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Combined Biochemical and Transcriptomic Analysis of the Okra Fruit

Texture Changes

ZHANG Guo-gin, MOU Jian-mei, CHEN Hu-gen

(Suzhou Academy of Agricultural Sciences, Suzhou 215106)

Abstract: The okra fruit is easily lignified, whereas the fruit lignification would decrease the commercial value. In order to
explore the aging mechanism of okra fruit, two cultivars, Z06 (easy to age), and Suyoukui 3 (not easy to age), were used for
physiological indicators quantification and transcriptome sequencing at three developmental stages. The differences in fruit texture
between cultivars or at different developmental stages was mainly caused by the accumulation of lignin, while cellulose and
protopectin were also found with positive effects. The differentially expressed genes (DEGs) of the same cultivar at different fruit
development stages were significantly enriched in the phenylpropane biosynthesis and secondary metabolite biosynthesis pathways.
While the DEGs between the cultivars were found with enrichments in the phenylpropane biosynthesis pathway, the photosynthesis
and photosynthesis antenna protein pathways. During the hardening stage of okra fruit, the gene PAL was found as key regulator that
affected lignin accumulation. The SUS3 gene contributed predominantly to the accumulation of cellulose, and the down-regulated
expression of the BGLU gene was also an important factor in promoting the accumulation of cellulose. Two genes GAUT6 and SUS6
largely contributed to the accumulation of protopectin, but most of the PME and PG genes had a negative contribution to the
accumulation of protopectin. Lignin synthesis-related genes PAL6, PAL5, PAL1, CCR2, CYP84Al, CYP73A12, and photosynthetic

pathway-related genes PSBP2 and CAB1R were important genes that affected the texture differences of two cultivars.
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Fig. 1 2 okra varieties with different aging processes (5 days after flowering)
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Table 1 Primer Sequence Listing

Gl B Fe 51 Tm (<T) 1K (bp)
Primer name Sequence Amplification length
ACT4-FW GCATCTCTTAGCACCTTCCAGCAG 59.1 88
ACT4-RV AGAAGCACTTCCTGTGGACAATGG

ASK8-FW CCGAAGCAGGTCAGATAA 60.2 140
ASK8-RV GCCACTCTCTAAGCACTT

RVES5-FW GTCACAGTGGCAGTAGT 59.8 142
RVE5-RV CCAGGGTCAAAGACATTAC

RPP25L-FW GTGAAGCCATTGACTGAG 59.5 100
RPP25L-RV CATAACCTCTCCCACCAT

Atl1g16860-FW GTGCCAAGATGCGTATATG 60.3 92
Atl1g16860-RV CAGGAGAAGTAGCGATGT

FRL4B-FW GCCTTGAGCAGTTAGAGA 59.4 96
FRL4B-RV GCATAGGACCGCCATTA

CESA4-FW CGGTTACACCAAGTTCTG 59.7 111
CESA4-RV AAGCCTCTCAAGCCATT

PAL-FW GCTAAGTGGTGAAGAAGTG 60 112
PAL-RV GTTCCATTCCTCCAGACA

CCR1-FW TGAAGGAGCGAATGAGAG 59.7 110
CCR1-RV CAGGTGAAGCAGTATGGA

SUS1-FW AATGACCTGTGGACTACC 60 107
SUS1-RV CTAAATCGCCGTTGTAAGG

BGLU41-FW CGCCGATACTTCAAGGA 60 148
BGLU41-RV CGAGGAACAGATACTACCA

2 HBRESH
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Kl 2 R, BESEAKZERSLRE, WP RS Wi, B ‘Z06” MR E ST JpiE 35
(P<0.05) o HIhefgezm. KREMERRM B SG RIMERELRL, 5 7d, 206" 4R, AR
KAE RS R ‘Ji% 3 5 BEE 21.7%. 40.84%. 37.47% (P<0.05) . FERSLKE, ‘TN 3
TR S R BT R RS, Z06° KIEAgER SRR ES, ®iE T d,
‘206" FELFdER SR ¥ 35 BEE 32.60% (P<0.05) o PSR ARG S B R E
B R, TOOMEZE 3 S ARG REEST ‘206"  (P<0.05) .
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Fig. 2 Changes of quality indexes related to okra fruit aging process
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Table 2 Transcriptome data quality control sheet

B TS JR g Hds AR H i (%) HIREE (%) Q20(%) Q30(%) GC(%)

Sample RawDatas CleanData Error rate

AT1-1 47 007 958 46 819 292 0.03 97.53% 93.20% 43.99%
AT1-2 45172 246 44978 518 0.03 97.63% 93.41% 43.46%
AT1-3 49 023 184 48 793 698 0.03 97.44% 93.04% 43.97%
AT2-1 49 867 614 49715 450 0.03 97.59% 93.29% 43.91%
AT2-2 49072 880 48912 576 0.03 97.62% 93.35% 43.96%
AT2-3 49 296 486 49 155 128 0.03 97.73% 93.58% 43.90%
AT3-1 40713 026 40588 450 0.03 97.71% 93.55% 43.71%
AT3-2 49 066 968 48 887 278 0.03 97.58% 93.27% 43.78%
AT3-3 44540 166 44390 560 0.03 97.58% 93.29% 43.78%
BT1-1 53597 436 53403 072 0.03 97.70% 93.49% 43.98%
BT1-2 45 836 548 45 695 616 0.03 97.66% 93.34% 44.22%
BT1-3 45542 282 45397 510 0.03 97.69% 93.47% 44.37%
BT2-1 44 478 354 44286 514 0.03 97.56% 93.25% 43.67%
BT2-2 44557 716 44 426 318 0.03 97.65% 93.41% 43.82%
BT2-3 48 467 076 48 302 570 0.03 97.61% 93.31% 43.88%
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Fig.3 PCA analysis of different transcriptome samples and DEGs statistics
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Fig. 5 GO enrichment of DEGs among different combinations of samples and stages
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Fig.6 KEGG enrichment of DEGs among different combinations of samples and stages
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Fig. 7 Analysis of differential genes related to lignin synthesis among different combinations of samples and stages
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Fig. 8 Expression analysis of DEGs associated with cellulose and pectin anabolism among different combinations of samples

and stages
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H B REFEAREMIM DEGs 7F BT 5% L. fEE)5 7 K, {UA psbB — A2 F IR TE BT 2%
IR

*3 AmihSREERMRXLEBDHEX DEGs 71

Table 3 Analysis of DEGs related to photosynthesis and antenna proteins in two cultivars

LK & FR log,FC (AT1 vs BT1) log,FC (AT2 vs BT2) log,FC (AT3 vs BT3) SRk
HEfERBE

atpF — 1.03 — ATP & i CFO 7%

atpB 1.06 2.20 — ATP 4 il CF1B &

ATPC 1.76 — — ATP A v 5%

petC 1.02 — — YA ZR b6-f 52 Ak T

AP1 1.63 — — PEMIEIRE A

PSBO 1.61 — — JRASETRE E 1

PSBP2 2.00 1.29 — RSS2

psaA — -2.75 — LRG| P700 HlRE M AL

psaD 1.54 — — RS | RO IEEE 1

PSAF 1.63 1.01 — HRGE | RN H TR N

PSAK 1.42 — — JERGE | BT IEHE psak

PSAG 1.55 1.05 — RGN R PO V

PSAH 1.35 — — HRGE | P OIEEE VI

PSAL 1.33 — — HRGE | B OIEEE XI

PSAO 1.64 — — ARG KO

PSBY 1.41 — — KRG N ZLEEEA

psbK 1.08 -1.86 — KRG N EAI

psbZ 1.22 2.19 — RGN EA z
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PSBW 1.36
PSB27 1.32
psbB —

PSBQ 1.43
PSAEA 1.39
PSBS 1.08
PSBR 1.38
CAB-151 1.36
CABI1R 1.82
LHCA3 1.35
CAB6A 1.45
LHCA®6 1.50
CAP10A 1.74
LHCB5 1.43
LHCB4.1 1.52
LHCA4 1.67

1.24
-1.90

1.79

1.04
1.47

1.03

HRGE N PG W EH
RGN EEEA
KRG N PG EE CP4T
I RE R 3
HRGE N PO IS IV
J A% 1122kDa
VAR R T G 1 A

CAB151 EH

H4EE ab A EA 2

Mt ab ZEHEA 3

4% ab ZAHE M 6A

MR ab EEEAT

M4 a-b 454 H H CP24 10A

M4 EK ab 455 EH CP26
2R3 a-b 4558 CP29.2

M4 ab A EA 4

F: RPEEALEREA, AEATERE, BERRIBEEEER

Note: The positive value is up-regulated expression, the negative value is down-regulated expression, and the horizontal line indicates no significant difference

28 EFRFEEETLEE PCRIIE
N T IRF SR BRI AT FEE, 70 BEFER SR F LR 22 EIRAT R 2E R % 5 AT gRT-PCR
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Fig. 9 qRT PCR validation of differentially expressed genes
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Fig. 10 RDA analysis of key factors affecting texture
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2 2 o 20t LS (VI DURR A /N, AT A Rt SR S B (G SRR B (P 10D o BHJS, @I RDA 4347 T8
MAA R 2R 414k 3R R A B G RE [ . PAL WA R AR B Eg i K, HUCH CCR1. 4CL1 i CADL,
PER31.PERS1 X A5 2 A F 2 17 5Tk - SUS3 JiE RN £ 4 3% AR B D ik e K, HCh SUS1.SUS2 Fil CesAd,
CesA9 FlI CesA2 Je K7y BGLU KX £F4E R A R A 7 5T#k. GAUT6. SUS6. SUS2 Fll GAUT14 X R S
IR IR SR DTk K, (HKH 7 PME JE R PG BRI JE AR AR R 2 5Tk (K100 o S56AE ARG
DEGs K#/r 5 5 sefiifg s EAH o<, Hid PSBP2 Al CABLR W HH ) ST ik A i, psaA &5 5 ANk BRI S Sz fif i

TIik. RDA ZpHT 45 R S TR JE R FA B — 80, UEM T 45 RGP SE k.

ﬁi{é

RNA-seq 2R T K B 40 TR R EH R R B, 1 BT s 5 R A e pLEE s 7o),
AR TN S S B AR BT M AR A AR S AN R A A B R ZE P AT A s L 7, A RN, BE B AKZE R
LR IASRE, 22 RN B RN R A A SR E 4, Wang ZPOER EA MU R, KRS
Bt SRR ED AR, X5ARFEA SR skl —3 (B 100 , RHARRAREE
FREE R S i G B R 3R . BRI ZE 5, BR T ORI AR A USO8, LA ERADE S
R LR AR IBAR (1 22 S5 e R A0 1 30 G B8 P, DT 40 o6 45 11 R R D Py 25 PR 5 8 K 25 SR Sic il 2 52 TE AL G (1] 10D,
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He A Ve IR AE I 5 28 7 B A ZT 44T AR KTk . AR 72, PSBP2 Al CABIR o A B ) T ik i 7 1fuku 207
WS I PsbP F PSI 15 AlAR e 2 K 2L, 1 CAB R AM SRR E Gl H, 1ERRR SR A Fr Bl
R IEFIER), B BR T PSBP2 Al CABIR 2 5 M) UK 52 795 Tt A SRS 5 Hb 22 S5 1) T L

] P B s A 2 ) L S e ) B LR R P s R R M N A M ) B AL Gy, R R AR S S S A
W EE RN AT R, AR R RSk R sz o 0, (B R A s>, pAL Bk
REEME IR RIRER, HRE S SARESBEH MY, Lo SPI %, i$%i5 RePLA
SEN AR SR E AR R RIS R, AFFTh, PAL XA R & AT R, HIE T PAL RN B
TRKIE R E R E FRRIE, H 206" I PAL RiAREST LI 35, KU PAL KR
SEARR R RN T 4k, CCR1. 4CL1 Al CAD1 ) AJi R B # KTTHR. CCR AR RA
W RS S R R — AN E Y, H CCR RIS AREX S B LB E LMD, Aitsd, <z06’
ZE 5 RIAN) CCR R Rk B EE LRIA, H CCR2 ZHTE ‘Z06” FHIREET ‘Hih#E35 ,
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EFLIBN PER B[N, [M{UA PER2L XAJR &K M oTok B, K5 PER SE DR ACT 2 (AR B0 51 5Tk
IXFTRERN PER KL SR, fE/EThRETUA, HAUE S PER WA K M4 AL HEY, Bk, A5
i K] PER21 FE DR XA 5T 2 1) & AR 2R F A Ry it — 2P 55
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FA AL T E A4y, H Coleman e i b ik SUS RE, B3R T ARRML 4R S8,
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