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Genetic Comparative Studies on Innovated Germplasm and
Local Varieties of Chili Pepper

MENG Junying, GUO Rui, CHEN Gao, MA Tiantian, CHEN Chanyou
(School of Life Sciences ,Jianghan University/Hubei Province Engineering Research Center for Legume Plants/

Hubei Province Natural Science Resource Center of Edible Legume, Wuhan 430056)

Abstract: Through observing twelve phenotypic traits and SSR genotyping result, this study analyzed 61
local pepper varieties and 39 offspring lines from the hybrids of 'Purple Color Pepper' and 'Red Pepper 809'. The
results showed that twelve traits in the two populations of local pepper varieties and innovated pepper germplasm
were significantly different (P<0.05), with the variation coefficient of the traits ranged from 1.15%-50.02% and
3.27%-60.67%, respectively, of which in local varieties vitamin C content was detected with the highest
variations. The broad-sense heritabilities arranged from 79.24%-99.23% and 87.73%-98.80%, respectively,
indicating that these traits were highly inheritable. Traits differentiation coefficients between the two populations
arranged from 1.30% to 48.95%, of which anthocyanin content was the trait with the most obvious
differentiation, while plant height had no obvious differentiation. Correlation analysis revealed 23 pairs of traits
that were significantly or extremely significantly correlated. Comprehensive evaluation through principal
component analysis identified 10 specific resources. In addition, 20 SSR markers identified 68 polymorphic
bands, with the polymorphism ratio of 69.39%, and the higher polymorphic loci were detected in local varieties.
Based on the clustering analysis of the twelve traits and molecular markers information, these germplasms were
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assigned to three groups, of which group I included most local varieties, and group II included most innovated

germplasms, and group III contained 'PP1122' germplasm only. ‘PP1122’ showed large leaves, vigorous fruit,

purple peel and high nutrient content. The hybridization of varieties between different groups, such as 'Purple

colored pepper' and 'Red pepper 809', was able to enlarge the genetic basis of pepper germplasm, providing a

reference for pepper germplasm innovation and variety genetic improvements.

Key words: chili pepper; morphological traits ; quality traits; SSR marker; genetic diversity; cluster analysis
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Table 1 The pepper germplasm information in this study
Hirs Tl sT 24 B Pl Hir's LTS AU Hirs Tl ST 24 B e
No. Name Origin No. Name Origin No. Name Origin
1 PP052 SRS 16 PP9311 ERIATES 31 PP131 SRS
2 PP132 ERIATES 17 PP10211 [EREATER 32 PP9411 ERIATES
3 PP072 ST 18 PP1122 EETAER 33 PP101 EEETE
4 PP082 [ERiATES 19 PP91 [ERiATES 34 PP51 ERIHTEA
5 PP731 ERIATES 20 PP1121 ERiATES 35 PP201 SREATES
6 PPO15 ERIATES 21 PP193 ERATES 36 PP732 ERiARE
7 PP112 SIS 22 PP811 EELAES 37 PP7311 EELTE
8 PP231 [ERUHITER 23 PP71 [ERLARES 38 PP2011 SRUALEN
9 PP7321 SRR 24 ST [ERLAREA 39 PP221 SELATEN
10 PP1122 ERIATES 25 PP1122 A 15 7R 40 FHAE W F F AL WK
11 PP811 ERUATES 26 PP1123 ST 41 BT — 5 W
12 PP71 EETAER 27 PP221 SEiAER 42 LRI RN S
13 PP16 [SETATER 28 PP113 ERiATES 43 §SUEZ T WK
14 PP42 [EBEHITER 29 PP941 [EBEHITER 44 BUAE W
15 PP9132 ST 30 PP1311 i 45 ZIH 809 i EaR A
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%5 e K % Fhge 4, Bk K %5 Fhge 4, Bk K5
No. Name Origin No. Name Origin No. Name Origin
46 AR RSl 65 T LRI 84 185 JARTN
47 OB WRKY 66 EESE PR LR 85 AEHBAFR JAR)M
48 FIZEHL WK 67 iR LRI 86 Bl JUARITM
49 FIREIS Wi Kb 68 RO = LRI 87 i JARM
50 Flé WR Kb 69 =S R [avl'd 88 A KRR JUATTN
51 MR WK 70 et WL 89 LIPRZES JUAR)TM
52 BRELHR R Kb 71 #5901 LRI 90 R A JUATN
53 TR i[RI 72 i WL 91 %k JUAR)TM
54 W =15 R Kb 73 WS R avld 92 TR JUATN
55 KB R 74 FIRBIS WIAEERIL 93 ST JAR)N
56 KA W R Kb 75 BRI B[ Arvl'd 94 AEHBF S JUATN
57 SEERE iaRS U 76 R T WAL 95 EAREEAR: Ui JAR)N
58 105 WK 77 SEABRAR LRI 96 “FfAiE JATM
59 NI WImk 78 8819 £kl WL 97 T AR AR JUAR)TM
60 HE W b 79 R—5 LRI 98 FEERF AL JUATN
61 R R 80 AEHRIRA JARTM 99 HR CHIO INFRHES
62 #3105 iR S 81 LI TR 100 RE TR
63 EEKAM WK 82 H AR IR

64 HAEZR WK 83 B —= J7ZRITMN
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121 HEFE 20224F1 A8 HEREEMET
[T S S EeuE /R i WO ) = A U S
IREEAE20°C~30°C ,4 H 29 HER T WAL &35 (5%
5O FHY TR HE ARG H O TR T 56 56 A
A IR e AE R AL X 4L,
AR 3, /PXEF6 m?, BETE 1.5 m, AU TFPHE , 17
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VET5 5 IH B G O =0k 7
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Y AR S — B AR e e HE R R
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TREEJEE , L R R PR o ff 7 o, iU 3R %
AW ) IR B 2 3 A ) 6 I ARG SR A
YR CHAE AT & . BRI 3 IR

A S ABERT 105°C 8T 1 h, 2 S b b4 i B A
9 80°CHET ZfH F , FRat Mt T 5 A9 AE S 2, AR &
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3 FEL

1.2.3  SSRA&M 43 5IRAE 100 {53 BUBUM AL ) 2~3
Fr 4t J, R A CTAB S BURE R 41 DNA™, T
fl o o0 Y B T R A 7 5 AR A, F-20 °C
UK AR AR A % 5 R B 23 X SSR 51 471+ 191 % 100 44y
BRARRN BT bR BEA T 3845 Z REPE 20 BT, 23 X 2 A8 1k
SIS T 12 XYL iR, PCR DR A
BiH DNA 1 uL, b FiE51 % 4% 0.5 uL, 2xTap
DNA B4 5 ul, ddH,0 3 pL, PCR 4" # 2 J% .
95 CHIALE 2 min; 95 CATE 155,50 °C ~72 CiR
K 155,72 CHEAH 1 min, 30 MEH; 72 CLEfH 7 min,
P18 7 W FH 4% BN W BEE I L KRS DN, I SR A%

fHE .
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Table 2 Information of 23 pairs of SSR primers

514 L1 FsN(57-3") TS IFAN(5-3")
Primer Forward primer sequence(5'-3") Reverse primer sequence(5'-3")
CAMS-378 GAAATCGACGCGTTTCTAGC TGTGGGGAGAGAGAGGAAGA
ES105 CGCATCTACATCAAGAATCAACCA GATGTAGAACAAGGAAGCAGGGG
ES321 ACGAGGTCCACTTCCCCATTAT TTAGAGAAGGAATAACCGGCAGC
CAMS-020 CAGCAGTAACAGAGGCAGGTC CACAAGTGAGTTTATTCATATCACCA
CAMS-040 TATAGCCTGTGGGTGCCTTC TGGGGTGAACAATAGCATGT
CAMS-051 ACCCAGTTCCCTTTCTTGGT GAAGGTTAGCGGAATGAACG
CAMS-065 CCAGTCTCATCCAGCAGACA CATATGCTGCTCCTGCATTC
CAMS-045 CGCGATTCGATTGCTAAATCTC CTAATTTCCCAGTTGCGTCTGC
CAMS-063 CCAAATCATCATCAATGCGAAGA CGGAGTAGATTTGGCGGAGAAA
CAMS-022 GACTATAGCAAACATGTCCCCAG CCAGATTTTGTGGATCCTATTGA
CAMS-121 GGTGCGCTAGAGATGGAGAG TTTGAGTGTTCGGGACTGGT
CAMS-101 CCTACAAGTGAGGTCTGAGGAGA CAGCAAGTTGGAGAAACTAATGC
CAMS-120 TGGGATTGCATGCATCATAG CAGAATCCTTTCGGTCCAGA
CAMS-302 AAATGACCACACATCATTTGC TGGCCTCTTTGTCTCTGATT
CAMS-335 TAAAATGAGGGGGTTAAGGC CCGTAAAACCCTAACGACGA
CAMS-050 TGCGGTTCCGCACTATACTA CAACATGGTTGCTTGAAACG
CAMS-053 GGGACGTATTTTCGAAGAGG CAATCACTTCGCCTTGTTGA
CAMS-312 CAACTGCCTAACCACCACCT CACGTGCAAAGCAAGTATCC
CAMS-124 ACCTGACATTTTGGTCTTCCTAG AAAGCTGCCCCTGTCTACC
CAMS-330 GGCTACCGCCTTCTGACTTA TTCGTATCTGGGGTGTCAAA
CAMS-044 GAGTGCCATGCTGATTAAGGA CACGACTGTCTTGCCTGAAC
CAMS-122 CCCCACCGATGAATTTAGTAGA TGATGATGTGTCATGGTGTATGA
1.3 #HEHH 1EM 0, 357 01K R, K A6 B4 5 A\ Popgen32,

1 Excel 2R A4 X% 12 56 204 #1710 5 A ds B
EASMEAR IR FR Y8 e KA e /IMEL B 25 |
AR S 2280 A SPSS 27 B4 #E 47 LI E ANOVA

R R SN i T B E /AW N Y S 4 (|

V. ; . — b o
H2 = = o RV AR )2 VR
P e
G

BiJi2s V Fom a2  F R R B %
BT 5 0 PR 5 A A T L5 7 22 43
Wﬁﬁ%ﬁ%%%mﬁw%ﬁmr—JML—T$

(”T/s + US)
s 1 G2 A B B L R U P 1 22 40 B
S Origin 2022 FPEMEE 43T, 34 AR HEAT
S AT 20 28 NS
R4 L K i N T O pric 45y , 7EAR [A)AT
B B S AT T4 BIRRMEL, A iE S 1, JoHs 1

1‘[‘;%; SSR 73 FHic A S50 FE PR KR Nei ' s JE [H 24
EFREL. Nei’s LR A48 BUR M B R ] AS 7]
%Fﬁ o7 A LI s A AR
12 MR s I fe A AL AL 3 (z-score AR 4L ) - 5
SR B FE IR R A A (E x, FIBRIE2E o, bRUEAL TR
Wl Y= (xi—x,) /o, Ho x W IME , o bR 2%, i 48
12 AR #1016 B 3 Origin 2022 # 4%
HEAH DGR T RIS Hr .

2 HRESR

2.1 ERHFRRBERASNGERERBIEETER
HET R

H1 2% 3 AT, S BRRUR 5 B R A R 0 A S

?ﬁTZM%&WMMELA$@ﬁﬁﬁ%@&
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Table 3 Data characteristics of morphological traits and quality traits

PR BR A BB H

Mok Chili pepper Innovated germplasm Local varieties
Traits i A 5 R H(%) i A5 FRH(%) B A 5B %)

Mean value cv Mean value cv Mean value cv
K (em) BL 14.70 18.62 16.17 17.69 13.76 15.94
A9 (cm) BW 6.77 21.63 7.49 21.57 6.31 18.15
P (em) PH 95.84 22.11 88.89 22.17 100.28 20.89
FRIE (cm) PW 68.93 17.73 69.50 19.89 68.57 16.19
RIAE (em) FL 12.19 36.52 10.07 26.10 13.54 35.72
RAREAE (cm) FW 4.48 46.34 5.76 33.05 3.66 47.70
RNJEEE (em) FT 0.34 37.20 0.43 21.52 0.28 38.81
K4rE it (%) MC 91.00 2.84 92.59 1.15 90.58 3.27
AR A G i (D.W mg/g) PL 11.66 40.03 12.20 26.42 11.31 47.48
AR (D.W mg/g) SC 44.74 27.74 43.88 25.97 4528 28.75
Y % C i (F.W mg/100g) VC 62.41 58.72 54.80 50.02 67.27 60.67
1T & & (F.W mg/100g) Cyanin 4.87 51.31 5.61 40.84 4.39 57.23

BL: Leaf length; BW: Leaf width; PH: Plant height; PW: Plant width; FL: Fruit length; FW: Fruit wide; FT: Fruit thickness; MC: Moisture
content; PL: Soluble protein content; SC: Soluble sugar content; VC: Vitamin C content; Cyanin: Anthocyanin content; D.W: Dry weight; F.W:

Fresh weight; The same as below

22 RAMESEMREEROEES LS

XF SR RHE 25 A R A ) s f%
TR BEGH ., 45 R 3R 4 R, B R B
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79.24%~99.23% ; 1 J5 S AP PR = AR RS REE
AR SRR Ky B nTE E  E
A F CH R AL AT & B AL 1 R T8
JBT, 5 My SRR EL A A BT A2 B PR (14 5 M 4
Ko X7 ShFFGTH AN BT 12 PR 7 5K
T3 2253 HT, R B HL 5 i T R0 BB o o =2 ) 2 5 B
=38 17 2 0 B S B R ok R B 1.30%~
48.95% Z 8], e K AL BT 3 i, HUOZ R R
FE RSB, 2390 34.71% F131.36% , i ] X 84
PR A Hb 7 b o R A0 5 ol 5 [R] 2 2R B M R 22

S, /NI SR R M AT AT R i YN T 2%, 2
SR
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The left figure shows the germplasm distribution of the innovated germplasm population, and the right figure presents the distribution of the local

varieties population for each of the same traits, the ordinate represents the data indicators of each trait
1 2AMESFHR R R RE R (@) 2/ MEEE

Fig.1 Violin plot of innovated germplasm and local varieties distribution in 12 morphological traits and quality traits

R4 HEWMRFFRLSFEM@REIEIKBEE ST
Table 4 Genetic analysis of chili pepper morphological traits and quality traits

ok ﬁﬁﬁﬁﬁiﬁf?ﬁ(%) W SR T (%) Wﬁiw@ B’Jéﬂt?#{( %)
Traits Heritability of innovated Heritability of local varieties Differentiation coef.ﬁc1ent
germplasm between populations
K ¥ BL 97.50 95.78 19.46
- H SRR BW 97.52 96.44 16.66
Bk PH 97.95 98.91 3.55
KRl PW 91.20 93.66 1.30
YK FL 98.53 98.81 31.36
LSRR FW 98.80 99.23 29.80
HJEEE FT 95.45 98.02 3471
K5 E i MC 97.49 97.75 18.49
AV PR & i PL 92.44 79.24 422
AR SC 87.73 89.36 1.51
e Z C Ve 89.82 90.79 2.61
AE @A & it Cyanin 96.15 98.39 48.95
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*, **respectively indicated significant correlation at P < 0.05 and P < 0.01 levels
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Fig.2 Correlation analysis of morphological traits and quality traits
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12.75 4345 N INHEY | JRAS255 2R IUET 10 24 44
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2.5 BHMMERAERSSR 2 FHRIE SHEMES T

23 %F SSR 5|11 A7 20 X 51 4 44 th S, X
100 15 AR BHIEA T30 15 Z AR BT (3R 7)o L9
H 98 AN SR, 455 IR 8 1 SRy Y T 7E 1~8 4>
Z ), A Ay 68 A2 A KAl , 28 R
69.39% (& 3) . “F-¥E:XF SSREIMH 4 H 3.4 1%
AR, [FB R AR S AT B BB D
B PP1122 H, Fr BER /N 300 bp, %M RHETE 52
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Table 5 Eigenvectors and contribution rates of 12 traits

PR TS 1 F A2 F 53 F 4 F G5
Traits PCI PC2 PC3 PC4 PC5
nHK B BL 0.41 0.37 0.38 0.13 -0.08
A v BW -0.41 0.48 0.09 0.06 0.20
Pk PH -0.35 0.47 -0.31 0.21 0.36
KRl PW -0.29 0.38 0.77 0.12 -0.27
R EE FL 0.82 0.01 -0.07 -0.26 0.01
R FW 0.82 0.26 -0.02 0.16 0.11
RAJEEE FT 0.28 0.24 0.26 -0.49 0.44
KAy it MC 0.13 0.66 -0.54 -0.78 -0.40
AR i PL 0.31 -0.90 0.62 -0.27 0.15
AR S SC -0.17 -0.63 0.51 0.02 1.12
Yk ECHHRVC 0.69 -0.53 -0.58 1.92 -0.43
AT Cyanin 0.32 -0.19 -0.61 1.94 -0.13
'FE{IF{H Eigen value 2.70 1.78 1.41 1.27 1.18
BiHk% (%) Contribution rate 22.53 14.86 11.77 10.55 9.85
ZiT 5Tk (%) Cumulative contribution rate 2253 37.39 49.16 59.70 69.55

xo6 WM0BMBHNEERI KA

Table 6 Overall score and ranking of the top 10 varieties

(G FR iR CEE EOETE

2 .
iii iﬂi? I\I@a:i Comprehensive Principal (mg/100 g) (mg/ 109 g) O;Erlfn
component components vC Cyanin

1 18 PP1122 12.75 1 50.93 6.20 ERLHTEN
2 14 PP42 8.44 1 66.15 6.71 EREATES
3 8 PP231 8.33 1 73.66 7.31 ERITEA
4 19 PP91 7.94 1 106.81 4.46 [ERAITE
5 12 PP71 7.69 2 75.32 4.55 ERiATE
6 46 b 5.71 5 204.40 3.00 R
7 55 FERLRM 5.38 3 53.11 0.74 iERSE
8 27 PP221 5.02 1 74.88 2.99 ERLAEN
9 24 R 4.96 3 70.44 3.16 ERIHTES

10 32 PP9411 4.26 1 33.98 3.45 %k

En
N
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Table7 20 pairs of effective primer diversity analysis

519 E i Z B TEAEL ZANE] (%) Nei s 5[ ZFE T £
Primer Stripes number Number of polymorphic bands Polymorphism ratio Nei's genetic diversity index
CAMS-378 10 8 11.76 0.36
ES105 3 2 2.94 0.53
ES321 4 3 4.41 0.67
CAMS-020 3 1 1.47 0.29
CAMS-040 3 1 1.47 0.29
CAMS-051 4 1 1.47 0.22
CAMS-065 3 1 1.47 0.38
CAMS-045 4 2 2.94 0.48
CAMS-063 3 2 2.94 0.35
CAMS-022 3 2 2.94 0.43
CAMS-121 5 3 441 0.40
CAMS-101 9 8 11.76 0.35
CAMS-120 6 5 7.35 0.50
CAMS-302 8 7 10.29 0.43
CAMS-335 3 2 2.94 0.22
CAMS-050 8 7 10.29 0.32
CAMS-053 5 3 4.41 0.49
CAMS-312 7 6 8.82 0.49
CAMS-124 4 2 2.94 0.45
CAMS-330 3 2 2.94 0.50
M 1 2 3 4 5 6 7 8 9 1011 12 13 14 1516 17 18 1920 21 22 23 24

2000 bp
1000 bp

500 bp
250 bp
100 bp

M 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48

2000 bp
1000 bp

500 bp
250 bp

100 bp

M 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 6970 71 72
2000 bp
1000 bp

500 bp
250 bp
100 bp

2000 bp 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96
1000 bp

500 bp
250 bp

100 bp

M 97 98 99 100

2000 bp
1000 bp

500 bp
250 bp

100 bp
M:Marker 2000 bp; Zi 5 [R3 1, F [ ; 200G FR M0
Number is the same as table 1, the same as below ; Red indicates polymorphic bands
E3 SI#ES105 £ ikE
Fig. 3 Polymorphism electrophoresis by primer ES105
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Fig. 4 Cluster analysis of 100 chili pepper varieties based on morphological and quality traits and marker data
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