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Genetic Relationship of the Ampelopsis brevipedunculata var. heterophylla
and Vitis thunbergii var. sinuata with the Other Vitis Plants
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DNA sequences of the intergenic spacer 1 and intergenic spacer 2 of the nineteen plants belonging
Vitis genus were collected from the Genbank. DNA sequences of the same regions of Vitis thunbergii
var. sinuata and Ampelopsis brevipedunculata var. heterophylla, both common plants in Korea, were not
available in Genbank. Those two plants were collected, their genomic DNA encoding 185 rRNA, inter-
genic spacer 1, 5.85 rRNA, intergenic spacer 2 and part of 285 rRNA amplified and DNA sequence
determined. DNA sequences of twenty-one plants including two Korean plants were aligned by the
Multiple sequence comparison by log-expectation(MUSCLE) algorithm and the alignment was used to
calculate neighbor-joining tree and pairwise distance. The results indicate DNA sequences of the two
Korean plants are highly homologous with each other, but they are quite distantly related to the other
Vitis plants. Distant relationship of the two Korean plants with the other Vitis plants might be due
to independent evolution of those two plants in geographically isolated environment. Those two
Korean plants are classified in different genera based on the morphology, one in Vitis genus and the
other in Ampelopsis genus, providing another example of discrepancy between morphological and ge-

netic classification.

Key words : Ampelopsis brevipedunculata var. heterophylla, intergenic spacer 1, intergenic spacer 2, Vitis

genus, Vitis thunbergii var. sinuata
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zoe AAAA R QY AEHe FL2A AA o #9
g polyphenol A& %ol $Hratal it Exof FfrHof
A polyphenol 8& %A% anthocyanin % 3,54 -trihy-
droxystilbene (trans-resveratrol)©] AA o fr&3 FFEO=E
dEA e, oldd e TR oY} gREe
X L3} (Vitaceae) A E 50| AAHstE AR LA YT,
9]. Christenhusz % Byng®l 9|3}¥ Z w1} 5 & (Rhamnales)
X &} (Vitaceae) ol = 20161 FA| 147§ 9] 4 (genus) F 910
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= AEEEE AAYE (Cayratia japonica), B ¥ F(Vitis amur-
ensis), 7FukF ® F(Vitis thunbergii var. sinuata), M ™5 (Vitis
flexuosa), 7N ™ F(Ampelopsis brevipedunculata var. heterophylla),
7}3] & (Ampelopsis japonica), &2 ©| B = (Parthenocissus tricus-
pidata)®] 6F°] LHA Slow, ot 7t7t A=A ¢
gluetel =49 vl A o] QG2 (Parthenocissus quinquefolia)
= @A =delA A = ITH10, 13].

B AFdAE 2FH 254 HEE 19F9 intergenic
spacer 1 (ITS1) % ITS2¢] 9714 9 Genbankoll Al 33}
o 2y el EsbA BAHE 25 25E 459
7hekA W (Vitis thunbergii var. sinuata)®t L3} 7| v F4
A&l N F(Ampelopsis brevipedunculata var. heterophylla)®]
@71 BAS & AT webA 7AW FE A FE
A8 1 genomic DNAE 2|3k A 185 rDNA, ITS1,
585 1DNA, ITS2 5! 285 1DNA®] ¥4#-& FE3t1, 11 @7]A
< AT olFA Ao HIIMEE TE 2ES Y
EE9 9714 €3 MUSCLE (Multiple sequence comparison
by log-expectation) algorithm®Z A= B W3} neigh-
bor-joining tree ¥ pairwise distance (p-distance)E 7 At3]
H 6, 15, 16].

T



90 BB UeHPIX| 2017, Vol. 27. No. 1

e 42 TN eyt dopdlA 8t BHHE=
Mo 7ok ZinkAv F= 3= ALA 93T AdE o
A aA dddstn Aol M AHstin AHE e &
Ao AT E=E ANEE Faste AT 10].
AAE AE Y2 a5dA Az3AT

Genomic DNAS| 22| & ®REXt 5%

Genomic DNA+ NucleoSpin Plant I Kit (Cat. No.
740770, Macherey-Nagel Inc., Bethlehem, PA, USA)E A&
gto] Adxd dozFH FZEHUM. Polymerase chain re-
action (PCR)= #1314 = DNA template 200ng, forward pri-
mer 2.5 pmol, reverse primer 2.5 pmol, dNTPs mixture 2
ul (10 nM each) I8 I Pfu DNA polymerase 2 ul (6 U)&
233hE 100 plo] ¥HE Aol A vh-E-& D3¢t Pfu DNA
polymerase ¥ dNTP mixture Promega Corp. (Cat. No.
M7741 and U1515, Madison, WI, USA)¢] Al && AF&3lit},
PCRol| &= forward primer 5-TTTAGATCTGGTTGATCCTG
CCAGT-3" ¥ reverse primer 5-TTTCTCGAGTTACTAAGG
GAATCCTTGT-3'7} AH&5 et o] wfol] A8-% forward pri-
mert 185 rDNA 5-Z%H| conserved regions target® E
sto] A2 %3, reverse primer 285 rDNA 5 59| & tar-
getO 2 3ol Azttt W2 & UTAA 283 & cy-
cle, 18] 94T A 45%, 57 Cel A 45%, 72T A 584 30
cycles JAFAN &, HFH L= 72TAA 1083 FAAMZ
th. PCRoll = error7b 2 A A 3k= Pfu DNA polymeraseS
Ao =M W3 Fol DNAY d7IAde] MAHE AS

#2383 T

FHX BF M2 cloning ¥ HIIME B4

PCR products agarose gel electrophoresis® 21gH ¥,
Gel and PCR purification system (Cat. No. A9282, Promega
Corp., Madison, W1, USA)& At-&-3te] B4 sttt A€
DNAE AGEA SmaloZ HAHstal bacterial alkaline
phosphatase® # 2] pBluscript I SK- plasmid$} 4]0} A]
ligation 7|1, E. coli DH5al transformation 3}%iTh.
Transformation®®l E. coli |25 100 ug/ml®] ampicillin
gHrat+= MacConkey agar (Cat. No. 212123, Becton, Dickin-
son and Company, Sparks, MD, USA)el Z %3}l 37°C o A
Hj kst Atk UEld colonys FAA 34 colonyE S se-
lectiond} ] A o] EZHH plasmid DNAS F&3 9, su-
percoiled plasmid DNA % A|g& 4 Poull 2 ATH plas-
mid DNAE agarose gel electrophoresis® 413} 4 t}. o4
5+ 2719 plasmid’} S H A ()& 4 E (Daejeon, Korea)
o ©15] st insert DNAE S| ¥7]11 €& 2434 Th DNA
sequencing< BigDye Terminator v3.1 cycle sequencing kitE
AH4-3te] ABI 3730XL DNA analyzer® 413} 9t}

HIIMLY Hlr ¥ FAZH 2N

AHE 2 EE9] 185 1DNA, ITS1, 585 rDNA, ITS2 2 285
tDNAY] dRE 3= DNAY d7IAES e,
BLASTE AH&siA 7i ™ st 7ok m 9] 1TS1 3 1TS29%
FAEE H71 LD ES Genbankol A BA3IGTH 4 97
A €& MUSCLE 3.8 AH&dto] A Z aligndtal MEGA6.0<
AbE-3Fo] neighbor-joining tree 3! p-distanceS Al 4Hs] X3k
t}e, 15, 16].

|
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AT OHA ME

A F9k 7AvkA ™ ITST 2 ITS29 FASE G718 E
& Genbankol| /| &A1 A3 254 AEF 19F59 ITS1 ¥
ITS29] 971 Qo] 3= Ath(Table 1). 12 oA &
SHA BAE = 7AW R AR GrIAEE AT
At ek o] AAsE AW R 7HekAHF ge-
nomic DNAE #&]3}] A 18S rDNA, ITS1, 5.85 rDNA, ITS2
3 285 1DNAS] 985 F%5kal, dojzl PCR A& 971A
& FAEAT. 1 A, A 2588-bp L8] 7hutH
oA 2,589-bpe] @71 Dol EAE AT 28 AHF
o} 7 A F9] DNA 97149 < ClustalW 212 Hlw g 2

Table 1. Accession numbers and sources of the DNA sequences
used in this study

Species Accession number or source
Ampelopsis brevipedunculata This study
var. heterophylla
Vitis thunbergii var. sinuata This study

ITS1 AF365988
ITS2 KF454243,
185 rDNA GQ849399

Vitis vinifera

Vitis aestivalis KT344629
Vitis amurensis KT344630
Vitis arizonica KT344631
Vitis betulifolia KT344633
Vitis chunganensis KT344634
Vitis cinerea KT344637
Vitis flexuosa KT344643
Vitis heyneana KT344647
Vitis labrusca KT344648
Vitis lanata KT344649
Vitis latifolia KT344651
Vitis luochengensis KT344652
Vitis menghaiensis KT344653
Vitis piasezkii KT344654
Vitis pseudoreticulata KT344656
Vitis riparia KT344658
Vitis tiliifolia KT344660
Vitis vulpina KT344661




A A. brevipedunculata ACCGG
V. thunbergii ACCGG
V. vinifera ACTGG

B A. brevipedunculata CTTTTGG
V. thunbergii CTTTTGG
V. vinifera CTCGCGG

C A brevipedunculata TATAT
V. thunbergii TATAT
V. vinifera TACAT

Fig. 1. Alignment of the 185 rDNA sequences of A. pedunculata
var. heterophylla, V. thunbergii var. sinuata and Vitis vinifera. Only
part of the alignment is shown. The first positions of the V.
vinifera DNA is 198 in A, 373 in B and 553 in C of the V. vinifera
185 rDNA (accession number GQ849399).

73], 185 rDNA 1,806-bp T 22 g @7l ATk Zto] 7}
BEEHNL, TSI A= F FEAA 474 144 AME &
@71Ago]l HAHYL, & FEellAE & @719 sdete
gapo| HAH AT E3 T2 A& F F&olA 2+t A
AE g2 d71Age] A H Sl th(dat

Junt
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—

not shown).

18S rDNA 7|\l Him & M

M 59} 7hupAH 2] 185 rDNA 9714 €& Genbanko]
A FRT FEF £59 185 1DNA €714 €3 ClustalW 2.1
2 aligndtAqtH3]. 229 185 rDNA %714 & (accession
number GQ849399)& 27 844-bpoll E3}317] wj ol ] F

V. labrusca

A

V. aestivalis

V. arizonica
V. cinerea

V. riparia

V. vulpina

V. latifolia
L{f\/ flexuosa
[ 'v.betulifolia

V. lanata
— V. amurensis
- V. piasezKii

— V. menghaiensis

{7 V. luochengensis
V. pseudoreticulata

V. heyneana

L V. chunganensis

{ V.vinifera
V. tilifolia

V- thunbergii var. sinuata

L A brevipedunculatavar.heterophylia
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o kA T A7IAE FolA Ex9] @7IMEH FHE
T F&W< alignmentol A&t 1 A3, Fig. 19 WEk
wxol A0 drIAEe] b F 4t AEEH AAA L
Z A BRAA gA R €717 9E Ao E YERT. F,
F RodME 44 stue |71, 283 @ QA 95

Al 7H e @71el A Aol 7k A H 9 Th(Fig. 1). Vdacny©ll «lo}
A ARFF Ao 1130 185 rDNAY €717} shd uhE

35S 125-140x10°2 AXSYTHL7]. &, 97] st 3ol
F RStz $18l A 72-80 million yearsS] AlZbo] &85
Me Fu ek o F= £ 29 185 rDNACA 671 7] 7}
T2 B & 432480 million years Aol /™ FU 74ukA v F&
Zro} FeEo] Mg & 4+ Yt(Fig 1).

N

ITS H7IME9| Hw & 24

X523 21F A =59 115134 1152 9714 9 E& ClustalW
21% aligndtgl oyt o3 A34E dA XS B2= MUSCLE
3.8% aligndtAtH[3, 6]. 1 AFA 7w T} 7hnp7 v 9
BNAEEL MR & A4S dE oY Una 4es
e B2 Aol Bt of# ¥ A ¥ MUSCLE 382 o]
A alignmentE 7} 3L A48t neighbor-joining tree 3 p-dis-
tancedl A & © W &3tA Uebdth(Fig. 2, Table 2). =, Fig.

20 U 9 %o] AW E9} 7hutA R EE 1TS1 & [TS2E
A Aspo A g HE 2L groups AL JoH

T gds FEEE Ae ¢ 5 dn
(Fig. 2). =& & &5 @7IMEe 259 F7IAEH
ME 112 v 234l pdistanced EUSGE W £ 7}
A EE AT O AEE2 7MW Ao = ITS100 A

= A=~ H = o
l:]-__. i T A /\]E———_L]_
Al
~

B V. flexuosa

V. piasezkii
V. betulifolia
V. menghaiensis
V. latifolia
V. pseudoreticulata
V. heyneana

V.vinifera

V. tiliifolia
V. lanata

V. chunganensis

— V. aestivalis

— V. amurensis

V. luochengensis
V. labrusca

V. arizonica

V. vulpina

V. riparia

V. cinerea

— V. thunbergii var. sinuata

| A brevipedunculatavar. heterophylia

P
0.02

Fig. 2. Neighbor-joining trees of Vitis and Ampelopsis plants. A, Trees constructed based on ITS1 sequences. B, Trees constructed

based on ITS2 sequences.
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Table 2. Pairwise distance of ITS1 and ITS2

Species ITS1 ITS2
Vitis vinifera - -
Vitis tiliifolia 0.055 0.102
Vitis heyneana 0.088 0.027
Vitis chunganensis 0.093 0.021
Vitis lanata 0.093 0.021
Vitis amurensis 0.093 0.027
Vitis latifolia 0.097 0.032
Vitis betulifolia 0.098 0.022
Vitis piasezkii 0.098 0.022
Vitis pseudoreticulata 0.098 0.027
Vitis aestivalis 0.102 0.027
Vitis cinerea 0.102 0.027
Vitis vulpina 0.102 0.027
Vitis luochengensis 0.103 0.021
Vitis menghaiensis 0.103 0.027
Vitis flexuosa 0.107 0.027
Vitis riparia 0.107 0.027
Vitis labrusca 0.118 0.033
Vitis arizonica 0.124 0.027
Vitis thunbergii var. sinuana 0.328 0.193
Ampelopsis brevipedunculata 0.33 0.18

var. heterophylla

0.124, 18] 3L ITS20 A 0.27%1 Hbe o 7j o F9} 7hntA v &&=
ITS191 A 247+ 0333 03282 YEFYIL TS24 A = 7H2F 018
% 019382 Y ERGTH(Table 2). Austrailia &A1 5 A 9 o A
AHE mIE 24 2AS B S F7)2 & p-distance
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X =7 (Vitaceae) EE4(Vitis) A EE 19%9 intergenic spacer 1 ¥ intergenic spacer 29 ¢ 7]4 €& Genbank
oA AT 22 FHelA A BAHE 2 25& A B 7AkA ™ F(Vitis thunbergii var. sinu-
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