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Phylogenetic Relationship Analysis of Several Species from Chrysanthemum
and Ajania According Multivariate Morphological Characteristics
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Abstract ; Fight morphological characteristics of 31 Chrysanthemum and Ajania leaf and inflorescence were re-
corded based on the characteristics evaluation and classification in DUS test guidelines. Depend on the characteris-
tics codes and 7 quantitative characters calculated from 14 foliar morphological traits, the phylogenetic relationship
of these species were respectively analyzed through clustering analysis. Comparing the two clustering analysis re-
sults, we found that the results from multivariate morphological traits and multiple quantitative traits from leaf could
accurately reflect phylogenetic relationship of species from Chrysanthemum and its related genera. In addition, such
results were consistent with those in previous studies with the methods of molecular markers and traditional morpho-
logical classification. However, clustering analysis using DUS test related multivariate morphological characteristics
was more effective and had the advantages of higher accuracy,easier sampling,and less labor.
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Table 1 31 Plant materials used in this study
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PRICHIRG R RITITE R R X IR AL 4 1L
GIRYIM RGO RMTIE LR AT

1 B

1.1 ##

T AR B AR K [ A AR R BT R LA R
U PRAERY 27 03565 T8 K 4 03\ 2 @ Y A= ol o %
P(ED),
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Scientific name Chinese captions Ploidy Flower color Accession
Chrysanthemum indicum ( Chengdu) SRR 45 4 iy DU 1] R
Ch. indicum( Nanjing) [P 4 A VL5 FE At
Ch. indicum( Huangshan) pliksgs) 4 A LI
Ch. indicum( Wuyishan ) REIIT4 4 g i) R E L
Ch. indicum ( Taishan) EJIIESE ] 4 HAh IR
Ch. indicum( Lushan) R B 2 4 iy TLVG A 1L
Ch. indicum( Yuntaishan ) ~HIEF 5 4 D Wz AL
Ch. zawadskii Vi g 6 ga LRIl
Ch. vestitum B 6 B g9 PNl
Ch. dichrum S 4 igu b
Ch. nankingense 5 4 i 2 A TLI5 P 5t
Ch. nankingense ( tetraploid ) DU 54445 16 % 4 HG N LA s
Ch. indicum( Japan) H A B 25 4 o H ATt
Ch. crassum KT 44 10 Fi HAAN
Ch. zawadskii var. latilobum AR 2 1 HAT 5
Ch. japonense( Tokyo , Japan ) g 6 M H A AR 5t
Ch. japonense( Chiba , Japan) J7 WY A 6 M H A< T3 A8 4y el
Ch. okiense I97 i it 2 4 B HAT &
Ch. ornatum B ENT 2 8 H A
Ch. indicum var. maruyamanum Ve 4 HA, HAT
Ch. X shimotomaii T 44 6 igul AT 5
Ch. japonense var. delile nPRLag %] 6 M H A7 A8 4
Ch. boreale e ] 2 A H A S
Ch. makinoi var. wakasaense RIS 6 EFEN H AR50
Ch. yoshinaganthum TR )1 7 4 4 = H AR 5%
Ch. japonense var. ashizuriense it Log %] 6 [EF) H A< Sk
Ajania przewalskii 41225 4 HAA LI EEYINE
A. pacificum Wz 10 - H A ST
A. shiwogiku var. kinokuniense 2P 44 8 - H A5 3
A. shiwogiku 5 10 - H A ST
A. X marginatum ik 8 Hfn, H A L

- FRICTEIRAE

— indicates that ray florets are absent
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Table 2 Characteristics and corresponding code
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Characteristics Individual type Code
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Fig.1 A typical chrysanthemum leaf showing the characters™
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TREE Simpson 22 #E VLT E0 8 K, 4351 0. 6681 Fl
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Table 3 Diversity index of classificatory morphological characteristics of 31 plant materials

VARG TORMEE HRR R RRE fE
ZREPESR UEASAE73ES PUEUSUBOE No.of  HRSFREE Predominant K TRAE .
R . Predominant R A Color of
Diversity index Depth of lowest A indentations Depth of shape of No. of leaf ~ Absent ray
R shape of base . . . . . ray floret
lateral sinus leaf margin indentations tip on leaf splinter floret or not
Shannon ZFEEFEEK 1. 0846 1. 1812 1. 0445 0. 9595 1. 0681 1. 1073 0. 3845 0.7585
Simpson ZEPEFE L 0. 6576 0. 6410 0. 6327 0. 5702 0. 6472 0. 6681 0. 2247 0. 4787
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Table 4 Numerical foliar morphological parameters of plant materials from Chrysanthemum and Ajania
. TR KL A ERAKS 72 ERA K
o R MR R P nbpmiE RRATRRE
MR AL Ratio of terminal ¢ Ratio of kb Ratio of
Ratio of leaf ~ Length ratio of Acumination Notch acuity

Plant material

lengthand width leaf andpetiole

lobe lengthand right upper lobe left upper lobe

extent of leaf tip of upper lobe

width lengthand width lengthand width

PR 45 18 i 1.11£0.05  0.25+0.02 0.90+0.17  2.01 £0.24 2.10+0.31  93.36 +8.03 50. 64 £5.95
AR 1.32+0.07  0.27+0.03 1.58+0.23 2.490.33 2.890.32  90.79 +8.92 46.28 +8.34
sl 1.13£0.09  0.43+0.04 1.98+0.24 1.71x0.16 1.82+0.24  89.90 +11.02 64.07 +£9. 40
B 0.98+0.09  0.34+0.03 1.27+0.07 1.41+0.09 1.57+0.08  81.80+6.17  106. 10 4. 89
M EH 1.4720.07  0.1820.02 1.6220.20 1.96+0.15 2.37+0.23  65.64 +4.24 47.48 £2.50
e Lags 1.534£0.09  0.19+0.02 1.78+0.18 2.71+0.07 3.18+0.42  65.65 4.72 43.33 £3.22
Py 1.00£0.12  0.53+0.04 1.13+0.09 1.88+0.14 1.78+0.23  98.24 +5.06 81.36 +9.32
IR 2 1.18£0.06  0.29+0.02 1.59+0.20 2.20+0.23 2.17+0.28  89.86+3.93 61.08 +4. 19
A 1.02 +0. 05 0.32+0.06 1.33+0.16 1.93x0.15 1.95+0.22  89.54 +6.24 92.44 +9.24
IR 1.22 +0. 11 0.27+0.04 1.57+0.15 2.00+0.14 2.53+0.27  85.86+3.98 38.88 +2.75
W BT A 0.98 +0. 05 0.40£0.02  1.33+0.11 2.02x0.17 2.36+0.23 86. 81 £2.56 94.72 £3.97
T3 M- A 1.01 £0.05  0.2420.04 1.41%0.06 2.04+0.13 2.04+0.12  95.55+4.96 67.42 £4.10
SRR T A 0.93+0.06  0.54+0.03 1.14+0.07 2.11+0.15 2.14+0.16  88.68 £5.30 96.74 £8. 10
1L B 4 1.27+0.07  0.2320.03  1.03+0.14 2.12£0.17 2.21+0.19  83.13 £5.98 46.90 =4. 84
L .10 £0.04  0.2320.02 1.34%0.05 2.09+0.13 1.96+0.13  86.25+3.96 78.21 +7. 63
KB BT 5 45 1.00£0.02  0.43+0.09 1.13+0.12 2.09+0.22 2.13+0.27  88.29 +1.47 83.65 5.51
LiRG2] 1.04+0.08  0.24+0.03 1.10+0.10 2.28+0.24 2.250.16  96.36 =7.86 72.34 +6.38
ELE 1.25+0.10  0.19+0.03 1.47+0.17 2.23+0.15 2.180.22  86.06 =8.75 46. 88 +3.94
[ dig] 1.23+0.06  0.25+0.03 1.14+0.09 1.74+0.14 0.71£0.05  75.63 +4.06 32,80 £1.22
eIt g 1.37+0.10  0.26+0.02 1.85+0.24 2.40£0.20 2.3320.29  80.61 £6.95 52.06 +9.22
RN 1.34+0.08  0.16+0.01 1.38+0.18 2.30+0.17 2.5420.23  71.15+6.28 46.19 £6. 45
eSS | 1.54+0.12  0.16+0.03 1.74+0.10 2.49+0.25 2.48+0.35  65.13 26.26 35.75 £2.29
R FE L5 1.37 £0. 11 0.15+0.02 1.84+0.18 2.01+0.18 2.08 +0. 12 75.36 +5.32 57.74 +4. 67
3 1.7920.19  0.2220.02 1.3220.10 2.98+0.30 3.14+0.37 80.19 +11.29 32,75 +7.48
T 1.3740.05  0.33+0.03 1.25+0.21 2.62+0.24 2.90+0.41  95.15 6. 11 38.92 +3.08
W3y 2.04+0.12  0.15+0.03 0.67+0.13 0.39+0.13  0.31+0.07  117.65 £6. 10 17.64 +2.24
4l k] 1.38+0.06  0.35+0.03 1.47+0.11 3.0320.11 2.64+0.26  93.99 +3.87 37.36 £2.27
=EIE 1.19£0.07  0.21+0.02 1.65+0.18 2.11+0.14 2.23+0.23  80.60 +4.48 61.52 7. 45
GIEARI% ] 1.14£0.13  0.25+0.02 2.49+0.21  2.1120.10  2.23 £0.31 81.73 +7.75 54.63 +5.23
B AL 1.69 £0. 11 0.17£0.03  1.41+0.27 2.54+0.31 2.84+0.33  68.68+7.12 29.50 +4. 64
YAz 1.00£0.08  0.47+0.01 2.07+0.15 2.1120.16 2.12+0.21  108.39 +7.32 52.60 £6. 10
FAH F value 10. 41 23.43 10. 74 13. 05 14. 48 29. 43 17.13

P P value <0. 0001 <0. 0001 <0. 0001 <0. 0001 <0.001 <0. 001 <0. 001

12 Significant difference ok sk Aok

Hk Rk Rk Hk

RPEE NI £ HREZE (n =8) , = FIRTT IR P <0. 01 HIZERAR BEAKF

Values in the table are mean + standard error of eight replicates, ** indicates significant difference at 0. 01 level among different cultivars
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