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Transcriptome sequencing and bioinformatics analysis of melon seed-

lings under waterlogging stress

WANG Yanan, JIANG Yanfang, LIU Zefa, DANG Jiancheng, ZHANG Honglei, ZHANG Zixia

(Hunan University of Humanities, Science and Technology, Loudi 417000, Hunan, China)

Abstract: Waterlogging is one of the most widespread and frequent natural disasters worldwide. As a cucurbit crop, mel-
on exhibits relatively poor waterlogging tolerance. When melon cultivation areas experience prolonged rainfall or flood-
ing, severe yield losses or even complete crop failure often occur. In this study, a waterlogging tolerant melon high genera-
tion M13-06-3, was used as experimental material. Transcriptome sequecing and quantitative real-time PCR (qRT-PCR)
were employed to analyze differentially expressed genes (DEGs) in root tissues. The results revealed that 9037 DEGs
were screened in M13-06- 3 under waterlogging stress, including 4529 upregulated and 4508 downregulated genes.
qRT- PCR validation confirmed that the expression patterns of five genes, MELO3C003917, MELO3C020588, ME-
LO3C008314, MELO3C025360, and MELO3C021658, were largely consistent wiht the transcriptome data, suggesting
their potential role in melon waterlogging tolerance. These findings provide a foundation for further exploration of water-
logging resistant genes in melon.

Key words: Melon; Waterlogging stress; Real-time fluorescence quantitative PCR; RNA high- throughput sequencing;
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B2 R, SR 5 0 22 e B EAT GO ZRe i FE
KOG 1R KEGG & %73, I ik 1 2 E 7 &
1K HE RIEEAT S 9 € B PCR Bk, LU 9 7L Ef
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T, AR bR EEAT 3 IREE W 2, 2Lt 6 A
FEdit o
1.3 A%
13.1 #NLGHERBRESHFHMNE 2023 4F
5 H 8—9 HZrJllxf fit NG 1) 2 A~ 4 BEZH 3E AT bk
E AR AR B R TR E OB E S EOE
FEARARIEAT 3 IREZ N E , FRCFIME. e
I 808 48 0 2F Graphpad Pism9.5.Excel #E47T 4b#
HMEE, Ad ] SPSS #4748 20 Hr

PR A8 B ROGE R & 8 7 ik 2 R 2 R
Koo

M THT AR < 2 BT 0 32 S5 0% T i T L i
771, B TR = < s R 56 % 0.66

T b 3 S PR 4 1 0 7K e A U
e, Wi JE A R AR TR e AR K 4y, FH BT )4
b H TR R B, T D b b R A

Y64 2 B 2 1§ ] iFLYaxin-1161 %4 # 5
A A FEI A, D AN (R 7K i AR B R f K 38—
S E T [R1EB AL, e BURE B R SUF 09:00—11:00
XF 4 A E G A K BT e A R G 6 Al
ROEBHER CKILGE A CO, KD R
56 o BURER 8] 43 ) A 25 AL BR A A HE /K 3 0.9 d A
HURE, I HAR R AR KB A
132 XEMEAMNF RAWELHE R EERE
T AE R A IR A F) X M13-06-3 33547 # 3% 28
J¥. E5EH Trizol W& 40 $2 I M13-06-3 H
2 ANREFLA I RNA K V0 I B AR 4 ¢ e Fie ik 5
JK¢ %1%  Nanodrop- Agilent 2100 ] H: RNA #) 58
HENE 4B (ODagonso) ~ W E A% R W WAL W RIN AH
28S/18S TG L 4k . 5S WS FR b , 8 J5 i PCR &
LR cDNA S, A Qubit 2.0 ¥120 E & .

« 15 -



X ISR 5T

hOE R

38 %

Agilent 2100 £l insert size, insert size £+ & Hil J5
H q-PCR #ERf & & CCFEA B0K FE >2nmol-L) , 58
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EE S, o Bl 45 SR R A VR AS AT 0 A, A dE
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HEATHOX, AT 2 5 RAFER Dh e R, ok Lk
17 GO-KOG-COG #1 KEGG & 5T -
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3BT ATAIE SE RNA-seq 35 73 1) 7K iy 38 1) 97 356 [P 7
BN &) B AR R Rk AR PR ECET R 4 i
(M13-06-3) #E K il 38 5 0.9 d B AR & FE 5 0 8
RNA. i F 673 EUA M13-06-3 #R 8K i &
RAF ) RNA BT S 5%, 3k 43 cDNA, R Ja AT
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Table 1 Genes and their primer sequences

FERERS
Gene accession No.

L1 514

Forward sequence

S IA 514

Reverse sequence

Actin7

MELO3C003917
MELO3C008314
MELO3C015312

TGCCCAGAAGTTCTATTCCAGC
CGACAAGGGAAGAATGAGCA

TGTGGAGGGAGATGGAGAAAC
CCCACAAAGGAGTACAACCCC

CATAGTTGAACCACCACTGAGGAC
GCAAACTTCTCATCCCTCACAG
CTCCTCCCACGACAATAAAGC
TCATCAAAAGGGACAACAGAGC

MELO3C015488 TGGGCTTATTCCAGGACTTGC TTATTGGAACCTTGGGAGCA
MELO3C020588 TTGCCACGTTCGACCTCTC CCTCTTTCTCTACGCTCCGCT
MELO3C021306 GAAAAAGCAGTGCGTCCTCC TCACCATCCAGCCCCAAGA
MELO3C021658 CGTTACCCCTCTTTCCCTCG CACGGGTTCTTGCTCTCTCAC
MELO3C024315 TTACTCTGACTTTGGATGGGGA TCAGAGCCTTGAGAAACCACC
MELO3C024345 CTGCGTTGTTTGGAAAGGTG GGAATACGCCTGTCTTTTGCTA
MELO3C025360 AGGACCATCGCCATTTTCTT GGGGTCCAAATCCAACGAG
MELO3C026754 TCATCCAATACCGTCACAGAGC AGGTACGATGACGCCCAGTT

MELO3C027913

TTGAACCAAACCCAAATGAGTC

TTGGTGGAATGAAGTTGTTGCT

1.4 FEAIE

F Excel 2020 #1150 56 45 SR A1~ 3948, H
SPSS 11 & br i 2 3 10T 2 7 B M UL S T 2
ST
2 ZERE55W
2.1 EKEMEBREE NS AR

JE 3 0T T %0 1 3R A7 A [ 2 B v 7K A BRI 5T

KRB 1.3 2) , RIEATHEKAE B ) NW A 2
TRER O, IR EH , KRBT, T2 WK AL 9 d 1)
TW A BEHG6, KBEHEELZ MANE
AR AT L K 38 2 BT ) i R AR R R
B OLEFEH R RN G R fWKeH )5,
AR 2 AN AE R R PR v AR o
MR R BIAFREE R . XA NW A
EC, TW [RRR S 1A 2 B 3 50 (AR K L b 6



T, 2+ WK M E A 0 S AL S RS 22 A BEHF ST

VE:Aa A ERZL NW [ A AR &R Bb 4

Note: A and a are the plots of leaves and root system of NW of treatment group respectively; B and b are the plots of leaf and root system of TW of

A TW [t AR

treatment group, respectively.

B 1 #KEBRIEH IS

Fig. 1 Waterlogging stress-induced cucumber seedlings

R2 BKENEHTEKRI T

Table 2 Effects of flooding stress on melon growth

s CHb_FD " R BT b 5 R R b b T AR
b3 . A<
Plant height Fresh mass of Fresh mass of Dry mass of Dry mass of Leaf area/
Treatment Root length/cm 1
(ground)/cm underground/g aboveground/g underground/g aboveground/g cm’
NwW 25.34+1.38 a 26.45+1.20 a 3.31+0.30 a 16.7+£2.00 a 0.29+0.02 a 1.72+0.10 a 42.00+£2.13 a
™ 25.15+4.28 a 14.35£1.20 b 1.76+0.17 b 11.93+0.17 b 0.11+£0.04 b 1.15+0.12 b 25.73+2.28 b

T [ A 5 AN RS FRERIRAE 0.05 K TP EREE . T,

Note: Different lowercase letters in the same column indicate significant difference at 0.05 level. The same below.

R R RN RS NW.TW IR K4
N 26.45.14.35 cm, [FIXIEZHAR L, TW ZHAOR KR

NW2.NW3)Fl 3 AN Ab#HFE 5 (TW1.TW2.TW3)
e MREMBEITEHBEBENR, LHREF G

B 54.3%, AT DA /K e 5 i TR AR K R s K
SAE— R LA RAEAR R A K AR
2.2 @kﬂh BiR A& S5
72T (3R 3, B R i 2 /N ab R4

(NW\TW>E$E‘?&E7M¢£¥h‘i’ﬂﬁi%ﬁ%ﬁo 1
G A E N H,NW L& T TW, 48R 2.8 1 K
IR, v 7K P 5 e TR A KR B DL B AE
L ESALSEELNW 5 TW Z27 2%, TW (1)
SALF R ST NW s 75 J[R] CO, ¥k iE | 28 115 T8 26
JiTH L, TW £ T NW, B BE5 M ER.
2.3 BKENE R4 RS KA F

XF M13-06-3 #R &6 3 AN X B2 A (NW .

43.11Gb, T 5 ¥£ 5 ) Clean Data #B7E 6.58 Gb LA
b, GC & BN 43.25%, H Q30 Bl dE i /3 EL#E
90.99%~92.45% (3£ 4) , F 45 K W I J7 45 F 0N
o SZVE/K bIE AL BRI TW AR 300 i 22 S
RFERIEAE 9037 A4S, Hirb i 4520 N E R R IERE
.ﬂ%‘ilﬁ 4508 NERRIAEFEZ TH(HE
o ¥ 15 B 1 FE DR 2H 2508 Lot B R 235 R R A
b SRR AN FEAR B SR DR A LE XS O, Le X R
96.01%~97.25% (£ 5).,
2.4 %Eitﬁllﬂﬁﬁiﬂé
F M13-06-3 H i ok i g 743 21 (1) 22 57 3Rk A
(DEGs) f# | Blast 5 7 /™A 504 B, B+

R3OEKAIEI I SIS IE

Table 3 Effects of flooding treatment on the photosynthetic characteristics of melon

phs:l Aot 2 LR i) CO, & ZEE A
Treatment P./Cumol-m™-s™) GJ/(umol-m*-s™) C/(pmol -mol ™ T/Cumol-m*-s™)
NW 7.86x1.81 a 0.14+0.06 b 266.35£15.09 b 2.05+0.56 b

™ 4.20+£0.89 b 0.32+0.15 a 350.61+21.88 a 5.08+1.22 a
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*4 BRAREFIIRE
Table 4 Genes and the sequences quality

:t::f’f Eeizﬁz Eifif GC/% N/% Q20/% Cycle Q20/% Q30/%
NWI 27 245 859 8 173 757 700 4345 0.00 97.16 100.00 92.36
NW2 26 962 763 8 088 828 900 43.58 0.00 97.23 100.00 92.45
NW3 25725 332 7717 599 600 43.47 0.00 96.52 100.00 90.99
TWI 23 555 869 7 066 760 700 42.62 0.00 96.83 100.00 91.80
W2 24 807 626 7 442 287 800 42.76 0.00 96.83 100.00 91.67
TW3 25981 432 7794 429 600 43.63 0.00 96.92 100.00 91.88

#:GC(%). Clean Data GC & ;N(%). Clean Data "' N Bii3& & & ;Q20(%). Clean Data Jif &5 K T 5T 20 RIBLEEFT o5 (1 43 L Q30
(%). Clean Data Jii 5 (B X T BEF T 30 MOBRAE I 1¥ 7 43 Ll
Note: GC (%). Clean Data GC content; N (%). N bases in Clean Data; Q20 (%). Percentage of bases with Clean Data mass value greater than

or equal to 20; Q30 (%). Percentage of bases with Clean Data mass value greater than or equal to 30.

Volcano plot

150
~ "‘ .
2100t F
2 ; . o * Down:4508
= Not: 8805
z - Up:4529
o
T

Log:(FoldChange)

T BERAR AR HE — AN FE DL PR i P 205 72 3 R U 0 500 s A AR AR FDR [ OGS B . BRI S (i) s A QSR 3 R R 2 K], 40
Tl SRR W RIREER, RO SRR REERAEZNER . Down: FHR)ZEFRIAFEH  Not: A Hxf FRIFERF Up: FIHRZERRIE
B

Note: The horizontal coordinate represents the log value of the expression difference of a gene in the two samples; the ordinate represents the
negative log value of the FDR. The green dots in the figure represent significantly downregulated genes, red dots represent significantly up-regulated
genes, and black dots represent genes with insignificant differences in expression. Down: differentially expressed up-regulated genes; Not: genes not
aligned; Up: downregulated differentially expressed genes.

2 ERFEAL

Fig. 2 Difference expression volcano plot

K5 BHEMEEXHR

Table 5 The alignment efficiency of each sample

EE X 17 i 4K Sample

Comparison situation NW1 NW2 NW3 TWI1 TW2 TW3

F st B 1497 685 1 481 509 1721 143 1 882 063 1770 243 1717327
Not aligned (2.75%) (2.75%) (3.35%) (3.99%) (3.57%) (3.30%)
b 11 52994 033 52444017 49 729 521 45229 675 47 845 009 50 245 537
Reads aligned (97.25%) (97.25%) (96.65%) (96.01%) (96.43%) (96.70%)

Swiss-Prot.GO.KEGG.COG. KOG Pfam.NR #1T i il E S I e R = B KA R K (DEGSs)
Eext, b T ohRerE R, R TR (K 6.8 3, 8904 4~ Hirf, 7 RE R Swiss-Prot i & )4 7031
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X ISR 5T

x6 NWwTWESRIEERNEFRRHEEFE TR
HEHE
Table 6 Differentially expressed genes are of NN vs TW
annotated number in different databases

#5335 FE K FE 4% Bk DEG library name 4 H Number
Total DEGs 8904
Swiss-Prot 7031
GO 6543
KEGG 3455
COG 2814
KOG 4195
Pfam 7223
NR 8895

A, B L 78.96% s 1 BE 2 GO H i FE A 6543 4,
g b 73.48% ; vE B 2 KEGG HU¥ 1 3455 4,
i B 38.80% ; VERE R COG HUIlE FEI A 2814 4, 5
Et 31.60% ; VERE 2 KOG 4 2 1A 4195 4, H L
47.11% ; 7% B 2] Pfam #0482 10 H 7223 4, G LG
81.12% ; VB¢ 2| NR %48 £ (1 5 8895 4>, (h Ik
99.89%.
25 ERFREZEEMGOEES

72 S RK FEN 3 BE AL TE 40 i 2 43 (cellular

component) - 7T 2§ (molecular function) - 24 2%
it #2 (biological process) iX 3 /N FE £ GO K5l .
WE 3 Fros, WK P iR 4 T (M13-06-3) 1) 22
SRR F N E LR A 5 (COFEM TN 2 M2
41 Ceell) FI4H A 358 4 Ccell part) , 43 1) & 45 1 2846
A B 2842 4> DEGs: # /K B 18 J5 & K %)) i
(M13-06-3) {1 72 7 R 1L B R & 42 2173 1 Zh g (MF)
Fall T i 2 12 45 & T g (binding) A 4 75 1
(catalytic activity) , 73 7] & & 1 1861 >l 1820 4
DEGs; ¥ 7K i 38 J5 i IR %)) B (M13-06-3) ) 22 5 &
IR R R B AE W) S FE (BP) 2651 R & 2 12 41
i ik # Ccellular process) 4L i i F (metabolic pro-
cess), 70l & T 2328 ANA12217 /> DEGs.

26 EFREFEFAKEGGEBEITRSSH

2.6.1 KEGGiz##KEGGE &5 it T
TR Z 1 (M13-06-3) 52 7K i J5 1) 22 J 3208 gk
K A 2 5 BREHE 2, B M13-06-3 #E /K B J5 1)
DEGs [f] KEGG 4 2 Lb Xy, KA 3455 4~ DEGs
£ KEGG #udfs 2 P g, 13- 2 KEEG ZhReiR: 7>
FKEICE 4, g5 R LY,MI13-06-3 11 3455 4>

GO 4125 GO Classification —
100.0
mAll gene 6543
RS w DIFF gene )
3 5
5 o
210.0 1663 ©
s . 654 =
= E
g g
(]
5 z
S 1o 166 I
= 65 &
=
e
b
16

2RI 2H 73 Cellular component 43T € Molecular function

)25 2 Biological process

B3 ZRFEEE GO IBRHEFKITE
Fig. 3 Statistical plots of GO annotation classification of differentially expressed genes
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38 %

#3215 51 AR Transport and catabolism l:l 120

512 % Membrane transport .21

{555 Signal transduction

R 40 3% 5 PR Folding, sorting and degradation
DNA H | 5125 Replication and repair l:l 68

3% Transcription l:l 77

|

2 F2 Cellular processes

165 {5 R4 Environmental information processing

168

8% A5 SIS FE Genetic information processing

#7F Translation ‘

284

1533 5 4R Endocrine and metabolic disease I 7

FIEFAC I Amino acid metabolism

Al R A=A - )45 1K Biosynthesis of other secondary metabolites _ 114
kKA P AR Carbohydrate metabolism

TEHEA= W4 1 54R14 Glycan biosynthesis and metabolism - 43
R 7 AR Lipid metabolism
Al A7 AN 42 2 AR Metabolism of cofactors and vitamins _ 104
HoAhZ FEFR AR Metabolism of other amino acids _ 103
524 55 5 24 AR 14§ Metabolism of terpenoids and polyketides - 72
AP Nucleotide metabolism - 68
.

IEEE M. Environmental adaptation

e 51 Energy metabolism _ 132

95 Human diseases

187 FiRAR U Metabolism

Lk R4 Organismal systems

<

5

10 15 20

LA (5 L Percent of genes/%

E4

BIKBTIRAERFIEEREE)H KEGG 2 KE

Fig. 4 KEGG classification plot of differentially expressed genes (partial) in roots under flooding stress

DEGs #% 73 il v 8 21 48 i ik 72 (cellular processes)
5515 B 1L 72 (environmental information process-
ing) - it 1% {5 K5 1 #£ (genetic information process-
ing) « A 2595 (human diseases) « #7454 ¥ (metabo-
lism) 1 4= ¥ 1K & 45 (organismal systems) iX 6 4>
KEGG —ZfRiha@kd. Hr,6 4~ KEGG — A
G B R OO 40N 19 A gl g, IX 19 A4S 2
% 1 DEGs 3B it 2 ) 72 — S AUt 188 2% 37 R A Ut
(Metabolism) T 1) — 2 18 i ik /K AL & 9 AR (carbo-
hydrate metabolism) , {1 B¢ | 385 4~ DEGs: H X /&
— 2 Al B 15 A% (5 03 2 (genetic information
processing) T~ [ — % it % #¥ 1°¢ (translation) , VR T
284 4~ DEGs.

it —26 5 KEGG 4 3£ 47 E xS 70 47 it S &)
VK EME 5 AT Re 2 5 BT, S 2903 4% % 7
FLF K E % 3| KEGG pathway H, JL35 & 1 128
AMRGHER . 458 2R (E 5),KEGG pathway 14
176 > DEGs 7E #% ¥ {4 (ribosome) 1 % I & %, &
83 > DEGs £ 2K N fit 5 4= ¥ & Bl (phenylpropanoid
biosynthesis) il #% [ & %, 77 1~ DEGs fE € # Hl
JiE B AX 4 (starch and sucrose metabolism) i % | &
£, 72 4~ DEGs 1 ¥ B% fifg/H% 7 4= (glycolysis /
gluconeogenesis) i@ % I & %, 5 72 /> DEGs &

« 20 -

MAPK H##){5 5 (MAPK signaling pathway-plant) i
% FE 4R, A 69 /) DEGs 1E 2 M AL 1 R BE AR
#f (amino sugar and nucleotide sugar metabolism) i#
% EE .
2.6.2 IEAKIE kMR L R ST R i
— PR A TS B K P 38 S ] S PR A S R B,
T8 I g 15 B Y 2 R & B B (DEGs) 5 NR.
COG-KOG. Swiss-Prot.Pfam . KEGG.GO %5 7 4}
PEEHEAT XV RE . 4B 32 2 WK B aa ), 44 A
R — RIVEIRMME T 2R, LIRS
RHE R Ak IF R AR LD RE , M S KR B2 3 13
Jo IR, FG A S DR 1A Dy s AR A S B 7 2
EEBRELENIEN . @ g R 1 R E A
T, YRS S5 SRR a8 B AR DA S A T R TR R
1K N 4%, DA SOt A 7K B e AL RE ). S5 G RN
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Fig. 5 KEGG pathway enrichment analysis of differentially expressed genes in the root system
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Table 7 Description of the differentially expressed genes
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AR S
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Fig. 6 qRT-PCR validation of differentially expressed genes
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