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Identification and expression analysis of PYL gene families in grape

MA Zonghuan, CHEN Baihong, LI Wenfang, MAO Juan"
(College of Horticulture, Gansu Agricultural University, Lanzhou 730070, Gansu, China)

Abstract: [Objective]The purpose of this study was to clarify the response of PYL gene of grape (Vitis
vinifera L.) to abiotic stress and enrich the function of PYR/PYL/RCAR (Pyrabactin Resistance/Pyrl-
Like/Regulatory Components of ABA Receptor) in ABA signaling and initiating signal transduction.
[Methods] The candidate PYL gene were screened by using the full-length of amino acid sequence of
PYR/PYL/RCAR in Arabidopsis (Arabidopsis thaliana), rice (Oryza sativa) and maize (Zea mays) from
12X V. vinifera ‘Pinot Noir’ website genome (quasi-homozygous line PN40024) and removing redun-
dancy. The chromosomal location, gene structure, phylogeny, physical and chemical properties of the
gene family were comprehensively analyzed by bioinformatics methods. The plantlets propagated in vi-
tro of ‘Red Globe’ were cultured in artificial climate chamber and were treated with 400 mmol - L™
NaCl (T1), 10% PEG (T2), 50 pmol - L' ABA (T3) and 100 umol - L' ABA (T4) for 0, 2, 6 and 24 h, re-
spectively. The treatment of 0 h was used as control. The total RNA was extracted from stems and
leaves of the plantlets with different treatments, and the expression level of the gene family under abiot-
ic stresses was analyzed systematically. [Results]Six PYL genes were identified from grape genome,
named as VvPYLI-VvPYL6, respectively. There are two PYL genes located on the chromosome 2, other
members of the gene family are randomly distributed on different chromosomes without preference.
VvPYLI, VvPYL4 and VvPYL5 are distributed in the beginning of their chromosomes, and VvPYL6 are
located in the middle of their chromosomes, while VvPYL2 and VvPYL3 are distributed in the ends of
their chromosomes. V'vPYL)5 has no intron structure, and the other members contain at least three exons.
Both the 5" and 3’ ends of VvPYL4 and VvPYL5 do not contain noncoding regions. The two exons of
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VvPYLI, VvPYL2 and VvPYL3, which are located in the 3’ end, were highly conservative, and are 216
bp and 219 bp in length, respectively. The sum of the 3 exons of VvPYL3 is 580 bp, which is the same
as that of wPYL5. The average number of amino acids in the gene family is 201, and the number of
amino acids in VVPYL1-VVPYLS5 is small, with an average of 184, while the amino acid number of
VVPYL6 is 286, which is significantly different from that of other members of the family. In addition to
VvPYLA4, this gene family is rich in acidic amino acids, and VVPYL2 and VvPYLS are stable proteins.
The secondary structure is dominated by alpha helix, extended chain structure and irregular coiling. Sub-
cellular localization prediction found that VVPYLS5 and VvPYLG6 are localized only in the cytoplasm,
VvPYL4 are located on the cell membrane and in the nucleus, VVPYLI1, VvVPYL2 and VVPYL3 exit in
chloroplast, cytoplasm and nucleus, VVPYL1 would also be located in the mitochondria. Phylogenetic
analysis showed that the VvPYL gene family could be divided into three sub groups, which is consistent
with the classification results of Arabidopsis. There are several conserved sites in the PYL gene family
of grape, which contain 4-8 motif. Among them, VVPYL2 had the least number of motif (4), and
VVPYL6 had the largest number of motif (8). qRT-PCR (quantitative real-time PCR) analysis showed
that after 400 mmol - L' NaCl treatment, the expression level of VvPYLI was the lowest at 2 h, and the
expression level gradually increased with the increase of stress time. The expression level of the gene
24 h after the treatment was almost the same as that of the control. The expression level of VYvPYL2 2 h
after the treatment with 400 mmol - L'' NaCl was significantly lower than that of the control, while the
gene were significantly up-regulated 6 h and 24 h after the treatment, which were 1.3 and 2.2 times as
high as that of the control, respectively. The expression levels of VvPYL3, VvPYL4 and VvPYL5 were
down regulated after 400 mmol - L' NaCl treatment, and the expression level of VvPYL6 24 h after treat-
ment with 400 mmol - L' NaCl was 1.6 times as high as that of the control. The response of V'vPYLI to
10% PEG treatment was basically the same as the V'vPYL2, and the expression level of the gene 2 h af-
ter treatment with 10% PEG was significantly lower than that of the control, and the expression levels
of the gene 6 h and 24 h after treatment with 10% PEG were up-regulated. Among them, the expression
level of the two genes 6 h after treatment with 10% PEG was 2.2 times and 2.1 times as high as that of
the control, respectively. The expression levels of VvPYL3, VvPYL4, VvPYL5 and VvPYL6 were down
regulated when the plantlets treated with 10% PEG compared with the control. The expression level of
VvPYLI was 1.2, 1.5 and 1.7 times as high as that of the control group 2 h, 6 h and 24 h after 50 mol-L"
ABA treatments, respectively. The expression level of VvPYL2 6 h after the treatment with 50 mol - L'
ABA was down regulated significantly, which was 0.2 times as high as that of the control. The expres-
sion levels of VvPYL3 and VvPYL4 were decreased to 1.6 and 1.4 times 24 h after the treatment with 50
mol- L' ABA. The expression levels of VvPYL5 and VvPYL6 24 h after treatment with 50 mol- L' ABA
were the same as those of the control. The response of VvPYLI to 100 pmol-L" ABA was almost the same
as VvPYL2, and the expression levels of VvPYLI and VvPYL2 6 h after treatment with 100 umol-L"' ABA
was 1.8 and 1.3 times as high as that of the control, and they were 2 and 1.6 times as high as that of the
control, respectively 24 h after the treatment with 100 umol - L' ABA. The expression levels of VvPYL3
and VvPYL5 2 h and 6 h after treatment with 100 mol- L' ABA were significantly lower than the that of
the control at 24 h. In addition, the expression level of VvPYL4 was lower than that of the control under
different stress times, and the expression level of V¥vPYL6 was higher than that of the control at 2 h.
[ Conclusion]In this study, 6 grape PYL genes were cloned. The PYL gene family was highly conserva-
tive and could be divided into 3 sub groups, which was consistent with the classification results of Ara-
bidopsis. Most members of the gene family could be induced by abiotic stresses. PYL family members
of grape may have different biological functions and affect the downstream signal transduction process.
This study provides a basis for functional study of PYL gene of grape in stress response.
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Table 1 Primers used for qRT-PCR

Ik B FF1(5°-3")

Primer name Sequence(5”'-3")

VwPYLI-F GCTCCTCTCTCGTCAAGCAC
VvPYLI-R AAGGTCACCCTGAACAATGC
VvPYL2-F GGGAACACCAAGGATGACAC
VvPYL2-R TGCATTGGCAGGTTCAACT
VwPYL3-F AACGGCAATGGATTAAGCAG
VvPYL3-R CGAGAGGAACAGGAGCTTTG
VvPYL4-F GACCGTTGTCGTCGAATCTT
VvPYL4-R TCTGGGCTAGTGACTGCAAG
VvPYL5-F CTTCATCAAGGATTGCACCA
VvPYL5-R TCTCAAGCCTCTCTGTGCTG
VvPYL6-F CCTACTGTCTGGTCCGTCGT
VvPYL6-R TCTCTGAGGCATCCCACTCT
UBI-F GCTCGCTGTTTTGCAGTTCTAC
UBI-R AACATAGGTGAGGCCGCACTT
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Chr. 02.map Chr. 04.map Chr. 13.map Chr. 15.map Chr. 16.map
start 0.00 start 0.00 start 0.00 start 0.00 start — 0.00
VwPYLI 1.26 VwPYLS5 0.76 VoPYlA 1.06
VwPYL6 7.37
W 1578 VoPYL2 18.13
VwPYL3 19.64
end 20.30
end — 22.05
end— 23.87 entlild 24.40
LR A7 E AL Mb.
The location of genes index were Mb.
1 WPYL EEFERAREEDS TS EM
Fig. 1 Chromosomal distribution and localization of V'vPYL gene family members
&2 WPYL EEFERAERER
Table 2 The basic information of V'vPYL gene family members
P . PetafiEnr  EHERE S TR ARUEIEE MRWEIREL SCPEKIE R
GRS E YR . . . o o
Chromosome  Amino acid Theoretical Molecular Instability Aliphatic Average of
Gene ID Gene name . . . . ..
location number pl weight/Da  index index hydropathicity
GSVIVG01019517001 VvPYLI Chr 2 185 5.90 21062.02 44.86 92.05 -0.362
GSVIVG01027078001 VvPYL2 Chr 15 178 6.38 20 045.03 37.65 95.67 -0.193
GSVIVG01028704001 VvPYL3 Chr 16 185 5.81 20966.87 4831 92.65 -0.410
GSVIVG01032747001 VvPYL4 Chr 13 189 7.15 20468.46 41.81 93.76 0.122
GSVIVG01035362001 VvPYL5 Chr 4 185 5.32 20881.47 33.47 84.16 -0.405
GSVIVGO01013161001 VvPYL6 Chr 2 286 5.35 3213827 48.61 75.63 -0.286

&3 VVPYL R ZREHD 7 K I 20 A E L T

Table 3 The secondary structure analysis and subcellular localization prediction of VVPYL protein

HAA -1t

Protein name a-helix/No.

I RS

TEHLIE ih

Extended strand/No.Beta turn/No.Random coil/No.

V24 R o7

Subcellular localization

VVvPYLI1 58
VvPYL2 40
VVPYL3 58
VvPYL4 73
VVPYLS 54
VVvPYL6 127

39

46
35
42
45
51

B-H4 A

20 68
18 74
15 71
12 62
21 65
27 81

TS i S LR AL A L 4 P A
Chloroplast, Cytoplasm, Mitochondrion, Nucleus

AR AR R #% Chloroplast, Cytoplasm, Nucleus
2344 41 412 #% Chloroplast, Cytoplasm, Nucleus
N A9 4% Cell membrane, Nucleus
A Cytoplasm
45 Cytoplasm
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2 WwPYL EREZRER R E RSN
Fig. 2 Gene structure of V'vPYL gene family members
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Fig. 3 Phylogenetic trees of PYL of grapevine and Arabidopsis thaliana constructed by neighbor-joining method
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Fig. 4 Analysis of conserved motif of grape PYL gene family
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