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Effects of 5-azaC on fruit ripening and transcriptome patterns of
bitter gourd (Momordica charantia L.) fruit

GUO Jinju, WU Tingquan, WANG Rufang, TAN Delong, CAO Haishun,
WANG Rui,ZHANG Changyuan

(Institute of Facility Agriculture .Guangdong Academy of Agricultural Sciences ,Guangzhou,Guangdong 510640 ,China)

Abstract: [Objective] The effects of 5-azacytidine (5-azaC) on fruit ripening and gene expression pat-
terns in bitter gourd were analyzed to provide basis for analyzing molecular regulatory mechanism of bitter
gourd fruit ripening. [Method) The bitter gourd fruit at green mature stage (18 days after pollination) of
high-generation inbred line E12201-el was used as material. After being treated with 50 mmol/L. 5-azaC
(TR) and ddH, O (CK) .their phenotypes were observed and transcriptome patterns were compared using
RNA-seq technique. [Result] The fruit ripening of bitter gourd was significantly delayed in 50 mmol/L 5-
azaC treatment. RNA-seq obtained high quality data for subsequent analysis. A total of 1 773 differentially
expressed genes (DEGs) were identified, including 1 007 up-regulated genes and 766 down-regulated
genes. GO and KEGG enrichment analysis showed that DEGs were mainly concentrated in modules of cel-

lular component and molecular function. A total of 217 DEGs were enriched in 93 metabolic pathways,and
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30 DEGs from them were significantly enriched in photosynthesis and phenylpropanoid biosynthesis path-

ways. Eight DEGs were involved in cell wall metabolism,and 6 of them were down-regulated in 5-azaC

treatment. A total of 681 differentially expressed transcription factors (TFs) belonging to 220 TF families
were obtained. The gqRT-PCR results of 12 DEGs were consistent with RNA-seq results. [Conclusion) The

5-azaC treatment could inhibit bitter gourd fruit ripening and affect gene expression patterns related to fruit

ripening.
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13 22 JIK-P . J9 25 11 a4 o) 550 DL B 2 e Y — i Ak
YaE A W) E e B AT B AR PR R B R
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INKBE R Z —  H o T A F 0ol 2 e, ATt
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438 METL it CMTs il o 2 8 8 AL 4 55, ini Ik
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i i} TRIzol® Reagent(Invetrogen, USA) & Bt
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polyA B ) mRNA, il A NEB Fragmentation Buf-
ferds mRNA BEALFT W, LR Befb 9 mRNA Sy #
B, FIH M-MulL V35 sl 4 il cDNA 55—, 48
Jii FI FH RNase H F#fi# RNA %, 3+ ] H DNA poly-
merase 1 & ¢cDNA 2F — 4% ; #] FH AMPure XP beads
4lifl cDNA, 23 R s fB 52 A R I 3% He ) e 4 3k
J& ] AMPure XP beads i % F Bt K & {£ 250 ~
300 bp 1 cDNA, % PCR & £3k15 cDNA &,
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B AR 1% )5 1 reads % (clean reads) , # 47 5 42 4>
Pro
L5 ERERSH

FH Hisat2 v2. 0.5 ¥ m 15 2]/ clean reads
HeF 3 K 2 2% AL [H 41 (https://www. ncbi. nlm,
nih. gov/assembly/GCF _001995035. 1) I, 3k 14
reads 72 R E Y& G115 B 5 F ] subread K
iy featureCounts T2 H 48 3 45 A A L XF B
reads 3¢ H , 3% H gt 47 FPKM(fragments per kilobase
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%2 35 7K 5 ; Fl Fl DESeq2 R package(1. 16. 1) 5 vE#E
sl ZFL 1] 1) 22 S 3R 3K DAL, JH vl 2 S 58 DR i 35 o (115
|log, (FoldChange) | =2 H £:#; IE J& ) P {H (P-adjus-
ted, P,;) << 0. 01, H| A clusterProfiler R package
(3. 4. ) %f 22 S RIKFEH AT GO Fl KEGG & 44y
Br LA Py =<<0. 01 VB ik 1 w5 42 I MH .
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Table 1 Primers used for qRT-PCR in this study

$ 1D 545 >3 S i 31 (5'—>3") P /bp

Gene 1D Forward primer(5'—3") Reverse primer(5'—3") Product length
PMcCYPP ACCTGGAACCAACGGATCT TCTCGACGGCCTTTACAAC 119
Locl111009598 AAGAAGGCAGAGCGGAAGAC GCTCGAATCTCCGAAACCCA 113
Locl11011263 TCAAAGATGCTGATGAAGAAGAGC GGGAGATGTGGGTTCCTTGG 98
Locl11014782 ACTCGCCGATGCTGTAGTTT GTCGATATCGTGCTCCGGTT 132
Locl111008985 CACCGGAGGCGAAGACATAA TTAATCCCCAAGGTGGTGGC 88
Locl11022222 TCTTCAAAACATCTGAGAAATGGG GCACACCAATTCCTCATCGC 94
Locl11022717 CGAGCGAGCTCCTTCTGTTA GTGGGGAGTGGTCGAGGATA 118
Locl11015318 AGAAACAGAGGAAGACGCCG CAAACCCTAACTCCGTGCCT 109
Locl11018048 AGGGAAGATGGTGCCAAAGG GTTGGTTCTGTACTCCGGCA 115
Locl111007889 CCTGGCTAAGGCACAGAACA CCGCCTGCAGTAGTAGTAGC 138
Locl11017569 TGGTGATGGTTCTGGTGAGC TCAAGTTCAGTCTGTCCAGTCC 108
Locl111005725 AGTGGTTGAGTTCCGCTCAG GACCGATCGTCTTCCTCACC 106
Locl11006538 TGCTACCTGGTTTCCGGTTC GATGGTAACGGGACGCATCT 89
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f#i | SV Total RNA Isolation System Kit
(Promega, USA) 2 Uy JIUR A 2H ZURE i &L RNA,
FM A PrimerScript™ RT Kit(Takara,Japan) [z 5 5%
AW cDNA % — 4%, #il | ABI7500 PCR Y 3 17
PCRY H4, 20 pL MK & : TB Green™ Premix
Ex Taq [l fif (Takara,Japan)10 pL,10 pmol/L IE
M 5| ¥ (Forward primer) 1 /2 [ 5| ¥ (Reverse
primer) #$ 0. 8 pL, cDNA #ifi 2 L, KK 6. 4
wl. MR 95 C 30 5395 °C 55,60 C 34 5,40
EIS . RA R I 8 2 I McCYP (NCBI % o
S HQI7T189T) NS HEN i 3 IR AR T .

1.8 HEHH

fli I SPSS Ge 43 Hr B 44 X 3 56 B4l i 47 2
A3 BT R 2 4T, {8 A SigmaPlot 10. 0 317 598
gt 54H.

2 AR5

2.1 5-azaC 40X 7 VR 3K A B AT 52

WM 5E 5-azaC Ab B CTR) XF 37 JIC SR 52 % 2410 52
ma, 25 5 (K 1) 8,50 mmol/L 5-azaC 43R RE i &
] IR SE 4 1,

AL AP Y R R SE B A FEAS 3 KA RS2 TR 0 5-azaC AbBRA] , CK S % HA 4, 27 {0 35 3k Fo 5% Ab B4

A. The bitter gourd on the day of treatment;B. The bitter gourd on the third day of treatment. TR. 5-azaC treatment group;

CK. ddH;O treatment group. Red arrows indicate treated sites
1 5-azaC b BEXT 3% JINAE S R 20 1) 52 )
Fig. 1 Effects of 5-azaC treatment on bitter gourd fruit ripening

2.2 5-azaC A E MR KR AN F HEH R
ENW
G5t 5-azaC Al ddH, O 4b 3 d ) 75 TR 7Y
L HEAT B sk I, HR AR 13 46, 94 Gb clean
reads, £ K5 19 clean bases (clean reads X150 bp)

PIRF 7 Gb, GC g 7€ 45. 23% ~46. 05% , Q20
K o7 RBE 1 LE AR T 96 20, Q30 B K o B B
(LG T 89040, T A IR R 3040 (<600) (K
2) 5 Uk WY 4 AR it 2 Sy 2L D0 P 0 o e e e
e

2 5azaCREBEENRNRELHEREANFHIE
Table 2 RNA-seq data of bitter gourd fruit treated with 5-azaC

TR FREE | WBROEE LEROWER/GY BREL o0 qpo | CC AR/
Sample Raw reads Clean reads Clean bases Error rate GC content
CK-1 53 804 640 53 409 862 8.01 3 96. 44 90. 59 45,58
CK-2 48 345 802 47 962 296 7.19 3 96. 33 90. 30 46.02
CK-3 53 311 090 52 884 020 7.93 3 96. 49 90. 65 45.23
TR-1 48 246 456 47 851 030 7.18 3 96. 00 89. 67 45. 89
TR-2 58 658 196 58 171 314 8.73 3 96. 69 91.07 46. 05
TR-3 53 100 722 52 699 470 7.90 3 96. 28 90. 19 45,61

2.3 SazaC B ENRIPERREERSH

TE | log, (FoldChange) | =2 H P,;<<0. 01 ¥ [
HAMTT X 5-azaC Ab 3 AR S b i) 22 5 3 3k S
P (DEGs) JEAT i 1 I e 5] 1 773 4> DEGs, Horr
1007 DEE F M (45 82 ANTE 5-azaC 4b B 4f 5

FAKHYHE) 766 S FEH T (065 64 S7E ddH, O
WP R RIENEE) (F 2-A,B), W 5-azaC
Ab 5 ) TSR S rp 3 PR G S OKOF- HLBE VS R
ZHHFRIK,
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A. Volcano map of DEGs;B. Venn diagrams of DEGs,red arrow indicates the up-regulated genes,blue arrow indicates the down-regulated genes

Bl 2 5-azaC A Bl JIUR 52 o 22 S 2 i X 0 A

Fig. 2

2.4 S5azaC REBENREIPERREEERBN GO
M KEGG EEH

2.4.1 GO x4 AT #t—2H5 DEGs B IIfE,

XF i 2k 1) DEGs i#47 GO 43 8. AR 4 25 X 3y g B

DEGs & % 43 o 4= ¥ 2% i ## (biological process,

BP) . 4 Y 4 43 (cellular component, CC) Fl 4> F I

Analysis of DEGs in bitter gourd fruit treated with 5-azaC

ERE CCHYA 75 A R E MF 94 521 4>, &
Py<<0.01 BB A MF T . 22 57 A N R 2w R E 4
ML A5 5 DI RE 2 KA o 2R AR iR Dl AN
ARG 5 N EIEE A KEH GO terms & 75 4
i 3 R R A DTS 4 500 35 A O <R 7R
P OB 355 5 P AP BE PN DD e R R 4 S GO

fie (molecular function, MF)3 k&, 3F 639 3
REREE] GO $5¥ls &, b e &2 BP i f 312 4>,

terms & HETE T IREAL L (K] 3) .,

50

O F ¥ Down-regulated;
40+ O L1 Up-regulated

30

EREFHE
Number of DEGs

AR a R TTaTlaTELe: AR T

1 2 3 4 5 6 7 8 9 10 11 1213 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
EY R 40 g 41 5 5T Y e

Biological process Cellular component Molecular function
L AR 0B 5 2. A RS 5 3. S G AR T 5 4. DNA S 55, 259 1) 25 55502 6. 250 5632 5 7. 2454 L3800 17 5 8. PR L o 380 S 5
9. MR DI 10, AU AL 3 11, SR 12, NIRRT 513, S s 14 B R GE 1515 JBRGE 11 516, PRI 17, BEAP AR I 5
18. GRS A E A5 19, BALIE A 544 520, B AN DX 5 21, JIEE A U7 8 40 o4 300 335 4 5 22, JOCTRR 000 ¢ 590 97% 1 5 23, KT 981 05 0% 1
24 JUkHE AU TR 06 P 5 25, T O 7009 1 5 26, PRl TR TG M s 27, U ARG P 5 28, LD R 45 A 5 29, WUMLIR 25 4 s
30. DNA Z5 & 56 W F Gt . BARMEACRTIE Pag<<0. 01 BIE A MF T i £ 4R

1. Response to chemical;2. Response to oxidative stress;3. Photosynthesis;4. DNA replication;5. Drug transmembrane transport;

D,D.D.DIDED.D.uuﬂﬂﬂﬂﬂ,

6. Drug transport; 7. Response to drug;8. Response to endogenous stimulus; 9. Response to hormone; 10. Response to organic substance;
11. Thylakoid; 12. Thylakoid part;13. Photosynthetic membrane;14. Photosystem [ ;15. Photosystem [ ;16. Thylakoid membrane;
17. Extrinsic component of membrane;18. Photosystem [ oxygen evolving complex;19. Oxidoreductase complex;20. Extracellular region;
21. Endopeptidase inhibitor activity;22. Peptidase inhibitor activity;23. Peptidase regulator activity;24. Endopeptidase regulator activity;
25. Enzyme inhibitor activity;26. Oxidoreductase activity;27. Antioxidant activity;28. Heme binding;29. Tetrapyrrole binding;

30. DNA binding transcription factor activity. Dotted boxes indicate enrichment results under the threshold of P,;<20.01
K3 5-azaC Ah IR SE b 22 S RK B B GO & £ 40 #r G40

Fig. 3 GO enrichment analysis of DEGs in bitter gourd fruit treated with 5-azaC (portion)
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2.4.2 KEGG 5 # X ERERRIEKNFT KEGG
pathwayé}ﬂ?,,\ﬁ 217 4~ (12, 2/)£%ﬁu £

A 20 MIRNEER KN L ED G I (P =
2.70X10 7)) i #%. 10 4> 3 N £ 2O S 1E

B934 A B L 7E Py <<0. 0109 W {H 45 1 F . 3k (P =2.70X10 ") I (£ 3),
£33 SazaCHEBERNRIFERRIEEEN KEGG EE R (P.y;<<0.01)
Table 3 KEGG enrichment analysis of DEGs in bitter gourd fruit with 5-azaC treatment (P,;<0.01)
KEGG 1D fii i Description F K ID Gene ID P
Locl11009213,Loc111013637,1.oc111014955,
Locl11017932,10c111018087,1.oc111019137,
N . Locl111019293,1.0c111021183,1.0c111021185
J < H- IR ’ ’
csv00940 P}Wkﬁf%i%abﬁ wnthesis Locl11021195,L0c111021609,Loc111021691, 2.70X103
renyipropanold brosynthests Loc111022044 ,Locl11020903,Locl11020774,
Locl11020994,1L0oc111015758,1ocl111020167,
Locl11008900,1L.oc111015489
Locl11006749,1.0c111008042,1.0c111009044 ,
, Se &1 Loc111011790, Loc111014193,Loc111021119, .,
esv00195 Photosynthesis Loc111022836,Loc111006691,Loc111009341, 2.70210

Locl11022934

2.5 SrazaC AEEMREIFAEERFHEXER

Rk B FH B iF %

21 L B 2 3 1) o e R S SR S AR R R A
2o Yl RE [ R A O AR D A 2 3Rk TR R il
(PG)\%Kcﬁﬁﬁﬂm«:)\é?éﬁ?%@@wx)%ﬂﬂt%%%ﬂé%w
WM (XED EZMOKENS S . AR5t

S5 DRI Ty B 43 B % 248 6L R A 35 A OG i [R] 3 4 Jﬁ%

e, R 4 A R T B /R R R T ) AR O
( pectinesterase/pectinesterase inhibitor, PE/PEI)
I 4 A A 5 W P W Sk 5 7% Tl / K i i (xyloglucan
endotransglycosylase/hydrolase, XTH) % o & [H
(£, H 75%6/8) R 1 5-azaC Lh BT
Pl s F2 W] S5-azaC Ab BHAE I ] % TN P 2H 240 I BE 1Y
ek it

& 4 S-azaC 4b¥EE IR S b 40 i B2 4X 341 48 X B [ 90 Th e # idt

Table 4 Function description of cell wall metabolism related genes in bitter gourd fruit treated with 5-azaC

LM 1D . , Ty e fifi i
Gene ID log: (FoldChange) Pug Function description
Locl11007155 2.41 2.24X10710 A SR P RIS RS i K R 1 22-like
- h ' : Xyloglucan endotransglucosylase/hydrolase protein 22-like
Loc111007567 —2.16 8. 64101 SRR PR SRS K i AR 9-like
: : Xyloglucan endotransglucosylase/hydrolase protein 9-like
Locl11016688 —2.15 103X 10712 ANTHLROGE VYRR IERCRS B K ik i8R 11 2-like
- C : Xyloglucan endotransglucosylase/hydrolase 2-like
Locl11016694 —2.05 1.09X 107 A SR B SRS K AR 1 2 like
- . : Xyloglucan endotransglucosylase/hydrolase 2-like
Loc111009492 —2.24 6. 95X 102 R G/ SRR B 90 5 20
B : : Probable pectinesterase/pectinesterase inhibitor 20
) _ RIEEERF QRT1
4 6
Locl11010530 4. 42 2. 18X 10 Pectinesterase QRT1
Loc111016136 2.29 1.56X10°° R i ./ A i 40 ) 7
: : Probable pectinesterase/pectinesterase inhibitor 7
Locl11024627 —2.36 6.60X10* SR /A I B 6 40 1 7 61

Probable pectinesterase/pectinesterase inhibitor 61

2.6 HIMERNRIHAMBXEREFSH
Bk AR R A g 2l B kR
SR . R A ) % sk 7 %8 P Plant TFDB 4. 0
EAT G S PR 7 T, A5 681 /> 5 Rk TN oAy A S
KT (TFs), 43 )@ T 220 4~ TF Kk, Hp 402 4~
TFs Fi#.279 4~ TFs T (F 4-A), i hfeE
BT ST T AP2.MYB.NAC.WRKY #l MADS-
box R A F = B AH G N . H, R
% AP2(60 %) F1 bHLH (80 %) 5% it i 5 A F 1
5-azaC b P IR 52 v 2 B 1 1 ; HD-Zip, MADS-box

K% ¥ MYB (61%) ., NAC (70%) . bZIP (71%) .
WRKY (67 %) F 5 5t T 78 5-azaC 4b 3R 52 v
T F I (E 4-B.C) . £ 5-azaC 250037 T 5L
JRCEA TN 3 2 A OG5 sf R 1 R 38 K-
2.7 SrazaC REBENREIPERRIEEER qRT-
PCR & 1E
SRy B UE 5 S AL DN O 2 SR AT S 43 i) 3k B 6
A EIEF 6 AT WA EE sk 7 17 qRT-PCR & &
O3 R AR GR B A 5 5 S 2 D 4 R — B (]
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