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Genetic diversity analysis and fingerprints of
Chrysanthemum>morifolium based on SSR molecular markers
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Abstract: The present study aims to explore the genetic diversity of germplasm resources of
Chrysanthemum>morifolium (hereinafter, C.xmorifolium) at the molecular level and to establish
a fingerprint database of C.xmorifolium varieties. We employed 12 pairs of primers with high
levels of polymorphism, clear bands, and high degrees of reproducibility to analyze the SSR
molecular markers and genetic diversity of 91 C.xmorifolium materials and 14 chrysanthemum-
related materials. With regard to constructing the fingerprints of the tested materials, we chose 9
pairs of core primers. The findings revealed that 12 primer pairs detected 104 alleles in 105
samples, ranging from 2 to 26. The average number of observed alleles (V,) per site was 9.25.
The average number of effective alleles (N.) per site was 2.745 6, with its range being 1.276 0 to
4.742 5. Shannon genetic diversity index (/) values ranged between 0.513 3 and 2.239 9
(M=1.209 0). Nei’s gene diversity index (H) ranged between 0.216 3 and 0.789 1 (M=0.578 0).
The observed heterozygosity (H,) ranged between 0.223 3 and 0.895 2 (M=0.557 5). The
expected heterozygosity (H.) ranged between 0.217 4 and 0.793 3 (M=0.580 8). The
polymorphism information content (PIC) ranged between 0.211 5 and 0.774 0 (M=0.532 9). The
genetic similarity (GS) ranged between 0.228 5 and 1.000 0 (M=0.608 3). Cluster analysis
revealed that when the genetic distance (GD) equals to 0.30, the tested materials can be
classified into 2 groups. When the GD equals to 0.27, the first group can be divided into 6
subgroups; accordingly, 105 tested materials can be divided into 7 subgroups. The cophenetic
correlation test was carried out based on the cluster analysis, and the corresponding results
showed that the cluster map correlated with the genetic similarity coefficient (r=0.952 73).
According to the results of Structure population analysis, we obtained the optimal population
number, with the true number of populations (K) being 3 and the population being divided
concerning Q>0.5. Three subgroups, i.e., Q1, Q2 and Q3, included 34, 33 and 28 germplasms,
respectively, and the remaining 10 germplasms were identified as the mixed population. During
the experiment, 9 pairs of core primers were screened among the total of 12 for a complete
differentiation regarding 105 tested materials, and the fingerprints of 91 C.xmorifolium
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materials and 14 chrysanthemum-related materials were further constructed. Overall, there were

significant genetic differences and rich genetic diversity among C.xmorifolium materials, which

would shed light on the garden application and variety selection fields of C.xmorifolium. The

fingerprint database of 105 C.xmorifolium varieties and chrysanthemum-related species may

provide technical support for future research regarding the identification and screening system

of C.xmorifolium varieties.

Keywords: Chrysanthemumxmorifolium; genetic diversity; simple sequence repeat marker;

fingerprint
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Table 1 List of tested materials

No.  Cultivar Origin No. Cultivar Origin

C001 ‘BL1332’ Cultivated by our group C060 ‘Xianhong’ Seedling selection of elite
(2010-2018) cultivar

C002 ‘BL1336’ Cultivated by our group C061 ‘Xiaochengpian’ Cultivated by our group
(2010-2018) (2018-2021)

C003 ‘BL1902° Cultivated by our group C062 ‘Xiaohuanghua’ Seedling selection of elite
(2010-2018) cultivar

C004 ‘BL1903’ Cultivated by our group C063 ‘Xiaoxishi’ Cultivated by our group
(2010-2018) (2018-2021)

C006 ‘BL1905° Cultivated by our group C064 ‘Xiaoxiangbai’ Seedling selection of elite
(2010-2018) cultivar

C007 ‘BL1907° Cultivated by our group C065 ‘Xichuang’ Cultivated by our group
(2010-2018) (2018-2021)

C008 ‘BL1908’ Cultivated by our group C066 ‘Xinhong’ Seedling selection of elite
(2010-2018) cultivar

C010 ‘BL5306° Cultivated by our group C067 ‘Xinwanhuang’ Seedling selection of elite
(2010-2018) cultivar

C012 ‘BL5332° Cultivated by our group C068 “Xinyu’ Seedling selection of elite
(2010-2018) cultivar

Cc014 ‘TYS1” Cultivated by our group C069 “Xinzi’ Seedling selection of elite
(2010-2018) cultivar

Co15 ‘WL4’ Cultivated by our group C070 ‘STO1’ Cultivated by our group
(2018-2021) (2010-2018)
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No.  Cultivar Origin No. Cultivar Origin
C019 ‘Aizijin’ Cultivated by our group C074 ‘Zaobailong’ Seedling selection of elite
(2018-2021) cultivar
C020 ‘Beilincheng ’ Seedling selection of elite cultivar | C075 ‘Zaoxishi’ Seedling selection of elite
cultivar
C022 ‘Beilinzi’ Seedling selection of elite cultivar | C076 ‘Zaoyinbei’ Seedling selection of elite
cultivar
C023 ‘Chengshuang’  Cultivated by our group C077 ‘Zhongqiubai’ Cultivated by our group
(2018-2021) (2018-2021)
C024 ‘Chenghongziye’ Cultivated by our group C078 ‘Zhonggiucaixia’ Cultivated by our group
(2018-2021) (2018-2021)
C025 ‘Chenghuangjin’  Cultivated by our group C079 ‘Zhongqiucheng’ Cultivated by our group
(2018-2021) (2018-2021)
C026 ‘Chenghuangpian’ Seedling selection of elite cultivar | CO80 ‘Zhongqiuhong’ Cultivated by our group
(2018-2021)
C027 ‘Danhanfen’ Seedling selection of elite cultivar | CO81 ‘Zhonggiuhuang’ Cultivated by our group
(2018-2021)
C028 ‘Danqiushui’ Cultivated by our group C082 ‘Zhongqiuzi’ Cultivated by our group
(2018-2021) (2018-2021)
C029 ‘Fanbailu’ Seedling selection of elite cultivar | C083 ‘Chongbanzaohuang Seedling selection of elite
cultivar
C030 ‘Guogingmeihong’ Seedling selection of elite cultivar | C084 ‘Chongyanghong’ Seedling selection of elite
cultivar
C031 ‘Guoqingzijin’ Seedling selection of elite cultivar | C085 ‘Zijinzao’ Seedling selection of elite
cultivar
C033 ‘Hanhuang’ Seedling selection of elite cultivar | C086 ‘Ziye NO.1’ Cultivated by our group
(2018-2021)
C034 ‘Hanluhong’ Seedling selection of elite cultivar | C087 ‘ZUixiuqiu’ Seedling selection of elite
cultivar
C035 ‘Hongchun’ Seedling selection of elite cultivar | CO88 Chrysanthemum indicum  Collected from the wild in
L. cv. Bozhou Bozhou, Anhui Province in 2008
C036 ‘Hongjinzao’ Seedling selection of elite cultivar | C090 Chrysanthemum morifolium Collected from Henan Province
R. cv. Dahuaiju in 2008
C037 ‘Hongjindan’ Seedling selection of elite cultivar | C091 Chrysanthemum morifolium Collected from Zhejiang
R. ‘Dayangju’ Province in 2008
C038 ‘Hongyw’ Seedling selection of elite cultivar | C092 Chrysanthemum indicum  Collected from the wild in
L. cv. Guangzhou Guangzhou in 2007
C039 ‘Huangjinrong’ Cultivated by our group C093 Chrysanthemum morifolium Collected from Zhejiang
(2018-2021) R. cv. Hangbaiju Province in 2008
C040 ‘Jinbuhuan’ Natural pollinated by ‘Meiaifen’ C094 Chrysanthemum morifolium Collected from Zhejiang
R. cv. Hanghuangju Province in 2008
C041 “Jindinghongxin’ Seedling selection of elite cultivar | C095 Ajania pacifica K. Collected from Zhejiang

Province in 2008

&: 010-64807509
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(&£ 1)
No.  Cultivar Origin No. Cultivar Origin
C044 ‘Jinruhe’ Seedling selection of elite cultivar | C098 Chrysanthemum morifolium Collected from Hubei Province
R. cv. Shibai in 2007
C045 “Jinyinju’ Cultivated by our group C099 Chrysanthemum morifolium Collected from Hubei Province
(2018-2021) R. cv. Shidafen in 2007
C046 ‘Liujinsuiyue’ Seedling selection of elite cultivar | C101 Chrysanthemum indicum  Collected from the wild in
L. cv. Tianzhushan Tianzhu Mountain, Anhui
Province in 2008
C047 ‘Maoxiangyu’ Seedling selection of elite cultivar | C102 Chrysanthemum morifolium Collected from Henan Province
R. cv. Xiaohuaiju in 2008
C048 ‘Meihong’ Seedling selection of elite cultivar | C103 Chrysanthemum indicum  Collected from Hubei Province
L. cv. Yichang in 2007
C049 ‘Meiaifen’ Selected from American early C104 ‘yz08’ Cultivated by our group
chrysanthemum seed seedlings in (2010-2018)
1985
C050 ‘Qihong’ Natural pollinated by ‘American | C105 ‘yz42’ Cultivated by our group
Red’ (2010-2018)
CO051 ‘Qianjinkui’ Seedling selection of elite cultivar | C106 ‘BL1105° Cultivated by our group
(2018-2021)
C052 “Qiushui’ Seedling selection of elite cultivar | C108 ‘BL10212’ Cultivated by our group
(2018-2021)
C053 ‘Ruhe’ Natural pollinated by ‘Pudihehua’ | C110 ‘BL10312° Cultivated by our group
(2018-2021)
C054 ‘Sajinhong’ Cultivated by our group C111 ‘BL10313° Cultivated by our group
(2010-2018) (2018-2021)
C055 “Saixishi’ Cultivated by our group C112 ‘BL11011° Cultivated by our group
(2018-2021) (2018-2021)
C056 ‘Sancengjintai’ Cultivated by our group C113 ‘BL11012° Cultivated by our group
(2010-2018) (2018-2021)
C057 ‘Taikongai’ Seedling selection of elite cultivar | C114 ‘BL11013” Cultivated by our group
(2018-2021)
C058 “Xishi’ Seedling selection of elite cultivar | C118 ‘BL11019’ Cultivated by our group
(2018-2021)
C059 “Xiaguangwandao’ Seedling selection of elite cultivar
1.2 REFE Tris-EDTA 2% W ¥ (Tris-EDTA buffer solution,

1.2.1 HFEFHEFEAF DNA BB S#
JUFAE R R 500 Sy A i RAR A AR A BR A
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http://journals.im.ac.cn/cjben



ST 2/ET SR HTRCHERTRESHIE S FERE LR

WFFE AR5k Y 119 %F SSR 514, SSR
I 75 AL E SR E ARG IR A E G
o DL 4 ASHbgl s o AR 2 A3 Jg i S A bR
AL 4] DNA SR MRgEA T e, el 2 a1
Uf . IR M. AN I TR0 BR
1.2.3 SSR-PCR ¥/ 1

PIGIAZR N 20 uL, £345 40 ng/uL DNA 1 uL,
2xTag Master Mix 10 uL. 3547 0.1 uL . FiF5]
Y103 uL, FRERM ddH0 &5, sERIr
PCR S ¥4 : 95°C 5 min; 95°C 30s, iR ki
J¥30s,72°C30s, 3t 35 M#R; 72 °C 7 min; 4 °C
A7 P51 PCR il T BN K EHL
frll. HCPCR 774 0.3 pL. 43Nk 0.5 pL
EEF MR 9.5 uL RGN PCR #, 95 °C 2814
S5min, 4°CRHEFEL, <G EAUKI
1.2.4 HREALIE

¥ EHLEE RS 5 A Genemarker 2.2.0, %
fi7 5 S I, EXCEL 2016 {7 {5 B & ¥
EXCEL #& X ) &A% 2175465, FIH Dataformater
A S B0, R Popgene 32 14 %d
FE AT IS R - IR AR S P B A g, ARAR
&5 A B L (number of alleles, N,). A 355
L% (number of effective alleles, N.). Shannon
5 B #8 % (Shannon genetic diversity index, ).
Nei’s FEF ZHEMEFEEC H. W45 ¥ (observed
heterozygosity, H,) . ] B 7% & J& (expected
heterozygosity, H.). {# PIC_CALC 0.6 /41t
285 55 PIC. 1] NTSYS 2.10e #Ft
B ALHE B (genetic distance, GD)Fligt & AH{IE
Z H(genetic similarity, GS), i Orange 3 /4
ol AR IPE RBEAE, IR MEGA 11 %
147 UPGMA 3RS -2l R AR

i Structure 2.3.3 B4, FEFIRA AT
105 Fith g 46 b4 RLEAT BEAR 2540 40 0, T35
19t A% AH 0L 1 A EE 1 (genetic  similarity weight

&: 010-64807509

value, Q). K #EA %L (true number of populations,
K)G I BE h 1-6, B8 MCMC {HIT IR I A
VEBGERIKECH 5 000 K, PR ARERGENR)E
1 5 7R B K 4% 52 5 F R I {E (number  of Markov
Chain Monte Carlo, MCMC)i% & 50 000 ¥X .,
A K AHEEIBIT 10 W), LURARPBIRE N 5
B8 A KBRS e L R 8, JF kAT
K AE T4 I R4 35t 15 25 A 1 22
1.3 #Z0sIYIRFIE Sis B E
MBI Y 2 545 B & & (polymorphism
information content, PIC)iEt M £ X} 5| Y1 J %
OGRS IR SRS o AR L B MR R
BORJE BN E 5 A T8) e B oy i ik A 9 5
2R SR 1A, 0 RN G I WAEZ
AP R JCIE M AT YIS . iR S HES U S
P15 W Be RO, R T A T BT Y R
SUEIE

2 EREM

2.1 DNARESHERERN

FRAE W SO M T ERE T T ASHIN 25 SR m] (3
2), ODus/ODago I HAEIINF 1.6-1.9 Z[A], UEH
FEHUY) DNA BOhAg:, WP e 317.53 ng/ulL,
WeRE e fIAY 38.58 ng/ul, AEALTHE SSR-PCR X}
DNA 4l FIk AR (20 ng/ul).
2.2 SSR 535|489 7% £ 25 A5 M4

SSR 5| 11 15 1 22 25 PRGN ph b 30 2 1%
FHEYIH AR A BR A RS2 LA 6 1y Sl L (4%
Lo O FERL B MREFHAE
B4R FE R 20 DNA HAERE, XF 119 Xk
SIWHEA TR0 , Ok Y 12 X RERG E 51 H T B
A, gk 3 FR.
2.3 M HRMREIRERNEE SN

i1 7t PCR FIB A kY, mI453)
B S A FE R B BER /AN EL 1)

: cjb@im.ac.cn



2846 ISSN 1000-3061 CN 11-1998/Q =4 T #2244  Chin J Biotech

®2 DNAHAESRERMER
Table 2 The concentration and purity of DNA

No. ODy60/ODg Concentration (ng/pL) No. ODy60/ODs Concentration (ng/pL)
C019 1.66 183.95 C049 1.71 145.72
C029 1.63 278.36 C064 1.66 317.53
C031 1.65 38.58 C097 1.68 175.06
C034 1.66 238.43 C103 1.70 165.11

&3 SSRIMIFTIR
Table 3 SSR primer sequences

Primer name SSR motif Forward primer (5'—3’) Reverse primer (5'—3’) Size (bp)
GCCM-016 (GA)3(AG);3; AAACAGCACAAACCCAAAGG CTTACACCGCAAAAGAAGGC 156-199
GCCM-018 (GT)y TATCCACGGCCCATAGAAAG GAAGGAGGGACCCTGTAGGA 312-334
GCCM-045 (CA); GGTGAGGTGCAGAACAAGGATA ACCAGATTGGAATGAAACGAAA 234-246
GCCM-059 (CCA);s TGAGATCATTCCCAACCTCC CTAGCGTCCAAAGAATTGGC 206214
GCCM-067 (TGA)s ACCAAAGGCAGCTCACAGTT CCTCCCTCACTCATCTCTGC 203-212
GCCM-069 (AG)s CGATCACCATTCTTTTCCCA CCGATAAGTTCGTCCTTGGT 208-240
GCCM-095 (ATCC)s GGAGAAGAAAGTAAACCACCGA TGAGATTGGGAAGTTGAGGC 190—209
GCCM-100 (CCAA), CCCCCTCTTCTTCTTCAACC CAATAGAAAGCGCGTGACAA 216-226
GCCM-104 (ATC)s AGCTAAAACAAACAAGCGGC GCGTTAACTGTGTCGGTTGA 198-204
GCCM-105 (CAA);s CTGTTGAGCAGTTCAGGCAC GTGTGATCGAGGCGATTTTT 227-230
GCCM-110 (ATG)s TGGTTATGGGTGACCCTGAT AAGAAAGTGCAGGCCAAGAA 166—169
GCCM-113 (CAA), ACAGTACACACACAGCCAACAC GTAATGCTTCCGTCTGCATAGC  265-292

WRRASAL A B BE, FIH Popgene 32
BAFTEARR 12 X590 Z28MEF B Gk 4).
105 RES RN 104 DR A, BT
YUK 2 1) 2 5 M ST 2-26 2%, P11
ARG IR 9.25 SN EE B, A ALK
A5 2 A RO BB 2.745 6, Horh
GCCM-016 1% £(4.742 5), GCCM-110 /b
(1.276 0); Shannon {5 B 5 £ L FJ2 0.513 3~
2.239 9, HMEE 1.209 0; Nei’s K[ ZFEM:E
B 0.216 3-0.789 1, ¥J{EHSE 0.578 05 W
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Figure 1 Amplification of different samples using primers GCCM-016, GCCM-018, and GCCM-069.
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x4 SSRURZTEMUHERE
Table 4 Polymorphism at the SSR locus

Primer Number of Number of Shannon’s Nei’s gene Observed Expected Polymorphism
alleles (V,) effective diversity index  diversity heterozygosity  heterozygosity —information
alleles (N,) ) index (H) (H,) (H.) content (PIC)

GCCM-016 26.000 0 47425 22399 0.789 1 0.663 2 0.793 3 0.774 0
GCCM-018 7.000 0 3.8865 1.524 6 0.742 7 0.4519 0.746 3 0.704 4
GCCM-045 4.000 0 22850 0.970 7 0.562 4 0.798 1 0.565 1 0.501 0
GCCM-059 11.0000 3.701 4 1.580 4 0.729 8 0.4158 0.733 5 0.686 8
GCCM-067 4.0000 24678 1.037 3 0.594 8 0.8952 0.597 6 0.529 8
GCCM-069 5.0000 2.0150 0.8309 0.503 7 0.7619 0.506 1 0.4109
GCCM-095 7.000 0 3.0115 1.3090 0.667 9 0.609 5 0.6711 0.619 8
GCCM-100 18.000 0 3.5544 1.754 2 0.718 7 0.4519 0.7221 0.690 7
GCCM-104 2.000 0 1.4953 0.5133 03312 0.4190 0.3328 0.276 4
GCCM-105 5.000 0 2.692 6 1.098 3 0.628 6 0.759 6 0.6316 0.5554
GCCM-110 7.000 0 1.276 0 0.543 7 0.216 3 0.2233 02174 02115
GCCM-113 15.000 0 1.8198 1.1059 0.450 5 0.240 4 0.4527 0.433 8

b 9.2500 2.745 6+£1.058 9 1.209 0+0.503 3 0.578 0+£0.175 6 0.557 5+0.222 0 0.580 8+0.176 5 0.532 9+0.175 6
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Figure 2 Heat map of genetic similarity coefficient of 105 tested materials.
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Figure 3  Cluster dendrogram of 105 tested materials.
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Figure 5 Population genetic structure of 105
ground-cover chrysanthemum and chrysanthemum-
related resources.

No. Probability distribution Population ~ Group No. Probability distribution Population Group
Ql Q2 Q3 Ql Q2 Q3
C003 0.703 0.186 0.111 Ql Al C051  0.057 0.875 0.068 Q2 Al
Co10 0.628 0.286 0.085 Ql Al C053  0.057 0518 0425 Q2 Al
Co012 0.597 0.126 0.277 Q1 Al C055 0.230 0.576  0.194 Q2 A5
C014 0.685 0.093 0.222 Q1 Al C058 0.174 0.536 0.290 Q2 A4
Co16 0.702 0.190 0.108 Ql Al C077 0.246 0.552 0201 Q2 Al
Co18 0.755 0.051 0.194 Ql Al C078  0.173 0.739 0.089 Q2 A4
C022 0.728 0.145 0.127 Ql Al C079  0.256 0.525 0219 Q2 A4
C026 0.612 0.340 0.048 QI Al Co81  0.097 0.828 0.075 Q2 Al
C027 0.821 0.130 0.049 Q1 Al C082  0.093 0.650 0.257 Q2 Al
C030 0.599 0.241 0.159 Q1 Al C086  0.123 0.784 0.093 Q2 Al
C033 0.788 0.137 0.075 Ql Al C105 0.059 0.903 0.039 Q2 A6
C034 0.837 0.113 0.050 Ql Al C110  0.069 0.647 0284 Q2 Al
C035 0.727 0.050 0.223 QI Al Cl12  0.139 0.825 0.036 Q2 Al
C041 0.771 0.179 0.050 QI Al Cl14 0.204 0.709 0.087 Q2 Al
C049 0.666 0.109 0.225 Q1 Al C001  0.118 0.243  0.639 Q3 A3
C050 0.571 0.179 0.250 Q1 Al C002 0.222 0.053 0.724 Q3 A3
C060 0.851 0.084 0.066 Ql A4 C006  0.122 0.268 0.610 Q3 Al
C063 0.900 0.042 0.058 Ql A4 C031 0.317 0.171 0512 Q3 Al
C065 0.840 0.092 0.068 Ql Al C037  0.140 0.131 0.729 Q3 Al
C066 0.873 0.078 0.049 Ql Al C039  0.089 0.254 0.658 Q3 Al
(T%E)
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GES)
No. Probability distribution Population ~ Group No. Probability distribution Population Group
Ql Q2 Q3 Q1 Q2 Q3
C068 0.783 0.107 0.110 Ql A3 C054 0.124 0.221 0.655 Q3 A5
C070 0.700 0.194 0.106 Ql Al C056  0.223 0.236 0541 Q3 Al
Co071 0.553 0.156 0.290 Ql Al C057 0.051 0.035 0914 Q3 Al
C073 0.713 0.222 0.065 Ql Al C059 0.120 0.097 0.783 Q3 A4
CO075 0.891 0.049 0.060 Q1 Al C064 0.203 0.160 0.636 Q3 Al
C076 0.713 0.063 0.224 QI Al C069  0.089 0.109 0.803 Q3 A3
C080 0.875 0.079 0.046 Ql Al C074 0.270 0.043  0.687 Q3 Al
C083 0.523 0.429 0.048 Q1 Al C088  0.065 0.088 0.846 Q3 Al
C084 0.729 0.106 0.165 Ql Al C090 0.291 0.044 0.665 Q3 Al
C085 0.531 0.401 0.069 Ql Al C091  0.092 0.059 0849 Q3 A2
C087 0.803 0.044 0.153 QI Al C092  0.100 0.173  0.727 Q3 A2
C104 0.605 0.091 0.303 Ql A6 C093  0.155 0.116 0.728 Q3 A2
C106 0.536 0.394 0.070 Q1 Al C094 0.085 0.051 0.864 Q3 A2
Cl118 0.848 0.076 0.075 Ql Al C096  0.067 0.059 0874 Q3 A2
C004 0.393 0.519 0.088 Q2 Al C097 0.162 0.262 0577 Q3 A7
C007 0.396 0.514 0.090 Q2 Al C098 0.084 0.144 0.772 Q3 A7
C008 0.103 0.624 0.273 Q2 Al C099 0.048 0.270 0.682 Q3 A7
Cco15 0.259 0.676 0.065 Q2 Al C102 0.355 0.055 0590 Q3 A7
Cco17 0.223 0.634 0.143 Q2 Al C103 0.118 0.123  0.760 Q3 A7
Co19 0.111 0.742 0.146 Q2 A7 c108 0.107 0.225 0.668 Q3 Al
C023 0.059 0.901 0.040 Q2 Al Cl11  0.318 0.037 0.645 Q3 Al
C024 0.057 0.886 0.057 Q2 Al Cl13  0.145 0.052 0.803 Q3 Al
C025 0.187 0.621 0.192 Q2 Al C020 0.225 0.417 0357 Q4 A7
C029 0.294 0.660 0.046 Q2 Al C028 0.394 0.242 0364 Q4 Al
C036 0.064 0.704 0232 Q2 Al C047  0.437 0.071 0.492 Q4 Al
C038 0.205 0.656 0.139 Q2 Al C052  0.389 0.494  0.117 Q4 Al
C040 0.270 0.680 0.050 Q2 Al C061  0.241 0.493 0266 Q4 A4
C042 0.088 0.589 0323 Q2 Al C062 0.182 0376 0.443 Q4 A4
C043 0.083 0.856 0.061 Q2 Al C067 0.326 0.204 0470 Q4 Al
C044 0.082 0.859 0.060 Q2 Al C072  0.166 0.385 0.449 Q4 Al
C045 0.067 0.802 0.131 Q2 Al C095 0.486 0.464 0.050 Q4 A2
C046 0.088 0.824 0.088 Q2 Al C101  0.257 0.257 0.486 Q4 A7
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Table 6 The code of fragments of primers

Primer name Code Size (bp) Primer name Code Size (bp) Primer name Code Size (bp)
GCCM-016 A 129 E 327 D 212
B 135 F 329 GCCM-045 A 188
C 139 G 331 B 198
D 147 H 335 C 208
E 149 1 341 D 214
F 157 J 345 E 230
G 159 K 347 F 232
H 161 L 349 G 234
I 163 M 353 H 236
J 165 N 355 I 238
K 167 (0] 357 J 240
L 169 GCCM-110 A 164 K 242
M 171 B 167 L 244
N 175 GCCM-059 A 220 M 246
(0] 177 B 226 N 250
P 179 GCCM-095 A 203 (0] 256
Q 183 B 205 P 258
R 185 C 209 Q 262
S 189 D 213 R 264
T 191 E 215 GCCM-113 A 238
U 193 F 225 B 253
\Y 195 G 265 C 257
w 197 GCCM-105 A 222 D 262
X 199 B 225 E 265
Y 203 C 228 F 272
Z 209 D 231 G 274
GCCM-018 A 315 E 237 H 280
B 317 GCCM-067 A 203 I 283
C 323 B 206 J 289
D 325 C 209 K 292
2.8 MR SRIRIE S EE R E (0 IR T T 254, A T 2% Fil S ) T B 4

ARSIV SN 51 2 e B IR GR 7).
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Table 7 Fingerprints of 105 ground-cover chrysanthemum and chrysanthemum-related varieties

No.  Cultivar SSR fingerprinting No. Cultivar SSR fingerprinting

C001 ‘BL1332° JKKLBBCDCDBCBCOEE C060 ‘Xianhong’ UUKKABCDCCBBBDGGDD
C002 ‘BL1336’ NNKOBBBCCCABBDLLKK [ C061 ‘Xiaochengpian’ UUKKABCCCEBBBBFPBB
C003 ‘BL1902° TUFHABCDCDBBBDGIEK | C062 ‘Xiaohuanghua’ QQAKBBCCEFBCBDKLDG
C004 °‘BL1903’ TUKKBBBCDEBCBDKLEK | C063 ‘Xiaoxishi’ TUKKABCCCCBBBDLLKK
C006 ‘BL1905° LRKKABCDCEBCBDJJBD C064 ‘Xiaoxiangbai’ NNKKBBBCCCBCABLLHK
C007 ‘BL1907° TUKKBBBCDEBCBDDLEK | C065 ‘Xiehuang’ TUKKBBCDCDBCBBOHK
C008 ‘BL1908’ COAJABCDCEBBBCKKEH | C066 ‘Xinhong’ TUKKBBCDCDBCBDLLDK
C010 ‘BL5306’ UUAJABCDCDBCBCLLEE C067 ‘Xinwanhuang’ EGKKBBBCCCBCBCLLEK
C012 ‘BL5332’ CUKKABBCCDBCBCLLDK | C068 ‘Xinyu’ QUKKBBCDCDBBBDLLKK
C014 ‘TY51? OUKLABBCCFBCBCGLKK [ C069 ‘Xinzi’ 0ADBBCDFFBCBCKKDK
C015 ‘WL#4’ TUKKABCDCEBCBCIKEE C070 ‘STO1” TUKKBBCDCDBCBBIKHK
C016 ‘WLS’ TUAKABCDCDBDBCGIEK | C071 ‘ST10’ UUKKBBCDCCBCBBLLDD
C017 ‘WL7 GUKKBBCCCEBBBDIKEE C072 ‘STO8’ OUKKBBACBCBCBCLLIL
C018  ‘YYZ TUKLABBCFFBCBCGLDK | C073 ‘Yuanguanzi’ UUKKBBBCCDBBBDLLEK
C019 ‘Aizijin’ OUKKBBBCCECEBCIKBE | C074 ‘Zaobailong’ DDCJBBBCCFBCBCGGKK
C020 ‘Beilincheng’ UUKLABBDCDBCBCKKEE | C075 ‘Zaoxishi’ TUKKBBCCCCBBBDLLKK
C022 ‘Beilinzi’ TUKKBBCDFFBCBBLLHH | C076 ‘Zaoyinbei’ TUKLBBBCFFBCBDGLFK
C023 ‘Chengshuang ’ WWKKBBCDEEBCBCGLEE | C077 ‘Zhonggiubai’ TUKKBBCDEFBBBCLLBD
C024 ‘Chenghongziye® OKKBBCCEEBCBCKKO C078 ‘Zhongqiucaixia’ OOKKBBCCEEBCBDKLDD
C025 ‘Chenghuangjin® UYKKABCDCEBBBCLLEE | C079 ‘Zhongqiucheng’ OUAKBBCCCDBCBBKKDI
C026 ‘Chenghuangpian® TUKKBBCDCEBCBCLLKK | C080 ‘Zhongqiuhong’ TUKKABCDCDBCBDLLKK
C027 ‘Danhanfen’ UUKKABCDCDBCBCLLKK | C081 ‘Zhonggiuhuang’ UUKKBBBCEECEBDKKEE
C028 ‘Dangiushui’ TUKKABCDCEBCBCKKHK | C082 ‘Zhongqiuzi’ UVKKBBCDEEBCBCLLDE
C029 ‘Fanbailw’ TUKKBBCDEEBCBDLLDE | C083 ‘Chongbanzaohuang’ TUKKBBCDCEBCBCLLEK
C030 ‘Guogingmeihong’ SUKKBBBCCDBBBDLLEK | C084 ‘Chongyanghong’ RUKKABCDCCBBBDGGDD
C031 ‘Guogqingzijin’ OULMABCCCCBCBCLLDIJ | C085 Zijinzao’ CTKKABCCCEBBBDIJJKK
C033 ‘Hanhuang’ UUKKBBCDCDBCBCKLKK | C086 ‘Ziye NO.1” OOKLBBCCEEBBBCLLBE
C034 ‘Hanluhong’ TUKKABCCCCBBBDLLEK | C087 ‘ZUixiuqiu’ UXKLABBCCFBCBDGLKK
C035 ‘Hongchun’ UUIIABCDCFBEBCLLKK C088 C. indicum cv. Bozhou 0KKBBCCCCBCBCNOAA
C036 ‘Hongjinzao’ Z7ZKKABBCCEBCBCJLEE C090 C. morifolium cv. Dahuaiju TUOOBBBCCCBCBDLOKK
C037 ‘Hongjindan’ FFKKABCDCDBBBCPPDE C091 C. morifolium ‘Dayangju’ NNOABBCBCBBABLLDD
C038 ‘Hongyuw’ 0KKBBCDCDBBBDKKDE C092 C. indicum cv. Guangzhou PROOBBBCCDBCBCKLEE
C039 ‘Huangjinrong’ 0KKBBCDCDBBBBKKDE C093 C. morifolium cv. Hangbaiju 0KOBBBCCCABBDLLDD
C040 “Jinbuhuan’ TUKKABCDCEBCBCLLEE | C094 C. morifolium cv. Hanghuangju 0KKABBCCCABBCQRO
C041 ‘Jindinghongxin’ UUKKABCDCDBCBCLLEK | C095 A. pacifica TUKKABCDCEBCBCLLEK
C042 ‘Jinlinglong’ OOKKBBCDCEBCBCKKDI | C096 C. indicum MMLLABBCDFBCBDKLEE
C043  “Jinluyi’ CWKKBBCDCEBCBCGLEE | C097 C. indicum var. aromaticum TUKKBBBCACBCBBHHEE
C044  “Jinruhe’ CWKKBBCDCEBCBDGLEE | C098 C. morifolium cv. Shibai OUOOABBCCFBCBCJK0
C045 “Jinyinju’ FGKKBBCDEEBCBCGLEE C099 C. morifolium cv. Shidafen CYLNABBCCCBCBCKKEE
C046 ‘Liujinsuiyue’ 0KKABBCEEBCBDJLEE C101 C. indicum cv. Tianzhushan UUKLBBCCCCBCBBJMEF
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No.  Cultivar SSR fingerprinting No. Cultivar SSR fingerprinting
C047 ‘Maoxiangyu’ KLKLABCCCCBCBCGKKK | C102 C. morifolium cv. Xiaohuaiju =~ TUOOABOCDBCBDIKO
C048 ‘Meihong’ OUKKBBCDCCBBBDLLEE | C103 C. indicum cv. Yichang UUKKBBCCCCBCBCNOGG
C049 ‘Meiaifen’ OULLBBCCCDBBBCGLKK | C104 ‘yz08’ WXKLABBCFFBCBBGLKK
C050 ‘Qihong’ LLKKBBCDCDBCBCLLDK | C105 ‘yz42’ VWKKBBCDEEBCBCGLEE
CO051 “Qianjinkui’ WWKKBBCDDEBCBCFLEE | C106 ‘BL1105’ TUKKABCCCEBBBDJJKK
C052  “Qiushui’ OUKKBBBCCCBBBDJLDE | C108 ‘BL10212° TUKKABCDCEBCBCEKFF
C053 ‘Ruhe’ BBLLBBCDEFBCBBKKEE C110 ‘BL10312’ RSKKABBCCEBCBCJLEE
C054 ‘Sajinhong’ HIKKABCDCDBCBCOOEE | C111 ‘BL10313° TUOOABBCCDBCBDLOKK
C055 “Saixishi’ TUKKBBBCEEBCBCACEK | C112 ‘BL11011° UUKKBBCDCEBCBCLLEE
C056 ‘Sancengjintai’ AAKKABCCCEBCBCLLDE | C113 ‘BL11012’ TUOOBBBCCCBCBDLODD
C057 ‘Taikongai’ HHAKBBBCGGABABKQHK | C114 ‘BL11013” TUBGBBCDCDBCBCIJKEE
C058 “Xishi’ 0KKBBCDEEBCBCFKDK C118 ‘BL11019’ UUBEABCCCCBCBCLLKK
C059 ‘Xiaguangwandao’ OLLBBCCCCBBBCBKCD
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