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Abstract: Genetic relationships among seven species in Campanula 1. were investigated by inter-simple sequence repeat
molecular markers (ISSR). The results showed that 28 of 40 primers can be amplified to clear bands. All the 28 ISSR

primers amplified 164 bands, and the proportion of polymorphic fragment was 98.8%. The value of genetic similarity
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(GS) indexes of seven species based on the ISSR data varied from 0.421 to 0.945, and the highest genetic similarity was

0.945 between C. aristata and C. modesta, which indicated that they had closely relative relationship. Cluster analysis

showed that all the species could be divided into four groups: C. colorata, C. cana and C. calcicola in the first group,

C. calcicola in the second group, C. crenulata in the third group, and C. aristata and C. modesta in the last group. This

study provides reference for the molecular marker assisted identification, resource conservation, flower variety develop-

ment and breeding of Campanula.
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WMo BRI T X R AP ) OF 5T R Y
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2014) . H A EHM( Good-Avila et al, 2008 ; Good-
Avila & Stephenson, 2003 ; Caser et al, 2010) fllf&
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al, 2015) , KT R FEAY) RS K RIITITE R
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FEr, ISSR AYHEAS I Bt DL i 52 81 (simple
sequence repeat, SSR) 5|4, K ¥ 3G 9 > ¢ 51 4[]
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ISSR S B AN TG B4R SSR IR 5 B il 5l 40 J1 Ak
PRI, T 23t 78 SSR Y 3781 5/ St o2 1 ~4
BEPLEIFAZ T IRAE A 519, AR T B TRl
M, ISSR 9 1 AR 10 4 15 i 5 PREE, [ i Sie 4
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LHNY GG TG T DNA f4 4l 5 i B 3R
) DNA fiff77E-20 C kA4 H .
1.22 PCR BBk 2 25 B 3| 4 itk TEEL 40 4%
ISSR 519178, 519 h 1A T A TR (1)
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#5 5 pL 2xTagPCR MasterMix( TIANGEN, Jt5%) ;3
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820 o0 W 38 £
R 1 KWHRIAK KR
Table 1 Materials and sources
i TAEHL N ik Hi b
. . Altitude .
Species Location Plant habitat
(m)
P4 R REE ML & =T 2719.8~2 740.8 AT
Campanula colorata Sandaoqiao, Yala Township, Kangding Understory lawn
KB B REE RS & Ay 3078.9~3 128.4 (N SURGER
C. cana Zhonggu, Yala Township, Kangding Roadside ditch
BN B Z eI 3720.4~4 083.8 4 1L B )
C. aristata Zheduo Mountain , Kangding Alpine meadow
JECTFL KA T FREEMER & KMl 3210.6~3 225.7 L SUERN: ]
C. modesta Dapao Mountain, Yala Township, Kangding Roadside lawn
AR eSS 20 B 1138 3765.4~3 783.6 5 L)
C. crenulata Hillside around Daocheng County Alpine meadow
SRBEAEL T Ik 7B 5 803.7~816.2 it Sububii
C. punctata Xiuqi Township, Chengkou County Roadside slope
TR WA B e i bullip) 2626.5~2928.5 S UBuR)

C. calcicola Hillside around Xiangcheng County

Roadside slope

JCHREEARIE B ARG M ) 1B K 30 5,72 CHEAf 1
min, S3E 45 DNEER  PEIR5E UG 72 CHRZLIE A 5
min, 55 4 CORFF . FFHT 1.5% B9 BEAEHE 5E I H Uk
X PCR AYZ™ 58 7 Wy e A7 0, FH o6 Jise 1% 22 S 41
ORI
1.2.3 # e 53t 5 oA ARIEEEIRNR RGN
B EE IR TE B W] — 78 A HL Tk % i
M1, RZN 0, AN GEHEREI N 0 F 1 5
M1 . A Anderson et al(1993) Jyikif& i PIC
FIME, B 2 25 % {5 B & ( polymorphism information
content, PIC) , TN,

PIC, = 1—/_;@0

sk, PR BRIE i 055 j A48 B B
PICEI K/NG ZVER S AR B VAR OC , PIC {H B
R, R LB, R KR8 R 1, &/MER 0,

FIF R M NTSYS2.1 AR R [ i
TR R B GS) , o B ARk a] Y g5t 4% 22 5, O Jd i
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2 HEREHAH
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¥15.9 %, 164 %A A 162 N FiFRAZE
P, 2 & | Rk F] 98.8%, Ho, 51
UBC8S6 ¥ G i M S W Bl £, o 10 2% 919
UBCS827 ,UBC829 , UBC847 1 Hi 3k 1) 4% ¥ B
> ¥R 3 45, FiE IR Anderson et al (1993) Y J7 %
T 751 W Y 8 068 2 8 HEAE B & (PIC)
FIME, PIC A H A 0.571 ~0.954, ¥ {H K
0.785, PIC{H 7 0.7 LA F iy R A 514 UBC827,
UBC828 .UBC847, H:H i /MR A 5 4 UBC827, H
{H4 0.571, PIC {8 e Kk 5149 UBC829, H (K
115 0.954, Hib 514 UBCS46 MY M 25 R LI 1,
22 BIEERSM

DA S A 0 45 o B) it AL AL R B (6S) T
%3, HAREYEE A 0.421 ~0.945 , 28 430 Bl 4k,
o, Vg RS B 5 R RS I RS R A
SRS R I B A AR DL PEAR & AL HE B AR /N, GS fH
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& 2 ISSR-PCR # =¥ &5
Table 2 Polymorphic amplified products of ISSR-PCR

< RS - = SO
(UBC) amplified i)an d No. of polymorphic band pulymo(r[o)/h;c band PIC
4
808 6 5 83.33 0.759
809 7 7 100.00 0.828
811 6 6 100.00 0.827
816 7 7 100.00 0.825
819 6 6 100.00 0.750
822 6 6 100.00 0.801
823 8 8 100.00 0.848
825 6 5 83.33 0.776
826 7 7 100.00 0.837
827 3 3 100.00 0.571
828 4 4 100.00 0.694
829 3 3 100.00 0.954
830 4 4 100.00 0.740
834 5 5 100.00 0.777
840 5 5 100.00 0.777
846 9 9 100.00 0.853
847 3 3 100.00 0.594
848 6 6 100.00 0.786
849 6 6 100.00 0.806
850 5 5 100.00 0.764
851 5 5 100.00 0.777
854 7 7 100.00 0.793
855 5 5 100.00 0.727
856 10 10 100.00 0.885
857 7 7 100.00 0.805
858 7 7 100.00 0.840
860 5 5 100.00 0.796
873 6 6 100.00 0.791
wit 164 162
Total
;E“i?l 5.9 5.8 98.81 0.785

BR,RGRAR T, XBAFENNEESER 2.3 BESHN
fiE . Hor S BEXUES 55 5 Bl R KR B R GS R fe /) F ] ISSR AL AR UVERE FE 45 UPGMA J5 2 3
H0.421, BEEATZ F] BSR4 R R PPN MR T 7 b KU R A ) 1) 2R 2R 1A
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. M. 2 000 bp markers; 1. ViR XS5 ; 2. KB,
3EBENE R 4 AN 5. BN R
6. XY R, 7. AN H
Note: M. 2 000 bp markers; 1. Campanula colorata; 2. C. cana;
3. C. punctata; 4. C. crenulatay 5. C. aristata;
6. C. modesta; 7. C. calcicola.

Bl 1 514 UBC846 T 7 FhAUL #EJE
ek
Amplified results using UBC846 for

seven species of Campanula

Fig. 1

(E2), B2 RBBERER, GBI RSN
0.50 B, 7 APy FpaT LU Sy PR 2K, JH b g g LR
L ORB NS B AL BT LA B K S RS B R 4
— RIS BB A KU DL R A RS
R R, ME 2 0] KB, 16 AN 6] 1) 35 45
IR b 58— RIS R ] U4k 24y
O . Y s A AR AL R AR 0.54 B 5 —
KA T, 55— 28 4 v g RS
IR RS B DL RO 7 VRS B 50 R 2 Ol 4R 3
WA E, YistAL A AUE R Eh 0.59 B, 55 — Kk
W T2 5 — RO A WA L 4
TR 2 Sy A S BRI SRS R AL A
LI RECH 0.95 B, LA RS B0 X 4 IF

3wk E 4

RS B AR P P s B 22 (B A v L I 3 A
A ALK 19 B, HA P R4 9 ARl ()il
#ﬁ%,U\ﬁiaéj\z:, 1999; o [E A6 9 & g 48 2% T
, 1990) . ATFFEAE LT AR R T FE R B,

®3ITRHRRENEEHENRYER
Table 3 Genetic similarity matrix based on ISSR

polymophism in seven species of Campunla

1 2 3 4 5 6 7

1 1.000

2 0.823  1.000

3 0.542 0.476 1.000

4 0.573 0.567 0.482 1.000

5 0.476  0.421 0.470 0.561 1.000

6 0.494 0.451 0.488 0.567 0.945 1.000

7 0.652 0.610 0.512 0.494 0.494 0.512 1.000

TE: L PR KRR 20 IRBREH 3. ERBERE L 4. A
WA R 5. BHARRERFL; 6. UKL B 7. A XA L,
Note: 1. Campanula colorata; 2. C. cana; 3. C. punciaia;

4. C. crenulata; 5. C. aristata; 6. C. modesta; 7. C. calcicola.

FRANXSEE
Campanula colorata
RENBE
C. cana
WENBE
C. calcicola
ERNBE
C. punctata
mARNSRE
C. crenulata
HHENRE
C. aristata
|5E§7EJ>"<L$—:'§

C. modesta
1

T T T T 1 1
0. 68 0.77 0.8 0.95
Z ¥ Coefficient

049 059

K2 7 R BAY ISSR ARic 2Lk
Fig. 2 Cluster results of seven species of

Campunla by ISSR markers

JRUES R L ) A K 00 A 3 5 v o 5 B XL 4R
Gh B B A AR A2 500 m DL E Y e Ll
i), okl 1 A R 2 M RS Y ORI, KL
BHEEEYBRES SEXENEY, X
FBAY) 2 K& W TR, Iz oA KR
BT, KA 5w A W 1 A A7 38 58 22 B R 1)
. HRT, SREEZE A Y AR A i TR TR
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I T R 2 O A0 B (MROAR RS, 2015,
R A, 20175 BRTFSE, 2017)  ARBFGEM 40
2% ISSR 5¥yrh i i ) 28 S5RETE 7 b XU42 BE Jm il
Yreb g o b H 2 A e A, e DL
R FaxX 7 FOAR R AE I ) SR 4 R W

28 25 Y B B B A B 164, Hop g
98.8% M I St A 2851k, AL A R 8 fE
0.421~0.945 Z [a] , HYFp ] 35t 44 A AL R 5 AR 1
B, X F W ISSR AT LA I i s 1y XU 4% 7 AT
PR R R, R 7 M B R Y
Bl 2 XU R O XU R D B RS S R
R WEG KRB, ATRE AN
FCEL RS B, Y g R4S K IXUES BB A A BR
AR E AL B xR KB AE A S, AR AR
BRI R A BB E G, RRGRE
B, 7 b XS B A AT LA S SR oy 4 RE, 7
FIRESHL JR BB KA AR B R — 28, 3X 3
AP R ELAG AL T SRR, QO AR A B ROk, o
INIGAREY HHARE EEE R EAE (T
Y B A2 014, 1990) ; S BE XL B 5 i A1
WA R | B — 2K, XM EIES E S HE
A RS B 25 S A K A A B AR T e
SRRy —25 o X 8 B T 25 AR 1E A B0 1 47 ol
RGBT EG KR, W REL R L
KRBT FhREL B ISSR A FARIC I R4 R 51k 4%
o2 ) 25 AR — 5, Xk — LIk SE ISSR 43
Fhric o] IR S 2 80 3 19 28 MRS ) 43 25 T 1k
L Bl — AN %b 78 A4E F ( Nagaraju et al, 2002) .

RS B S A ) 1) A6 el DL B8 B 4B K H B8
B A RN (A TR KU A )
BIEARFEE , A2 E DT, B AR+
PeRZ i, X IR LG AR A8 PRI 1 B IR IRUAS L B R A2
N7 B R, L, T RO R KA R
A0 19 7 AR BRI A | 5 R IR 5T, I 7 it L i
NSbii e S PO = B = et N K R = P
P, — TS EARZ RSES L R, 242 et
Fe R LA B R 2 SR TR A, L, B

Tl 300 S W MR 8% 5 SR 8 A X b i
BEASR NS B AL F M EENE, A5
AT ISSR 43 bk 1 4 AR X RS 0 AR ) 1Y) 9% 2%
KERIAT T B 5387, % 8 A 1 44 28 & Fl
oy Fhric il Bh %5 e 25 T 5L Ak,
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