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Transcriptome and differential expression analysis of
green stem mutant ghl in Capsicum annuum

DAI Yaot23, WANG Jint23, DAI Li?3, HE Changzheng>?2, LIU Feng®?%*

(1.College of Horticulture, Hunan Agricultural University, Changsha, Hunan 410128, China; 2.ERC for Germplasm
Innovation and New Variety Breeding of Horticultural Crops, Changsha, Hunan 410128, China; 3.Key Laboratory for
Vegetable Biology of Hunan Province, Changsha, Hunan 410128, China)

Abstract: EMS-induced pepper green stem mutant ghl and wild-type purple stem ‘Zhangshugang’ (ST-8) were used as
materials in this study, and the anthocyanin content was determined. Transcriptome sequencing (RNA-seq) and real-time
fluorescence quantitative PCR (qRT-PCR) were used to analyze the gene expression levels related to anthocyanin
biosynthesis in pepper stems. The results showed that the anthocyanin content in the stem of mutant gh1 was significantly
lower than that in the stem of ST-8. Compared with ST-8, ghl obtained 1794 differentially expressed genes, including
1003 up-regulated genes and 791 down-regulated genes. Among them, genes related to anthocyanin biosynthesis pathway
include 9 structural genes (DFR, UF3GT, F3H, ANS, CHI, CHS, C4H, PAL, 4CL) and 3 transcription factors (TT8, AN1,
TTG1). Transcriptome expression analysis and qRT-PCR analysis were performed on differentially expressed genes
related to anthocyanin synthesis. The results of the two analyses were basically the same. Four structural genes (CHS,
CHI, DFR, UF3GT) and one transcription factor (AN1) were screened. It is speculated that these five genes might play an
important role in the anthocyanin biosynthesis pathway in pepper stems.
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A I E R e RS
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PCR 4#7(QRT-PCR)

{8 FF] HiScript® 11Q RT SuperMix(+gDNAwiper)
177 £ (Vazyme Biotech Co. Ltd, E[E)F¥: ST-8 Fl
ghl 25/ RNA S 5555 )5 cDNA, T4 cDNA FE i #i
P2 100 ng/ul, FF qRT-PCR M, VAR ZR A :
10 uL SYBR gPCR Master Mix, 0.4 L 5%, 7.2 uL
ddH.0 FI 2 uL #i B cDNA. #]H Primer Premier 5.0
BRSS9, LA Actin SHINSIEE, 51H)F5
3k 1 PR, HHAZ K LightCycle® 96 ilﬁ%“ﬁ%
i PCR {¥F17F qRT-PCR 447, mﬁ 3NEE, K
PR 228 R BL AR R A

# 1 QRT-PCR 3|4IF%1
Table 1 Primer sequence of gqRT-PCR

Gk e F1MF51(5-3) ElR7EA 0N 51MF51(5-3)

CHS-F GCTTCGACCCTCAGTCAAAC ANS-R GCGGCCTCCAGGATTATAGA
CHS-R CTTGGGCCACGGAAAGTAAC UF3GT-F CCCTATTGGTTGTGAAGCCA

CHI-F TGGCACTGGGAATGCTGTTA UF3GT-R TTCCTCCTCTGCCTCTTTCA

CHI-R CCGTGCTTGCCAATTATGGA GL3-F GTCGGCTGCATTATCTCCAG

F3H-F AAGGCACACTGATCCTGGAA GL3-R CAACCCTTGGCCAACATTGA

F3H-R TGGCTTGAAGACCACCAACT AN1-F ACAAAGACGAACGCGACAAA
F3'5'H-F TGAGCTAGGCCACATGCTAA AN1-R GTCGACGACGTTTCACTTGT
F3'5'H-R CGCGAATGTCAACATGTCCT TTG1-F CCATCCGAATCCTTCTGGGT

DFR-F GCACTGCAGACAAAGGACAT TTG1-R GAAGTCTCCCGAACTTCCCA
DFR-R CCCATTCTCCTTGCCACTTG Actin-F AAGAAGGAGAAGCAGTTAGAGAGC
ANS-F CGTGGAGCACAGAGTGATTG Actin-R GTCATTTTCTCTCTATTTGCCTTGGG

2 HER57H
21 RBOH

WA SR ghl FIHF AR ST-8 YRR ?E
RIEFARY ST-8 HYZEEMASLRE,, WAL
WA, TEARA ghl Eﬁzﬁi’ﬁﬁﬁﬁ
B MEER T EIITIE, ST-8 IZETILFT RS
14 188.04 uglg, RA8A ghl fEH R &5 HA 17.19
nglg, “HEFWIDE,

2.2 FHREANFHIEREITH
K o 3 i e AR ghl 4%25f0 ST-8 4025
I 6 AR (3 IREE R )k TG SR o 23 PR i
beﬁx . ARG B 21 277 448 1,
1%&@@&%@7@ 5.99~6.80 Gbp, V¥4 6.37 Gbp.
B EEHR T Q20 FEFRIKT 96%, Q30 FEtRiK
T 91%, GC &1l 42.64%~43.79%(% 2).

% 2 RNA-seq #AHIERE T

Table 2 Quality assessment of RNA-seq sample data

FEA BEBAL B % /bp %L Q20/% %L Q30/% GC & H/%
ghi-1 22 722 548 6 796 436 476 97.06 91.97 43.79
gh1-2 20 201 230 6 044 252 800 97.00 91.87 42.64
gh1-3 21 496 073 6 432 431 902 96.98 91.80 43.13
ST-8-1 21 875 449 6 545 503 092 96.84 91.54 43.04
ST-8-2 20 035 527 5991 190 874 96.94 91.68 42.95
ST-8-3 21 333 862 6 383 072 946 96.77 91.36 43.19
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Fig.2 GO annotation analysis result of differentially expressed genes
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Table 3 KEGG pathway analysis result of differentially expressed genes

PRI gk RN B R s — G2 N wEHEE

Rzt 166 0.07 | Wi ERFnEE R A 3 0.06
ARG YA K 107 0.09 |PENZEMH 3 0.06
MAPK {55 & &1 30 0.14 | |B-NEmAH 3 0.05
FEYIR AT AR 25 0.10 | |E&almfi 3 0.05
YSRGS 24 0.08 |[WiER . el A R 3 0.05
FE AR A A B 23 012 |[H&Em. &R RS 3 0.04
FREAWA B 14 0.18 | [mEmfCist 3 0.04
ZETE I A R 13 0.24 | |UEEBEERER A 3 0.04
RE A 12 0.12 ||RNA [&fi# 3 0.03
A e H kAR 12 0.10 | [HrEE i B e A K 3 0.02
SAEIR LT AR I 12 0.09 | (kA 3 0.01
ICHE AR 2 R A 54k 11 0.08 | LABbZRYERR 2 0.15
TERY R REREA LA 11 0.07 | [HHBER AR LI i 2 0.08
RN RS 11 0.07 |[TFEashftist 2 0.07
i 11 0.04 |PEATER-ifER 2 0.07
BB AR 10 0.04 | |EMH 2 0.05
AR TR A A= 6 9 0.24 |[HEMEE 2 0.05
MR EARM A A K 9 0.13 | |AmE—HAh 2 0.05
RITER . WARTTZ RIS A5 8 0.18 | [FIhE. WRNEFINHIEA: B8 A= 4 A 2 0.05
U 8 014 | PERiE R 2 0.04
WAEH 8 0.04 |[HEHLEHTA SNARE AHEAEH 2 0.04
FeA A Pk [ E 7 0.09 |[DNA &l 2 0.04
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TSR H LA 6 0.29 | [FERRIGH (TCA THEF) 2 0.03
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TR ISP M A A A 6 0.17 ||mRNA I#igiz 2 0.02
iSiAUES 6 0.15 |[FAfbmimik 2 0.01
TP BB A 6 0.12 | [FTERAN B ER B A P A K 1 0.20
oW AR 6 0.11 | (e AR 1 0.20
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Fig. 4 gRT-PCR analysis results of genes involved in anthocyanin synthesis pathway

3 ghigsSitie

R T DRIy AR 19 2K J e A 14 PR TR
HI¥F, BRI T T R EARFT R PRIE A SR, ]

EMS VEREAH, BHAT GHE AL T —Eak
A IR i . Y AR A A IR AR LA 26
YANG %275 5:f EMS 78R 8 T i a AR A

i HHRUB FF 2 AR . 2 H Pl ik EMS 575 3K



55 49 B4 5 4] WS

BB ZEIE IR ghl B 52 R i e SE R ik o A 573

TR ASHER, T T 1 RUE MPTAIRNBR
WUFR . TEBHFE R, AR EMS #5286
BRI 5 B RRCR A RO IAR,

PSRRI — A B EERTUREE, SRR
PrFpZE . U AR 0 SR AR, H
KT BB SE B A Y B B0 & | T 25
BRI D . AW5ET, I EMS 528 ST-8 &
SRR L R T 1 AR E 1 4R 2 o AR 1A
MEE, X SRASR B SR ZE TN AR R 52K TR =
THRMER LR, ZHENEE RS REA D EE
5, RAMRPZER LT AT R, BB AR
EREIMEOASETRNGRSHREAX. BT
PRETHE P AL T RAEYG UGB, R
PR LRI FH AR QRT-PCR BT 538 (A FHF
AR ZE T 725 SRR IE R A3 HT . e SR 2N P 2
7R, DFR, TT8, UF3GT, F3H, AN1, ANS, CHI,
CHS TEHF A= AU 58 25 b IR KF- 34 1 25 v TR A8
A&, CAH, PAL, 4CL [FRBKFEIIME T RALAK
), T TTGL MRIRAK-—E Z M B2, N
B R SR P 45 R AT R, o —2P X ST-8 I
gh1 ZErh 56T R G BRI EE R #E1 T qRT-PCR 43
Br, Z5RH, fERPAERIZEd CHS, CHI, DFR,
UF3GT .AN1 il TTG1 A3k /35 .35 i T80k,
GIHTAE R G SR AT A5 RS R 2=
4 AEEFYFER(CHS, CHI, DFR, UF3GT)#I 1 M4
EHEF (AN S 5 REARBET T RNEY S
o AHPIAEE R 2y, HE5HRHE
HEEFR TR T — M ERATEEMZ, BAAEFR
&R SRR G2 R 52, AGFSE 0L 1
LI AR R A LI O EE Y, I Tk —
AT, DARUELIIRE,

SE K :

[1] AR“#ke, S, WU, 5. BRUE T EMEE S
PR R B2 AR, 2020, 47(9): 1715-1726.

[21 4B2:#c, RFL. BRAUE A E M ® R 5% 7% KR
D1 IOl 4 (F AR RR) . 2020, 46(6):
629-640.

[3] SALEH B K, OMER A, TEWELDEMEDHIN B.
Medicinal uses and health benefits of chili pepper

(4]

(5]

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

(Capsicum spp.): a review[J]. MOJ Food Processing &
Technology, 2018, 6(4): 325-328.

FYes. BRI LI WA B B
&, 2009, 7(2): 34-37

XU, BT ) S T B R Y £ 37 [D]. &R
7 Ol ok, 2018.

TR AR R e LR (5 A A A T
K S F VeMYB9a [T I ERFSE[D]. #542:
AR R, 2022,

THELE, K. BT FORIE . SRR AILE BT RE 1Y)
WFsdtR[3]. hzh, 2019, 41(2). 388-392
XNAe, Y, P, SF B RV R K
KM R RN, LS5 EY, 2022, 11(3):
336-346.

LIUY H, LV J H, LIU Z B, et al.
analysis of metabolome and transcriptome reveals the

Integrative

mechanism of color formation in pepper fruit(Capsicum
annuum L.)[J] . 2020 , 306 :
125629.

WANG J, LIU Y, TANG B Q, et al. Genome-wide

identification and

Food Chemistry ,

capsaicinoid  biosynthesis-related
expression analysis of the R2R3-MYB gene family in
Capsicum annuum L.[J]. Frontiers in Genetics, 2020,
11. 598183.

TEEH, MOBE, MRS, . MYB HestlA il
HWAET R AW & R R[], LRl R,
2022, 50(22): 55-64.

TAKOS A M, JAFFEF W, JACOB SR, etal. Light-
induced expression of a MYB gene regulates anthocyanin
biosynthesis in red apples[J]. Plant Physiology, 2006,
142(3): 1216-1232.

ZHANG Z S, LIU Y, YUAN Q L, et al. The
bHLH1-DTX35/DFR module regulates pollen fertility by
promoting flavonoid biosynthesis in Capsicum annuum
L.[J]. Horticulture Research, 2022, 9: uhacl72.
FNI. £I4E WDA0 JERZK 5T Sz CtWD40-1 &K 5e
Ve 5 RER)I 2 AFSE[D]. K& FHhRI K,
2020.

TANG B Y, LI L, HU Z L, et al. Anthocyanin
accumulation and transcriptional  regulation  of
anthocyanin biosynthesis in purple pepper[J]. Journal of
Agricultural and Food Chemistry , 2020, 68(43):
12152-12163.

FILYUSHIN M A, DZHOS E A, SHCHENNIKOVA
AV, etal. Dependence of pepper fruit colour on basic
pigments ratio and expression pattern of carotenoid and
anthocyanin biosynthesis genes[J]. Russian Journal of



574 R AL K222 4 (A SR #AR)  http://xb.hunau.edu.cn 2023 4F 10 H
Plant Physiology, 2020, 67(6): 1054-1062. [24] YE J, ZHANG Y, CUI H H, et al. WEGO 2.0: a
[17] ZHOU Y, MUMTAZ M A, ZHANG Y H, et al. web tool for analyzing and plotting GO annotations,
Response of anthocyanin accumulation in pepper 2018 update[J]. Nucleic Acids Research , 2018,
(Capsicum annuum) fruit to light days[J]. International 46(W1): W71-WT75.
Journal of Molecular Sciences, 2022, 23(15): 8357. [25] Fards, skE4, skiEW, % < =R REBRE
[18] CHEN R, YANG C, GAO H, et al. Induced FhafFor i . Pk AR KRB L], P EB R,
mutation in ELONGATED HYPOCOTYL5 abolishes 2021(2): 21-29.
anthocyanin accumulation in the hypocotyl of pepper[J]. [26] ¥, JHkok, SHEW, 5 EMS FHERE ARV
Theoretical and Applied Genetics, 2022, 135(10): SN A RELD]. AL E, 2020(6): 92-95.
3455-3468. [27] YANGB Z, ZHOUSD, OULJ, etal. Construction
[19] BROWN J, PIRRUNG M, MCCUE L A. FQC of mutant population and analysis of dwarf mutants in
Dashboard : integrates FastQC results into a web- “6421”(Capsicum annuum L.)through EMS mutagene-
based , interactive , and extensible FASTQ quality sis[J]. Agricultural Science & Technology, 2016,
control tool[J] . Bioinformatics , 2017 , 33(19) : 17(6): 1322-1325.
3137-3139. (28] 451 . BRABAIIG IS S5 25 MBI A B bt
[20] BOLGER A M , LOHSE M , USADEL B. PEFGE[D]. 2RI HrhgRill ks, 2021
Trimmomatic: a flexible trimmer for lllumina sequence [29] ARISHA M H. H|H EMS 7525 1 il BRACH Fl BT ABF 5
data[J]. Bioinformatics, 2014, 30(15): 2114-2120. [D]. ¥ vadbAempidi kas, 2015.
[21] KIM D, PERTEA G, TRAPNELL C, et al [30] XIS, BE T s 2H 2 5 0 ) AU 2 27 A BT BfABUR S
TopHat2: accurate alignment of transcriptomes in the BB R[D]. Kb WIEE K%, 2020.
presence of insertions, deletions and gene fusions[J]. [31] ZEEWE. ANIRIHARSL BRI A BRALT R A A e B
Genome Biology, 2013, 14(4): R36. Ces. Crtz £k HT[D]. k. WNEHBHE K,
[22] LOVE M I, HUBER W, ANDERS S. Moderated 2022.
estimation of fold change and dispersion for RNA-seq [32] VBMSe. BRAASIRI R b |~ Z2AH G TE I i v e K
data with DESeq2[J]. Genome Biology , 2014, FENIEITSE[D]. VT WK%, 2022
15(12): 550. [33] Jl &, BRBUR 52 58 6 PR AR (9 06 ma 1 B 5t A% BF 5%
[23] TIAN T, LIUY, YAN H Y, etal. agriGO v2.0: a [D]. HFIT. MERARY:, 2021

GO analysis toolkit for the agricultural community,
2017 update[J]. Nucleic Acids Research, 2017, 45
(W1): W122-W129.

TR R4
EL R M OB



