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Table 1. Chrysantemum cultivars and their
corresponding codes

ol el ol el o lacs el
code name code name code name
1 Afshan 11 Tanaz 21 Fariborz
2 Fariba2 12 Taban3 22 Darya?2
3 Elika 13 Farahnaz 23 Mani 2
4 Golgis 14 Oran 24 Ashraf
5 Shahin 15 Nazgol 25 Elmira
6 Farid 16  Yasamin 26 Dila
7 Bolur 17 Nastaran 27 Sana
8 Ramtin 18 Nadia2 28  Teihoo
9 Noruz3 19 Avadis 29 Shekrnaz
10 Kimiya3 20  Anushe2 30  Paridokht
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Table 2. Chrysanthemum traits, their corresponding abbreviations and units

St - Characteristic — et

Abbreviation Unit Trait Row
P.h Cm Plant height oS gl 1
S.d mm Stem diameter Bl o3 2
L. Ccm Leaf length S db 3
wi Cm Leaf width Sy er 4
Pl cm Petiole length S s Jsb 5
N.v - number of veins S8 sl 6
N.T - Number of teeth EHEVERREY 7
Lar/Lw Cm Leaf area / Leaf width Sp oS e su 8
F.d mm Flower Diameter JS ks 9
D.b mm Diameter of buds YESTINCY 10
D.d mm Disk diameter Sy s 11
R.D mm Receptacle Diameter T B 12
RF.L Cm Radial Flower Length Sl alS Uk 13
RF.W Cm Radius Flower Width s a8 5 e 14
F.fw ar Fresh flower weight Jf BRe3E 15
Dfw ar Dry flower weight K e 055 16
Fp - Flowering period A o Uk 17
C.Lf Cm Cuttings leaf length wld S Jsb 18
Clw Cm Cuttings leaf width WS, o e 19
F.LI/F.w Cm Fluctuation length to Flower width kS (o e wandS Jsb s 20
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Table 3. Analysis of variance (ANOVA) of qualitative traits for Chrysantemum cultivars

SOV LI WI Pl Nt Db Nv P.h Sd La/lw C.II Clw F.p Fd Dd RD RFL RFW Ffw Dfw F.IFw
Ssb (Replication) 2 4.4™ 0.4/ 027 2327 29  16.1™  190.0 2.3 01" 147 Q1M 0.1 2™ 0.001™ 027 0.3 0.1 0.004™ 0.001" 0.4
o, (Cultivar) 29 1.7 1.1 02% 157.6™ 277 442" 3382 2.1 02 15% 1AM 6247 0.9 0.4M 243" 0.7 0.04™ 0377 0.04™ 0.8™
Uss (Error) 06 03 02 475 07 126 976 161 0.2 1.3 05 1.0 0.3 0.1 08 02 002 002 0004 06
(CV %) 151 17.7 30.7 207 131 232 145 264 278 274 291 4.1 143 284 69 235 288 221 357 225

"s: Non significant and significant at 1 and 5 percent of probability level, respectively

oSl 5 LSD hss 4 535513 pB) e lio (Sl 4yl =8 Jskr
Table 4. Mean comparison of different traits by Least square differences (LSD) and Duncan multiple range test

S s 2 ™ s 0 Jlezs g 2l P AR JL&‘CE.«): Sl sme ¥F

C LI WI PIF NI Db Nv__Ph__ Sd” La/lw’ CILIM Clw Fp Fd* Dd* RD RFL' RFW Ffw Dfw FlFwY
1 506> 3el 152 31dk 558ik 12fi 68b.h 5b 28¢ 3.5¢¢ 2be 20 3.7¢ 1.134  154cf 1.6>d 0.43¢ 0.44i-m 05a 3.73d
2 4% 27hl 132 34ch 54jk 196ad 43i 5.1% 1.5a¢ 3.1° 2.2bc 25fg 39% 08° 16.1be 15°¢ 056 05gm 0.3b 3ad
3 49°% 39ad 132 37.7af 54jk 12fi 67ch 5.3%® 28¢ 4.4ac 2.3bc 29¢  3.93% 12°ad 9op 1.6°¢ 046> 03km 007fg 352
4 pod 33cj 132¢ 22ik 173cf 17.3cf 8lac 78 2ac 4.43¢ 2.6bc 33a 4.73¢ 1ad 17.4ab 2.43c 0.6 1bc 0.26bc 3.73d
5 43°¢% 35bi 132 453ab 6i.k 12fi 59.3fh 5.4%® 1.3% 5ac 2.73% 15k 453a¢ 1124 104ln 1.962¢ 043 06gk 05a 453
6 5289 27hl 1.1Pc 32¢j 7c. 12 f.i 83 ab 6.2 2.3%® 5.4% 2.6bc 19ij 4ai 1184 11.1jn 25%® 12 0.7ei 015dg 27
7 5¢¢ 24kl 12b¢  22ik 6.4dj 18b.e 56.3hi 78 2.1%¢ 5.1a¢  23b  25fg 4629 0.83*¢ 11kn 1932 053 0.6gk 0.18cd 3.7
8 56* 35hi 1.1° 28ek 6.4dj 163cg 56.2hi 65 28¢ 5.1a¢ 3.3® 26ef 3.1M 123 10no 1.7° 043° 0.7ei 0l14dg 43
9 56 37aj 142 453ab 7.1ch 13ei 66¢cC.h 78 28¢ 43¢ 27  26ef 3.6 103 8p 1754 043 07ei 0.06fg 3.65%
10 49¢°9 3el 143¢ 36ag 7.5ae 12fi 85a 6 2ac 3.57a¢  2.3bc 25fg 3.54 1.32d 13hi 1.66° 06" 0.8dg 007fg 2.86°d
11 63¢ 3.92d 1.73¢ 33¢i 6 Nk 15¢h 75.18f 6 A 4ac 2.3bc 26°¢f 4.42f 1ad 188 1.824  0.53% (0.539k 0.17¢¢ 3.672d
12 562 289 142 33¢i 7.62  16.3°9 5730 7® 2ac 5ac 1.8° 26°¢f 4.239 1184 11100 242d  QBgbc 0539k Q.07 3.92d
13 6.32¢ 452 1.43c  3832e  7/1bh 144d 71ah 7/1® 1.4a¢ 5ac 3.5% 251 4.12h 1.32d 15.497 1.5% 0.56 0.49" 0.23bd 3,78
14 634 43® 163c 3932d 793¢ 2032¢ 592Fh g4 28c 423c 2.6 28« 3.9% 153 17.22¢  1.9*d 053 11> 0.166%f 3.612¢
15 662 3.3 ¢k 212 3470 7 ¢l 153"  68.1bh 588  271ac 3.2% 15¢ 29¢ 4.8% 1.52 12291 1,924 Q.46 1.1>  0.166°f 3.8
y: For these traits, Duncan multiple range test at 1 and 5 percent of probability level was used ol ok plonil 70 5 7Y o 53 oSSl 0051 Slis cnl gl Y
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Continued table 4.

=8 J g aalsl

C L.Iv Ww.l p.Iv NI D.b N.v P.h S.a¥ Lar/Lw¥  C.LIY C.l.wY F.p F.dv D.dy R.D RFLY RFW  Ffw Dfw F.lFwY
16 66%® 362" 165 353 649 173¢f 742f  5Gg® 28¢ 4.18¢ 2.4%¢ 32 4.289 1.32d 151 212d Q53¢ QQbe (1499 3.892d
17 562 413 17% 267 7¢i 17.3¢f 78734 53%® 1.4b¢ 3.4 2.42bc 181 3.2¢1 1.4 1724 192 056 0.96°¢ 0.166%F 3.512d
18 5.1&h  27M 16ac  3gae  §28 123 63.1%h g2 28c 3.4b¢ 1.8¢ 31° 4% 12d 121! 2ad 0.6 023" 0.069 3.432d
19 539 25I 17%  353%9 85 248 7734 6 238 3.4b¢ 1.8¢ 27 379 0.66%  17ad 1724 043>« 05M 0079 3.86%¢
20 4.9¢9 29F 0.8¢ 217 5k 16.3°9  762¢ 8.42 28¢ 5.82 3.3® 31° 4229 0.63¢ gee 1.73¢  0.76%® 0.22  0.166°F 2.36¢
21 4.9%9 350 11bc 4672 6.1¢ 208¢ 762 78 2a¢ 5a¢ 452 29° 4.42 1.12d 2194 3 0.6% 0784 0.28%¢  4.1°¢
22 5.1b°h 2.9¢4i  138ac  3pae 6.2¢ 15¢h  73.329 6% 2a¢ 4ac 2.30¢ 249" 4,291 12d 114k 22d 0.43* 05124 0.16% 4.31%¢
23 53P9  3.3b 1.32¢  372¢ 7¢h 23.6%  793d 6% 1.48¢  478¢ 2.6%¢ 26°f 3i 1.13d 114k 1.56%  0.46' 0.43%€ 0.18%¢ 3.35%¢
24 6.32¢ 30 1.1bc  36.7%¢ 8.60  12.3¢h 6929 7.4 23¢ 5a¢ 2.8%¢ 20 34 11624 120 1.7°4 046> 0.6724 0.28%¢  3.4%€
25 4t 2.9¢4i  13ac  3Qeh 7¢9 16.3%9 6729 4.3 2.13¢ 3.58¢  2.4bc 201 3.9 1324 10.04" 212¢ 053 0.66°¢ 0.25%¢ 3.92¢
26 4.9%9 4.6 1be 433¢ 6" 15¢h 6509 6% 2a¢ 5ac 3be 181 3.4¢ 1.3 12hk 1.6°¢  0.43* 0.45% 0.15° 3.33d
27 5.43f 378 12bc 339 7.3 192¢  76.23¢  7.3%® 1.4b¢ 5ac 2.7%¢ 29°¢ 3 1.23d 14 1.5%  0.53% 0.58d 0.23*c 2.83bd
28 5% 2,70 1.7® 26 %9 6o 10hi 609" 78 23¢ 3¢ 1.7¢ 249" 3299 1.13¢  10¢m 1469 046 04929 0.25%¢ 3,18*d
29 4.499 2.2 1.2b¢ 2489 7.624 9 422" 78 238 4.28¢ 2be 23" 34 103d 10%m  153% 046 0379 0.19%¢ 3.09%d
30 3.8 2.5 1.10d 204 Bik 11hi 753 6.2%¢ 28 2 2.5¢¢ 323 3.2 1.03*  14.5% 1.6%¢ 0.43¢ 0.79"  0.166  3.6%

y: For these traits, Duncan multiple range test at 1 and 5 percent of probability level was used
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Table 5. Variance components, phenotypic and genotypic coefficients
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Figure 1. Ward cluster analysis of 30 Chrysantemum morifolium cultivars. Numbers are cultivar codes based on
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Table 6. Genotypic correlation coefficient for some Chrysantemum traits based on Restricted Maximum Likelihood (REML)¥
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1 014 023 039 0.9 1 098 -0.88 087" 041 003 0.32 -1 -021 013 R.F.L
1 084" -004 -032 021 009 058" 099 1 058 005 -013 -0.16 -1 -034 014 RF.W
1 046" 011 012 -012 022 046" 055" 1 -028  -002 013 -013 -032" -059 (24** 038"  Ffw
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¥ Confidence range of genotypic correlation was calculated based on 2xSerq (2xSerq: standard error). If confidence have same sign, correlations are significant; otherwise they
are not significant.
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Figure 2. Maximum likelihood (ML) phylogeny of the Chrysanthemum cultivars, using the rpoC gene sequence.
Numbers next to nodes are bootstrap proportions (%) from the ML analysis.
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Table 7. Estimates of evolutionary divergence between sequences. The numberS of base substitutions per site

from between sequences are shown. Analyses were conducted using the Kimura 2-parameter model. The rate

variation among sites was modeled with a gamma distribution. The analysis involved 7 nucleotide sequences. All
positions with less than 95% site coverage were eliminated. There were a total of 249 positions in the final

dataset.

Sana Ramtin Nastaran Tanaz Golgis Fariborz
Sana 1
Ramtin 0.8 1
Nastaran 14 1.6 1
Tanaz 0.4 11 2.9 1
Golgis 0.8 0.6 14 11 1
Fariborz 0.8 0.9 1.8 1.3 0.5 1

Avadis 0.9 1.2 1.9 15 1.3 1.2
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Abstract

Chrysanthemum is one of the world's most important cut flower crops. The genetic diversity
assessment among present Iranian Chrysanthemum cultivars are needed for future Chrysanthemum
breeding programs. In an attempt to reveal the genetic variation and relationship among 30
Chrysanthemum cultivars, some morphological and a chloroplastic gene (rpoC) DNA molecular
markers were employed. Chrysanthemum cultivars were cultivated in a Randomized Complete Block
design (RCBD) with 3 replications in the field. Meanwhile, a phylogenetic tree was constructed based
on chloroplast rpoC gene sequence. Analysis of variance (ANOVA) indicated that a significant
variation exists among the Chrysanthemum cultivars for almost all the traits under study. In general,
phenotypic coefficient of variation was higher than the genotypic coefficient of variation indicating
the predominant role of environment effects. Ward Cluster analysis divided cultivars in two main
clusters with highest number of cultivars falling under cluster 1. Phylogenetic relationships among
Chrysanthemum cultivars based on Maximum likelihood method showed that Iranian cultivars belong
to Chrysanthemum morifolium, suggesting that these cultivars have presumably been bred from the
same set of parents. Furthermore, genetic distance between cultivars ranged from 0.4 to 2.9, indicating
sufficient genetic diversity among cultivars for crossing and selecting the most appropriate parents for
Chrysanthemum morifolium breeding programs.
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