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T HRARE MG EMRRELELRE, & 7N 510640)

WE: [H LA N B AR Psidium guajava 71 5] &P ] (1 S S 5T 22 57 3052 38 3 R 2R 40 & 40 6 B G B e
o UNEDSEARE 6 NmANT 11 AR AR FREATIE, H4s & EMD ot B G HRRER, &
FH 5 53 2H 0 s A B2 45 ot ol [ 1) 22 55 SRR 2 [R] (Differentially expressed gene, DEG), i GO Al KEGG & 4
30T, FEYR R AL &P A R DEG, ] SE 9¢ % 8 & PCR (Quantitative real-time PCR, qRT-PCR) #f 5
DEG 7EAF S A MR R RE . [(FR] 6 MBEAMRM T &F M Wlka’ SmE&k 508,

IR M PEIRA BUR, BER M ‘AsA B chE M CMARA (2SR R E S AR, o
S5 9.76 F1 10.05 mg/g, /& ‘K’ (5.74 mg/g) 1) 1.5 5 LA b, B35 5T HAh S (P>0.05). F4HIT M &
m AR O CTRASZ 9 DEG B2, HA 4 i DEG BoA—2%. EERIL S A S iR AT
CHS.\ FLS. CYP73A. CYP98A43+ DFR E2.1.1.104- E1.14.11.19 fl CYP754 %H{E ‘&31%" A ‘JHAgL” %k
LB RE . qRT-PCR W IE4 R, FLS FEFTE ML PRAEHm, & TR 110 5L ks
CYP734. CYP754. E2.1.1.104 1 CHS 3Nt ‘&3 & Rz Em&Rm, ‘B PhREBHRM] HP
CYP734 F1 CYP754 FiHTE ‘&3 & HIREER ‘BER 1030 52 ks 1 DFR 2EFETE gL HRiE
BRE, ‘e F hEEERIK. qQRT-PCR ¥l|F] DEG 31k /K 5% F 240+ 45 58— 3, iR A4 6 A
w5 R 5. [ER IR R RGN T 6 B AR RRZES, HZ9 3 8 N5 F AR
FAAEWE RAH R B SRR, 8 5 B A AR I T PO B ) e R R 2 40 AN S MR AL & ) 1 AR ) G RS 1R S
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Evaluation of guava fruit quality and mining of
genes related to flavonoid synthesis

SHAO Xuehua >X<, LAI Duo, XIAO Weiqiang, LIU Chuanhe, HE Han, KUANG Shizi =
(Institute of Fruit Tree Research, Guangdong Academy of Agricultural Sciences/Key Laboratory of South Subtropical
Fruit Biology and Genetic Resource Utilization, Ministry of Agriculture and Rural Affairs/Guangdong Province Key
Laboratary of Tropical and Subtropical Fruit Tree Research, Guangzhou 510640, China)

Abstract: [Objective] The purpose of this study was to comprehensively evaluate the differences in fruit
quality among different guava (Psidium guajava) cultivars and explore key genes for flavonoid synthesis.

[ Method] A total of 11 fruit quality indexes of six guava cultivars were measured and principal component
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analysis was carried out. Transcriptome sequencing technology was used to compare the differentially expressed
genes (DEGs) among the cultivars, and GO and KEGG enrichment analyses were carried out to mine the DEGs
of flavonoid synthesis. Quantitative real-time PCR (qRT-PCR) was used to study the specific expression of
differential genes in different cultivars. [Result] Among the six guava cultivars, ‘Jindouxiang’ and
“Yanzhihong’ scored higher, ‘Shuijing’ and ‘Xiguahong’ scored lower, and ‘Zhenzhu’ and ‘Hongbaoshi’ scored
in the middle. The flavonoid contents of ‘Jindouxiang’ and ‘Yanzhihong’ were significantly higher compared to
other cultivars (P>0.05), which were 9.76 and 10.05 mg/g, respectively, more than 1.5 times that of ‘Shuijing’
(5.74 mg/g). Transcriptome sequencing analysis showed that the DEGs of ‘Jindouxiang’ and “Yanzhihong’ were
clustered into one category, and the DEGs of the other four cultivars were clustered into one category. CHS,
FLS, CYP734, CYP98A43, DFR, E2.1.1.104, E1.14.11.19 and CYP75A genes in the biosynthetic pathway of
flavonoids were significantly up-regulated in ‘Jindouxiang’ and “Yanzhihong’. qRT-PCR verification showed
that the expression of FLS gene was the highest in “Yanzhihong’, which was more than 10 times of that in
‘Xiguahong’. The expression levels of CYP734, CYP75A4, E2.1.1.104 and CHS genes were the highest in
‘Jindouxiang’ and the lowest in ‘Zhenzhu’. Among them, the expression levels of CYP734 and CYP75A4 genes in
‘Jindouxiang’ were more than 30 times of those in ‘Zhenzhu’, while the expression level of DFR gene was
higher in “Yanzhihong’ and lower in ‘Jindouxiang’. The expression levels of DEGs were consistent comparing
the qRT-PCR and transcriptome sequencing results, indicating the transcriptome sequencing results of six guava
cultivars were reliable. [ Conclusion] The quality differences of six guava cultivars were systematically
evaluated, and eight key genes related to the synthesis of guava flavonoids were discovered. This study provides
a scientific basis for the research of guava cultivar breeding, functional gene mining and biosynthetic pathway of

flavonoids.
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1.2 7%
121 RESRBMNE 6 FhF AR, ik
3N EE, BANEE 10 MRS, AT KA
TNV} 2 B AR5t = bR R S W IR TR, 34T
ALAYERE T R S I JEE A RN B 2SR
S E
122 E@5EFmessne o REREY S
P FHAEL ) 28 2 I ) 8 B gk AT 484, TH A K
Wr:
R = 0.890 X (D760 am — 0.001 2) = m, (1)

HEWA 5B = 0.797 X (D760 am — 0.000 7) = m=>  (2)
L, my HFE TR & .
1.2.3 XA Az RIESPUELE N
(DPPH A1 ABTS %) 77 & Ut B H e /E L, =
P RE /it EA L

DPPHIERAE ) = 1.414 X (Ds15 nm +0.008 1) + mgy,
A3)

ABTSIEFRAES) = 1.424 X (D515 nm +0.001 2) + my
“4)

T, mg R &, DAARTEE 4k EIRTG T

7] Trolox M5 i) &R F R LA ) DPPH H i

FEIEFRBE IR ABTS H H2EIERRAE T -

124 ZRABFFLEEETESENT RN

P10 JF PR MR (Ascorbic acid, AsA) FlHL 75

=2 0 R Ul B B AT AR, P E AW
AsAE T =227.270 X (D350 om +0.018) = My 5 5

B =1.218xX(Dy7sam —0.0134) < mge.  (6)

1.2.5 RNA-seq ##7 FIHHEP S RNA F2EHAF]
EHEE 6 AP AR A SE A RNA, & 2 05
RECFERHE AR A IR 2 7 AT mpdE =0T . Kralifh
J& [ RNA A I S8 B 5 AT R B2 e, F &
B RNA KE G0 g SO . ok & 4% J5 2R AT
Ilumina 7, ¥ FAbH #3647 1 €35 1F Clean
reads, 45 & A ML 2, K A Trinity ¥ Clean
reads HEATHHE, B3, IRESHILFH T FLEHE
BRI

T FPKM AR A0 6] 2 A AR R AR (1) 5 R 3R A
BT 0T, ARG FIH edgeR B A1 47 22 57 L A 1)
RIRIIHT o KRG R 45 reads BEAT bR d#EAL AL IE,
B Ji5 38 Ik G0 T A 43 A R B SRR A S R (P,
E AT Z BB R R AL IE, 5% FDR, 2T
FDR<C0.01 fll|log,FC|=2 (FC J L F i f5%h) ik
Ze s RN, oL 22 R R IA T (Differentially
expressed gene, DEG) £, [fi J5 ¥ DEG i# i
GOseq Al KOBAS #4347 GO Dyfig & fE AN
KEGG 8% & &7
12.6 %X %% PCR(QPT-PCR) 247 #R#E R4
B PR A 7 (1) 2 8 2 i ) RNA $2 A
% RNAprep Pure [JUi B BT & RNA g, =
# FastKing Gdna Dispelling RT SuperMix /% 3¢
A& (TaKaRa) Bt B 5 R # VR 0 BRIEAT SO 3%, LA
GAPDH £ AW ZFE[K, FLS. CYP734. CYP754 Fl
CHS FE N 5 521 51 3 R F NCBT Mk it &
& g A TAY) TRE I A BR 2 =) 34T 51906 1k
FH L% 1. #IH TaKaRa A ) TB Green®
Premix Ex Taq™ II(Tli RNaseH Plus) il & Al
Applied Biosystems SE 72 % & & PCR ACHEATY
B, g 2740 Tk B A R R PR R
RikH,

®1 ERFTIAEER qRT-PCR 5|¥F5
Table 1 Primer sequences of differentially expressed genes for qRT-PCR

P ER Fig 51 51(5'—3") TSI B (5'—3")

Gene name Forward primer sequence Reverse primer sequence
FLS ATGGAGGTGGAGAGAGTTCAAGC CTTAGCATATTCCTTGTTGGCCT
CYP734 CAATTGAGACAACACTATGGTCGAT TTCTTCAGGGTTTTTCCAGTGG
CYP754 TATGGTGTTTGCTCATTACGGATC AGCAACATGCTCCTCAATCATG
CHS GTCCCTAAGCTAGGCAAAGAAGC CGAAGATGGGTTTCTCTCCGA
DFR CTGACTCTCTGGAAGGCCGA GGATTCGCAGAGATCGTCGG
E2.1.1.104 ATGGAAGAGAAAATGAAAGCAGCA TTTCCATCATCAGGAATTGCTAGG
GAPDH TTGCTGGACGCGTCGCAC GGAGCAGCGGAAGTCGACG
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1.3 BUEDH
R BHE A SPSS 22.0 T A &
ANOVA F1 ¥ &5 534 o

2 ZEREDR

21 BABRI@BIH

K 6 A~ b o 2 A R ARSI (1078 TR o0 e 5 2R
BEAT T ZE 0 B J LSD £ L ELAR (K 2), MR TP
AL, AN TR A 1] A2 5 R OB o Tk [ 5

BEHREIRKION: B > ‘A5EhH7 > K
wo > TR > R > ‘e E P

BB 8.74%: S bl & 2 FME A 65.06 mg/g, A2
e R I PR [ TR s RERE S B i0-FAME N
18.26 mg/g, FriEfml] ‘4LEA’ 7IA 30.91 mg/g,
REERIRr) TER4 (13.38 mg/g) 1 2.31 fi%;
MRS EREY EEE MR 5HAR 4

MM Z T EE (P<0.05); MM & EERERAN ‘4
T (11.51 mg/g), ARKIA /KEL (7.67 mg/g),
WEZFRE, M AEA M BB RESA
B3 RIS BT MER 7.75 me/g, i EA
N OCeRHET R CHRARL RS RN KES
AR, WAEREE; UKL S R RS
N OO, A 2.42 mg/g, 5 A SRRAR L 2=
S, BN KT, UA 1.09 mg/gs BT
TEEmEARRIK R KET > PR >
“UERT > ‘@t E > ‘MiRa > ‘B
B, CFHIMENS5.31 mg/g; ABTS iR AE /1 H0 T 14
58 31.72 pmol/g, “‘&F&" M PHARL B
ABTS iEBRBE TR, PR K™ W)
ABTS i B it 715K ; DPPH G RREE & = R
“MHARZL (1004.30 pmol/g), TAKMKI A < PHRL’
(333.77 pmol/g), A& =& J5# 1 3.01 fif.
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Table 2 Comparison of the nutritional components of guava fruits

W% wi(mg-g™)
e CIRa A Jeyii & SR ., v
Cultivar ) . Total Reducing Total
Soluble solid Total acid sugar sugar Sucrose phenol
4] 547 Hongbaoshi 9.40+1.05¢ 0.14+0.02ab 69.09+7.52¢ 38.31+1.18a 30.91+1.54d 8.61+0.26b
P9 /R4L Xiguahong 8.60£0.92b 0.18+0.04b 60.70+£7.08ab  45.15+4.36b 13.38+0.44a 7.83+0.80a
BRAE 4L Yanzhihong 8.23+0.31b 0.27+0.02d 65.84+5.12b 40.50+2.21ab  21.06£1.69c  11.25+0.70c
22k Zhenzhu 9.87+0.80c 0.11+0.02a 70.25+2.38¢ 52.93+1.51c 17.48+0.85b 8.48+1.03b
7K Shuijing 8.99+0.79bc  0.23+0.02¢ 65.55+2.59b 42.41+2.15b 22.74+1.05¢ 7.67+1.11a
43} Jindouxiang 7.34+0.66a 0.29+0.02d 58.91+2.79a 39.40+1.83a 16.97+0.40b  11.51+0.54c
“F¥{H Mean 8.74+1.84 0.20+0.01 65.06+7.35 43.1248.01 18.26+5.89 9.23+3.44
R R 0.25 0.05 0.12 0.28 0.37
Variation coefficient
e wl(mg-g") w/(umol-g ')
Cultivar e PR I LN ABTS DPPH
Flavonoids Ascorbic acid Tannin
41 %47 Hongbaoshi 7.73£0.20¢ 2.42+0.17¢ 5.22:0.02b 33.70+1.14bc 545.40+32.48b
76K 4T. Xiguahong 6.54+0.18b 1.40+0.10ab 6.17+0.40¢ 23.98+0.71a 337.77+32.50a
JHAE 4T Yanzhihong 10.05+1.90d 1.53£0.15b 4.70+0.35b 36.79+1.60cd 1004.30£95.67¢
2k Zhenzhu 6.68+0.36b 1.27+0.31ab 3.80+0.96a 32.17+1.27b 726.83+47.06¢
7K & Shuijing 5.74+0.49a 1.09+0.02a 7.22+0.28d 25.0243.15a 639.83+34.40c
42} % Jindouxiang 9.76x1.78d 1.54+0.14b 4.72+0.32b 38.65+1.81d 875.90+40.25d
P16 Mean 7.75+4.01 1.54+0.46 531+1.21 31.7245.87 688.34+227.40
R R 0.46 0.30 0.23 0.19 0.33

Variation coefficient

1)V ) S48 J6 0 7R )1 5 5 A £ 5+ 2 (P < 0.05, LSDi)

1) Different lowercase letters in the same column indicate significant differences(P < 0.05, LSD method)
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K SPSS 20.0 FA %5 F w47 32 s34 it
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B, B T AR PPN etr. A
UM VEAN B S 505 o TR 7 2 TR R &R, e i i 3
BB B ) 3 B 43 R, A SN R R T LA B
T E AR I, H R E KN RS AR
FEER R EERECR 4) F 1 EE
IEARC R A A EETEY) . SR SpE. ERE. b
JEBE, L SRR ALY S/, ABTS Al DPPH i
BREE ST . X LLFRHR R BE S 5 00 0F 1) B A B K
Hiﬁ\%‘cﬁﬁk%% DPPH & FRAE ) Sy Sk S5 hk

o R 1 BRI T A 1 E IR A
EZ lZﬂ:ﬁI\ SR RS R VA A R 2
R HA & B ABTS B BRBEJIAF N FE sy 2 194G

Kfabr: B EENERD 3 IR ERIER.
IR 3 A F BT RELR G R 6 AN B A A i
TSR S AR b o R 32 5 R b G B R R AL
Ja, VHE 3 AN FE R B35, DRI 32 53 68 B )
FRAEAE 5 3 ML S Lo AL, 3 R
7] 2 A i Bl SRS VR R E (V) &R E S
FH S ARF A AR 1 7 22 DR 1 40 28 () e AR BN AS A
7] 2 A A el P 2R B VP FE 2 (S = 0.41194 Y1 +
0.25950 Y2 + 0.173 89 Y3), LAMSKAIFN AN [ 35 A A%
R SRS . AR S AT, 6 AN AR S Rl R,
e mAEA R ‘e EF . R
AT . OCBER . TR R KSR

R3I EHSFHEERE. FERMMEMRITHERME
Table3 Eigenvalue, variance contribution rate and
cumulative variance contribution rate of principal
components

*4 BOBRITERMSHIEXEEORIBEHERS
Table 4 Normalized eigenvectors of correlation matrix of
main textural parameters in guava fruits

TIETRE Y% R TT ZTTHRE /%

Variance

D%y FHIEE

Component Eigenvalue o
contribution rate

Cumulative variance

contribution rate

1 4.531 41.194 41.194
2 2.854 25.950 67.144
3 1.913 17.389 84.533
4 0.883 8.026 92.560
5 0.358 3.259 95.819
6 0.155 1.413 97.232
7 0.121 1.104 98.336
8 0.076 0.693 99.029
9 0.048 0.437 99.466
10 0.045 0.412 99.878
11 0.013 0.122 100.000

F 53 Principal component

i€ Ry

Quality index ! 5 3
A S T 0.736  —-0.290  —0.509
Soluble solid content
HREE 0.520 0.654 0.464
Total acid content
A 0417  —0477  —0.598
Total sugar content
FERES & 0913  -0.055 0.347
Sucrose content
I 5 0.820 0.409  —0.195
Reducing sugar content
FB 0.206 0.932 0.136
Flavonoids content
PR MRS & —0.685 0.382 0.004
Ascorbic acid content
S E 0.853  —0.152 0.167
Total phenol content
ABTSiHFgE 0.066 0.833  —0.427
ABTS removing capacity
DPPHi kg 0.873 0.019  —0.077
DPPH removing capacity
BEoE 0.184  -0.463 0.830

Tannin content

x5 TEEABBMNERD BN EEETNIEL

Table 5 Scores of principal components and synthetic
analysis indexes for different guava cultivars

FE 13 Score of

i o e
ml principal component )
. Synthetic
Cultivar ..
Y1 Y2 Y3 analysis index

AEA 1424 —1.133 0.943 0.450
Hongbaoshi
PRZL 0.110 —0.829 —-1.939 —-0.500
Xiguahong
AR AL 0.369 1.230 0.078 0.484
Yanzhihong
Bk -1.079 -0.671 0852  —0.472
Zhenzhu
K -1.397  0.140  0.135 -0.513
Shuijing
& 0.572 1262 —0.068 0.551

Jindouxiang
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W6 A T T A i s AR AT Dh e R
Ja ik DEG. #F GO Ml KEGG # ¥ ¢, %f
DEG 7] i 5 A V) FE G 5 il B b AT = 2 40
M, G5 W3 6 FEE 7. R KEGG 4335, DEG £
BUERE R T RN A A BOSE TE R R 1

@4 LLAAEY R (S 5% 5 DEG 1) GO 4 #fr
2R E IR, 3450 /> DEG, #i4Fe BIAEY E it FE 1)
H 3214, HREEH 9.30%: i 7 BC B 4 M 2 4 0y
KA 74 N, 5 REUH 2.14%; B Be 2 FIhRe s
3055 4, L) 88.55%(FK 7).

*k6 EAMRIERFTILERE (DEG) B KEGG [FSBREEE ST
Table 6 KEGG enrichment analysis of differentially expressed genes (DEGs) in guava fruit

K DEG/™4{ 2 JIPSE ¢ »
Term DEG number Total gene number
IR TR BEI) A4 4 i Phenylpropanoid biosynthesis 42 111 0.000
ST E T R AT P A= 400 45 ik 11 18 0.004
Cutin, suberine and wax biosynthesis
YERY FIRERE AR Starch and sucrose metabolism 46 158 0.011
175 R LW A Anthocyanin biosynthesis 7 12 0.025
LERR TGN — PR IR IR 27 87 0.026
Glyoxylate and dicarboxylate metabolism
ABCH;i2 % 1 ABC transporters 13 37 0.054
R £ W) B Flavonoid biosynthesis 10 26 0.057
> FLFE T Galactose metabolism 20 66 0.059
ANHLAT IR 7 R ) 24 1k 10 27 0.068
Biosynthesis of unsaturated fatty acids
fi I BR % fi# Fatty acid degradation 14 43 0.071
FIHEE IR Cyanoamino acid metabolism 14 43 0.071
IR IR PSS ZI 1 AW £ A 6 13 0.075
Stilbenoid, diarylheptanoid and gingerol biosynthesis
Y25 5 5 Plant hormone signal transduction 48 197 0.096
BRI Tryptophan metabolism 9 26 0.105
Ty A R I P e it 5 11 0.105
Limonene and pinene degradation
=% 2 P R AE )& B Brassinosteroid biosynthesis 4 8 0.118
a— kIR a-Linolenic acid metabolism 11 35 0.118
RN E 1G] Phenylalanine metabolism 14 48 0.124
R Wi R A= 465 i Fatty acid biosynthesis 12 40 0.131
TG R 4 R T TR 6 PO AH EL e Ak 18 66 0.132

Pentose and glucuronate interconversions

¥ 2 S AL DR AT 5B 2K, AR ¥E DEG Rk & K]
( 1a) mr%n, ‘4LEA7 R ‘PR (¥ DEG %
N2, PHfga M ‘42lEF I DEG BA—
Fo RN T B R B A6 o, K
F K CHS. CYP73A4. FLS. CYP98A43. DFR,
E2.1.1.104.E1.14.11.19 f1 CYP75A 1E ‘HAfRZL’
A R ERFRE (B 1b). 1#iT gRT-PCR

WUER M FLS FERAE MR hREE RS,
TR hREERK THEREELEHN
10 5L L, CYP734. CYP754.E2.1.1.104 1
CHS BRI ‘& & hREERR, ‘B
R I B, o CYP734 A1 CYP754 JEHIAE
‘G E MHPMREERE CBIR 130 5L
b, 1 DFR B:H{E ‘MR hREER S, ‘&
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*7 BABRILERFTEER (DEG) B GO £HINEESTHT
Table 7 GO biofunctional analysis of differentially expressed genes (DEG) in guava fruit

KA GO # 7% DEG/Mt RIEP

Type GO name DEG number Corrected P
YRR £ i A= it #2£ Multi-cellular organism process 34 0.0008
Biological F2¥) Pollination 30 0.0016
process ek —MEES A EAEH Pollen-pistil interaction 30 0.0016
1813 Recognition of pollen 30 0.0016
[ il ) . Defense response 100 0.0019
41 AR5 Cell recognition 30 0.0019
AEW)HI . Response to biotic stimulus 67 0.0019
giliE22ivy Yl #ME R Extracellular matrix 39 0.0029
Cellular component & 1 i f{) 411 il #} 3£ it Proteinaceous extracellular matrix 35 0.0184
ST IhRe M4 & MI45 4 Heme binding 92 0.0003
Molecular VYRt 1) 45 & Tetrapyrrole binding 93 0.0008
function {E4L 5 Catalytic activity 2073 0.0008
AR SR BEEYE . AE T A A EUE IR T 87 0.0037

Oxidoreductase activity, acting on paired donors, with

incorporation or reduction of molecular oxygen

PN AT NN R B S A ) 130 0.0037
Hydrolase activity, hydrolyzing O-glycosyl compounds

A F T S () 7K AR S 14 Hydrolase activity, acting on glycosyl bonds 139 0.0047
KA E W45 4 Carbohydrate binding 53 0.0278
IR 456 % 5 R F-i& 1 Nucleic acid binding transcription factor activity 194 0.0335
B R FE L. FPARE R EDNASS & 194 0.0335
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