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Genetic Diversity Analysis of Tagetes patula Germplasm
Based on Phenotypic Traits

FU Qiao-juan, LI Chun-nan,CHEN Yi,SUN Yao,ZHAO Fu-kang
(Hangzhou Academy of Agricultural Sciences ,Hangzhou 310024)

Abstract :In order to understand the relationship and improve the use efficiency of Tagetes patula germplasm
resources , analysis of genetic diversity and principal component of 40 Tagetes patula germplasms was carried out in
terms of 18 traits. The results showed that the phenotypic diversity was abundant in Tagete spatula germplasms ,and
the higher variation of phenotypes was detected among accessions in phenotypic traits. The coefficient of variation
ranged from 3.92% to 46.25% , with the largest for flower number followed by crown diameter and plant height.
Shannon diversity indices indicated the higher diversity in frond (leaf)and flower traits with the average above 2. 0.
Moreover , the phenotypic diversity was more abundant in domestic germplasm than that in imported varieties. Four
principal components with the variance cumulative contribution rate of 78.949% were obtained and 10 accessions
with better comprehensive characters were screened out based on the principal component analysis. When the Eu-
clidean distance was about 7.29 ,40 accessions tested could be classified into two groups. The first group included 2
varieties ( Shuixing yellow and orange ) with the higher growth potential ,and the second one containing 38 accessions
that could be further divided into 2 sub-groups with flower color differences at the Euclidean distance about 6.0,
suggestting that the growth potential and flower color may be considered as the important indicators for classification
of Tagetes patula germplasm based on phenotypic traits.
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Table 1 Tagetes patula germplasms and their orgins

KRBT , AR rT SRR B b, (B BeEr)
FRIWRIREE /D | HALAE SO R G /D | ME DL 4 1
ML B 5 B T ] A 5% 174 FL A28 o A R A A S I
1 #RI5EAZE
1.1 RIEH#

AT T Y 40 43 L A2E HR B2 )0k B A TA]

R EHIX (1), Hod e 5 A 12 A4, FE 7= 8 Fh
144, H¥EHAE R 14 17,

G SR i He U G R A KU G R piac He
Code name Flower color Origin Code name Flower color Origin Code name Flower color  Origin

1 PO6-1 R PERN || 15 Yelft-CH R e, T E g || 29 P09-1 Fani) hE BT
2 P06-2 wEE  PEON || 16 Wiz i F 30 PFO7-1 R fh, AT
3 Tk S R XKH 17 bk 5 i e 31 P09-2 REher st ERUN
4 AR o FEANEN ES 18 INYEIE W Pl 32 P10-1 RLL h E BT
5 iz et} Eg| 19 KE A R || 33 PO7-3 wE PEON
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7 YelfE-OR R fE 21 KR piyi) E R || 35 A2010-H B  E BT
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12 KA isat) PRI || 26 i3 Hih, | 40 LH-2 e hEON
13 KE A s R || 27 7N D eS|

14 KA A s R || 28 WPTEER 6 eS|
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1.2.1 REIZIT 2013 45 1 A 30 HEEKFR,200 fL
S IREEE,2013 £ 3 A 5 HBHL, Hi2 14 cm
ROSERLGL B2 1 AR, 7 R T TR 2B K (1K
B 2: 10 1) AW, ZLEHE 15 ~20 em, X5 7EH
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Table 2 Description and grouping of qualitative characters of Tagetes patula

G5 LERIN 549 Group

Code Trait 1 2 3 4 5 6 7

1 {8, Leaf color kg gk TRER

2 FE45 Flower color it ) BN W6 EAn) A REASLLE
3 1E7 Flower shape ARG S
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1.2.3 HEQ/RERITEGZE CEEBIELE Excel
HEATAE B THI A B R B KM B/ IMEL
YE FruEZE (s) MRS R CV, coefficient of varia-
tion) , HXF A HARPEAT 10 95325 ,1 F < X -2 5,10
Gi= X +2 s, B2 0.5 s(X REAMEARE 1
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Bl i R 0 e R 33 1 2R

1.2.4 FEHH4H R SPSS Statistics 17. 0 #ff
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Table 3 Quantitative traits variation and Shannon- Weaver diversity index of Tagetes patula germplasm

I BARME  R/MAE W2 YA ARz BRAR(%) SRR
’ ral
Max. Min. Range Mean s cv 1
}E (em) Plant height 23.30 4.50 18.80 9.65 3.41 35.34 1.84
51 (em) Crown diameter 40. 60 8.18 32.42 16.92 6.13 36.23 1.76
F 2434 Plant Branch 5.00 2.00 3.00 3.35 0.63 18.93 2.02
4 (em) Fronds length 8.47 2.80 5.67 5.14 1.16 22.49 2.02
521 5% (em) Fronds width 4.90 1.57 3.33 3.06 0.73 23.73 2.00
471 ( em) Petiole length 1.74 0.73 1.01 1.08 0.21 18.97 1.97
S /N L Leaf number 8.90 5.33 3.57 7.51 0.82 10. 89 1.81
HAERTIE] (d) Flowering time 74.60 66.00 8.60  69.62 2.73 3.92 1.88
FEAERT ] (d) Blooming time 52.75 21.60 31.15  32.82 7.44 22.67 1.95
P AEAEW] (d) Single flower blooming 23.00 16.20 6.80  19.93 1.66 8.31 2.01
SEHIHEEL Average flower number 8.20 1.27 6.93 3.75 1.74 46.25 1.91
T ZIEE Most flowers 9.60 1.80 7.80 4.78 2.01 41.96 1.79
MR (em) Flower stalk length 4.19 1.67 2.52 2.82 0.59 20.90 2.05
S EHA% (em) Flower diameter 5.69 3.10 2.59 4.34 0.61 14.00 2.01
Y% (em) Flower Longitudinal diameter 3.92 2.77 1.15 3.38 0.27 8.06 2.00
1.80
1.60 |
oy 1.40
40 fyfLAE L Rp B o R Z AR AR 22 1200
N R N N . 2 1.00
BMKR(FRA), 01.53, ZHER R, K DEA EZ 080}
B N =
AE Bl = R 60% z 8'4618
AN TR AT £ LA o o ) R R S A AP A — 020}
%E‘( &l 1) ,%ﬂgﬁ‘ri*gﬁbjmmﬁﬂ%%%,gﬁ 0 i Hh ]l Hhr | A0
PEE R R B SEE MR, >k H 8 E R A, 3R Germ;;f? Ofi‘;‘if“g China Hangzhou China
k3 =1 sk MEA U RS F R Ry e o "
FE R AN [RRJE ) 32F AP R AT 24 3 FIE B, B B Bl AEREILLLESESHMEEY
N | N == . .
MR Fig.1 Shannon’s index of Tagetes patula

germplasm in various origin
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Table 4 Qualitative traits and Shannon- Weaver diversity index of Tagefes patula germplasm

PR Bi#R 5341 (% ) Frequency distribution LREPEFORL

Trait 1 2 3 4 5 6 7 1

{4, Leaf color 20.0 50.0 30.0 1.03

A4 Flower color 5.0 25.0 22.5 37.5 2.5 2.5 5.0 1.53
167 Flower shape 70.0 30.0 0.61

5 NEEHSHFEE.AHERFERE

Table 5 The Eigenvalue, contribution rate and eigenvector of selected principal component

PR F RS HE 14 Eigenvector of the principal component

Trait 1 2 3 4
¥R Plant height 0.3025 0.0602 -0.0562 0.1839
TN Crown diameter 0.3045 0.0494 -0.1288 0.0637
F:Z£43 45 Plant Branch 0.1450 -0.3193 0.2047 0.4903
S Fronds length 0.3180 0.0193 0.0086 -0.1556

519 Fronds width 0.3047 -0.0424 -0. 0266 -0.2564
4% Petiole length 0.2626 0.1133 0.1513 0.0425
82 /N Y Leaf number 0.2304 0.1815 -0.2050 -0.2678
AL E] Flowering time 0.2446 0.2101 -0.0300 0.3858

&AL 8] Blooming time -0.2370 0.1850 -0.1991 0.1610

PZAEAEH] Single flower blooming -0.0391 -0.5213 -0.1395 -0.2191

F-HIAEEL Average flower number 0.2867 -0.1899 0. 1208 -0.1299

R ZAEHL Most flowers 0.2863 -0.2019 0.1426 -0.1397

AERRK Flower stalk length 0.2685 0.0875 -0. 1264 -0.0191

162 HAZ Flower diameter 0.2323 0.1749 -0.3577 0.1912

1259042 Flower Longitudinal diameter 0.2115 -0. 1641 -0.2837 0.1696

(2 Leaf color 0.1548 0.1010 0.4869 -0.3136

1t Flower color 0.0445 -0.0122 0.5355 0.3488

£ Flower shape -0.0204 0.5843 0.1719 -0.1158

FEIEMY Eigenvalue 9.1920 2.2790 1.6330 1.1080

75 2 Tk # (% ) Variance contribution rate 51.0650 12. 6600 9.0720 6.1530
25T (% ) Cumulative contribution rate 51.0650 63.7250 72.7960 78.9490
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Table 6 The math of principal component of screened Tagetes patula germplasm

pEe) F A 5E Math of principal component

Code F, F, F, F, F
13 2.3070 -0.4917 ~1.5611 -0.0370 1.2310
38 1.8159 -0.3751 -0.1791 1.7098 1.2271
30 1.9410 ~0.7160 0.6754 ~0.1102 1.2096
2 2.0814 -1.6783 0.1211 0.8816 1.1597
31 1.2669 -1.6563 2.0122 0.0681 0.7904
3 1.1509 1.7775 -1.7352 -0.9304 0.7575
28 0. 0655 2.1918 1.9449 0.0984 0. 6250
33 0.8614 -0.6198 0.0180 -0.2249 0.4423
26 ~0.3492 0.6566 ~1.3312 3.0381 ~0.0367
7 0.4092 ~2.0470 -0.3692 0.3405 -0.0794
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Fig.2 Dendrogram of 40 Tagetes patula germplasm
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