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Genetic diversity analysis of phenotypic traits in 40 Capsicum annuum L.

germplasm resources

WANG Tongtong', GUO Zhiwei', REN Guangqian', SUN Qiang', LIU Hejuan', ZHANG Bei', CHENG
Xiangjie', JIN Zhengya®, REN Fusen', ZHEN Jungi', WU Tao', L1 Yi’

(1. Xinxiang Academy of Agricultural Sciences, Xinxiang 453003, Henan, China; 2. Songxian Agricultural Technology Extension and
Service Center, Songxian 471400, Henan, China; 3. Massey University, North Palmerston 4410, New Zealand)

Abstract: To enhance the utilization of the collected Capsicum annuum L. germplasm resources and improve breeding ef-
ficiency, genetic diversity analysis, cluster analysis, correlation analysis, and principal component analysis were carried
out in this study with 23 phenotypic traits of 40 stable inbred lines. The results showed that the diversity indices of the 23
phenotypic traits varied from 0 to 1.997, of which the highest diversity index was plant width, and the coefficient of varia-
tion of single fruit mass was the largest among the quantitative traits(52.92%), which indicated that the phenotypic traits
of the 40 C. annuum L. germplasm resources had rich genetic diversity. The results of cluster analysis showed that the 40
C. annuum L. germplasm resources could cluster into two taxa at genetic distance 20, and the germplasm resources of tax-
on II were mostly compact plants, with elongated and thin-skinned fruits and relatively large fruit shape index, which
could provide the theoretical basis for the breeding practice of the subsequent different fruit shapes and plant shapes. The
results of correlation analysis showed that the correlation coefficients of 74 pairs of traits were significant or extremely
significant, indicating that most of the phenotypic traits interacted with each other. The results of the principal component
analysis showed that the cumulative contribution rate of the first six principal components was as high as 77.493%, which
could reflect the basic characteristics of the phenotypic traits, the twelve phenotypic traits as fruit transverse diameter,
fruit shape index, and fruit cross-section shape could be used as important indexes for evaluating the genetic diversity of
C. annuum L.'s phenotypes and genetic improvement of C. annuum L. variety. This study provides an important theoreti-
cal reference basis for the utilization and innovation of C. annuum L. germplasm resources and variety selection.
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1.1 #H

I RN HT 2 1 AR LR B B S B 9T BT IR
ER 1) 40 0 BARRR ST , & Fh BORIE T 2 /MU X, Hodp
TR 2 540, REE2 4, W A 6 43, Hlr 19
3, RIS BE LR VA S RIS 1 4, R 3
= 2GR Do &R BT 2022 4 12 H
TEHT 2 T AR R} 2 e it 5 i 1) 0 =5 A A A 50 AL
FUEHEAT B W, 2023 4E 3—7 A LSS BENLEES

x1 MERFRRS KR

Table 1 Number and origin of germplasm resources

ErRe) EAS KR G EAS ES
Number Name Origin Number Name Origin
1 ZF /1 [EJ7] B ¥ £ Xinxiang, Henan, China 21 23-57 7 [ H 7 Gansu, China
2 23-1 rf1 [ K Tianjin, China 22 23-59 o [E H 7l Gansu, China
3 23-3 " [E" F ¥ £ Xinxiang, Henan, China 23 23-61 ' [E H 7l Gansu, China
4 23-5 FFE R T £ Xinxiang, Henan, China 24 23-81 o & H 7k Gansu, China
5 23-6 1 [E 7§93 £ Xinxiang, Henan, China 25 23-84 o [E H 7l Gansu, China
6 23-7 1 EH 7 Gansu, China 26 23-85 o= H 7l Gansu, China
7 23-8 FF VT 74 41 Zhengzhou, Henan, China 27 23-91 "z # Yunnan, China
8 23-32 1 [ET B #T £ Xinxiang, Henan, China 28 23-92 71 2 ® Yunnan, China
9 23-33 rf VAT 7 461 Zhengzhou, Henan, China 29 23-93 rF [T 7 4 Zhengzhou, Henan, China
10 23-34 Ff T 7% BH Luoyang, Henan, China 30 23-232 H[EHi Gansu, China
11 23-35 w1 =77 §9 48 M1 Zhengzhou, Henan, China 31 23-234 = H 7l Gansu, China
12 23-36 v} =77 #9481 Zhengzhou, Henan, China 32 23-235 = H 7l Gansu, China
13 23-42 v} [ 77 B9 4% M Zhengzhou, Henan, China 33 23-237 = H i Gansu, China
14 23-43 & [E America 34 23-240 1 [ H il Gansu, China
15 23-44 = H 7l Gansu, China 35 23-241 [ H 7l Gansu, China
16 23-45 i [El K Tianjin, China 36 23-244 = H 7l Gansu, China
17 23-49 H[E 111 %< Shandong, China 37 23-248 & H 7l Gansu, China
18 23-50 [ P 5% 7 7R U§ Chifeng, Inner Mongolia, China 38 23-251 o1 [ H it Gansu, China
19 23-53 F[H America 39 23-253 = H 7l Gansu, China
20 23-55 % [E America 40 23-254 & H 7l Gansu, China
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L (1) BRI R TR P R A R B AL b AR X 21 TR Bk
RIFEAT ISR o B RIE bR v LR 1, o
PR HRTE SRR RBEE R D=5 R R
O A I A 10 DM ECE IR B
iR DAY v N NI S R o e B S R I =3
=R PR R, IR IR E=0 K/
B R ALECRE 10 Bk, RECHUR E 15 1%
B 1 DY 1] 2R G A 3 R Ak v 3 e 2 HL AR KO
CAIF T NG P
1.3 BUBRSH

K HI Excel 2010 4bBE 43 B 504 , 19 H 22 1R AR
(PR A vt (e /IME S KB P I ME b itk 22 0

A5 RBO M T EMR ) AR . g 2R
#( H(Shannon—wiener index) 11 A H=-3Y Px
InP, K PO AR A5 2 b o 25 7 s b o ) B
Bl o Ha IR 2 A R S S AR AR 1
SEIAE (X D FIBRAE 2 (SD) K B3R 7> 10 M54k,
BiMIREE 1 2 X<( X -25D), 5 10 2% X>( X +
28D) , BF— %A ZE 0.55D, T — L I AEX A Ze T
2 PEMETESL. R SPSS 22.0 #EAT R KM A
FEAE SN B T

2 R 50T
21 B RSER BRSO

it 9 AN PR IR R A 2R 2 A T E S AN
IRZREVETR L, 45 B 2 Fron. L 2R 5
AL N 0.464~1.180, J b SRS I TR (19 2
FEPEFR SR =, LR M (1,067 , FiAth i SR
(1 Z FEE AR AL /N T 1o TEZ B R AR |5 LU AR
T, 50 BN 52.5%F1 45.0% , 5 Eb 5% /0 1) v i AY

x2 REMRMESHMSIEFMIEY
Table 2 Distribution frequency and Shannon-wiener index of quality trait
A Z Distribution frequency/% SRS R (D
Shannon-

MR Quality trait

2 3 4 3 6 wiener index
%L Plant type JJi% Unfolding - HE L Semi-erect  ELZ Erect 0.464
0 (82.5) (17.5
/3B Branching ability 5% Sturdy ' Medium 5 Feeble 1.067
(25.00 (30.00 (45.00
7% Leaf shape YEIATE Oval K YPE . Long ovoid 341 % Lanceolate 0.533
0 (77.5 (22.5
I THIRFAIE S Slick (D& 4% Wrinkled 0.464
Leaf features Slightly wrinkled
0 (82.5) (17.5
ezl 1 White 7k # Light yellow  # Yellow pe4 i £ 0.790
Anther color Light blue Blue  Purple
) ) ) 2.5 (52.5) (45.0)
TEHEKFE Style length 45 T A& HlEsinsk KT 0.857
Shorter than stamens Subequal to stamens Longer than the stamen
(25.00 (65.00 (10.00
TE RS & Sagging Ak Lateral 57 Upright 0.855
Pedicel attachment state  (17.5) (15.00 (67.5)
Z2HE Stem luff Jt None i Thin 1 Medium % Encrypted 0.914
(70.00 (10.00 (15.00 (5.00
RSBV AR LY L= VYL AHTEAR 1.180
Transect shape of fruit ~ Subrounded Subtriangle Subquadrilateral Irregular shape
(20.00 (27.5) (47.5) (5.00

TE A5 5 B R R A (%)

Note: Data in the parentheses indicate the frequency of distribution (%).
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FRAE A (82.5%) BAK (17.5%) s /- Bt LAgg N &
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15.0%/ 47 ZERZRICALEE, 1 70.0%; F50H%
DI AR 32 BRI ML T (47.5%)

22 HMMRERRGEMK ST

Xof MR 5 B YR A 12 AN B R 47 )
BRGTE, R 3 A5, S BCR R 2 R e 2
BI>1, Uk B IX e PR IR 4R B S AR I, R RN
1.404~1.997, 15t B 3 S8 P4 IR 1 3% 2 2 AP o 3
B A RIR ) 2 AR o, FL RO R AR
(1.973) A JE (1.948) o A8 57 R K2 B R ik
i (52.92%) , 4 Fu [N 9.53~154.11 g, H 2 R
TEAE B (47.77%) A R (37.74%) R 4% (33.63%)
FIERYAE(30.12%) , HAD L E IR 7 RN T
17.01%~26.70% , F& R i 1) 748 57 R 50 /D, 15 AR At
AR SR R0 RS oe B8
2.3 FRMMRERREMEREBLES

5 F SPSS 22.0 3 A% SR BT B2 YR 1) 21 A4S
TR IEAT R4, Wl 1 FroR, TEIBHAL BE
20 Kb AT LUK SRR BT 23 TR 2 AS2RBE, 760 A iR
B 15 AT DK BRI 40 9 2 A1 2R BFIL- 1 FIL-2,
FRBEN) R BRI MR WK 4 R,

KBRS 8 Pl T, RAF A 32 M. 2
ANEFEAHLE , B SRR AR 5 AR R AR 235 K T2
HELL, HRBEIARTE R i Kk B 48 55 3%
KT BB, 1 SIS F8 £ 2 3 KT 2K L
SR I E BERHIE R R R, UK,

T AR A8 v HL A e P 0K, SRS sof LR, R 4
H N s IR S 40 K EL SR B s 3, ST 2
K B /N B AR AR, FEAROIE HLR i .

FERFFI 2 A7 rh , S8FIL-1 B 5 10 oA
T, RBFI-2 A5 22 P T . RBFIL-2 Bk AR
-1 FHZETE ), BRIE AR R 2 T 28 1L- 1, HARSERE AR
P JE O A PR L B A S TR 1, SR
FRSHEIL-1 K H 2 Rk 3K BRI e i
B FIEFRE TR AN T 2RBE -1 48, AR R
KTEBO-1,BERARE. SAKRE, BHI-1 1
TR NAERECN B R m /N, O = B R E
ESIZiE GO ONERL Y Z et S ONE L R TS I
s FEAEIL-2 R MR R LR, SR SR K A
JE ARSI, i i AME R
2.4 BEMRERMREX SR

XoF AR 5 0% 5 11 3R R P R AT RH S 0 AT
SER R S oR, SR 2 TR B &R, BOBURH T 7
RS R AR 74 SR AF7E B35 B 2 35 AH
Kotk o AR 5 hk iy KR 3 IE A (0.542) 5
1 5 Ak v R SR T i B R A T TR A 5%, 5 RS
DI AR SR B A S 0 s 8 B L o i AR
& SO OC ; TR 5 AR A 2 AR i i
Kom A % B EA G KRB BN
0.552.0.561.0.560.0.596 ; 1645 35 A= IR 7 5 H S
DIHTEAR S K s 58 AR B IE A OG, 5 R
(REY T RTE NV P EE 4 iy TR N E N
JE O E A S R R IR AE O, A S Ry
W 0.645.0.473.0.768.0.450, 5 B Ha % R &
AL (-0.545) s #RIE 5 R L R i 2 B AR
FIEM 2, M2 R 500 50N 0.519.0.468; A Z

®3 HEMKZHEMET

Table 3 Diversity statistics of quantitative traits

FEIR Trait PEME AR ROKME IR/ M e R BRI
Mean SD Maximum  Minimum  Range CVI% Shannon-wiener index (H)
P Plant height/cm 79.00 19.17 118.00 52.20 65.80 2427 1.913
FfiliE Plant span/cm 67.75 11.52 94.70 47.12 47.58 17.01 1.997
Y12 Pepper vertical diameter/cm 21.75 6.55 31.40 9.68 21.72 30.12 1.882
JLRi4% Pepper transverse diameter/em  4.62 1.55 8.07 1.75 6.32 33.63 1.973
PIJE Pulp thickness/cm 0.31 0.12 0.61 0.06 0.55 37.74 1.948
£ %0 Number of ventricular 2.98 0.72 430 2.00 2.30 2422 1.876
HLAL T i Single pepper mass/g 75.59 40.00 154.11 9.53 144.58 52.92 1.947
MK Petiole length/cm 12.36 3.30 23.79 7.22 16.57 26.70 1.875
MK Leaf length/cm 16.35 4.25 24.57 8.90 15.67 26.00 1.860
M Fi % Leaf width/cm 7.80 1.95 12.59 4.00 8.59 25.01 1.947
HIEAE %L Fruit shape index 5.50 2.63 14.18 1.29 12.89 47.77 1.772
45 % Leaf shape index 2.17 0.51 4.84 1.60 3.24 23.57 1.404
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Fig. 1 Cluster analysis of phenotypic characters of 40 C.annuum L. germplasm resources
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Br (R 6, FEEFMEE KT 1.0 AT 6 MNF s, R
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B BRI B, S BRI IR
5503 K 1 R AR N BT R R Bl 2.513 Al
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Table 4 Phenotypic traits of different germplasm groups

PR LD Fi A Germplasm group

Trait Parameter 1 11 -1 -2

¥k Plant height V34 Mean/cm 90.16 76.20 76.18 76.22
A ZECVI% 25.86 22.71 16.65 25.34

FEIE Plant span “F-#4) Mean/cm 75.08% 65.91 57.04 69.95A A
A5 RECVI% 12.71 17.24 13.85 14.94

FY1% Pepper vertical diameter P15 Mean/cm 24.17 21.15 19.19 22.04A
A5 R CVI% 30.03 29.99 16.84 32.80

L I¥1% Pepper transverse diameter T34 Mean/cm 6.16%* 423 3.11 474A A
AR R CVI% 18.85 33.11 22.76 28.36

A JE Pulp thickness 34 Mean/cm 0.39% 0.29 0.17 035A A
BRRECVI% 24.91 39.36 38.13 23.98

1> % Number of ventricular “T-3) Mean 3.33 2.89 2.36 3.13AA
BRRECVI% 18.71 25.11 16.83 22.88

HLF 5 Single pepper mass V- Mean/g 132.67 61.32 23.41 78.55A A
A5 R CVIY% 11.24 49.25 38.40 22.65

45K Petiole length *F-34) Mean/cm 14.39%%* 11.85 11.23 12.14
R R CVI% 12.38 28.80 17.66 32.17

I Fi K Leaf length “F-#J Mean/cm 18.56* 15.80 16.85 15.32
B R CVI% 13.59 28.12 26.14 29.22

%8 Leaf width ¥ Mean/cm 8.93% 7.52 7.58 7.49
AR5 R CVI% 18.21 25.86 19.93 28.63

I FEEL Fruit shape index 15 Mean 4.24 5.81% 7.03 5.26
AR CVI% 39.47 47.23 43.68 46.85

M FE %0 Leaf shape index 15 Mean 2.44 2.11 2.22 2.06
A5 ZECVI% 40.27 14.21 19.18 10.33

E SRR 0.05 F10.01 KT 22728 AT A A HIFTRISHIL-1 FIZEHI-2 75 0.05 F110.01 /KRB,

Note: * and ** indicate significant difference between group I and group I at 0.05 and 0.01 level, respectively; A and A A indicate significant dif-

ference between group II-1 and group II-2 at 0.05 and 0.01 level, respectively.

N 7.840% , FE R ZEEE 5.6 E R 1R
HEAE 43 50 9 1.263 A 1.078, TTER 23 51N 6.014%
FIT 5. 134% , FeAIE [ 2 4800 B0 v 1R 29 o DR A E A K P
AT FR B WRRAEAE A DTk ROk &, AR R
TEARE SR DI T TR < B SR PR R AL B
WS I e TR AR B R R RS AR RS AT
FER R SE 12 AR B Z TR BORR i R 1Y 2 7
(1) R ZE, o] LN BURCR R 508 R A L BT S5
PSRt — B S kTR

3 Wi E4iR

ol Jig B 8 A A 0 3 A O R S ik ik B 7 )
PoJgi Atk MRAE AR £ B Z IR B TR
AN B AR BEAT 1A% 2 Ak 0, BE NS D Jm 2 i i
o R AR R AF A EEAR FE A o DR G 2B A X AN [

e 72 .

DX 5| HE 1 40 £y BOBUR T BT IR 1Y 21 A3 B PR 3t
1T ZHENE S AT, I BRURH o B 5 36 B MR 2R 2 =
B, MR R 2 R FR R 1 SR SR T T
R8O AP ME (1.067) s BB MR b ZREMETE 2L
R R RIE (1.997) , A2 (1.973) AN JE (1.948)
R, 78 7 AR ) e B R 2 (52.92%) , Hiike
RILAEE(47.77%) A JE (37.74%) R R4 (33.63%)
FIERMPE(30.12%) , S s MRA LG, B R 2 A
PEIRECH =, AR R, B RIEEFE, X 5% T
ST X LT SRR 7T 25 R — B

MR HE S 2850 B &5 5 0] LUKE 40 A0 BRABURR 5 55 V5
Rl 2 ANEBE, BB B EARAE R R K,
350K, AR A5 v LA e i R K, SR S sof FL
R, RICFRECEN s L A5 32 Akl o it
AT RS EU 80% , 1225 SR S 4+ HL 3 2
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Table 6 Principal component analysis of phenotypic traits

R £ 4 Principal component

Trait PCI1 PC2 PC3 PC4 PC5 PC6
P74 Plant type 0.108 0.620 -0.049 0.247 0.071 -0.157
43 A% Branching ability -0.561 0.570 -0.260 0.084 -0.254 -0.054
7% Leaf shape -0.593 -0.363 0.038 0.477 0.084 0.007
H-TH4FAE Leaf features 0.610 0.336 -0.370 -0.173 0.070 -0.036
1L 2514 Anther color -0.414 0.194 0.158 0.456 0.027 0.282
A K Style length -0.006 -0.063 -0.111 0.428 -0.726 0.292
TEMIH5 A IR Pedicel attachment state 0.533 0.016 -0.624 0.060 0.070 0.114
2LHF Stem luff 0.030 -0.217 -0.022 0.715 0.425 0.162
BRI I IR Transect shape of fruit 0.758 -0.214 0.059 0.031 0.438 0.273
P& Plant height 0.091 0.855 0.207 0.166 0.042 0.036
PRI Plant span 0.101 0.531 0.702 0.180 -0.123 0.087
RY\Z Pepper vertical diameter -0.436 0.514 0.552 -0.066 0.256 -0.060
FHi1% Pepper transverse diameter 0.862 -0.290 0.262 0.033 -0.141 -0.105
A J5 Pulp thickness 0.727 -0.099 0.456 0.056 -0.190 -0.045
L3 Number of ventricular 0.744 -0.206 0.252 -0.025 0.091 0.344
WL & Single pepper mass 0.667 0.023 0.630 -0.008 -0.005 -0.232
147K Petiole length 0.691 0.331 -0.107 0.059 -0.159 -0.158
K Leaf length 0.591 0.489 -0.424 0.266 0.166 -0.036
I} 9 Leaf width 0.640 0.585 -0.300 -0.044 0.015 0.125
RIZFEEL Fruit shape index -0.780 0.290 0.025 -0.225 0.270 -0.004
I JEFE 4L Leaf shape index 0.151 -0.262 -0.121 0.468 0.060 -0.728
FF{iFEH Eigenvalue 6.425 3.348 2.513 1.646 1.263 1.078
Ti#k 3 Contribution rate/% 30.597 15.941 11.966 7.840 6.014 5.134
ZiF Tk Cumulative contribution rate/%  30.597 46.538 58.504 66.344 72.359 77.493
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