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Diversity Analysis of Floral Organ Phenotypic Traits in
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Abstract: To explore the diversity of floral organ phenotypic traits in tulip germplasm resources, 60 tulip cultivars were
used as experimental materials. Principal component analysis and cluster analysis were performed on 9 floral organ phenotypic
traits to study the genetic diversity of their floral organ phenotypic traits, providing reference for the evaluation, identification,
and utilization of tulip germplasm resources. The results showed that there were varying degrees of differences in 5 quantitative
traits (corolla longitudinal diameter, corolla transverse diameter, stigma length, stigma circumference, and stigma diameter) and 4

quality traits (corolla main color, pollen color, stigma shape, and initial flowering period). The coefficient of variation of corolla
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longitudinal diameter is 19.35%, and the coefficient of variation of corolla transverse diameter is 23.41%. The range of variation
between cultivars is relatively large, and the degree of dispersion is relatively high. However, in terms of stigma length,
circumference, and diameter, the range of variation is small, and the distribution is concentrated and the degree of dispersion is
relatively low. 91.67% of the tested varieties have a triangular prism shaped stigma, and 5 cultivars exhibit variation in stigma
shape. According to the observation of the initial flowering period, the proportions of early flowering, middle flowering, and late
flowering in the tested cultivars are 20%, 38%, and 12%, respectively. Principal component analysis extracted 5 principal
components that can reflect the phenotypic traits of tulip flower organs, with a cumulative contribution rate of 85.179%. By
constructing a comprehensive evaluation model for the phenotypic traits of tulips, a total of 12 cultivars were found to have a
comprehensive score (>0.5). Among them, 'Candy Prince' and 'Foxy Foxtrot' scored the highest, belonging to the two pink mid
flowering cultivars. The stigma was long and thick, and the comprehensive traits of the flower organs were excellent. Principal
component clustering analysis was conducted on 9 phenotypic traits of flower organs in 60 tulip cultivars, which can be divided
into 4 categories. The 51 cultivars in the first category are mainly tulip cultivars with larger and more colorful flower types,
thicker stigma, and excellent comprehensive performance of flower organ traits; The second type is only one variety of 'Purple
Dream', characterized by a slender corolla and thick and long stigma in the floral organs; The third category gathers 6 cultivars
with short stigma and average comprehensive performance of floral organ traits; The fourth type is two cultivars with variations
in stigma shape. The research results can provide support for the classification of tulip cultivars and the evolution of their
phylogenetic relationships from a morphological perspective, and provide reference basis for further development of excellent
floral organ ornamental traits, germplasm innovation, and variety improvement of tulips.
Key words: Tulipa gesneriana L.; germplasm resource; floral organ; phenotypic diversity; comprehensive evaluation
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Table 1 Test materials of 7. gesneriana L.

T A A AR JELALFR PT A A A FR YLK PT MTRLIE A JELALFR
Code Cultivar name English name Code Cultivar name English name Code Cultivar name English name
1 Tt S 7 Orange Emperor 21 WREEH Cosmopolitan 41 U TR Tom Dynasty
2 SIENEIES Salmon Impression 22 WER Seadov 42 HAEAE Snow Lady
3 A Roi du Midi 23 BWAFE Double Princess 43 it Reborn
4 PHERTEAK 5 Mystic Van Eijk 24 NS Versaci 44 AN World’s Beauty
5 LB (ERAvA Lefeber's Memory 25 afi 4 Strong Gold 45 Fi Dynasty
6 R %k 4 Apeldoorn's Elite 26 B TETAN Slawa 46 HHIL Chanel
7 R R TE Avenue 27 P Denmark 47 LR Red Impression
8 A% Caractere 28 ORR MR Makarska 48 [ H & Daydream
9 i Spryng 29 [iEoas Cadans 49 EEH American Dream
10 [apiiveE Diamond Shiner 30 7N Negrita Double 50 R % Apeldoorn
11 BRI 7 Foxy Foxtrot 31 fil Rescue 51 T 5 Leen Van Der Mark
12 ERET Purple Prince 32 ik Esmee 52 B eeid Pink Impression
13 532 Coalition 33 BT Carnaval De Rio 53 e Apricot Impression
14 Y24 Verandi 34 IR Purple Eye 54 INEN Negrita
15 R ET Candy Prince 35 fi 344 Jg Armani 55 YEAE Banja Luka
16 A 5E Van Eijk 36 FARGR T Red Mark 56 Koz /N Miss Chang'an
17 s Niigata 37 BZES N Marilyn 57 A g Purissima
18 YU 3 Princess Catharina 38 E 3k -2 ) Purple Dream 58 Fa—R Happy Generation
19 PG Orange Van Eijk 39 K Crystal Star 59 A Oxford
20 [GN2ZEIN Beauty of Apeldoorn 40 91 Purple Flag 60 25+ Royal Ten
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Fig.1 Test cultivar of T.gesneriana L.
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Table 2 Standard for assigning qualitative trait of floral organ in T gesneriana L.
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Table 3 Variations in quantitative characters of flower organs in 7. gesneriana L.

PEIR Trait P Mean iz SD BRRE CV (%) KM Max %/ME Min &7 Range

e E (cm)

Petal diameter(cm)

T AR (cm)

Petal cross diameter(cm)
LK (em)

Stigma length(cm)
Sk K (em)

Stigma perimeter(cm)
3k H A% (cm)Stigma
diameter(cm)

8.11 1.57 19.35 11.58 4.53 7.05

4.74 1.11 23.41 7.40 2.28 5.13

2.84 0.50 17.60 3.77 1.53 2.24

2.75 0.48 14.45 3.83 1.41 2.42

0.88 0.15 17.04 1.22 0.46 0.76
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Table 4 Correlation analysis of phenotypic traits of flower organs in 7. gesneriana L.
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Fig.2 Distribution frequency of variation types in qualitative character of flower organs in 7.gesneriana L.

FAPEAR
Phenotypic
traits

1M
Petal diameter

1ETE
%
Petal
cross
diameter

Fk K
BE
Stigma
length

FEL
K
Stigma
perimeter

HkEAR

Stigma diameter

PR
&
Corolla
main
color

iz ek
ey JEAR
Pollen  Stigma
color shape

AL
Flowering
period

WEME
Petal
diameter
TETE A2
Petal cross
diameter
FESk KB
Stigma
length
[ESNERS
Stigma
perimeter
Sk EAR
Stigma
diameter
T

Corolla

0.590**

0.612%*

0.508**

0.506**

0.122

0.268*

0.328%*

0.331%*

-0.142

0.711%*

0.687**

0.221*

0.991**

0.258*

0.229*




main color

pi i)
Pollen
color
[ESNIZN
Stigma
shape
B
Flowering -0.14

period

*1E P <0.05 KF ERFK; =78 P<0.001 /KF_FARE XK

-0.024 0.182 -0.073 -0.118 -0.127 -0.268* 1

-0.154 -0.077 -0.133 -0.025 -0.025 0.227* -0.112 1

-0.053 -0.155 -0.277 -0.248 -0.164 0.134 0.094 1

*:The correlation was significant at the P < 0.05 level; **:Highly significant correlation at the P < 0.01 level
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Table 5 Eigenvalues, variance contribution rate, cumulative variance contribution rate and component load matrix of principal

components
. L F B4 Principal component
I 3
AR Phenotypic traits PC 1 PC2 PC 3 PC4 PC5
16 1% Petal diameter 0.758 0.286 0.103 -0.051 -0.359
1676 112 Petal cross diameter 0.508 0.564 0.262 -0.357 -0.339
FE3L K J¥ Stigma length 0.832 0.009 0.007 0.266 0.087
F3k A & Stigma perimeter 0.920 -0.114 0.026 0.080 0.240
gma p
FE3k H % Stigma diameter 0.909 -0.100 0.039 0.097 0.225
1£76 {4 Corolla main color 0.295 -0.689 0.124 -0.047 0.035
ek Fits Pollen color -0.133 0.648 0.179 -0.203 0.637
FESKIEAR Stigma shape -0.108 -0.482 0.718 -0.378 0.058
4H1E] Flowering period -0.337 0.231 0.628 0.645 -0.079
FE{E{Y Eigenvalue 3.427 1.603 1.040 0.819 0.776
77 % 511k /% Contribution rate 38.080 17.816 11.553 9.105 8.625
177 % DRk #/% Total account 38.080 55.896 67.449 76.555 85.179
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Table 6 Principal component factor scores and comprehensive rankings

CEEE Vi v v va s 2 HEF
Code Score Range
1 2.74 -1.72 -0.98 -0.35 0.51 0.63 9
2 0.14 -1.46 -1.53 -0.60 0.83 -0.37 47
3 0.70 -1.39 -1.63 -0.42 0.48 -0.17 38
4 1.49 -0.17 0.47 0.07 -1.98 0.43 16
5 1.40 0.49 0.26 0.41 1.18 0.79 3
6 0.71 0.91 0.14 0.16 1.05 0.55 11
7 -1.33 0.89 -0.16 -0.14 0.37 -0.35 45
8 -0.94 0.30 -0.60 0.34 0.71 -0.28 43
9 1.05 1.63 0.83 -0.48 -0.17 0.73 8
10 -0.38 -2.85 2.14 -0.78 -0.47 -0.52 52
11 3.03 -1.39 -0.05 1.31 1.01 1.11 2
12 2.00 -0.39 0.04 0.81 0.05 0.77 5
13 0.53 -1.98 -0.58 0.98 -0.27 -0.15 36
14 0.38 0.77 1.92 -1.46 0.59 0.42 17
15 3.20 -0.99 0.16 1.18 0.58 1.22 1
16 0.37 0.00 0.24 0.10 -0.23 0.16 26
17 -0.56 -0.18 -0.32 0.05 -1.55 -0.41 48
18 -1.09 0.04 -0.39 0.12 -0.86 -0.52 51
19 -0.68 0.72 0.12 -0.17 0.27 -0.11 33
20 -1.05 1.37 -0.14 -0.18 0.48 -0.15 35
21 0.23 -1.90 -0.68 1.14 0.58 -0.18 39
22 0.02 1.02 0.11 -0.08 0.81 0.27 20
23 -1.90 -1.00 -0.71 0.14 -0.27 -0.99 57
24 -1.95 -0.82 -0.57 -0.18 -0.44 -1.01 58
25 1.53 0.79 0.01 0.58 -0.40 0.74 7
26 0.76 -0.55 1.43 -0.26 1.29 0.44 14
27 2.01 -0.86 -0.10 0.89 -0.57 0.63 10
28 -0.41 1.56 0.44 -0.73 -1.00 0.02 30
29 0.47 1.06 0.17 0.07 0.85 0.47 13
30 1.28 -1.88 -0.17 0.69 0.64 0.25 21
31 -1.05 0.97 0.00 -0.45 0.51 -0.23 40
32 0.05 1.46 0.50 -0.60 -2.09 0.10 28
33 -1.92 1.04 0.48 1.34 -0.88 -0.45 50
34 0.06 -0.99 2.32 0.89 0.01 0.20 25
35 -0.81 1.35 1.26 0.77 0.66 0.20 24
36 -1.55 1.88 1.35 0.64 -0.39 -0.07 32
37 -0.93 1.41 0.65 1.89 -1.42 0.02 29
38 -0.57 -0.59 1.09 1.79 -1.47 -0.16 37
39 -0.77 2.05 1.25 1.00 0.18 0.32 19
40 1.23 0.82 0.08 0.60 1.27 0.79 4
41 2.02 -1.28 -1.47 0.01 0.77 0.44 15
42 0.46 0.12 -1.71 -0.67 0.30 -0.04 31
43 1.21 1.57 -0.42 -1.85 0.19 0.54 12
44 1.66 -0.57 -1.25 -0.76 -0.83 0.25 22
45 2.04 -0.85 -0.23 1.24 0.56 0.76 6
46 -0.56 -1.44 -0.40 0.32 -1.30 -0.60 53
47 0.92 1.39 -0.55 -1.79 0.28 0.40 18
48 -1.46 1.09 -0.31 -0.19 0.83 -0.34 44
49 -0.28 1.01 0.11 -0.31 0.79 0.13 27
50 -0.86 1.11 0.08 -0.44 0.50 -0.12 34
51 -1.80 0.03 -0.34 -0.14 0.82 -0.66 54
52 -0.20 -0.29 -0.90 -1.72 -0.28 -0.41 49
53 1.15 0.57 -0.83 -1.29 -1.27 0.22 23
54 -1.30 -3.88 3.92 -2.58 0.19 -0.95 56
55 -1.13 1.13 0.04 -0.45 0.35 -0.24 42
56 0.58 -0.27 -1.03 -1.13 -2.05 -0.23 41
57 -0.96 0.25 -0.97 1.08 -0.18 -0.35 46
58 -4.18 0.27 -1.19 -0.25 -0.93 -1.78 60
59 -1.95 0.18 -0.52 -0.20 1.33 -0.68 55
60 -2.85 -1.56 -0.84 0.06 -0.51 -1.50 59
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Fig.3 PCA clustering analysis plot of tested Tulip cultivars
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