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Genetic Diversity Analysis in Cut Chrysanthemum Cultivars Based on
Morphology and SRAP Markers
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Abstract: Based on phenotypic analysis and SRAP markers, genetic diversity among 56 cultivars of
cut chrysanthemum were analyzed. Variation analysis showed that there were 21 characters which
presented the high consistency within cultivars and the distinct specificity between cultivars. Principal
component analysis showed that flower characters such as inflorescence diameter, inflorescence form and
petal type et al contributed mainly to the principal components, while leaf and stem characters as a secondary
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contribution. The results indicated that it would be necessary to primarily consider the flower traits, then
leaf and stem traits, as the criterion of classification and identification for cut chrysanthemum. Phenotypic
UPGMA clustering analysis showed that 56 cut chrysanthemum cultivars were classified into flat type,
spatulate type, irregular type, spatulate-flat type and tubiform type groups, which were mainly according
to three-grades classification as Inflorescence diameter - Petal type - Inflorescence form. 14 SRAP primer
pairs were screened and generated 423 polymorphic bands among 454 bands in total, which the percentage
of polymorphic bands reached 93.17%. The values of polymorphism information content (PIC) ranged
from 0.72 to 0.89 with an average of 0.82. These results indicated there was abundant genetic diversity
among cut chrysanthemum cultivars. UPGMA clustering analysis with SRAP markers showed 56 cultivars
with the genetic coefficient ranged from 0.64 to 0.97 were divided into spatulate-flat type, irregular type
and tubiform type groups, which were also according to three-grades classification as Inflorescence
diameter - Petal type - Inflorescence form. Mantel’s test with correlation coefficient of 0.682 indicated that
the high accordance between phenotypic and molecular markers analysis, suggesting both analysis could
well reflect the genetic relationship of cut chrysanthemum cultivars.

Key words: cut chrysanthemum; phenotypic characters; SRAP marker; cultivar classification; genetic
diversity
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B A @SR TR N B 2, HET O e (2, 2007) o Z04ERER (FRik, 2008) .
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Table 1 The samples of cut chrysanthemum
T 1 i et LGTEN LT £ fE/mm
Code  Name Inflorescence form Petal type Flower color Pruning mode Ir?florescence
diameter
1 HHO3 AjZ§7 Peony type Pl Ligulate 1 (5, White FrifE4Y Standard 120.00 + 11.04
2 HHO07 252474 Peony type Tl Ligulate 741 Magenta kx4 Standard 117.00 + 6.28
3 HH13 P47 Flat-pan type Tl Ligulate 1€ White S5 Spray 24.00 +1.15
4 HH14 SEH Flat anemone type A3 irregular 1 {5, White S B3 Spray 62.60 +7.99
5 HH15 P45 Flat-pan type P Ligulate £t White S EL% Spray 23.40 +3.44
6 HH21 B % Broadband type Sl Ligulate Byt Pink HH45 Spray 55.40 +11.92
7 HH22 %4177 Broadband type P Ligulate H s Pink 4% Spray 27.38 +2.17
8 HH23 %4177 Broadband type V-3l Ligulate H {t, Pink LS Spray 19.30 + 1.09
9 HH29 %4177 Broadband type V-4l Ligulate i Yellow W4 Spray 45.42 +5.79
10 HH43 47 % Broadband type Tl Ligulate 1€ White S5 Spray 24.58 + 1.64
11 HH44 B 47 % Broadband type Tl Ligulate 1€ White S5 Spray 26.33+5.15
12 HH45 %4771 Broadband type P Ligulate £ White S EL% Spray 24,02 +1.38
13 HH46 %4177 Broadband type F3 Ligulate ke Pink S EL% Spray 19.18 +2.32
14 C015 SFAER Flat anemone type  FEJ irregular {5, White HH45 Spray 51.26 +2.24
15 Co012 $i7 4 Broadband type Pl Ligulate ££41 Magenta 3 Spray 24.84 +2.06
16 REFEH V4574 Flat-pan type T3l Ligulate 14 White FrifE4 Standard 86.12 + 6.69
Zaochunbai
17 Co017 AR Windmill type 3 Spatulate 4L Red S EL% Spray 75.67 + 6.49
18 C021 LKA Spheric-spoon type /& Hl§ Spatulate 0 Yellow Fr#E3 Standard 113.44 + 24.04
19 €022 G R Windmill type 3 Spatulate 41 Red S 4% Spray 58.89 + 5.05
20 D Jinba HEPETR Lotus-set type AL Spatulate 14 White FrifE4 Standard 128.13 + 18.29
21 s 8t Jingdian AjZ§74 Peony type V-3l Ligulate i Yellow FrifE%Y Standard 97.80 + 6.46
22 C027 B 47 % Broadband type Tl Ligulate # Yellow S5 Spray 61.27 +5.23
23 ALK, Yinfeng HEPERY Lotus-set type AL Spatulate 1€ White kx4 Standard 104.43 +9.13
24 iz Jingyun #4521 Reflexed type P Ligulate {5 White bRz Standard 94.01 +10.10
25 C038 SP457 Flat-pan type S Ligulate %4, Green S EL% Spray 45.42 +3.10
26 FIARE #%5 Reflexed type P4 Ligulate ¢4 White bRt Standard 97.07 + 15.98
Baidongyang
27 A E A Bk Globular type P4 Ligulate ¢4 White FrifE%4 Standard 120.00 £ 7.07
Xinnong Baishan
28 7% U1 5% Chibeike B %) Broadband type Sl Ligulate ££41 Magenta 3 Spray 60.17 +5.58
29 C057 LKA Spheric-spoon type /& Jl§ Spatulate 0 Yellow Fr#E3 Standard 110.16 + 15.56
30 C058 RLERFY Spheric-spoon type  LJI¥ Spatulate M Yellow FrifE4§ Standard 112.52+7.75
31 15X Qingfeng 47 A Broadband type T3 Ligulate {7 Yellow W% Spray 50.05 + 4.28
32 % Yinling B BkA Globular type Tl Ligulate 1€ White kx4 Standard 108.78 + 14.09
33 BRI Qiubai P47 Flat-pan type Tl Ligulate 1€ White S5 Spray 35.76 + 1.43
34 C075 ?*‘”” Flat-pan type Pl Ligulate A4 Cinnamon  kx#fE4§ Standard 89.07 £ 6.74
35 C076 it 1 Broadband type S Ligulate ¥4 Magenta % Spray 59.46 + 7.50
36 B2 P45 Flat-pan type P9 Ligulate X4, bi-color FrvE%4 Standard 82.92 £7.30
Wangzhiguang
37 529 Jingzhibo k7Y Spheric-spoon type L3¢ Spatulate {5 White Fr¥E4Y Standard 126.67 £7.91
38 bilipa AjZ%! Peony type SFIIF Ligulate i {4 White b4 Standard 121.40 £9.32
Jingshanzhihe
39 KEYLE 2 #j7 Peony type P9 Ligulate 1 Purple FrufE4G Standard 96.08 +11.14
Zise Kaixuan
40 2Bk % Anlinpu #LERE Spheric-spoon type  /&Lil Spatulate W4T Pink bRz Standard 145.40 + 10.08
41 AL Baima #LERE Spheric-spoon type /&3l Spatulate {5 White Fr#fE49 Standard 88.60 + 5.60
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k1
B 4 e o i #HOTR e/t L E/mm
Code Name Inflorescence form Petal type Flower color Pruning mode Ir.lflorescence
diameter
42 g Jinghai 25257 Peony type P Ligulate {5 White bRz Standard 82.69 + 4.54
43 HARH 2j#51 Peony type P Ligulate £t White S L% Spray 71.41+11.13
Riben Zaobai
44 C095 47 % Broadband type Tl Ligulate 1€ White S5 Spray 57.48 +3.90
45 €097 i 47 Broadband type S Ligulate (4 Yellow S EL% Spray 58.66 + 7.37
46 €099 25 ¢ 1 Peony type P Ligulate BE4L Pink S B3 Spray 48.28 + 4.15
47 ¥ Fen P2 Flat anemone FEI irregular Br4r Pink 3 Spray 62.07 +5.06
48 H 3Xia3 AjZ§ % Peony type P Ligulate FI {5 White Fr#E44 Standard 112.82+10.31
49 #i1 9 Shen 9 AjZ§7 Peony type Pl Ligulate 14, White FrifE%Y Standard 112,50 + 11.12
50 WG Xiexie AjZ§7 Peony type Pl Ligulate i Yellow FrifE%Y Standard 102.90 + 4.91
51 = visi RLERT Spheric-spoon type LIl Spatulate M1 Yellow kx4 Standard 138.50 + 10.29
52 FEHT Texin RLERT Spheric-spoon type LIl Spatulate {5 White Fr#E3 Standard 131.50 + 7.50
53 C043 B EkMY Globular type LI Spatulate T Yellow Fr#fE4S Standard 95.79 + 12.36
54 &1L Fuji 5257 Peony type P Ligulate H 5 Yellow bRz Standard 117.50 £ 12.30
55 SD ~j 2574 Peony type Pl Ligulate H 1 Yellow FrifE4S Standard 98.10 + 11.82
56 HH27 KGR Windmill type 3 Tubiform V40 Magenta  HJ{%%4 Spray 32.10+2.41

1.2 WRAZE
121 RELMAIR GG T

A N IRSERIE AR ML (20100 CREADHT b Bl Re etk . —SBorE AR e tE TR Fg GRAT
Fe) ——4G4E) , 29T 2011 4EHI 2012 4E 1) 10—11 H, WI5E 56 G144 SRl K 17 A Ecs R
28 MR, FEASEAN 10 ~ 15 NEE, DRI 2, Rt A A AR S
1.2.2 3 F %0 DNA R IBA M)

YIAe Ao AL K 20 DNA LS M . CTAB 5 (Doyle & Doyle, 1990; (5%, 2010) , 1%
(11 5 IR B I HL DK R 56 AR 20 66 BE TR DNA IR 8 Rl i, Fke 2] 25 ng - pL™, - 20 CIRAE& .
1.2.3 PCR¥ ¥ Z 3| #ihik

SRAP-PCR # 3 2 ik K5 (2009) #1 Shao %5 (2010) J7i%, ik PCR ¥ ik R, VG
WA 2 pL ¥ 10x Buffer 2200, 4WE 1.75 mmol - L™ (¥ Mg®*, 0.3 mmol - L™ /) dNTPs, % 0.25
pmol - L™ f1E e 5147, 1.0 U Taq 4, 50 ng DNA ﬁm, ddH,0 %% 20 pL. PCR ¥ #F2)% h
94 CTiZA&YE 5 min; 94 “CAEPE 1 min, 35 CHEYE 1 min, 72 C#EfH 1 min, JL5 MEHF; 94 CAR
P 1 min, 50 ‘CEYE 1 min, 72 CIEA 1 min, 3L 35 MEHF; 72 CIEA 10 min; 4 CARAF

PRV R, AT 7 %IAE PR NI G B f vk, VKA R a AT e . e, Wess
WU, JFAMESk . PCR AR GL SIS H GeneView, 14 H b5k [ B A5 A ) .
1.3 HBEFIH S0

FIPEIRAR Y5 DUS MR R FE 25 PEIR A R . R8BI T L Wy vk R MR
PS5 2SR, BEAS AR BENLIZESE 10 ~ 15 PREEATINE, TN EACSR 45 SRR ] Excel 2003 id3%
geit, H SPSS10.0 #A: 43 M U4k 58 R BIMEAR (AL 0 M« o 0, i IRIs A% PR B kAT R 2K 0
BT

FRYE PCR ¥ 38 =My ek 45 L, AR I M A FDE RS 20 B A DNA 45 (7 59715) 1l
J“17”, g5 DNA 8900 “07. JH NTsys2.10a 43 B 4k 1 44 IRt A% AH ALl R 2347 UPGMA
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(Unweighted pair-group method using arithmetic averages) S804 LA K —SPERY 56 A1 Mantel 4830 .

WAL ZREVE TR 2 & PE15 B (Polymorphism Information Content, PIC) 545, %/ Anderson
&5 (1993) [T L, FRIC T PIC (AR PIC= 1- Yp, Hrf py ZombRic i 45 j Fha
RIS, bR i SO 1 Bl n. PIC 0TGN 0~ 1, 0 Rk eat, 1 #RAa kY
ETNEZ Y

2 HiR5rH

21 YIEFE MRS
211 RAHKRG T F oM

HRBVRAZ T (R 20 K 3) w40, YI4e4 &R IPRAR Feda H O, Ui B BT i (1)
DITEA SR IR B A7 70 = 5 AR

M2 2 v, P g R d R AR e RN T 0.5 HL S RPR)AR S R ECK T 0.30 HIPEIR A
e SRR e EA. WK FIRIER . BRI ERSE 6 MR,

F 2 56 MIERHEHKRERSN

Table 2 Variation analysis of 56 cut chrysanthemum

s bl A AR5 R AL ot b ) 22 57 R K

PEIR PN | B/ M N . - . -

Characteristics Maximum Minimum  Standard deviation Cc_)ef_fluent_ of variation - Coefficient O_f variation
within cultivars between cultivars

TARAEHEL Layers of ray florets 22.80 1.00 6.28 0.07 0.73

¥k Plant height 139.60 9.53 24.50 0.09 0.57

AR Petiole length 42.50 8.78 711 0.11 0.29

& Leaf length including petiole 13252 49.40 20.17 0.11 0.21

5 Leaf width 87.50 20.90 13.40 0.15 0.26

K 58 b Leaf ratio length/width 2.64 1.27 0.31 0.10 0.25

T A= Z4nK S Length of terminal lobe 41.36 15.15 6.12 0.18 0.22

AT AR 26.84 9.49 453 0.14 0.27

Depth of lowest lateral sinus

167 42 Inflorescence diameter 138.50 19.18 35.10 0.14 0.45

TEJF 1% Inflorescence height 69.30 7.83 14.53 0.16 0.50

TOIRAEHCE Ray floret number 780.80 15.20 181.36 0.16 0.88

TRAEE B KIE Length of corollatube  49.41 1.95 10.51 0.15 1.09

TR K Ray floret length 115.29 11.19 21.80 0.11 0.52

FIRAE % Ray floret width 26.80 371 491 0.10 0.50

FRTEKTE L 8.66 2.30 1.62 0.14 0.27

Ray floret ratio length/width

EIRAE EL 4% Diameter of tubiform florets  59.50 4.39 9.71 0.14 0.74

I3 24 Vi 0 Number of indentations  106.40 16.10 20.60 0.15 0.45

HI 3 Ar%n, R MEIR CREURERIER) b Fhia 2 R ECK 145 T 0.35 I 2A . FRAEK
AR TIRAE EZERA R i B . T RAE A L3 T RAE I AR IR e P A
(L OB TEH IR, feFpA, 2. 2 E k. MARRAY . LR
e AR FE RN 16 MR, BAEIX 21 AMRRZRBIL Y bl Py — Stk vy FL b R a1 R S R 5k
A T4 AR SR ) 70 28 5 55



140 KA S A T T RN SRAP bric FIUIAES il Flist A% 2 AP0 Al

123

% 3 56 MIEFREHREHELRREY

Table 3 Coefficient of variation between cultivars of qualitative characters

PEIR
Characteristics

A e R A
Coefficient of variation
between cultivars

Characteristics

AR AR S R A
Coefficient of variation
between cultivars

TRIED 1 3 0.52 TORTE N R L35 0.34
Longtitudinal profile of outer ray florets Longttudinal profile of inner ray florets

MR Petiole attitude 0.30 FEmK /)N Stipule size 0.50
HIEFR AR Predominant shape of leaf base 0.38 TRRAE T IR Shape of tip on ray floret  0.36
L5 IR Shape of tip on leaf 0.36 T2 A Inflorescence form 0.64
TH 8l R vk 0.26 FeL PR G 0.81
Depth of indentations Presence of dark spot at centre

AEFEADIETEAR 0.27 TRAE A O B 0.26
Profile in cross section on flower disc Number of colors of inner side ray floret
TRIES I K 0.36 FEFRZSEL Plant type 0.35
Number of types of ray florets

FORAE A TER 0.47 25t B Stem straight degree 0.35
Predominant type of ray floret

TARAEBHA L Ligule spent burr 0.34 FEmM-43A5 Stipule distribution 0.20
TR SR 1) 0.28 13 K Flowerbud shape 0.46
Attitude of basal ray floret

TR f S5 AR D) T AR 0.31 TPIRTE N AMU B LR 0.51
Profile in cross section at widest point Color of outer side compared to inner side
HORAE e o 0.39 TE02EM Flower disc type 0.30
Keels number of ray floret

TPRAE - T 5 b 0.21 2598 Stem intensity 0.37
Upper surface of ray floret

LN raul <ol 0.23 764 Flower colour 0.30

Rolling of ray floret margin

212 RA MK ERHHH
i KMO #1 Bartlett #:%6 1] %1, KMO {2k 0.642 > 0.5, fhiAHo<tER59; Bertlett BRAK K, 40
g B M DGR ) JEAR 3, P <0.001, & T .

W RS 0T (GR 4) A4, # 5 AR Rty ZETTwk Al 75.801%, BEHHHT 5 AN
7 PRIR A LY 75.801% 0 £ B HEARTE a3 43 B v I R B E R T 0.5, WU T% o

51 B TR AR R ES T, BT EAA (0.907) fE/7IRM (0.837) FIFERAEAA
e (0.741) AEAIRAEFZRA (0.696).

52 A TR A FOIRAE TSR T, B TIRAE A SMUBTE LR (0.667). FIRALTI AR
( -0.636) AIEARIEH LS (0.583), 5 3 F s nlMEHE WA R ¥, AIEHFEH AR
( - 0.748) Fantseum Ak (- 0.568). £ 4 Fpesr nfMERG A AT AR T, Wi B (- 0.524)
FIZEGR AL (0.505). 5 f 3 ploor nf S A EDIRTETE &+, IR EIRAE H A2 (0.697) FIAEL
WX (-0.556),

XLE IR 7 2R G R F 2R UIMEs e, L e P EA . fe8RA, HIRAE R A A
TORAE B, YIS 73 5 8 T A ) AR IR s LG R A T2
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Table 4 Principal component analysis of phenotypic traits for cut chrysanthemum

H1TE RS 2y HIT A HAT A ST
BN %i First Second Third Fourth Fifth
Principal component principal principal principal principal principal
component component component component component
F{E{E Eigenvalues 5.694 2.783 1.753 1.690 1.459
4% % Percentage 29.115 18.774 10.871 9.571 7.470
FUMH %% Cumulative percentage 29.115 47.889 58.760 68.331 75.801
i H i ek Shape of tip on leaf 0.298 -0.283 - 0.568 0.262 - 0.039
i B EAR 0.196 -0.183 -0.748 -0.177 -0.109
Predominant shape of leaf base
FEnK/N Stipule size -0.026 -0.214 0.485 -0.275 0.297
TR T K 0.741 -0.101 0.067 -0.056 -0.112
Number of types of ray florets
R B TR R 0.696 -0.100 0.195 0.018 -0.151
Predominant type of ray floret
TRAE I B 0.205 -0.245 0.102 -0.223 0.167
Keels number of ray floret
TR ) 2225 -0.361 0.583 0.165 -0.230 0.137
Longttudinal profile of inner ray florets
TRAE AN i ta L Ray floret color - 0.237 0.667 0.231 -0.226 -0.002
of outer side compared to inner side
e PR X -0.376 -0.198 -0.013 -0.007 - 0.556
Presence of dark spot at centre
LBk Stem straight degree 0.065 -0.074 0.021 -0.524 - 0.406
1e3# IR Flowerbud shape -0.299 0.371 0.220 0.266 0.057
16727 Inflorescence form 0.837 0.158 -0.210 -0.025 0.121
Z59J% Stem intensity 0.436 -0.224 0.054 0.505 0.097
TRAER % Layers of ray florets 0.262 0.022 -0.094 0 0.251
1 H 1% Inflorescence diameter 0.907 -0.154 0.034 -0.073 - 0.005
TRAEEE Ray floret width 0.358 0.246 - 0.004 -0.275 -0.206
TIRIE K Ray floret length 0.257 -0.045 0.242 0.080 -0.125
TRAE T JEAR - Shape of tip on ray floret - 0.276 -0.636 0.226 0.055 -0.106
RS Plant type -0.237 -0.283 0.081 0.131 0.182
¥k Plant height -0.284 0.376 -0.318 0.405 -0.267
EARIEHAE Diameter of tubiform florets - 0.187 -0.200 -0.265 -0.011 0.697

2.1.3 RAMRG R E ST

BRI PIR G EAR I T AR AEAG AL B, 42 R 7 JRBIEAT UPGMA RIS, BB R WE 1. 4
PL 0.76 b B{E I K 56 ANTITES MRk 528, 3 T 28445 HHO3 45 8 ANdhFh, A N Pk,
FAERT RBNRRUER, AR . KA F: Ae BB R AUy K Esh, M h B ede.
o5 12540 4% HHO7 25 27 A5 Rh, HodBe C017. C022 JRbilizs, WZERAN, AR s, o
A APTENE R TR e Y (R D) SRR, RO WIS . NS, R EERAGBR.
IORMEO R,

SEIIRALHE HH14 55 3 AN Rl , RO, fe)E T PERY, S, T2k, SBIVEE
5 C021 55 17 /MR, BhbsiEsg . thoRsgIE, KERo e st b, Horbopd 9 B b R PR
FhASFIE, SORIE 2 R, MAETORE 17 ARl b P A 24 70 5 G ) L Bk 7R A5 6 7Y
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PR IR &, OTERAGARNMEOR. BVRMHH27 1AM, 8 TERE, X4
i,

MR, R RER N 73 R a RN B A2 — I — e 002K, U Wt P SR A
RS, M IR ARAE T AR, O Rt S A BT Rl e 2sAT D BRI LR, X5 TR AR
(1965) i Hh (K AN AL B A A1 AT DN 73 SRR IRAT AR L Ak

HHO03
4{ R4 Yinling

L | H3Xia3

Xz Jingyun
¥E16 Jinghai

L LAYLEE Zise Kaixuan
SD

Fi4¢ A i Xinnong Baishan

HH07
4‘—1 c027
BRH Qiubai

HH21

— | co17
L | co2

HH22

HH45

C097

C012

& X Qingfeng

C076

C095

HH46

HH13

HH15

HH23

C099

HZ  Baidongyang
1 ¥ Wangzhiguang

HH44
HH43
HH29
#7155 Chibeike
[ I H 4 L Riben Zaobai
]

[ Zaochunbai
E— Cocs
III HH14
A\—‘—{ Co15
¥ Fen

C021
£ Yinfeng
K Jingdian
C057
C058

¥52 3 Jingzhibo

\

| —

|

|

\

|

| 19 Shen 9
| B Fuji
| [] HHE Xiexie
: A Yisi

! i

|

|

| ﬁ

|

|

C075
K iljz2# Jingshanzhihe
kG Anlinpu
C043
HZ Baima
HEEF Texin
v 1 Jinba
| | HH27

0.89 0.71 0.53 0.36 0.18 0
BAEHE B Genetic distance

1 ET 56 MIEFREMEKE UPGMA REER
Fig.1 UPGMA dendrogram for phenotypic traits of 56 cut chrysanthemum
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2.2 SRAP i iHER R IiBEZ ST
221 it FH At SRAP 3738 4% % A 44T

FUF] 4 A2 05 K IPIAE 46 S Rh % 100 % SRAP 51120 & HEAT IR0k , #7507t 25 s s
T Z AR5 0T 56 ANVIEE S FPEET SRAP 3 o MUY IR 2= . A RUR G HRA G
Y, WEAHE 14 X 5IA G (£ 5), L 454 &40, Hh 2 A& N 423 &, ZAMAL
MUE R SE 93.17%, PRSI H 30.21 42 A . BEANG I SRAP 4 B 23 ~
36 4%, Horh Me8-Em3 S & 77 E 4 i 2l 36 4%, AT 25 7T 70 R ik 97.22%. 1Kk #i Vanhala
25(1998) ZAE R GEIRS, ZAMEEE PIC {675 0.72~0.89 2 [, “F¥h 0.82, NEELE
PEJEAT, BEWTDITEAE AR BRI IBL 22 R IROR, B0 P R 5 stk 2 Ae .

#R5 1EIFM 14 3 SRAP S|¥R S B S MG

Table 5 14 pairs of SRAP primer combinations and statistics of genetic diversity

Gk EiRey Eil P EZ3E% i ZAPELLE %
Primer combinations Number of bands Polymorphic bands Percentage of Polymorphism loci
Mel(GATA)-Em2(TAAC) 30 26 86.67
Me2(GAGC)-Em1(TAAT) 33 31 93.94
Me2(GAGC)-Em5(TTGA) 31 29 93.55
Me3(GAAT)-Em4(TTGC) 34 32 94.12
Me4(GACC)-Em8(TCAG) 33 31 93.94
Me5(GAAG)-Em3(TAGC) 23 21 91.30
Me7(GACG)-Em1(TAAT) 32 29 90.63
Me7(GACG)-Em5(TTGA) 31 28 90.32
Me8(GATG)-Em3(TAGC) 36 35 97.22
Me8(GATG)-Em7(TGCT) 31 29 93.55
Me8(GATG)-Em10(TCGG) 35 33 94.28
Me9(GTAA)-Em1(TAAT) 36 33 91.67
Me9(GTAA)-Em4(TTGC) 28 26 92.86
Me9(GTAA)-Em9(TCAC) 36 34 94.44

SEC In total 454 423 93.17

Me: TGAGTCCAAACCGG-NNN; Em: GACTGCGTACGAATT-NNN.

222 T SRAP ¥ 34 e R E oA

W VKA AN O-1 HFE, JRBHEAIIREGIEAT UPGMA 2K, —SERI A Rk as 1
I AEAE AN AR AL, 2R BRI A O R BN 0.736, 26 W SR 2 25 B RS AR L AR B 36 U0 4% 44 it o )
I AE KR

BRI E 2, L) 0.675 BN 56 NUILA i Fl KE 4 4 2K,

BT RKRAHE 39 AN A, B2 il BRI REA. B2, PR s, M2
NPT, 3 T WARAFERAE AL 28 AR, BN, Hhaisabatisy, hh K52k, 1
RUNATERY, SR AR AN, AeBOh s RLR . 55 1T RAHs Co12 4% 11 ANk, B
CO17. C022 MLy, MZERY, ICABIA N P Frdkds. Rl

ST 2RAUHE C021 45 13 ANfn M, Bk HH23 APl Ssa . NERAL, HRI A M i F,
RS HHORER, fRBLZ BRI,

SEIIRAEE CO15 %8 3 NS Fl, 4370 CO15. K. HH14, 3 ANELFRBAHEE, SHHgE. F/h
B, AeME TP AL
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BIVION HH27 LANEFE, IR, SR DRI Rl, JeRh AR

SRAP ZRR4T AL e BLAr Hh e b AT BB AR 20, 70 G R KRB I e R — I — e )y
I8, R RN IR PRI SRS SRAP 731 ARC SIS0t A% B 2 M 1E 1T Mantel A4, 753 1 r {H9 0.682,
BEWIPIRRRACHT 56 ASUITESE dh AT SRR HORBAS » REAR G o AR DL DI A6 44 b b [a] fr) 6 1% ¢
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Fig.2 UPGMA dendrogram for SRAP bands of 56 cut chrysanthemum
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31 YIEFRMHHBELSTESE

AR 6 56 ANVITESE i 1) 45 AR IR T A, DIARS i Fh a2 B R A7 AE 5 A
X 20 AMRE SRR 2 5o 0 A R, A6 TE S S HAK DO AR — AR R — IR A . D654
RIERFI 2 T ARl UPGMA JE 5 Fabuc IR 2 — I — e 5028, (HAE (e 2R 8 b I ji A
AR, wTRERE TN SR B E A . DA EWFIY S R S AR AR S (1990) $RHE AE
e Rt (VU RV AL Z Ak o SRR 45 SR 2 P AR AL AR T AR ] P
FURCHES A BISRAE—, VB SG 6 00 T IS b PR R e R e S TR R A — @ AR, Aoy
TFACY U B R AR FA PR AR R B IR, BB 78 70 RIA DITE 4G JE TR B N IR R B, 73 FAx
OB EMABER I X 55K (1965). 255255 (2009) $2 H AN LI 51 A Bk (1) 9 7R )
g FARLZ Ak

BT IR R, VIAEA S AP 53 SIS B LA R R 32, SRR A 2 AR P4 R il IR
T AT AAIFSE (0 K38 b Pl o M 6 LR AE MR (RBHRZAT 4%, 20105 234 4%, 2012), HIFK
R i I a7 B B o Sl S B N | R Y S U 1 S NI B ¥ 9 N S e 0o o O 1R 7P A 2% S DS N T
Bl UL AL . ARRIADN AR S DG S4b, 2 par B B B 32 1oy DTRR AR A L, SRR DTk K
A%, M REE RN AR OGP AR A A, MR B T 225, S DR R AR AR A
MZFEME, XtE R e 1 E B,
3.2 SRAP S FirCHE A HSEMRYIETHIRES #EIER AT ITIE

AHFFEH SRAP 418 47 11 22 A PEA 55 11 40 %60k 93.17%, 5 OV T2 it 2 FETERIE 9T 1)
JURMFRIEAHEL, T RAPD FRicff 69% (ZE51>% 4%, 2002). AFLP fRicif) 72.95% C(RAE4 4%,
2007), WSAET ISSR #riCff) 96.07% (Z{EM &, 2007), (HAWFH VRN SRAP 5144 1
32.4 %kt BT HAL LA FhRid . ARBFFTH R IR FT SRAP 73 15 e 28 2 (135t A% i 2 B
1T Mantel £330 75 HAHOCHE RECh 0.682, Ui BH PR Rl AR 1L AH 25 & BEAR L Hb A4 I 56 D116 3 b Tl ] 1) st
FERZ, AL T SE 25 L . SRAP B 45 6 R R MG T D16 44 W B (1) 82 4% 2 A PEF5T . Ferriol 25£(2003)
H SRAP Fric il 5t iz 4% 2 FE PRI SRAP Fric irde it it 4% 45 B S AEY B & 22 kA
B E

AGRES H T VRS T /N ThORAR, B (20010 1Y b E RS Ao 2R AE)
W VITES AR 2 AR Y, B S0, IR (6om LUR) Jeafifitih 2n=4x~6x+2=
36 ~ 56, S EF A AR AL, MR K4 & (6 om LALD) B ki th y 2n=6x -2~ 8x +3=52~75,
RIS, A5 PO MAFAE A IEAR GG A5RRARERE LT, SRIFEE R4
[F] (1) 35 4 F T AR 2 A 45 25 TR A VR DDA T A D DI AR B A AR A2 AR DI AE 3, AN e
TREBI ARG AR, SRAP 43471 1) 2 A AL p E 0 R, IRARW A Rt —2
W5
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