gernplasms in Jiangki province were idertified by anplified fragment length
polymorphism(ARLP) markers. Four primer pairs that had been selected from 64 ones had detected a totd of
190 bands anong 31 gernplasms o kiwifruit , one hundred and seventy nine bands that representing 94 2 % of

total bands were polyrmorphic. The identification rates of 31 gernplasmswere up to 100 %. The result suggests
that gpplying AR P markers to anayze the kiwifruit gernplasmsisfeasble. Then Clugering analydsthe ARLP

result by UPGMA , the dendrogram indicated that the Dice amilarity codficients of 31 gernplasmsd kiwifruit

ranged from 0. 50 to 0. 85, it suggested that their genetic relaionships weren' t near. Thirty one gernplagms

oould divide into four groups according to the Dice dmilarity coeficient 0.56. Sect. Leiocarpae and Sect.
Maculatae clugered into one goup; A. meliana of Sect. Strigosae was one group; A. chinensis var.
rdopulpa, A. erantha, A. fulvicoma var. lenata, A. styracifoia and A. jiangxiensis in Sect. Stellatae
clugered into the same group ; but the two gernplasms of Sect. Stellatae, A. ddiciosa and A. chinensis
clugered into the other group. Interesindy , thd Ganmi-5 wasin the same rank with A. Chinensis from the
dendrogram, but it was the variety of A. Chinensis according to the traditiond classfication. It is necessary
that theé Ganmi-5 should be further researched in classfication. The genetic relationships anmong the kiwifruit

gernplagms in Jiangk province were identified and characterized by the nolecular method, which was
ocond gent with the traditiond classfication in certain degree and provided new evidences for the classfication

of the kiwifruit germplasms.
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The clasdfication of the kiwifruit germplasms went
through four gages: norphology , payrology , biochemigry
and nolecular biology. Liang C. F. divided the Chinese
kiwifruit gernplasms into four =ctions: Sest. Stdistae,
Sect. Strigosae, Seci. Maculatae and Sect. Leocarpae.
Acoording to the charecters of pith, he separated Ser.
Lamelatae and Ser. Sdidaefrom Sect. Leiocarpae, and
divided the Sect. Stelatae into conmplete and inconplete
Sect. Stellatae. Li e al. used branch anadyss method to
gudy the kiwifruit sysgemetic development , they thought
Sect. Leocarpae could be divided into a snge grouwp ,
and suggeded that it should egablish two groups of  Sect.
Maculatae and Sect. Leiocarpae, and gve them a
subgenus postion, Sect. Maculatae subgenus divided
into three groups: Sect. Maculatae, Sect. Stellatae and
Sect. Strigsae'™’ . Huang e a'” made polynomphic
clugering analyss to the kiwifruit plants, their results
didn’ t support the view of dividing kiwifruit plants into
four groups, but they supported the divison of Sect.
Stellatae. He bserved lef’ s skin micro-nmorphologic
character of 35 representative Chinese kiwifruit plants and
made branch anayss and UPGVIA clugering anayss,
which supported the group of Sect. Stellatae but didn’ t
support three groups. The i Denzyme polynorphic research
on kiwifrut did mot support the traditiond
clasdfication'” . Li supported the npst groups with the
results of RAPD andlys's, as Sect. Leiocarpae'™ .

Although norphology markers and i oenzyme analys s
were gpplied in gernplagms identification and markers
asigant sdlection of fruit trees® *' | these methods hed
many shortages that limited their gpplication, such as:
limted remarkable quartities, low polynorphian leve ,
etc. However , DNA nolecular markers had advantageson
theee agpects®™ . The anplified fragment length
polynomphism (ARLP) markers was the new nolecular
markers, which had high dficiency and gahility. It was
used to oondruct many the fingerprinting patterns of
plants, for exanple: apple'® , grape™ ec. D far,
there were mo reports that detecting the kiwifruit
gernplasm by the ARLP markers and others nolecular
merkers***'. On base of rdating research’®*® ' | this
dudy used the ARLP markers to identify the 31
germplasms of  kiwifruit thet included 11 ecies, 5
varieties and 15 cultivars in Jiangxi , and researched their
genetic relationship and classfication at nolecular leve

which tried to provide new evidences for the kiwifruit
gernplasms clasdfication.

1 Materialsand Methods

1.1 Materials

The 31 gernplagms of kiwifruit that included 11
gecies, 5 varieties and 15 cultivars were obtained from
the orchard of Jiangxd Agriculturd Univerdty Research
Inditution, Fengxin Fuit Inditution Kiwifruit and
Ruichang Agriculture Scientific Ingitution(Table 1) .

1.2 Methods
1.2.1 AR P Anyplification

DNA was extracted and ilated by nodified CTAB
method ™ .

AR P amplification was made according to the
resction procedures which were provided by Beijing
Dinggwo oonpany, the reaction procedures included
tenplate DNA preparation , enzyme digesion and ligation ,
pre-anplification, sHective anplification and polyacryl-
amide gl eectrophoress™
1.2.2 Patern recording and data analyss

1) Pdtern record: Usng fluorescent patterns which
had been printed to record. The bandswas sored as 1 for
presence or 0 for absence from the fingerprinting patterns
to generate the Table (0, 1).

2) dugering analyss: All recorded data were input
conmputer to caculate the frequency, codficient of
varigtion, coodficient o dmilarity and clugering
andyss®. Usng NTSYSpc 2.10e data andyss
gftware to caculate the Dice dmilarity codficient of of
the AR P fingerprinting patterns (Sj = 2Nij/Ni + Nj ,Nij
is the number of dl bands of i gernmplasm and |
germplasm; Ni and Nj isthe number of anplified bands of
i gernplasm and j germplasm, regectively) , which
ganed the matrix of Dice’ s codficient of dmilarity;
Usng UPGVA ( unweighted pair-goup method,
arithmetic average) to cdugering andyss, which gained
the dendrogram of kiwifruit gernmplagms in Jiangxi
province.

3) Polynomhic andyss: The polynorphic bands
were the anplified bands that ome materias had while
the others didn’ t have. Rolynomhic rates = (the
number of al bands- the number of comnon bands) /the
number of al bandsx 100 %.
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2 Resaults

2.1 The éfect of AFLP markers

Four primer pairs that had been sHected from 64
ones (EAAC + M-CAC; EAAG+ M- CTG; EAAC +
M-CA G; EAAC + M-CTA) detected 31 gernplasms of
kiwifruit in Jiangx province by ARLP In this sudy. The
fingerprinting patterns of each primer pairswere clear and
al germplasms were polymorphic (Fg. 1—4) . The result
sugged s that gpplying AR P markers to idertify isfeasble
in thsre%arch N
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Fig.1 Fingerprinting pattern of 31germplasms o kiwifr uit
in Jiangxi Province by ARL P and gd dectrophoress
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Fig.2 Fingerprinting pattern of 31germplasms o kiwifr uit
in Jiangxi Province by AH. P and gel dectrophoresis
(prime pairs: EAAG+M-CTGQ

2.2 The paymor phism of AR P markers o samples

Usng the AR P to identify the kiwifruit gernplasms,
atotal of 190 bands was detected by four primer pairs and
179 bands, representing 94.2 % of totd bands, were
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Fig. 4 Fingerprinting pattern of 31 germplasms o
kiwifruit in  Jiangxi Province by ARP and gd
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(prime pairs: EAAC+M-CTA)

polymorphic. The identificetion rates of 31 gernmplasms of
kiwifruit were up to 100 %. The number and proportion of
the polynorphic bands of each gernplasm were different.
One hundred and eight polynorphic bands o A.
mel anandra was the nog , and the proportion of the tota
was 60.3%, which suggeded that it had high
heterozygpus  degree.  Whereas Zzoxian had 54
polymorphic  bands which was the leas, and the
proportion was 30.2% (Table 1). Four primer pairs
detected a total of 190 anplified bands, each primer pairs
had an average of 47.5 anplified bands. From Table 2,
the polynorphic bands of each primer pairs were very
abundant. S we oould abolutedy didinguish 31

ing House. All rights re tp:// nki.ne
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Table1 The number o pdymorphic bands and proportion to total bands o 31 germplasms o Kiwifr uit

No. Name Section origin R"’é’;nod“s’“c p&i’t’i‘;ﬁ?&)
1 Actinidia arguta Sect. Leiocarpae Wild 93 52.0
3 A. mdanandra Sect. Leocarpae Wild 108 60.3
4 A. poygama Sect. Leocarpae Wild 103 57.5
22 A. macrosperma Sect. Leocarpae Wild 71 39.7
24 A. argutavar. purpurea Sect. Leiocarpae Wild 66 36.9
25 A. macresperma var. mumoides Sect. Leocarpae Wild 64 35.8
8 A. rubricaulis var. coriacea Sect. Maculatae Wild 76 2.5
9 A. sabiaddia Sect. Maculatae Wild 106 59.2
11 A. mdliana Sect. Strigosae Wild 69 38.5
12 A. chinersis Sect. Stdlatae Wild 87 48.6
13 A. chirensis var. rufopulpa Sect. Sdlatae Wild 67 37.4
14 A. eiantha Sect. Stdlatae Wild 84 46.9
16 A. fulvicoma var. lenata Sect. Stdlatae Wild 66 36.9
18 A. dyradfdia Sect. Stdlatae Wild 70 39.1
20  A. jiangxiensis Sect. Sidlatae Wild 77 43.0
37 A. ddicosa Sect. Stdlatae Wild 64 35.8
26 Kuimi Cultivar (Jiangx) 82 45.8
28 Ganmi-5 Cutivar (Jiangxi) 74 41.3
29  Lushanxiang Cutivar (Jiangx) 89 9.7
36  Zeoxian Cutivar (Jiangx) 54 30.2
38 Jirfeng Cultivar (Jiangd) 78 43.6
40  Jinku Cultivar (Hubei) 92 51.4
44 Miliang-1 Cultivar (Hunan) 75 41.9
45  Alisen Cutivar (New Zedand) 79 44.1
46 Wancui Cultivar (Anhui) 91 50.8
47  Qnme Cutivar (Shanxi) 83 46.4
52 Jinku-1 < Cultivar (Hubei) 83 46.4
4 Jinkui-6 < Cutivar (Jiangxi) 70 39.1
5  Zengbangl & Cultivar (Hunan) 75 41.9
60 Fengkiong1 < Cultivar (Jiangxi) 70 39.1
61 Fengxiong2 < Cultivar (Jiangxi) 63 35.2

108 polymorphic bandsdf A. md anandra was the nogt and the proportion was 60. 3 % , whereas Zeoxian had 54 polyrmomphic bands which was
the leagt and the proportion was 30. 2 %

germplasms of kiwifruit. macrasperma var. mumoi des

2.3 Clugering analysis the AFH. P amplified bands Qowp : A. chirends; Gam-5; Kuim;
190 anplified bands were detected by the four Lushanxiang; Zeoxian; Jirfeng; A. ddicicsa; Jinkui ;

primer pairs, which were recorded to 0 or 1. The Dice Miliang1; Alien; Wancui; Qinme ; Jinkui-1 o ;

smilarity coefficients matrix was built on the table(0,1) . Jinkui-6 ¢ ; Zengbang-1l o ; Fengxiong1; Fengxiong2

Qudering analyss of the Dice dmilarity codficients by Qow : A. chinensisvar. rufopulpa; A. eriantha ;

UPGMA , we gain the dendrogram (Fg.5) . A. fulvicoma var. lenata; A. syradfdia; A.
The Dice dmilarity codficientsof the 31 gernplasms jlangdenss Qowp  : A. mdliana

of kiwifruit ranged from 0.50 to 0. 85. The result showed Table 2 _The pdymor phic bands of each primer pairs

that the 31 gernplasms could be divided into four groups Fime Anplified  Rolymorphic Ratio of polymprphic
acoording to the Dice smilarity coefficient 0. 56 and the pars bands bends bands( %)
genetic relationships among them weren’ t close. As EAAC+MQAC 51 49 %.1
follows: EAAG+MCTG 49 47 95.9

T o _ _ EAAC+M-CAG 51 49 %.1
Qow . Actinidia arguta; A. mdanandra; A. EAAG + M-CTA 2 a o 2

palygama; A. ru?ncau“s var. cor P A Sablae.‘dla; Four primer pairs detected a totd of 190 bands and 179 polymorphic
A. macrosperma; A. arguta var. purpurea; A. bands was 94. 2 % of the total bands.
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Fig.5 The dendrogram o dugering analysis the Dice similarity coeficients by UPGMA
The 31 gernplaams could be divided into four groups acoording to the Dice amilarity codficient 0.56

In generd , the divison result supported a mgority
o the traditiona clasdfication that created by Liang in
this gudy. Fom the dendrogram, Sect. Leiocarpae and
Sect. Maculatae clugered into the same grouwp; A.
melliana of Sect. Strigosae was one group , which had a
far relationaship with the other gernplagms. A. chinensis
var. ruopulpa, A. erantha, A. fulvicoma var.
lenata, A. syracifdia and A. jiangxiensis of Sect.
Stellatae clugered into one group , but two gernplasms of
Sect. Stelatae, A. ddiciocsa and A. chinensis were the
other gouwp. In this sudy, Sect. Leiocarpae and Sect.
Macul atae cooperated into one group , athough they had a
little difference of the goot on the fruit suface and the
beak on the top of he fruit acoording to the traditiona
classficaion, and there were o divison o Ser.
Lamelatae and Ser. Sdidae. A. mdliana of Sect.
Strigosae was gill one group , which cond gented with the
traditional clasdfication. Actinidia arguta and A.
melanandra had a near genetic relationship because their
Dice dmilarity codficient was 0.75. A. Chinensie and
A. ddicicsa sparated from Sect. Stellatae and clugered
into one growp. Interesingy , the Ganmi-5' was in the
same rank with A. Chinensis and their Dice smilarity
codficient was 0. 77 from the dendrogram, but it is the
varigty o A. Chinends acoording to traditiona
classfication. It is necessary that the’ Ganm-5’ should
be further researched in classfication. From the dot
diagram (Fig. 6) , many dots accumulated to a column

patern at the codficient of 0.56, but the dots were
digerdve in the other pogtion. The result of classfying
the 31 germplaams by dot-diagram was cond ged with the
dendrogram.

0.85— o —*:
L ] L]
L ] L
| & *
J ° .‘ L
0.74+ * o

o sflme o
e 0

® o%%®

Coofficiant 1
= (=]
n =y
1) L3
©CLCUDIOV OB D - - -
5 o AR AR o
4 * 00 °
. XX N
@ o
e 8
Y IEEEED CrErd
« * R e

0414 e T |
0.51 0.60 0.68 0.77 0.85
Coelficient
Fig. 6 The dot-diagram o cugering analysis the Dice

smilarity codficients by UPGMA
The resault of dlassfying the 31 gernplasms by dot- diagram was cond ged
with the dendrogram

2.4 ldentification of the genetic reationships of the
kiwifr uit ger mplasms in Jiangxi province
The dendrogram showed that the genetic reationships
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o 31 gernplasms of kiwifruit in Jiangki province. The
result hadn’ t corflict with the traditional classfication,
but there were differentid nodfication o me
gernplasms.

A. ddicicsa that had been named A. chinensis
var. hispida is the variety of A. Chinensis. In 1984,
Liang C. F. and A. R. Ferguon had approved it as an
independent Pecies. The dmilarity codficient was0. 70,
which showed that it had a near genetic relationship with
A. Chinensis. Fom the DNA fingerprinting patterns,
they had ome ecid bands repectively. A. chinensis
var. rufopulpa is the variety of A. Chinensis which has
the character of red pulp. They should have near genetic
relaionship, but their smilarity codficient was 0. 63,
which showed that A. chinensis var. rufopulpa became
far from A. Chinensis during the process of evol ution.

Wancui , the natural bud mutetion of Haward’ , is
the important cultivar of A. ddicicsa in Jiangxi , which
was breeded by Anhui Agriculture Univerdty. Its fruit
shape is long column with flesh green pulp , the weigh is
about 117.5 g, SCis16.5% and Vc 71.5 mg per 100
g, it is ripe in the seoond ten days of October. The
dendrogram and Dice smilarity codficient showed that it
had near genetic relationship with Allison (the earliest
immigrant gpecies in New Zedand, it has long column
fruit with thick and hard pericarp, green pulp and Vc
31.76 mg per 100 g) , their dmilarity codficient was
0.84. Thismight be related with their filiation, because
Haward and Allion were immigrant from New Zedland
and Wancui was the natural bud mutation of Haward.

There are two kinds of lef shgpes of A. arguta
var. perpurea, one was hig and thin and the other was
thick and narrow, the laer had rondense and svdl
sawtooth. It was the new combination germplasms of A.
arguta. Ther dmilarity codficient was 0.62, which
showed that A. arguta var. perpurea and A. arguta had
far genetic relationship. The reaon might be the intendve
differentition of A. arguta, epecidly in the valey o
the Yangtse Rive.

A. mdliana of Sect. Strigosae was one group ,
which log many comnon bands and had one gecid band
in the DNA fingerprinting patterns (Fig. 4) . This suggedts
that it had far genetic reationship with the other
gernplasms.

Zaoxian , Lushanxiang and Jirfeng were the cultivars
inJiang< . FHom the dendrogram, the identification rates
o them was up to 100 %. The dmilarity codficient of
Kuim and Lushanxiang was 0. 76 , which indicated thet
they had near genetic rdationship. Infact , they d< had
the same harveg time in Sgptember.

Jinkui-1 < (introduced from Hubei Fruit Trees and
Tea Inditute) and Jinkui-6 < (selected by Fengxin) were
the mae germplasms, which had mo difference in
norphology. Both of them were the pollination plants to
Jinkui , but the pollination ability of the latter was nore

excelent than the former. They had far genetic
relaionship because their dmilarity codficient was 0. 69
and the DNA fingemprinting patterns was different.
Zengbang-1 < (the pollination plant to Miliang-1) had a
little difference from Jinkui-6 <. Their dmilarity
oodficient was 0.80, that is to sy, ther genetic
relaionships were near. Fengxiongl < and Fengxiong 2
swere very dmilar in morphology , but they had different
pollingtion ability. The former could only pollinate to A.
Chinensis , but the latter could pollinate not only to A.
Chinenss but d9 to A. ddicissa. Their gmilarity
codficient was 0. 85, which showed that they had only a
little difference.

2.5 Theanalysis o the particular ger mplasms

The fruit of* Qingmei’ and’ Jinkui’ were the hig
type fruit cultivars of A. ddicicsa, their bigges fruits
weighted 204 g and 203 g, repectively. Their genetic
relaionship was near from their Dice dmilarity codficient
o 0.77.

* Zeoxian' is a early ripe and fleshreaten gernplasm
o A. Chinedsis, it isripein the midde of Augud.

The character of red pulp could enhance commercia
vaue, epecidly in handicrat dish. There were ome red
pulp germplasms in China, such as A. chinensis var.
rdfopulpa. Its Dice dmilarity codficient was 0. 58 with
A. Chinesis and was in amther group , which indicated
that it had far genetic reationship with the other
gernplasms.

‘ Gami-5' (Fg. 7) had sort modes, conpact
clugeres branches and srdl crown, which was good to
culture without aid pole. Itsfruit weights 85 g, the pulp
isflesh green and tages well with aroma, the SC is
17.16 %, Vc is 83.9 mg per 100 g, the harved time is
the seocond ten days of October. From the dendrogram, it
was in the same rank with A. Chinenss, the reason
might be chronical variance and gable heredity under the
natural  environment. Conparing botanicd  characters
between Ganmi-5° and A. Chirenss (Table 3) ,

Fig.7 The plant o' Ganmi-5'
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‘ Gami-5 had greater difference of A. Chinensis. It is
necessary that the * Ganm-5° shoud be further
researched in classfication. As a gecid germplasm in
Jiangxi , we ghould ot only preserve it , but s make
god use o it. The gecid bands (Fig.4) in DNA
fingerprinting patterns contraging with A. Chinesis could

be used to clone the shortening gene in breeding.
Table3 The comparison o botanical character between A.
Chinensis and  Ganmi-5’

Botanica_character A. Chinensis ' Gm-5

Rant height 30m 1m

Cown extent >1.5mx1.5m 1.5mx1.5m

Tress 2mor o 1mor

Watershoot 6 m,even exceed 10 m 1.5m

Nodes length >3.7m 3.7m

Twig green amaranth blue-gray

A-year-branch henna henna

Top of tress anti-clockwi e twigt no-anti-clockwi e twigt
. roundness short- .

Lamina roundness near phericity

Bud obvious bud obvious bud

Hower-bud blend bud blend bud

Petdl 541 6

Germen dation  epigyny epigyny

Fruit shepe near Phericity , oblong apple shape

Pericap color green, brown sandy beige

Pulp color green, Kely, fleet red emerdd

Ve 100—400 my/100 gor ® 83.9 my/100 g

Fruit autumn midde ten daysof Sp. fird ten daysof Oct.

3 Discussion

3.1 The feashbility o applying ARLP to this
research

Fom the results of the experiment , we could e
that the ARL P markers had many merits. Hrg of al , The
ARLP markers had high anplified dficiency and
abundance of irformation. Usudly, each anplified band
correponded to a gene Ste of DNA in ARLP markers
andyss. Four primer pars detected a totad of 190
anplified bands with various nolecuar mass o 31
gernplasms of  Kiwifruit in this gudy. That is, the
geromic DNA of 31 gernmplasmsdf  Kiwifruit were detected
190 genetic dtes. The polynorphic anplified band
suggested that one or nore materials had mutated in this
dte. There were a tota of 179 polyrmorphic bands which
representing 94. 2% o total bands. Four primer pairs
(EAAC + M-CAC; EAAG + M-CTG;, EAAC + M-
CAG; EAAC + M-CAT) detected 49, 47, 49, 34

polynorphic  bands, regpectively. The precison and
dficiency of this method were better than any other
fingerprinting techniques. Furthernore, polyacrylamide
od eectrophoress was used to segregate anplified bands
in ARLP andyds. The concentration of gel was 7 %,
which had high differentiation and could segregate the
DNA noleculesthat had 0.2 % length difference (1 bp in
500 bp). Fndly, the results of ARLP andyss were
dable and ocould be repeated wel , because reaonable
marrmade ligation adgpters reaction and pre-anplified
reaction were used to purify SHectively tenplate ter
DNA double digegion. All together , usng AR P markers
to identify the kiwifruit gernplasms is feasble in this
qudy.
3.2 The significance of classification about analysis
the Kiwifruit ger mplasm in Jiangxi by AR P

Usng AARLP markers and clugering andyss to
rescarch the Kiwifruit germplagms, which gained the
fingerprinting patterns and dendrogram of 31 germplasms
o Kiwifruit injiangxi. Thirty one gernplasmsof Kiwifruit
inJiangx were divided into four groups: Sect. Maculatae
and Sect. Leiocarpae clugered into one group; A.
melliana of Sect. Strigosae wasone group ; A. chinensis
var. ruopulpa, A. erantha, A. fulvicoma var.
lenata, A. styracifdia and A. jiangxiensis of Sect.
Stellatae clugered into the same group , whereas the two
gernplagms of Sect. Stellatae, A. ddicicsa and A.
chinensis, clugered into the other group. The realts
didn’ t absolutdy support traditiond classfication. It
supported that Sect. Strigosae was one group. Although
nog germplagms of Sect. Strigosae was cond gent with
traditional clasdfication, A. ddiciosa and A. chinensis
clugered into the other group from Sect. Strigosae. In
generd , This dudy made clear of genetic reationship
between 31 germplasms of kiwifruit in jiangxi , which is
oond gent with the tradition clasdfication in certain degree
and provides new evidences for the clasdfication of the
kiwifruit gernplagms. At the same time, the results of
ARP markers could d asociate with normphology to
expose the esence of genetic evolution mechanism and
provide me evidences for egablishing a reaonable
classfication of Kiwifruit gernplasms.
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