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Mining and Expression Analysis of Softening Candidate Genes in

Guava Fruit based on RNA-seq
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Abstract: Guava variants are abundant and fruit texture varies considerably between varieties. The softening degree of fruit
determines its edible taste, transportation, storage and shelf life and other commodity values. In order to explore the regulatory genes
affecting the texture softening of guava fruit, transcriptomic sequencing was performed on two cultivars, Fenhongmi Ccrisp) and
Xigua No.2 (soft) at the firm ripening stage and soft ripening stage. The results showed that the number of differentially expressed
genes was the highest among two varieties at soft maturity stage. GO annotation showed that differentially expressed genes were
mainly enriched in molecular functions such as binding activity and catalytic activity, and KEGG metabolic pathway analysis showed
that differentially expressed genes were mainly enriched in photosynthesis, photosynthetic antenna protein, galactose metabolism and
plant hormone signal transduction pathways. The difference of texture of the two varieties in soft ripening stage is closely related to
the regulation of cell wall metabolism, lignin biosynthesis pathway, plant hormone metabolism genes and transcription factors. The up-
regulated expression of J3R85008159-PG and J3R85010291-XTH is an important factor promoting the softening of guava.
J3R85010291-TCH4 may regulate fruit softening by reducing the mechanical strength of cell wall. Down-regulated expression of
lignin synthesis pathway genes (J3R8506005-CAD, J3R8502863-POD, J3R8507303-POD, J3R8500836-LAC and J3R8507803-LAC)
delayed lignin accumulation and promoted fruit softening. ABA pathway regulatory genes (PYL and SNRK2), ethylene pathway
regulatory genes (ETR/ ERS, EBF1/2, EIN3) and related transcription factor family genes (J3R85017767-MYB. J3R85004770-MYB.
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J3R85004060-NAC . J3R85006932-NAC . J3R85012461-ERF . J3R85010726-bHLH . J3R85003109-bHLH . J3R85014989-
bHLH. J3R85015176-WRKY . J3R85014001-WRKY . J3R85014684-WRKY . J3R85010736-WRKY) may synergistic regulate the
expression of cell wall metabolic genes and thus affect the softening process of guava.

Key words: Psidium guajava L.; fruit texture; transcriptome; candidate genes

K (Psidium guajava L.) ZHk4REl (Myrtaceae) FHAKIE (Psidium) KIS/ INFA, Yetaihdl
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GRSHNT . MR 4 ANSCER: XG-F (BAMARK 2 5) o XG-S (BN 2 5) . FHM-F (1
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5 clean data. FH HISAT2 2.1.0% {4 clean data 5 & A 1S5 2 K4 GCA_023344035.1 #HATLUXS, 3Rf5
T 5 8 s AR 2% 5 R IA B v EY mapped data.
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FIH DESeq2 ¥ LU L AH IR] 1 22 S RIS FE N, S8 BN p-adjust < 0.05 Al [log2FC| = 1. ¥EERER
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PATR AT AL R TR SRR SE IR Histone3 WS, HEEL 8 B % R RIAMEE AT LR 9Ot E & PCR ¥
iE. FIH Primer3 Plus fEL TR PESIY), § 38~ MK G R 100-250 bp, 5197503 1 Fiw.
Roche LightCyclerd80 Il S} 5% 5 i€ & PCR SGHATRIIN, RANFEMIEAT 3IRAEYFES, i 2724 kit
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Table 1 Specific primer sequence

CIEYE 1E[ 519751 R ERY 2l
Primer name Forward primer sequence Reverse primer sequence
Histone3 GGGCAATTTCACGGACAAGC TGCCCGTAAGTCTGCCCCTA
UGT1 CATCCGAGCGAGTACCAGTC CTCGGAATGGGCAACTCAGT
UGT2 TTCAAGAACCCGAAGTCCCG AGTTCACGCCGGAGTTCAAT
BGAL TCCCTCGGGAACTATGAGCA GTTGAAGATGGCATCGACGC
EXP CTGGTGCTGATCTCCAACGT AGACCCTGAAGTTCTTGCCG
PG1 GTCAGGGGAAGATGTGGTGG ATTTGGGGCATTGAGGGGAG
XTH1 TTGAGCACCAATCGAGCTGT GTACCGAGCCTGGTCATAGC
PG2 CGGGGACAATGGGACTATCG CGAGATCTGGATGGTGTCGG
XTH2 AAAGATGGTTCCCGGCGATT GACCAGTTCTGTTCCCCAGG
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A: BrLLE RGN, B: MAEKHMN; C: FHR 2 5RAM; D: FI/R 2 SN
A: Firm ripe stage of Fenhongmi; B: Soft ripe stage of Fenhongmi; C: Firm ripe stage of Xigua No.2; D: Soft ripe stage of Xigua No.2
B 1 BRHAR L FM AR 2 M EA R

Fig. 1 Two guava varieties with different fruit textures at maturity
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Fig. 2 Changes of taste and texture parameters of guava fruit at firm ripening stage and soft ripening stage

2.2 HRENFRERER S

X R AR BE AT B2 ) )5 L 3k75 96.97Gb Clean Data. JFFHERIE M . &FEM Q20 BlIL 4
ELI7E 97.5%Lk I, Q30 Bt 43 Lb#47E 93.3% LA |, GC & &/ T 48.86~50.03%.2[f] (% 2) , LLL&ER
RIS SR AT bR
+® 2 HRENFEES T
Table 2 RNA-seq sequencing data statistics

FE TS R R (%) Q20(%)  Q30(%) GC &g (%)




Halmms  BHREI R

% AH MR
Sample Raw reads Clean reads Error rate GC content
FHM-S-1 47396584 46918538 0.0245 98.24 94.7 49.64
FHM-S-2 46286836 45898036 0.0245 98.24 94.69 49.6
FHM-S-3 65848230 65183046 0.0244 98.27 94.81 49.96
FHM-F-1 51112066 50663096 0.0245 98.24 94.7 49.78
FHM-F-2 55516978 55051174 0.0246 98.2 94.56 49.41
FHM-F-3 66860244 66252648 0.0244 98.29 94.81 49.52
XG-S-1 52051112 51544512 0.0257 97.67 93.58 49.96
XG-S-2 54979530 54429912 0.0259 97.58 93.37 50.03
XG-S-3 51055408 50504324 0.0256 97.72 93.7 49.75
XG-F-1 52595056 51980978 0.0256 97.73 93.71 49.21
XG-F-2 47357094 46934578 0.0256 97.73 93.64 48.86
XG-F-3 64320650 63777228 0.0255 97.78 93.8 49.05

FHM-S: BB BAHIR FHM-F: BB BB XG-S: PR 2 SPRIRSE; XG-F: PR 2 SRR, -1, -2 i1-3 Fon 3 HKE,
TH
FHM-S: Fenhongmi fruit at soft ripe stage; FHM-F: Fenhongmi fruit at firm ripe stage; XG-S: Xigua No.2 fruit at soft ripe stage; XG-F: Xigua No.2 fruit
at firm ripe stage; -1. -2 and -3 represent three duplicates; The same as below
23 ERFTIAERA T
231 ERFTEERYEN M EZRBEENEHZITWER 3 Prox, FHM-F vs FHM-S. XG-F vs XG-S.
FHM-S vs XG-S fil FHM-F vs XG-F 14} 514 137, 2760, 4787 Al 2377 4~ DEGs. i H 5 R ZF B,
PHJR 2 5] DEGs #H WML EZ, (LRI A A 72 rEBRARAR . AP iRl
[A1ff) DEGs 5 H & 12 #JY] DEGs %t H 1 2 1%, RUTEEI RSG5, 2 A S Al i) 22 ok

G PG T 2 5 B oM 20 it Aot AR et e ] 1) 22 S A R R R AR 4R U (&1 3D, 45 REREAA 51 MR
U 2 5 Rk 41 8 I [F) 22 57 3R0K, 2244 ANFEBIFETE I 2 -5 Y] A ] EEOGEAR G A A B oS 3 ) 22

Fik.
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Table 3 Differentially expressed genes (DEGS) statistics

FEAEL X421 LIHEEHH TSR ZERRILEFHH
Sample comparison grouping Number of up-regulated genes Number of down-regulated genes Number of DEGs
FHM-F vs FHM-S 71 66 137

XG-F vs XG-S 1008 1752 2760

FHM-S vs XG-S 2804 1983 4787

FHM-F vs XG-F 1233 1144 2377

vs: WA NEEMBRTHENS, ~H

vs: In the comparison group, the latter was compared with the former, the same blow

B IR ERFTIE R R HE



The number represents the number of differentially expressed genes

SERFEERFEE
Fig. 3 Venn diagram of DEGs

2.3.2 ZRFTIEEE GO 1 KEGG BEMHMT A VU)K 2 5 F M AR HT 5 A 2 A 5Bl (1 2 5 R I8 JE R
1T GO BN, Wil =B BAM, AV, A n My Fohie 3 NMr2R TR 38 4~ GO term
(4 . AV EESR 14 4 GO term, FEAAMULFE (Cellular process)  R#f#EFE (Cellular
process) - AW (Biological regulation) . i< (Response to stimulus) FIZE4H (Growth) Z5TjRE
. HHH A Sy E £ F) 11 A GO trem, FEAGYHMLE S (Cell part) . EE 5 (Mresponse to
stimulus) . ZHfE 2% (Organelle) . fE45Hy (Membrane) Z5Thft 4. 7 TIhREILE S| 13 4 GO term,
5 R R OIS PE  (Catalytic activity) 545435 (Binding)

22 SRR TR AT KEGG Rl &£ 08 (B 5 , AP RAIIE 82 = R RiIA KRS
Y (Photosynthesis) « Y& 1EF K4 (Photosynthetic-antenna proteins) . (- FLFE{Ci (Galactose
metabolism) . FREAIH ZHECHT (Fructose mannose metabolism) iX 4 M@K EEFEE. AN EED
(AR 2% B 2 2 S AR R X B, PR 2 5 SRR ST L A 354 166 22 R RISFERE 8 4
KEGG @M b B2 54, SEIEYEEESHS (Plant hormone signaling transduction) J& i 1 3% [X]
&%, RPKWFAREERTHE N EESHEYEERG 5% SEUIMEK.



4 ERFIEERA GO EEIEAE
Fig. 4 GO enrichment annotation of DEGs



B 5 =RKTIAEH KEGG B EEE
Fig. 5 KEGG pathway enrichment map of DEGs
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RG22 R RIEFEN IR E RO R, 454 NR Hl FEERE EA PubMed ¥ 12 SCHik, P15 E
FE2H M EEAUT IR AR . R R AN E BOSA A BRSSP SRR e R SEE b I A2 R A e 22
S, IRELARU IS AR O] B8R YT T A R R S AR AL
2.4.1 MREEE R BHE R ERFKIAEE ST & 6 iz, FHM-S vs XG-S r 71 1) () 248 B B AR Wi 4% 25 5 ik
HERBHRZ, FHM-Fvs FHM-S 7E41 il BEAQ G 2 o B 35 22 e 3R L A

XG-F vs XG-S 5 FHM-S vs XG-S )2 F 3 R RIEMB A F . ELF4E R MR ESY, 455 st
CesA 5 W U1 SR BE R L K] Egase .3 T FRiL, FH - J3R85002922-Egase Fil J3R85012271-Egase 7% i
BipoK; R4 RMRET, H 4 MEKRERER EXP 5 5 A RN N EFEF REOK LR XTH
W3 LRI, 6 A BRI EREE BGal B NRRIE; MERREGHBMAEIEEF, R OBEER PAE
BETRARE, 2006 2 MRRFEREER PME B3 LRSS TIHEZE, L ARIREMERIER PL 2% i
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Fig. 6 Analysis of differential gene expression of cell wall metabolic pathway

242 KRZEEVERBRERTEERDT AT FLEE N 28 NS ARRERAEY G BOBEHK I Z 7RIS
EE (BT, INKNARMBEABHERE PAL. 2/ 4-F TR A EHRE 4CL. 1 ANIREB ARG A 185
P CCR 5 2 NWEERE I A ML A CAD B35 LRk . IHERR-O-HIIL LRGSR COMT | LYl
BL[K POD 5 AL R LAC BA R iHZRIA N £
243 EYHEREEEERREER ST =X S L I/E N 49 MEEE AR T i 2 7 B
BLFE 27 MERKZFAM R 10 MIVERRAE DG 4 D CIRAHICHT 8 AMHISE R S A G LR (8] 8)

FEAKRGESRTER Y, FWAKRmPER AUX. 1AA FI SUAR 54K R BiH 7 ARF FIRIA
R R %, KR MR GH3 &3 FRRE. KRG 5 Ta@Eit, ABA ZIEEER PYL 1
ABA #3283k K| PP2C 2% LiRSRIA, FEMEARERMR AL e 2 S SnRK2 Kk 72 R 8UE k. 24 5l
Kw B E S SERY, MR ERERYEZE LIFRIE, KR EMEBEEE J3R85010291-
TCH4 2 S 80U, AT RS SN 2 A 1R SR S 0T s AR A 1) SBR[
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Fig. 7 Analysis of differential gene expression of lignin synthesis pathway

E 8 YRR HRERXEREERESH
Fig. 8 Analysis of differential gene expression of Plant hormone metabolic pathway
244 BREFEESRIEST AP IA 306 N2 57 LA FEF BN A 5, AIkil4rh 38 MK
K, BFE bHLH. C2H2. B3. bZIP. ERF. MYB. NAC fl WRKY %%,

AR BEACET R AT . FEDIBE B AR IR i R AW & OB AE 1 22 e RIS FE IR 5 e s DR 1 AT RH S
T, AHSGPERRE (B 9A) BoR 20 DMHEERAR R . 22 MEVIER SRR . 10 A5 R I A R A
72 AMEFE TR EMK, Hrh J3R85011891-C3H 5 A4 K ik £ Ak [ J3R85001606-1AA AH 5K 11 & %
(0.993) fxE. MXMEMZE (K 9B) EIx MYB- related 5 NAC #3% FF 1075 s K B AL T M4 4 B



frty, HGE MYB 5 B3, X6 s K1 BAA A A HHE S R R R 2, ol Be B DhReAH e

PO G R E R RE#AT N (B 100, 3 A4 bZIP XK A (J3R85003686
J3R85020050 . J3R85006980) . 6 A~ ERF X j% £ [A] (J3R85018029 . J3R85011017 . J3R85013071 .
J3R85017252. J3R85012303. J3R85012461) A1 4 4~ MYB ZKjf# A (J3R85003281. J3R85018135.
J3R85004770 . J3R85017767) & 3% Fil&IA. 4 © NAC FjEFH K (I3R85004060. J3R85006932 .
J3R85011432., J3R85020576) 5 4 4~ WRKY Zj%ZE A (J3R85015176. J3R85014001. J3R85014684 .
J3R85010736) & # L ifikik. 2= FMAER &M LA KA J3R85000626-C2H2 . J3R85004060-NAC
J3R85006932-NAC #iI J3R85008105-B3, = 5 i H s i 1) T i = Ky J3R85004770-MYB . J3R85012461-
ERF. J3R85017767-MYB £l J3R85011891-C3H.

A: FRPEE, dh 3R p<0.05, **#/R p<<0.01, ***%’x p<<0.001;
B: AHCTEMLEE, LLAELRRIEMDG, SEELFRTAMR, 17 RKDRRIZIEFN degree fH.
A: Correlation heat map, color block * means p < 0.05, ** means p < 0.01, *** means p < 0.001;
B: Correlation network diagram, red lines represent positive correlation, green lines represent negative correlation, node size represents the degree of the gene.
9 MARERHSEER, EYHERMEEER, KARFEVEREEERSHREFHEXMI
Fig. 9 Gene correlation analysis of cell wall metabolic pathway, plant hormone metabolic pathway, lignin biosynthesis pathway

and transcription factors
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Fig. 10 Differential expression analysis of transcription factors
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11 ERFIEEFESINRHESR PCR IIE
Fig. 11 gRT-PCR validation of differentially expressed genes
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