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Genome-wide identification of NRL family genes of Cucumis melo L. and
their response characteristics to low light stress
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Abstract;: The NRL ( NPH3/RPT2-like) protein is a plant-specific light-responsive protein family, and its members
play important roles in regulating plant stomatal opening, chloroplast movement, leaf elongation and phototropism. In order
to explore the structure and chromosomal location of NRL family genes of Cucumis melo L., and physicochemical properties
and conserved motifs of their encoded proteins, and the expression characteristics of melon NRL family genes under low
light stress, this study identified melon NRL family genes by bioinformatics methods. The results showed that there were 24
NRL family genes in the whole genome of melon, which were distributed on 11 chromosomes except chromosome 5. The
NRL family gene structure of melon was relatively conservative. The 20 Cm/NRL family genes were highly expressed in stems

and leaves, and the expression level in roots was low. The 15 CmNRL family genes may be involved in the response of

melon to low light stress. The results of this study can
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JK CmNRLI1 & 1 5E 7 F 40 g 4% 7, CmNRL2 , CmN-
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CmNRL19 2 [ & {7 T 40 Mg ji b, Hofth 16 AR
CmNRL 5 17177 4t H A% F0 248 e B b S8 777
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Table 1 Primer sequences for qRT-PCR

Jiarr LUESIY(5'—-3") NFI# (5 —3")
CmNRLI ~ GATGCCTCTTATTGG TCTTCCCTGACTTTT
CmNRL2 ~ CTAAACACGCACTCA TCATCTTCCCACTTC
CmNRL3 ~ CTCTGCCCTGACTT ATGCGGAGGAACT
CmNRI4 ~ GCAGCAGTAAGAATAA TAGCAGCACAGAAAG
CmNRL5 ~ AAGTTTCCCTTAGTTTC CTCAGACCCACCAG
CmNRL6 ~ AGCCAGGTTCTTG CTGCTTATGAGGGA
CmNRL7 ~ GGGGAGCACAATG CAGCAGCACAACG
CmNRLS ~ GAGGCATTTGAGTTAG CAAGGTTTCCGACT
CmNRL9  AGAGCCACAGGAAGA ACGCCGTAGCAGA
CmNRLIO  GGGGTATGGAGATTA CTTGTGGAGGTGGA
CmNRL1lI  GAAAGCCAATGAGG CGAGCAGCCACTA
CmNRLI2  AAGTGATTGCGTCTAA GCTATCCGCACCA
CmNRLI3  GAGCCAGAAGGCGAATA CCGCAGCAATGAAGTAA
CmNRLI4  TGTGCGGCGGAGTA TCGGCATAAGATAAAGTC
CmNRL15  AAACAGCAGCCACG ACCTTCCACCCATA
CmNRLI6  GACAGGCTTGGTTCT TCTTTATTACACCTCGT
CmNRLI7 ~ GGAGCGAGTTCATC CCTCAAACCACCAA
CmNRLI8  ACTCTGGGAGGTTG TCAAATCCCTCTGC
CmNRLI9  AAGGCAGCCAAGTT TGTTGTCGCAATACTT
CmNRL20  TGTCTCCCGAAGTG AAGATAATCAGATACGC
CmNRL2]  CTGGCATCCAAATCC GGGCACCATAGCAAA
CmNRL22  ACGAGGTCTTTGGT GCTTCGGACATTCT
CmNRL23  GCGACTGAGTTGGC CCCTGGGTAGTGTAG
CmNRIL24  CTGGCTGTTCTCAA ACGACCCATCCTC

185 TCTGCCCGTTGCTCTGATG TCACCCGTCACCACCATAG

2.2 K NRL ZEERNRZEXZE S

ARAEHI SR I A7 i Y NRL 8 11 BT 2 2 e
FFHIEE R G K BWANE 1 i, WEHE LA
L3 ANIFR R 71 4 NRL FEIEN /430 5 41,
HIA 30 LR, B35 8 ANETIK CmNRL HEH (14 M1
FIJT AtNRL SEFI I 8 75l SolyeNRL JEH 41147 23
AL, FEE 8 ANEH I CmNRL A 12 AU RIS A-
NRL JEHFI 3 DA SolyeNRL FeH A4 13 Dk
B, 4045 5 ANEHK CmNRL 5£1K 5 MR IF AtNRL
K 3 AT il SolyeNRL FEH VA 4 R, A4
2 ANHUI CmNRL 1 2 ANMUEEIF AINRL FEH 40V
A 1AL, AN CmNRLLS 3£
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Table 2 Physicochemical characteristics of proteins encoded by NRL family genes in Cucumis melo L.

P S AR T B RRAE
Rl AT (D) by BRI e it st
aa

CmNRLI MELO3C006281.2 1 857 618 70 746.62 6.55 I A%
CmNRL2 MELO03C024837.2 2028 675 76 023.90 7.53 21 Jf
CmNRL3 MELO03€007999.2 1 803 600 68 010.48 8.95 A MIA% , 20 A
CmNRILA MELO3C021671.2 966 321 35 953.52 7.52 A MIA% , 20 R
CmNRL5 MELO3C016051.2 1983 660 74 362.45 9.02 YA A% , 40 A A
CmNRL6 MELO3C002514.2 1479 492 56 526.32 9.04 YHAAZ , A0 A
CmNRL7 MELO3C017994.2 1863 623 68 497.26 6.43 A MIA% , 20 A
CmNRLS MELO3C020861.2 1359 457 50 903.73 5.96 2 i
CmNRL9 MELO03C007509.2 2 070 689 77 007.89 5.05 21 i i
CmNRLI10 MELO3C024211.2 2022 673 77 606.66 7.18 21 ffa
CmNRLI1 MELO3C011299.2 1839 612 68 842.43 8.73 1 Jf
CmNRLI2 MELO3C011945.2 1776 591 65 907.88 8.86 YA , A0 A A
CmNRLI3 MELO03C005204.2 1 656 551 61 202.69 8.17 YA , 40 s
CmNRLI4 MELO3C012424.2 1839 612 69 080.92 5.36 21 if
CmNRLIS MELO3C015331.2 1785 594 67 453.08 8.80 YA , 20 A
CmNRLI6 MELO3C007084.2 1911 636 70 553.12 5.99 YA , 40 A
CmNRLI7 MELO3C018788.2 1503 500 57 156.98 9.03 YA , 40 A
CmNRLIS MEL03C019223.2 1 566 521 59 133.65 6.20 S MIA% , 20 R
CmNRLI9 MELO3C016232.2 1749 582 65 119.69 8.18 24 Jfu
CmNRI20 MELO3C026665.2 1893 630 71 192.00 5.99 A HIAZ , 20 R
CmNRI21 MELO03C032967.2 789 262 29 863.00 5.42 YA , 40 A e
CmNRL22 MELO03C009341.2 1773 590 65 679.26 5.21 YA , 40 f
CmNRI23 MELO3C007625.2 2 094 697 77 793.85 5.86 A MIA% , 20 A
CmNRL24 MELO3C018952.2 1887 380 43 595.70 7.19 YA , A0 A
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LATRAISIN . IO, NE R v E HE R
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I NRL G0 3 R G i 2 11 o PR ~F 56 0% 43 A
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Motif3( C 3 NPH3 45#4%) , CmNRL8 & 1L & A
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fth 18 4~ CmNRL ZE F3 &4 3 MRSFE)T, #iR
NRL FEIEH R ANE 3B fiR, 3 MESFRF R
RAER T E 3C Frow, MWEH A LIE i NRL
R TR sl DRI i) DX ) 7 8 S HEB G 477
—EM S, BN NRL RGN G 8h 1 X L % 58
0 14 FOBEAE FH I MRHE HA 2= DR RT 430l
DA e S A8 U I s B S TE R I o
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CmNRL 3R b 447466 ma B oo 44, iX 16 B CmNRL
SERTE AR S5 3 A EEZAE R (B 3D)



K HLEAE TN NRL G20 D 4 IR 2 5 5 R JFC 3 38 06 3555 Y L g o o R A 1031
m
<
» s
Z o § §
.2202385333¢8
[ Q S N
< 5622352288858
55 55252208558
,
473)‘(;46,;;0
Solv 0.
be0906755,)
AT3G085 79 CmNRLI2 =
AT3G08660 Solyc05g013570
CmNRL5 AT1G6790¢
30 Cmpp
0950746 L1]
Soly¢ 3010
=
sornntd
" 2% o
NN DS w R
O RN % 2 @
£5531%¢3
ST
> =
N
=1
E1 BT EmHLS NRLERNREREXR
Fig.1 Phylogenetic relationships of NRL genes in Arabidopsis thaliana, Solanum lycopersicum L. and Cucumis melo L.
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Fig.2 Chromosomal distribution of CmNRL genes in Cucumis melo L.
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Fig.3 Conserved protein motifs, and gene structures of the Cm/NRLs and transcriptional regulatory elements in the promoter regions of

Cucumis melo L.
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Fig.4 Three-dimensional domains of the NRL proteins in Cucumis melo L.
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