FB YR IHEAAR 2025, 26 (2):284-295
Journal of Plant Genetic Resources DOI: 10.13430/j.cnki.jpgr.20240417002

R ATAE A EARTLEAR 2 FEPE S

BAET ', 2 BA A, B A
(T IEARNCERE, VU T 8100165 > T4 WM Y S5 WL E e 208 s 5000 % /7 1R m JFAE S FRIF T o, 7557 810016)

BE: AR RREFF AR RILZEER KRG S 60 MEAF A A XA, M Z IR T ARk, 4
A R RESIE T R E AR RGEE S AW A AR AR TR RN 5 A AR AT IR
ZERE 60 MRS F AT SAHE MK (FLEIE A E ALKE BELXAKPELAR)PANSRERER(EAL
& R E ARG RAIEIEI) A BERRARENG 27, REPBEREERBEEF ZRHH A H 19.35%.23.41%, 2P 18] 4
TRBRR, BRAREMTR G, ARk KE KA KA L ARG EFMTE D, 5 &P LB R EAATEK, 92% d94E
KA K TR A Z A A SA SR B IAR KR E F o AR S At P48 38 it 69 s 5] 550 1 20% .68% . 12% ., £ %,
DM EFIE| SA RS, BTk E A 85.179%, @it AR e H A B Mk MR 0o K T 0.5 6t b4
RAS AP BREIF RMRT A Foid, BT Pt A KM LR EFEGBREANRT . ZARESHTEAN,
60 MARE B AT A4 RE, FIESIARA, TE2ULMKR K AR EHT A LB BB E 5K E I TR 2 5
A A BINEEEH R IS AR ERHIEA LT MR AR, FUE A BAP I A L4 N LR TR
KREAFI—E; FIVELANA S BEARLBRER., AR TABAEZFT@AREE RS ELR L FLE X ROR
AR AL AT, A B —F TR ARE AL 38 B AL IR AP A 7 Fe s A B R AR BE A FARE

KRR AR D AR TR BT AR S A RN

Diversity Analysis of Floral Organ Phenotypic Traits
in Tulipa gesneriana L.
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("College of Agriculture and Animal Husbandry, Qinghai University, Xining 810016;°Key Laboratory of Landscape Plant and
Horticulture of Qinghai Province/Plateau Flower Research Center, Qinghai University, Xining 810016)

Abstract: To explore the diversity of floral organ phenotypic traits in tulip germplasm resources, a study
was conducted on 60 tulip cultivars, assessing nine district floral organ phenotypic traits. The genetic diversity of
these traits was evaluated by principal component analysis and cluster analysis, providing a reference for the
evaluation, identification and utilization of tulip germplasm resources. The results revealed significant variation
in five quantitative traits (petal diameter, petal cross diameter, stigma length, stigma circumference, and stigma
diameter) and four quality traits (corolla main color, pollen color, stigma shape, and flowering period). The
variation coefficients of corolla longitudinal diameter and corolla transverse diameter were 19.35% and 23.41%,
respectively, indicating a relatively large variation between cultivars with a high degree of dispersion. However,
the variation in stigma length, stigma circumference, and stigma diameter was relatively small, with a

concentrated distribution and lower degree of dispersion. 92% of the tested varieties have a triangular prism
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shaped stigma, while five cultivars showed variation in stigma shape. The proportions of early, middle, and late
flowering cultivars are 20%, 68%, and 12%, respectively. Principal component analysis extracted a total of five
principal components with a cumulative contribution rate of 85.179%. By establishing a comprehensive
evaluation model for the phenotypic traits of tulips, 12 cultivars with a comprehensive score above 0.5 were
identified. 'Candy Prince' and 'Foxy Foxtrot' stood out with higher scores, being middle-flowered cultivars
characterized by long and thick stigmas and excellent overall floral organ traits. Cluster analysis categorized the
60 tulip cultivars into four groups. Group I comprised of 51 cultivars, primarily large and colorful tulip varieties
with thick stigmas and superior overall performance. Group II included only one variety ‘Purple Dream’ ,
characterized by slender corolla and thick and long stigma. Group III consisted of 6 cultivars, characterized by
short stigma and general performance of floral organ traits. Group IV included 2 varieties, notable for their
stigma shape variation. These results can support the classification of tulip cultivars and the exploration of their
phylogenetic relationships from the morphological perspective. This study provides a reference for further
development of excellent floral organ ornamental traits, germplasm innovation, and variety improvement in
tulips.

Key words: Tulipa gesneriana L.; germplasm resource; floral organ; phenotypic diversity ; comprehensive

evaluation
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Table 1 The materials of 7. gesneriana L. used in this study

45 P S YRR Hie TP AL TR YL AR G AP AR &4
Code Cultivar name English name Code  Cultivar name English name Code  Cultivar name English name
1 Bt 7 Orange Emperor 21 T Cosmopolitan 41 IR Tom Dynasty
2 AEEIS Salmon Impression 22 ESN Seadov 42 HEAF Snow Lady
3 i Roi du Midi 23 AN Double Princess 43 A Reborn
4 PR AR T Mystic Van Eijk 24 BT Versaci 44 LS SN World’ s Beauty
5 LE S (ENEIVA Lefeber's Memory 25 aligy Strong Gold 45 E Dynasty
6 By 5z 2 A A Apeldoorn's Elite 26 EIE DA Slawa 46 F5)1 Chanel
7 VNP Avenue 27 P Denmark 47 FARENZIE S Red Impression
8 A% Caractere 28 HRIRHEIUR Makarska 48 M H % Daydream
9 - L Spryng 29 i PR) Cadans 49 e [ American Dream
10 Nt A Diamond Shiner 30 ER/MEA Negrita Double 50 Bufiple 2 Apeldoorn
11 BRI A B Foxy Foxtrot 31 fireke Rescue 51 R 5 Leen Van Der Mark
12 EBKET Purple Prince 32 Py Esmee 52 el Pink Impression
13 i Qe) Coalition 33 BN Carnaval De Rio 53 A ENC Apricot Impression
14 A= Verandi 34 LR Purple Eye 54 VN--YN Negrita
15 R LT Candy Prince 35 Faf ¥4 g Armani 55 BERE Banja Luka
16 JA Van Eijk 36 FANERAS Red Mark 56 K22 /Nl Miss Chang'an
17 ERG Niigata 37 o U Marilyn 57 AT Purissima
18 HUEHI/A T Princess Catharina 38 HEESM Purple Dream 58 FE—1 Happy Generation
19 PO EAK T Orange Van Eijk 39 K A Crystal Star 59 e Oxford
20 B 3¢ A Beauty of Apeldoorn | 40 2Lt Purple Flag 60 BE+ Royal Ten

ARBAIE
Avenue

Armani

BT %

Apeldoorn

EAREN TS
Red Mark

ik

Oxford

1 BEFMBIHiLm

N
Crystal Star

Royal Ten

Strong Gold

B

Snow Lady

Fig. 1 Partial test cultivar of T. gesneriana L.
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Table 2 Standard for assigning qualitative traits of floral organ in 7. gesneriana L.

IR Qualitative traits 1 2 3 4 5 7
FE7E 45 Corolla main color Fe R AR EANEN ) E30) -
TEMIEIE Pollen color L, H ORI e e - - -
FESLTEAR Stigma shape =t = Uk IR Y | kAT - - -
T AEWT Flowering period - - ik - ik - i AE

- OB

~:No data

1.3 HIESH FEAR M I 7E 2.28~7.40 cm Z [8] , SF- Y 4 4.74 cm,

FIH1 SPSS 26.0 4t it 43 A ik i L 5 A4 Bk
AR ME bR 22 A KAE W/ IMEL A 22 AR 5
FREETHRIR S5 4TRSS I3 2 bR,
FIIH Excel 2019 #1740 AL AR, ZE 1145 SR AR
AR IR AT R 3 A1 . R FH SPSS 26.0 147 3 15377
B, XD R 1) 9 /N6 7 B R MR S n Bl A T b
HEAL AL 3, AR SR DTkt e HA AR PR K
a3, VSRR FRAE ) 5 1 R B, R AR ) sR B R R
2, DL A3 % g 1) T 22 BT kR O ALEE , A AT
ST R REGE S TR, R RIES U
5 F o B2 B s B SPSS 26.0 AT R 4 2K
O3 SR IR T AR 22 0] I BE 2 7 7 B
FCHE RS .

2 HRESH

2.1 FEEFRREHEMRTRIW

60 AR 4 A i P FE AL 28 B A R BIPER B394
HEERRFRE R ZS (FR3), Hp a1t H#E
4.53~11.58 cemZ[a] , FH{EH 8.11 em, M ZE{E(7.05 cm)
TES D ECE AR B K, 28 7 RECK 19.35%; A6 5e

K3 WMEBELRBHEMRS®

W22 R 5.13 cm, 28 5 RECH 23.41% , 16 5 DG
PR K BAE TS AL RS A2 bR vfE 25 35 K
T 1, U B R A8 AR S R AR, B R B AR X A
1 AR A A A SR AL R M E I 25 o Ak
B AR Sk F K M 22 53301 2 2.24 em . 2.42 em, B
SLEARMZE RN, 7076 cm, HASL KR AL
KRSk AR PR HEZE I AT 0.5, S Rh ] 128 5
YL/, A vh BB RO B AR RLAIC , SR WTAR 43
TS A PIER S AR B T 25 AU
22 HMEFEFEREHERSHOW
B4 A AL A5 B 4 4 0 R 40 A S TR RN 3%
(B 2) KB, 60 MR 4 A5 s L A =F &, i Al
FRJE M WS TR B 1Y 22 5%, 7F RHSCC LR B4 39
MMM, P HAER EOAR BOR AR HE
FHEAROKAR, NEFEIMAEE, FE
PIZLB 2R (3833%) W, MR BHER EOR.
P8 2 4% 5 15.00% . 13.33% . 13.33% . 11.67%, 5 1
FI 2 b Pl 8.33% . BRI (O A 4 K2R A, H
H 24 4 (40.00% ) I FE RS B (2 R B €6, 8 i
(13.33%) Rk £0, 23 1~ i Fl (38.33%) I A6 K9 23 (2

Table 3 Variations in quantitative traits of flower organs in 7. gesneriana L.

PER FHME b2 5 7 H (%) [/ONIEL We/IME e 2%
Traits Mean SD cv Max. Min. Range
LIS (cm) Petal diameter 8.11 1.57 19.35 11.58 453 7.05
AL 445 (cm ) Petal cross diameter 4.74 .11 23.41 7.40 2.28 5.13
3L K B (em) Stigma length 2.84 0.50 17.60 3.77 1.53 2.24
K3k K (em) Stigma perimeter 2.75 0.48 14.45 3.83 1.41 2.42
#3428 (cm) Stigma diameter 0.88 0.15 17.04 1.22 0.46 0.76
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Fig. 2 Distribution of variation types in qualitative traits of flower organs in 7. gesneriana L.

2.3 MEFLHREREEROBRES

AR A AL e T RAWERINI A SRR (F 4) 389,
S ECRTER A EN S B RTE AL A
S G AR Sk AR AR R IR AR O AR R
HESK RS A Sk EAR S AR R IR O, SR K
R4 HEFLRBRYEKEBEXES T

JE 2 [R5 0 2 E A 56 5 R S B S A Sk T R sk
HAR SR E ARG, AHOC R B A 0711
0.687 , #1:3k JAHE S 4t 3k HAR R I8 25 IEAH G, AR
F2H0H0.991,

Table 4 Correlation analysis of phenotypic traits of flower organs in 7. gesneriana L.

L eEmE o L s iy .
SRR PN Petal TORLRE  AESLERK HekER TG ARG HEIIBIR e
- . . Petal Stigma Stigma Stigma Corolla Pollen Stigma  Flowering
Phenotypic traits . Cross . K . .
diameter . length perimeter  diameter main color color shape period
diameter

AETEIZ Petal diameter 1
TR 4% Petal cross diameter 0.590%* 1
FESL K Stigma length 0.612%%  0.268% 1
FESKJE K Stigma perimeter 0.508%*  0.328%*  0.711%* 1
k3L 4% Stigma diameter 0.506**  0.331%*  0.687%%  0.991** 1
1658 4 Corolla main color 0.122 -0.142 0.221%* 0.258* 0.229* 1
AEMFI( Pollen color -0.024 0.182 -0.073 -0.118 -0.127 -0.268* 1
HESKIEAR Stigma shape -0.154 -0.077 -0.133 -0.025 -0.025 0.227* -0.112 1

4464 Flowering period -0.140 -0.053 -0.155 -0.277 -0.248 -0.164 0.134 0.094 1

*FE P <0.05 K B A ** 76 P < 0.01 K- FAR e

* Significant correlation at the P < 0.05 level; **:Highly significant correlation at the P < 0.01 level
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WESLFR IR 54 F Ao (e 5) , 3 1 F o e
TEAB Hy 3.427, J7 22 TTRR % 38.080% , BT ER K11
PERA 3K JH 1 (0.920) 13k B4 (0.909) A3k
J&(0.832) 3 A Fha MR 5 55 2 F L4 i R AR E
1.603, )7 22 BT Rk RN 17.816% , 51 #R S K B PR AT

T e LR B LR 5 3 B M ERHE
{54 1.04, J5 22 5THRF N 11.553% , STERAS K IR
AESLIEAR (0.718) 55 4 T RUAY 565 5 MM 005 2%
US> 914 9.105% .8.625% , 54 F Ay Bt I 2%
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Table 5 Eigenvalues, variance contribution rate, cumulative variance contribution rate and component load matrix of

principal components

FRIUAR T4 Principal component

Phenotypic traits PCl PC2 PC3 PC4 PC5
1ETEIF2: Petal diameter 0.758 0.286 0.103 -0.051 -0.359
1L 18515 Petal cross diameter 0.508 0.564 0.262 -0.357 -0.339
FESk K Stigma length 0.832 0.009 0.007 0.266 0.087
F: 3k J& K- Stigma perimeter 0.920 -0.114 0.026 0.080 0.240
HESk 4% Stigma diameter 0.909 -0.100 0.039 0.097 0.225
A£56 {0, Corolla main color 0.295 -0.689 0.124 -0.047 0.035
A6 B2 Pollen color -0.133 0.648 0.179 -0.203 0.637
FESLIE IR Stigma shape -0.108 -0.482 0.718 -0.378 0.058
URAE] Flowering period -0.337 0.231 0.628 0.645 -0.079
FHEA Eigenvalue 3.427 1.603 1.040 0.819 0.776
75 2251k 3R (% ) Contribution rate 38.080 17.816 11.553 9.105 8.625
i1 25Tk R (%) Accumulated contribution rate 38.080 55.896 67.449 76.555 85.179

2.5 HEERF[ERBEMEREETN

L2 43 K I 1 T 25 BTk N AR, R AR 4
Fr R RVARZGE S VRN AR, 15 200 4 B fE 48 B LT
MAELE A TR 3 285 1543=0.3808xY +0.17816x%
Y,+0.11553xY+0.0911xY,+0.0863xY,, 3 1 Y ~Y,
N 1~5 FRLGr o AR K5 60 4B 4 7
FhE RS 150 VU RIFE-1.78~1.22(F 6) , 851547
KF 0.5 A 2405 F, Hd  BEREF (45
1)t JB TR @R AE iR, BRI SR
(G5 1DHESE —, J8 T R P e A, 2 4~ ik
LK HHL, fE i 12 RS I (G5
40) CEKETF (i 12) M2 MR E AR
#6 IHHEFEHREEHS

HAE R, AR TR AE 8.5~9.5 cm Z ] AL AR TE
4.5~5.5 cm Z [A] , #E Sk K FETE 3.4~3.6 em Z [A] H13k
JAKAE 3.1~3.4 em Z [1] #E3k EHARTE 0.8~1.0 cm Z
], 20 R AP BRI (9 5) L Eil’
(G5 45) WP B (45 9) A (5 43) 454
(E 5= Ry LRI i o b S SR S e i)
FAY R STARI S = et , B AR R — S0 o
PR AR (s 1) PP SR (45 6)
AR R I 2 R R S AN, 7E B0 IR B AR
i — 50, IR AE 8.4~8.6 cm Z [A] AL THERER Y
M 4.8 cm, BARSNMH LS (Gi'T 25) 1550 i
1R, AR TR AR RTINS HAGE

Table 6 Principal component factor scores and comprehensive rankings

S =) rav T

letﬁﬁ? Colf jstem Y Y, Y Y ¥s ComprZhner::fiZ score Rfjlilg
1 RO R 2.74 -1.72 -0.98 -0.35 0.51 0.63 9

2 MR 0.14 -1.46 -1.53 -0.60 0.83 -0.37 47

3 EARCEA 0.70 -1.39 -1.63 -0.42 0.48 -0.17 38
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6 (4)

1 Rhp 2 [ Yai=] :
éﬁtﬂﬁ Colo?:jstem Y, Y, Ys Y ¥s Comp:je;hmerj:i score Rfliljjng
4 Wz 1.49 -0.17 0.47 0.07 -1.98 0.43 16
5 FARGES 1.40 0.49 0.26 0.41 1.18 0.79 3
6 RS 0.71 0.91 0.14 0.16 1.05 0.55 11
7 FARGES -1.33 0.89 -0.16 -0.14 0.37 -0.35 45
8 WO R -0.94 0.30 -0.60 0.34 0.71 -0.28 43
9 EARCE 1.05 1.63 0.83 -0.48 -0.17 0.73 8
10 b RLIES -0.38 -2.85 2.14 -0.78 -0.47 -0.52 52
11 WA R 3.03 -1.39 -0.05 131 1.01 1.11 2
12 2R 2.00 -0.39 0.04 0.81 0.05 0.77 5
13 FARCEA 0.53 -1.98 -0.58 0.98 -0.27 -0.15 36
14 R 0.38 0.77 1.92 -1.46 0.59 0.42 17
15 b RLIEN 3.20 -0.99 0.16 1.18 0.58 1.22 1
16 FARSEA 0.37 0.00 0.24 0.10 -0.23 0.16 26
17 FARSEA -0.56 -0.18 -0.32 0.05 -1.55 -0.41 48
18 BaR -1.09 0.04 -0.39 0.12 -0.86 -0.52 51
19 RS -0.68 0.72 0.12 -0.17 027 -0.11 33
20 AR -1.05 1.37 -0.14 -0.18 0.48 -0.15 35
21 RS 0.23 -1.90 -0.68 1.14 0.58 -0.18 39
22 FANGES 0.02 1.02 0.11 -0.08 0.81 0.27 20
23 BER -1.90 -1.00 -0.71 0.14 -0.27 -0.99 57
24 FANGESN -1.95 -0.82 -0.57 -0.18 -0.44 -1.01 58
25 WO R 1.53 0.79 0.01 0.58 -0.40 0.74 7
26 FARGES 0.76 -0.55 1.43 -0.26 1.29 0.44 14
27 FARGES 2.01 -0.86 -0.10 0.89 -0.57 0.63 10
28 FARGES -0.41 1.56 0.44 -0.73 -1.00 0.02 30
29 RS 0.47 1.06 0.17 0.07 0.85 0.47 13
30 sefn 1.28 -1.88 -0.17 0.69 0.64 0.25 21
31 FARGES -1.05 0.97 0.00 -0.45 0.51 -0.23 40
32 FARGES 0.05 1.46 0.50 -0.60 -2.09 0.10 28
33 SRS -1.92 1.04 0.48 1.34 -0.88 -0.45 50
34 SER 0.06 -0.99 232 0.89 0.01 0.20 25
35 FARCEA -0.81 1.35 1.26 0.77 0.66 0.20 24
36 IR -1.55 1.88 1.35 0.64 -0.39 -0.07 32
37 SRS -0.93 1.41 0.65 1.89 -1.42 0.02 29
38 HOR -0.57 -0.59 1.09 1.79 -1.47 -0.16 37
39 AR -0.77 2.05 1.25 1.00 0.18 0.32 19
40 HOR 1.23 0.82 0.08 0.60 1.27 0.79 4
41 MR 2.02 -1.28 -1.47 0.01 0.77 0.44 15
42 HER 0.46 0.12 -1.71 -0.67 0.30 -0.04 31
43 FARGES 1.21 1.57 -0.42 -1.85 0.19 0.54 12
44 BaR 1.66 -0.57 -1.25 -0.76 -0.83 0.25 22

45 FARGES 2.04 -0.85 -0.23 1.24 0.56 0.76 6
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6 (%)

1 k4P 1 =Yz :
(u?uotzmv Colo%sﬁjstem Y, Y, Y Y ¥s Comp:j;hHeI:Zi score Rﬂfng
46 MR -0.56 -1.44 -0.40 0.32 -1.30 -0.60 53
47 FARGES 0.92 1.39 -0.55 -1.79 0.28 0.40 18
48 R -1.46 1.09 -0.31 -0.19 0.83 -0.34 44
49 WO R -0.28 1.01 0.11 -0.31 0.79 0.13 27
50 FARGES -0.86 1.11 0.08 -0.44 0.50 -0.12 34
51 FARLE -1.80 0.03 -0.34 -0.14 0.82 -0.66 54
52 NEES -0.20 -0.29 -0.90 -1.72 -0.28 -0.41 49
53 BER 1.15 0.57 -0.83 -1.29 -1.27 0.22 23
54 HER -1.30 -3.88 3.92 -2.58 0.19 -0.95 56
55 HER -1.13 1.13 0.04 -0.45 0.35 -0.24 42
56 YUl 0.58 -0.27 -1.03 -1.13 -2.05 -0.23 41
57 HE R -0.96 0.25 -0.97 1.08 -0.18 -0.35 46
58 SRS -4.18 0.27 -1.19 -0.25 -0.93 -1.78 60
59 EANCEA -1.95 0.18 -0.52 -0.20 133 -0.68 55
60 IRCES -2.85 -1.56 -0.84 0.06 -0.51 -1.50 59

2.6 HWEEUFDEREMERNBERS

XiF 60 MR4: A AR 9 RS B AV GE T
F R B (E 3,55 1 F W 5Tk R R
38.080%, 53 2 F A BTRRAE N 17.816% , Ritmiik
55.896%. FHOMRISLERFI, 60 MIbEF AN AT
O3 R AASERE AR TISHEIL 140 A, kA
HHE 23.3%  AFEAE ST RAR S0 N TGS

AR WL FA AR KRN BB
HEL 134 an B, 5 HEA R 21.7% , SBIIEZEHFIE 11
AR G EHRARHE 18.3% , SIS RE A6 T S RE4:
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Fig. 3 PCA analysis plot of tested tulip cultivars
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Fig. 4 Cluster analysis of 60 tulip cultivars based on the phenotype at nine traits
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