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Genome-wide identification and expression analysis of the
PIN gene family in the pepper pedicel abscission zone

and during root development

HE Lei. YAN Xi, LAI Wei, LIU Chongzheng, YANG Hong, HE Jianwen"

(Institute of Pepper, Guizhou Academy of Agricultural Sciences, Guiyang 550025, China)

Abstract [ Objective] This study seeks to identify and analyze the PIN gene family members in pepper
(Capsicum annuum L. ) and to investigate their expression patterns in the abscission zone of the fruit pedi-
cel as well as during root development. The ultimate goal is to provide candidate genes for elucidating the

function of CaPINs and for breeding new pepper varieties. [ Methods] PIN genes were identified through
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whole-genome screening of pepper, followed by comprehensive bioinformatics analysis. The expression
patterns of these genes in the fruit pedicel abscission zone and during root development were systematically
analyzed. [Results] 9 members of the PIN gene family were identified in the pepper genome and designat-
ed as CaPINI1 through CaPIN9. These genes are distributed across seven chromosomes, with CaPIN9
remaining unanchored. The proteins encoded by these genes exhibit amino acid length ranging from 358 to
654 residues, molecular weight from 39 251. 05 D to 71 170. 91 D, and isoelectric point from 6. 40 to
9.38. Most of these proteins are stable. Additionally, significant collinearity was observed among the
CaPINs, indicating a close genetic relationship with the tomato genome. CaPINs encompass a multitude
of elements associated with growth, environmental responses, and hormonal signaling. Transcriptome da-
ta analysis revealed that the expression of CaPINs in pepper was tissue-specific. Quantitative PCR results
demonstrated that CaPINs exhibited differential expression levels across various fruit pedicel abscission
zones and throughout root development. [ Conclusion] CaPINs play a crucial role in the development of
the pedicel abscission zone and the growth and development of the root system. These genes hold signifi-

cant potential as candidates for breeding pepper varieties with improved ease of de-stemming and for en-

hancing genetic traits related to root systems.
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Table 1 gRT-PCR primers for expression analysis of PINs in pepper

A L3519 )7 5 TS )5

Gene Forward primer sequence (5'—>3") Reverse primer sequence (5'—>3")
CaPIN1 CAACAATGCGAGGCAGTCAGATG GGAAGGACCAGGGCAACACC
CaPINZ CACTTCCCGTGCTTGACCAAATG AGCCAATCAGTCCACCAACCTTC
CaPIN3 GTGTATCCAAGAGAGCCCGAAGC GGCAGAGGTGGTCATAAGGTTCC
CaPIN4 CGTGTATCCAAGAGAGCCCGAAG TGCAGAGGTGGTCATAAGGTTCC
CaPINS GAAGTTGTTGAAGGTGGGTGGTG GCCTGCCTGGTTTCAATTCTTCC
CaPING6 AAACCAGGCAGGCTTCACACC TCAGAGTCGTCCGCAAATGGTG
CaPIN7 TGGGACAGTTGTTATGCCAGAGG GCGATCATCAGCAGCTAGAAACC
CaPINS ACAGTTGCTATGCCAGAGGGATC AGTCGCCTACAGATGGTGATTCC
CaPIN9 TCCACCAGATGCACCAATGAGG ATACGGCGGCACAGGGTAATTC

CaACTIN TGTCCATCTGCTCTCTGTTG CACCCCAAGCACAATAAGAC

2 ZER 545

2.1 HMPIN BEERENEESEAERSH
AR W5 B T A B A B R A rp e M
F 94 PIN FIEALA . 33X 20 5L PR 4 Ye (0 4K 7
R A 4 F CaPINI-CaPIN9 (£ 2), Hith CaP-
IN9 KRE§EAG A L, BT CaPINs 5% Bl 7

HILFREL N 358~654 aa; 7 F &M 39 251, 05~
71170.91 D A4 %L 8 6. 40~9. 38, R T CaP-
IN4 R PE R F1 Ak H Ay 8 4> CaPINs ik 2 1 5
A EIEHN 30, 36~44. 01, % T CaPIN6 N A Fa
EE AN, HAY 8 4 CaPINs HHaE & A IR iR 55
g 86. 76 ~ 134, 83; M K EL N 0. 076 ~
0.751,

£2 CPINREHEEBRMEAER
Table 2 Physicochemical properties of CaPIN proteins

I I D AR A aFEE RREEs sk SRR
Gene Gene 1D Amino acid oI Molecular Ingtablhty Ahphanc hydropathicity
number mass/D index index (GRAVY)

CaPINI1 Capana01g002751 365 7.62 40 437.72 35.67 117. 29 0. 639
CaPIN2 Capana02g003400 358 9.16 39 251. 05 34.51 134. 83 0.751
CaPIN3 Capana03g000765 605 8. 81 66 217.13 39. 26 86. 76 0. 056
CaPIN4 Capana05g001149 622 6.40 67 956. 76 33. 64 95.16 0.220
CaPINS Capana06g001830 494 8. 86 53 868. 64 36.51 96. 52 0.270
CaPING6 Capana07g000026 631 9.38 68 680. 62 44,01 93. 47 0. 147
CaPIN7 Capanal0g002152 565 8.95 61 287.91 38. 46 94. 41 0.158
CaPINS8 Capanal0g002459 599 9.06 64 902, 74 30. 36 91.15 0.092
CaPIN9 Capana00g002374 654 6.79 71 170.91 39. 87 90. 06 0.076

2.2 HWPIN EERREMNRELEMSE

R fERT PIN AL R a8 Tl
IF T A ML 27 A PIN & 9 R S 1b#.
o (K 2) BoR, PIN AW Lk 6 AW k.
Group | 4% CaPIN5 F1 SIPING, Group Il # £

% CaPIN2.SIPINS #1 AtPINS, Group [l a &
CaPIN1, SIPIN5, SIPIN10 il AtPIN5, Group [l b
h B4 T AtPING,Group e H4 7 T CaPING,
SIPIN2 il AtPIN2, H: 4 PIN & 4 H 2 T Group
IMd.
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Fig. 2 Phylogenetic analysis of the PIN protein family VEEAL
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in C. annuum , A. thaliana, and S. lycopersicum
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Fig. 3 Gene duplication (A) and interspecies collinearity analysis (B) of the CaPIN family in pepper
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Fig. 4 Predicted topology of the CaPIN family in pepper
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Table 3 Secondary structure of the CaPIN family
proteins in pepper %
i a- 15 iE & i i TCHL I it
P . Alpha Beta Extended Random
rotein . .
helix turn strand coil
CaPIN1 52. 60 5.75 15. 34 26. 30
CaPIN2 50. 56 5.59 19. 27 24.58
CaPIN3 30. 41 4. 96 15.04 49. 59
CaPIN4 32.96 5.63 14,47 46.95
CaPINS 33. 40 3. 64 15.18 47.77
CaPING6 31. 06 4. 60 15.53 48. 81
CaPIN7 32.04 4. 96 15.04 47.96
CaPIN8 32.22 5.18 14.02 48.58 Kl 5
Fig. 5
CaPIN9 29. 36 4.74 15. 60 50. 31
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Tertiary structure of the CaPIN

family proteins in pepper
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Analysis of cis-acting elements of the CaPIN gene family in pepper
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Fig. 8 Expression analysis of the pepper CaPIN genes in different tissues and during fruit development
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