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YU Weijun', YAO Hong', SUN Ruigi', WANG Guiging', ZHONG Huaiqin>, HUANG Minling*"
ZENG Lihui"® (1. College of Horticulture, Fujian Agriculture and Forestry University, Fuzhou
350002, China; 2. Crop Research Institute, Fujian Academy of Agricultural Sciences, Fuzhou 350013,

China) , J. Plant Resour. & Environ., 2019, 28(2) . 42-48

Abstract: ISSR-PCR reaction system of genomic DNA of Clematis Linn. plants was optimized, and
genetic diversity of 32 plants of Clematis (including 8 wild species, 1 variety, and 23 cultivars) and
2 plants of related genera was researched by using ISSR molecular marker. The results show that total
volume of optimal ISSR-PCR reaction system of genomic DNA from Clematis plants is 25. 0 pL, including
1.0 wL of 40 ng - pL™" template DNA, 1.0 wL of 0.4 wmol - L™' primer, 2.0 pL of 0. 15 mmol - L™
dNTPs, 2.0 L of Ex Taq Buffer (Mg™ Plus), 0.2 pL of TaKaRa Ex Taq polymerase, 18.8 wL of
ddH,0. The result of ISSR-PCR analysis on genomic DNA from 32 plants of Clematis and 2 plants of
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related genera shows that 172 bands (loci) are amplified with average of 13. 2 loci per primer, in which,
there are 168 polymorphic loci with average of 12. 9 polymorphic loci per primer and average percentage
of polymorphic loci of 98.2%. The cluster analysis result shows that genetic distance of 32 plants of
Clematis and 2 plants of related genera is 0.22-1.21. At the genetic distance of 1.02, 32 plants of
Clematis are divided into three major groups, Superba’ is clustered into one major group, °Stolwijk
Gold’ and ‘Lemon Dream’ are clustered into one major group, the rest are clustered into the third major
group. At the genetic distance of 0. 92, the third major group is further divided into three subgroups, the
first subgroup includes ‘ Addisonii’, ‘Pascal’, and ‘Cherry Lip’, and the second subgroup does C.
cadmia Buch. -Ham. ex Wall., C. canescens (Turcz.) W. T. Wang et M. C. Chang, C. lasiandra
Maxim., C. repens Finet et Gagnep., ‘Jingle Bells’ , and ‘ Freckles’ , the third subgroup does 20 plants
of Clematis such as C. huchouensis Tamura. At the genetic distance of 0.77, the third subgroup is
divided into seven small groups. It is suggested that ISSR molecular marker can be applied to the genetic

diversity analysis on Clematis plants.

Key words: Clematis Linn.; ISSR-PCR; reaction system optimization; genetic diversity

BREIE ( Clematis florida Thunb.) FHROWRLAE i Aol F8) SO
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(Sect.  Cheiropsis DC.) I 22 ¥ 2% % 4 ( Sect.
Naraveliopsis Hand. -Mazz.) , B i 57 & X8k 26 % R
FIP) I AL AL 1 | 240 AN SR AE S e ') 1k A 7
WHFE, iz s A R S e oy 280 1 2R, Tk
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viridiflora ‘ Magpie’ ) ) T3R5 R ML Z M
At , DI OR Bk 24 3 T Ay v b ol Rt Ao 9 326 4
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(Turcz.) W. T. Wang et M. C. Chang) . 5t k4%
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Ja AR SR BRER LA T AR e A
feiboke B At R X Ge T 2 A
SRITTRJE LA™ 2R 4 AT B P 5 3686 45 R AL /)N
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Blossom’ ) . ‘ {8l ¥ (‘ Reflections ’ ), * & #% I~
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0.35 mmol - L™, 7E 347 H B — [R5l /K7 52 5
AF, oA PR [ € A A DNA ¥ BE 40 ng - w7
S5l ¥ B 0.4 pmol - L' K dNTPs ¥ J¥ 0.20
mmol - L™', "84 5 B FE ¥ 4. 94 C HZAEME 5 min;
94 C7EME 50 5,50 CIE K 1 min, 72 °C ZE{H 1 min,40
AMEFR ;72 °C #EH 10 min, PCR P2¥1T 4 CARTE .
P18 RN S LA B 14 879
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ALY ISSR-PCR [ A 5, LUK -2k £ 3 < A0k
J&> R4 DNA AT, X 86 4% ISSR 514 HEAT
e, B IGSE R E G ML PR A W H 2 A
[SLOEILY/B

WE 45.7 °C 47.7 °C 50.4 °C 51.8 °C 54.0 C
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eSS R7/)Dies
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M: DL15000 marker. 1. JEAEEKEFE Clematis cadmia Buch. -Ham. ex
Wall.; 2. S MERELTE C. huchouensis Tamura; 3. KM k2R 3% C.
canescens (Turcz.) W. T. Wang et M. C. Chang; 4. SRR E C.
kweichowensis C. Pei; 5. BEBLE C. lasiandra Maxim.; 6. Ff A%k
23 C. hexapetala Pall.; 7. * R Inspiration ” ; 8: ¢ e
‘Rooguchi’ 5 9. HHAAERELE C. repens Finet et Gagnep.; 10  fuA &4
B N’ ¢ Comtesse de Bouchaud’ ; 11, Bl k2 C. crassifolia
Benth.; 12 ‘¢ FEEEMSR ¢ Magic Fountain’ .

1 SEEEDBHEWEEE DNA FIBEKENLER
Fig. 1 Electrophoresis detection result of genomic DNA from some
of Clematis Linn. plants
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2.2 ISSR-PCR REI{k &AL U, BeZHE ISSR-PCR H5efd 52 WA £ 19 B AR AR

ERLETETEALYFE N L DNA 19 ISSR-PCR R A& 25.0 pl, 245 40 ng - wL™' 4L DNA 1.0 ulL.0. 4
R R 2, S5 R BN B DNA KEN pmol « L7 514 1.0 plL.0. 15 mmol + L™" dNTPs 2.0
40 ng » uL7' BIPIEEEN 0.4 pmol « L7 FTdNTPs ¢ wL 10X Ex Tagq Buffer (Mg* Plus) 2.0 pL. TaKaRa
FEH 0. 15 mmol « L7 B, ¥4 %580 2 HiEMi B fe Ex Tagq 1§ 0.2 pL A1 ddH,0 18.8 plL,

2 000 bp 2 000 bp

2 000 bp

1 000 bp
750 bp

1 000 bp
750 bp

1 000 bp
750 bp

500 bp 500 bp 500 bp

250 bp

250 bp 250 bp

100 bp 100 bp 100 bp

A B DNA ¥, 1~6 4KIKCA 10,20.40 .60 .80 1 100 ng - }LL_I M DNA Template DNA concentration, 1-6 are in order of 10, 20, 40, 60, 80,
and 100 ng - ;LL_] template DNA; B: SR E ,1~5 W7 0.2.0.3.0.4.0.5F10.6 pmol - L' 2|4 Primer concentration, 1-5 are in order of 0.2,
0.3, 0.4,0.5, and 0. 6 pmol - L primer; C: dNTPs WRE 1~6 KK M 0.10.0. 15.0.20.0.25.0. 30 £10. 35 mmol - L™ 'dNTPs dNTPs concentration ,
1-6 are in order of 0. 10, 0.15, 0.20, 0.25, 0.30, and 0.35 mmol - L™' dNTPs. M: DL2000 marker.

B2 #$he&EREEYWERES DNA § ISSR-PCR R & REHER
Fig. 2 Optimization result of ISSR-PCR reaction system of genomic DNA from Clematis Linn. plants

2.3 ISSR 5|#ByfmiE sy B R Z HIEMWRI 519 13 45 X A 13 25519070 %l
SRR R GE N ARBEIR R BE ZH DNA 308 6 MR KR EEVEFT PCR 971, 1 7 2% 51 W) 10 i
REH, X 86 4% ISSR S W AT ik, e P34 26 (RIBJGRE (R 1),

x1 AT RAUKEEEDE 2 MELBEEYWEEZE DNA ISSR-PCR REHSIWMBNERER T IEER
Table 1 Primers and annealing temperature used for ISSR-PCR reaction of genomic DNA from 32 plants of Clematis Linn. and 2 plants of
related genera and their amplification results

314 Primer IR/ C . M SATA A%
Annealing N mbl;‘ £ loci Number of Percentage of

4" No. J¥31 Sequence temperature umber ot foc polymorphic loci polymorphic loci
811 GAGAGAGAGAGAGAGAC 54.0 16 15 93.8

812 GAGAGAGAGAGAGAGAA 54.0 14 14 100. 0

835 AGAGAGAGAGAGAGAGYC 51.8 6 6 100. 0

845 CTCTCTCTCTCTCTCTRG 54.0 18 16 88.9

847 CACACACACACACACARC 54.0 11 11 100. 0

854 TCTCTCTCTCTCTCTCRG 51.8 5 5 100. 0

860 TGTGTGTGTGTGTGTGRA 54.0 13 13 100. 0

866 CTCCTCCTCCTCCTCCTC 55.4 17 17 100. 0

868 GAAGAAGAAGAAGAAGAA 51.8 15 15 100. 0

879 CTTCACTTCACTTCA 54.0 12 12 100. 0

892 TAGATCTGATATCTGAATTCCC 54.0 18 17 94.4

899 CATGGTGTTGGTCATTGTTCCA 51.8 11 11 100. 0

900 ACTTCCCCACAGGTTAACACA 54.0 16 16 100. 0

7t Total 172 168

HIE Average 13.2 12.9 98.2
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FIH O 0 A 13 255 1905 32 N EREGE @ A )
K 2 AN 2 SR A W L I 41 DNA 247 ISSR-PCR Jx
B PR (1) BoR 13 o1ty 172 4
Sl (P80 PRSI Y 1t 13,2 A, H
2N 168 AN P RAT It 12,9 4

2000 bp

1 000 hp
750 bp

500 bp

250 bp
100 bp

M: DL2000 marker. 1: #4843 Clematis cadmia Buch. -Ham. ex Wall.; 2

Pall.; 7. < RJE ‘Inspiration’ ; 8: ‘ W~ ¢ Rooguchi’

Star’ ; 16; 2 “Kaiser” ; 17; ‘A" “ Superba’ ; 1
Agquilegia viridiflora ‘ Magpie’
‘PEBEIE’ ¢ Cherry Lip” ; 25:
M7 4" ¢ Jingle Bells’

AL ¢ Apple Blossom’
;5 30: ‘4EBE’ ‘ Freckles’

3 54866 3t 32 NELEREY K 2

3 9: HHARERZE C. repens Finet et Gagnep.; 10
11 JBM4RLTE C. crassifolia Benth.; 12 ¢ JEEEBIIR < Magic Fountain’ ; 13
8: ‘HrE/RF ‘Stolwijk Gold” ;
3 21 RSP K 5 Helleborus thibetanus Wlnterbells’ ; 2 Bl A% ¢ Addisonii’
; 26 ‘{8527 ¢ Reflections’
;31 ¢ /EJ“FW’ ‘ Polish Spirit” ; 32, ¢ ﬁﬁj_’ ‘¢ Avant Garde’
A3l C. armandii var. farquhariana (Rehder et E. H. Wilson) W. T. Wang.

ZAEMAL B Z AL EH R 98.2%, 13
2519, 514 845 F1 892 I H AU S B £, 1Y
F 18 A, Horh 51 ¥ 886 X} 32 ANk £k & B AH Y M
2 MR E AN 4] DNA /Y ISSR-PCR 4 14 |8 ii%
UL 3,

RO TE C. huchouensis Tamura; 3: KMk 3%
(Turcz.) W. T. Wang et M. C. Chang; 4. SR E C. kweichowensis C. Pei; 5 BRERLIE C. lasiandra Maxim.; 6. MR IE C. hexapetala

C. canescens

c CHAETE(A B R A ¢ Comtesse de Bouchaud’ ;
LR e Kingﬁsher’ s 14 “Eif7’ ¢ Diamantina’ ; 15; ¢ QIE’ ‘ Red
FFEEZ A ¢ Lemon Dream’ 5 20 ﬁf 3R E%

;5 23: ‘AR ¢ Pascal’
“4¢F" * Alba Plena’ ; 29, ‘%@JL
; 34 KA/

'%}Eils ‘ Utopia’ ; 28:
; 33: CJFMR ¢ Pistachio’

ME%EEYEFEZ DNA i ISSR-PCR # 18 [E it

Fig. 3 ISSR-PCR amplification pattern of genomic DNA from 32 plants of Clematis Linn. and
2 plants of related genera using primer 886

2.4 BHEEHESH

FEF ISSR-PCR P45 51 32 MRS E R MY
K2 AN EGIERY R E LK 4,

HIE 4 ATLLAE .32 AR B A & 2 AV
G R A R AERE B 0. 22~ 1. 21 2 Ja], Hirpr 32 4>
BRI TR A 1 35t 1L E B AE 0. 22~ 1..09 Z JH], kR
TFERFP KSR RS SRR B 5 32 MRERE
JEAEY AL B B R, R AR BT 102 &b,
32K EIRAE Y 0 N 3 AR, AR B B
H 1 ASKRAL, WHER T T M A2 E BN 1A
KA, ok 29 ANMEREGE R ALY RN S 3 KAl #E st %
HE5 0. 92 &b K5 3 KRdliE—2R150 4 3 /\Izéﬂ
1 WA ALHE < Bad AR | i A Bk L 58
YIALFE S AE BRI R AR T | B R EHW@%E

LRI A LMANT Y R BT L5 3 4T AL IS B %R
%%ﬁfr 20 MR R ALY FE AR IR S 0. 77 b, %
55 3 WA X — K15 R 7 AL, i B4R
FER B NEREER N 1 /M,

B 32 MR R A T, 8 B AR (AR
LRIE  BAREREGE KRR E | MR ER LR E | R Bk
é)%itu\}”%iéf AR LR S RS R 2R E ) (1 A
ﬁ“%ﬂh(ﬁtim A ) 5 23 AR ] SE 06 R 4

SRR A REGE | B ERE KR A R
WERERIE S B LM T 4 Fl BB RS LR
T 5 RLREGE | DEMARZE A FT RS E R AE /A
iﬁ'—ﬁ‘fﬁ%ﬂe MR 2% 0 R R Ak s S« R
Bty A AR R R SFER AR R OC R
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L | | | J
0.22 0.47 0.72 0.97 1.22
LR Genetic distance

1. SRR TE Clematis cadmia Buch. -Ham. ex Wall.; 2. 5284835 C. huchouensis Tamura; 3 IR ZRE €. canescens (Turcz.) W. T. Wang et
M. C. Chang; 4. St ERZHE C. kweichowensis C. Pei; 5: BEEERLLIE C. lasiandra Maxim.; 6. F KL% C. hexapetala Pall.; 7. ¢ R’
‘ Inspiration” 5 8, * ke Rooguchi’ ; 9. AR E C. repens Finet et Gagnep.; 10: * A E R A ¢ Comtesse de Bouchaud’ s 11 JELIH- 2k 2 T
C. crassifolia Benth.; 12 ‘ JFEHEMHR < Magic Fountain® ; 13 ‘31 ‘Kingfisher’ ; 14; ‘45 ‘ Diamantina’ ; 15; ‘ZLA ‘Red Star’ ; 16 ¢ 24’
‘Kaiser’ 5 17: ‘A Superba’ ; 18 ‘HiFG/RF5 7 * Stolwijk Gold’ 5 19 ‘FFEEZ %"  Lemon Dream’ ; 20 #5132 5 FP ¢ B8 Aquilegia viridiflora
‘Magpie’ ; 21 BT 5 F ¢ K5 Helleborus thibetanus ¢ Winterbells” ; 22 Bl £k’ ¢ Addisonii” ; 23 ‘WAHT > ¢ Pascal’ ; 24. ‘#HEE’ ¢ Cherry
Lip’; 25: ‘3EHAE ¢ Apple Blossom’ ; 26 ‘{85 ¢ Reflections’ ; 27 < LFEFR  Utopia’ ; 28: %k’ “ Alba Plena’ ; 29 ‘£ JLUWANT 24 ¢ Jingle
Bells’ ; 30: ‘2B’ ‘Freckles’ ; 31: ‘P 2245 #° ¢ Polish Spirit” ; 32: ‘Hi L’ ¢ Avant Garde’; 33: ¢ FF.D 5’ ¢ Pistachio’ ; 34: KAE/NAKIHE C.
armandii var. farquhariana (Rehder et E. H. Wilson) W. T. Wang.

El 4 ET ISSR-PCR ¥ IBLRH N2 MIEERENR 2 MEGBENMHNREE
Fig. 4 Dendrogram of 32 plants of Clematis Linn. and 2 plants of related genera based on ISSR-PCR amplification result

(Mg™ Plus) 2.0 pL.TaKaRa Ex Taq T 0.2 pL F

3 3t N ddH,0 18.8 pL, vk 13 Z5 4%t 32 AMkekii

JEAEY) I 2 ik S Jm A RN 41 DNA () ISSR-PCR

ARBFFTHST R T S A P B 41 DNA ISSR— 4 s, JE 908 1 172 AN 46 (fi205) , Ho,
PCR fRc S N AR R SR FR R 25.0 L, 45 40 LA 4 168 AN, F 2 B AT RN
ng + wL™' A DNA 1.0 wL.0.4 pmol - L™ S1# 1.0 98.2% , 1] ISSR 4> F#5ic AT LAY FH T4 4k 3K [+
pL. 0. 15 mmol « L™' dNTPs 2. 0 wL 10xEx Taqg Buffer SRl LS A= B a] 9 25500, to ik — 20 B A58 B P 1
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NEREE SR A Y TR A5 R S R E R b 253 2 4
RBR B 1 SFHR o S REH (R
AR (M7 A Ar 2 8 ) 5 H A 20 W] Ay
P25 550 2 ARG oy N PE S BT (BT R | iR
RORHEBRR ) 5 HAB A Z TRl 22 5 5 3 SRR
IR AR (RAE ) AR (RO R Al )
AL (AR RN R R
B B LR R B ) 5 IHABA R 2R
HIE AT UL, ISSR 73T AR IC AL RE A X 73 Bk 4k 3% A 7]
A A 32 X T[] — 43 2 R 4O R BRI 2R
REAGHI i 5 v (i 2250

AW I IR T 7K V- M8 T BT J B AR b
SRR ARG R AR TR A REE B
LR K BRE R IR L S W S A I SR 4
KRB ROLRERTE | DN B L AR M k2
CEXSTENRS S Sy el R Ro s Sok e SR |
RAERACH R G R IO, TS RERY]
FERRER AN R VLR B TR A1 B R
HE AR RN S AR R R T Rk
IR REE TR T HEAR R A M A ek s T
R Al 28 B A Bk 28 3% W 41 ( Subsect.  Angustifolia
Tamura ) 170190 AR SC AR 5T 45 SR s kR Bk
RN TR R RGO R T, ROV AN B
MR ER R R BT, HEN P BOX — 45 /1Y
PRI AT B 1 T AW A IR 25 ) 52 B BR B S5 A0 S 1
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