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Abstract: Analysis of genetic relationships among nineteen provenances of Dendranthema morifolium
Ramat., four provenances of D. indicum L., one provenance of D. nankingese Hand. -Mazz. and one
hybrid provenance of D. indicum x D. morifolium * Gongju’ from different locations was carried out by
using ISSR molecular marker technique. The results showed that six primers of ISSR were selected from
thirty-eight primers and sixty-six bands were amplified by the six primers. Average percentage of
polymorphic band was 95. 5%. The results of cluster analysis indicated that twenty-five provenances
could be divided into two groups at A =16, one group including D. indicum, D. nankingese and a
hybrid, another group including nineteen provenances of D. morifolium, the latter was further divided
into two groups according to geographic origins. Genetic relationships among most of D. morifolium
provenances from the Northern of China were close and genetic relationships among most of D. morifolium
provenances from the Southern of China were also close.

Key words: Dendranthema morifolium Ramat.; D. indicum L.; D. nankingese Hand. Mazz D. indicum x
D. morifolium ‘ Gongju’ ; ISSR molecular marker genetic relatlonshlp
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“Gongju’ ) HEAT HC BB, LA HH s 30 S 50 B a1
R, N2 RIS AR AR HHR AR o

1 #oRARTr %

1.1 #8

25 By RPIRALIE TS FRAIAE 19 1 BP35 4 1 S5
Wi 1 RIZeRe A A1 0, R L
SRR IEREALERE 10 4R, IMARERCE B, T -20 C
VKR THRAAT , R TR T IL R S 5L AR SR 3 0 B o
R 25} K2 2 PR A Bl SR R BB R
1.2 HiE
1.2.1 % DNA #4#REA#&n RAHANRERK CTAB
L FE 4 A DNA, FIREAEI 0. 8% BiiR
RIS, 0.5 pg - mL™' EB PR 15 ~20

Table 1 Origins of different provenances of Dendranthema morifolium Ramat., D. indicum L. and D. nankingese Hand. -Mazz.

Fh#E  Provenance

7=Hb  Location

BiE%5 D. morifolium * Hangju® (Hangbaiju)

31 D. nankingese

th4kF1 3 D. morifolium * Zhonghuagongju’

%3 D. morifolium ‘ Chaju’

B4 D. indicum

B4 D. morifolium * Jiju’

913 D. indicum

*Z3 D. morifolium * Boju’ ( Daboju)

/NE%E D. morifolium ‘ Boju’ (Xiacboju)

1% D. morifolium ‘ Hangju’ (Dabaiju)

AE1% D. morifolium ¢ Hangju’ (Xiaobaiju)

/NEZ (%) D. morifolium ‘ Huaiju® (Xiaobaiju)
4% D. indicum x D. morifolium * Gongju™

41,058 D. morifolium ‘ Hangju’ ( Hongxinju)

/NER 1 2 D. morifolium ‘ Hangju’ (No. 1 of Xiachuangju)
/&% 2 B D. morifolium ‘Hangju’ (No. 2 of Xiachuangju )
K% D. morifolium * Hangju’ (Changbanju)

%% D. morifolium * Chuju’

%45 D. indicum

935 D. indicum

#53 D. morifolium ‘ Qiju’

4 D. morifoliun ‘ Gongju’

K% D. morifolium ‘ Hangju® (Dayangju)

/NEESS D. morifolium ¢ Hangju’ (Xiaoyangju)

BFh K3 D. morifolium ‘ Hangju’ ( Yizhongdayangju)

T35 B Sheyang of Jiangsu Province( 355 Cultivated )

I BIBT Nanjing of Jiangsu Provinea( 3% Cultivated)
% I Wenshang of Shandong Pro;rince( 3 Cuhivated)
748 B Wenxian of He’ nan Province( 1 Cultivated )
YL Jiangxi Province( Bf2E Wild)

" W ZREE R Tiaxiang of Shandong Province (3} Cuhtivated)

28 # 11} Huangshan of Anhui Province(BF4: Wild)
243N Bozhou of Anhui Province( 3 5E Cultivated )
2282 M Bozhou of Anhui Province(#8# Cultivated)
JL# &1 B Sheyang of Jiangsu Province(3R3% Cultivated)
YT #54FH Sheyang of Jiangsu Province (#25§ Cultivated) -
i H 18 & Wenxian of He’ nan Province( 3% Cultivated)
YT B2 Nanjing of Jiangsu Province(#3% Cultivated)

" YL 5FPH Sheyang of Jiangsu Province( 4% Cultivated)

T FB P Sheyang of Jiangsu Province (3% Cultivated )
#ILHE Tongxiang of Zhejiang Province ( 23 Cultivated)
ﬁ;ﬁgﬂiﬁ Sheyang of Jiangsu Province (R34 Cultivated )
LA L Chuxian of Anhui Province ( 335 Cultivated )
{TF H§E Nanjing of Jiangsu Province( $RHE Cultivated)

T # B4 50 Nanjing of Jiangsu Province (R H} Cultivated)
Fi4t% E Anguo of Hebei Province (3% Cultivated)
BBk B Shexian of Anhui Province (B3 Cultivated )
H#7ITH# % Tongxiang of Zhejiang Province (3 Cultivated)
#T7LH % Tongxiang of Zhejiang Province (#%3E Cultivated)

HiITH % Tongxiang of Zhejiang Province (3% Cultivated)
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WAE: AFIFHIEZ AL EF A I AEIN Y ISSR 43 FAmic Bl R R AT 9

min, Bio - Rad B¢ R R KB DNA &, #RE
By DNA BEF BT -20 CHAMPRAE B,
. 1.2.2 ISSR 44 kB Hibal AEREE 2 H
T DNA RS, 451 38 4~ ISSR B4 (Frh 36 MR T
'Eﬁtiﬁh Golumbia KZFAMMFHIEI 2 NSEHK
SCHET et I B T AR T R ARIRE A R
AT IR BATY 1Y, Bt SR S, YRR B A
T 087 . B2 DR ot FL S HEARET 1 6 4 ISSR 3| #% 25
i~ DNA BT 3
- PCR PR F B B AABN 20 wL, £33 20 ~ 80

ng #54R% DNA,2.25 mmol - L™' Mg’* ,1 x Taqg DNA 5
AW 2 MW (& A 10 mmol - L™ Tris — HC1,50
mmol - L™" KCI, pH 9.0),0. 6 pmol - L™' B| %y,
dATP . dGTP .dCTP 1 dTTP %5 0.4 mmol - L' ;1.0 U
Tag DNA B4 . |

PCR #2577 :94 CHIAEH: 5 min;94 CASH:
305,50 C.52 C 5K 55 CiBA 45 s, 72 CHEfh 2
min , 3% 40 MEF RN ; 85 T 72 CHEEEfH 7 min,

SR =41 LA DL2000 4 FBiARic, A B i A
5881, 5% BRHRMREER HIK)G 0.5 ng - mL™" EB ¥
VR WL 15 ~20 min, FIBERRGREM R, WEY
WARHBA Y B 2EE, WA REAR 5% &
PR PIIR BERG B 13K ,0. 5 pg - mL™' EB FHR
¥ 15 ~20 min, T BB R R G4

: mmol

M 1

2 3 45 6 7

M: S F8HRiC Marker (D12000); 1. 414 Dendranih morifoli

mory"ohum Zhonghuagongju® ; 4. 253§ D. morifolium ¢ Cha]u

1.3 HEGIHSHHF

UK e — &KW (DNAK B i
1AM Fhric , RE 1 MBI AL BELS
FHRICHA LRI BE, GiHIA ok /¥
(RAE)IEN“1” , T (BRE) iIC R 407 384 fu g
RRIERI N 17, F SPSS 23 M8k 4k i) Jaccard J
SRR & 1] A4 388 15 AH 2L 3R B (genetic similarity,
GS) , ] Ward’ s method Xf ISSR $t#E 1T 8B4,
WV RERFRRE,

2 HERMM

2.1 ISSR¥" tEF%H’J&U'Eﬁﬁ
A SEE, M 38 4~ ISSR B ¥y i v Hi b 1
KA AN R EEE TN 6 5, Xt
25 iy DNA £ 547 ISSR 4 FAric 47, o519
S3 Y=y g e K L LI 1,6 518 F S R E
PHGERRE2, BR2 L, 6 51L&
M 66 4%, P EAWRT 63 &, THESHEAWE
43355 95.5% , 5|4 ISSR1.S3 1 S23 P =Yy £
AW E SRR, BT A 100.00% , FKitk
B, P& RN 250 ~2 000 bp,
2.2 BESW
WIBISSRE R BHRMWA AL B %

250 bp

500 bp

700 bp
1000 bp

8 9 10 11 1213 M 14 15 16 17 18 19 20 21 22 23 24 25 M

‘Hangju’ (Hangbaiju) ; 2. 3§76/ D. nankingese; 3. H4EF % D.

; 5. %fﬁ D. indicum, 7174 Jiangxi Province( Bf4: Wild); 6. ¥4 D. morifolium

‘Tiju’; 7. ¥¥3 D. indicum, 31 Huangshan of Anhui vamce(EéE wild); 8. XZ% D. morgfnlmm Boju’ (Daboju); 9. /NZE% D.
monfolmm * Boju’ (XlaobOJu) 10. X% D. morifolium ‘Hangju” (Dabaiju) ; 11. /NEI% D. morifolium * Hangju’ (XIBDbal]Ll) 12. /MAF (R

) D. morifolium ‘ Huaiju’ (Xlaohalju) 13. #4% D. indicum x D.

-.1,.

‘ Gongju’ ; 14. ﬁlbﬁ D. morifoliwm ‘ Hangju’ ( Hongxinju) ;

15. /J\ﬁﬁl%’;D morifolium * Hangju’ (No. 1 of Xiachuangju) ; 16. lj\ﬁ‘%Z%D morgfolmm Hangju’ (No. 2 of Xiachuangju) ; 17. K%

D. monfalmm Hangju’ ( Changbanju);18. % D. morifolium ‘ Chuju’ ;

19. B73§ D. indicum, JIj=JIL 3 Jiangsu Province (ﬁi“:j;m,l;{

Cultivaied in Nnn]mg) 20. 8% D. indicum, JE7=Hidt Hubei vamce(ﬂi%:j:ﬁs’ Cultivated in Nan]mg) 21. B3 D. morifolium * Qiju’ ; 22.

Fidi D. morifolium * Gongju”® ;
W23 D. morifolium * Hangju’ ( lehongdayang;u)

s 23. K¥ 3 D. morifolium ‘ Hangju’ (Dayangju) ; 24. /NE% D. morifolium * Hangju® ( Xiaoyangju) ; 25. Bk

W1 348 ﬁﬁﬁﬁk.ﬁﬂtﬁm ISSR yamn
Fig. 1 ISSR pattern of Dendranthema morifolium Ramat., D. indicum L. and D. marnkingese Hand. -Mazz. ampliﬁed by primer S3
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FEB R Z 3835 AL 25 DR RETFIBIEMAUR B BIRBHX MR,
0.40, B K{EAF 0. 58, B/MEU R 0.13, gk E %L I A R A R B A R R R
B, T MAWHESEEE, SHEROBEN  BOFERRLE2 ] =16, St 1925 61 F I AT

»1 WFHEYL. TR ISSR A TR AR , '
Table 2 Primer sequences used for ISSR analysis of Dendranthema morifolium Ramat., D. indicum L. and D. nankingese Hand. -Mazz. and

amplification results

iy ;2R 1 B/bp ¥ 34 EEHETH EAUERTARIE %
Primer Sequence'’ Length Number of band ~ Number of polymorphic band  Percentage of polymorphic band
ISSR1 (CT)3ACG 250 -2 000 1 1 100.0

2 (CT)A 500 —2 000 8 7 LS

s3 (TC)5A 250 -2 000 10 10 , 100.0

s16 (CT)4RC 250 -2 000 16 15 93.8

518 (CTC) 700 -2 000 8 7 87.5

23 DVD (TC), 250 -2 000 13 13 100.0

Rt Total 66 63

4 Mean 11 95.5

DR =AoaG;D =A,GorT; V=A, CorG.
15

17
16

14 —I——
25

1 _—
R

R
23 —

24

10

b SO ERSE AR TR N e AP ERE -
] 5. . 2100 o160 20 2%
» G Genetic distance

1. #A% Dendranthema morifolium ‘ Hangju’ ( Hangbaiju) ; 2. %7688 D. nankingese; 3. 4 #%§ D. morifolium ‘ Zhonghuagongju’ ; 4. k% D.
morifolium ‘ Chaju’ ; 5. ¥F%§ D. indicum, JLV§ Jiangxi Province (B 4 Wild); 6. ¥ D. morifolium ‘Jiju’; 7. %% D. indicum, TR
Huangshan of Anhui Province( B4 Wild) ; 8. K33 D. morifolium *Boju® (Daboju) ; 9. /NS D. morifolium ‘Boju’ (Xiacboju) ; 10. KE ¥
D. morifolium ‘ Hangju® (Dabaiju) ; 11. /NE3 D. morifolium  Hangju® (Xiaobaiju) ; 12. /MEZ($F%) D. morifolium ‘ Huaiju® ( Xiaobaiju) ;
13. 4% D. indicum x D. morifolium ‘ Gongju®’ ; 14. £L.0:%§ D. morifolium ‘Hangju’ (Hongxinju) ; 15. /NE%F 1 B D. morifolium * Hangju’
(No. 1 of Xiachuangju) ; 16. /p#%%2 € D. morifolium * Hangju’ (No. 2 of Xiachuangju) ; 17. K% D. morifolium ‘ Hangju’ ( Changbanju) ;
18. 1% D. morifolium ‘ Chuju’ ; 19. ¥4 D. indicum, JF7= 1T Jiangsu Province (3% THi5{ Cultivated in Nanjing) ; 20. ¥¥%§ D. indicum, [
7=t Hubei Province( 3% F# & Cultivated in Nanjing) ; 21. 3% D. morifolium ‘ Qiju’ ; 22. F % D. morifolium ‘ Gongju’; 23. Ki¥% D.
xfwfglmgn‘; ‘ Hang)iu' ( Dayangju); 24. /NH % D. morifolium ‘ Hangju® ( Xiaoyangju); 25. B ¥ K ¥ % D. morifolium * Hangju’
ongdayangju) .

B2 %T ISSR S47h0 25 A HANE NN ENMN RSN RE
Fig. 2 Dendrogram of cluster analysis based oti ISSR anslysis of twenty-five provenances of Dendranthema morifolium Ramat.,
D. indicum L. and D. nankingese Hand. -Miixz,
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KFRo BHE LR, UKILHR, TR AT
PAZR A X, 325 1 AL i 35 M 45 L2 A
X HERA, FOCRiCER, b MBS ST
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