o o2 R 2021,38C10): 1638-1652

Journal of Fruit Science

DOI:10.13925/j.cnki.gsxb.20210202

TEME T EE A0P £ RE K &Y
U TE K5 R P & T
Myl 2 BROK Jp 2, RN, X A, R B, e
CHRTRIHE A1 £ 5D (R 40% T B 471023 740 S M8 R T RHR IRt 0 W B 471023)

B E: [BRERAT S8 N & AQP (W S s W45, 4 Ja St 508 4 DL 55 8 3 BE RN 3 SR 4 L S pL B i
WA LT 38 DL A B2 TR W1 8 AQP FE DR 505 R 03 [ BR AL PR T R G dh AL AN G C ik 5 A7, HEAT IR ER 1 23 BT
TRV S R - U 4 TR0, 3 T 2% Sy 2H B3040 53 W 1% 2= R R MR TE 1 5% ol 2 R 5 7% 1% (abscisic acid, ABAD AL 3 R [ 3R ik 1%
o [EER 137 A VvAQP 3[R 2 22934 PIP TIPNIP SIP VU, 43 B3 A 1E 17 e tofh b, Bl LR W, L4 5
ST BRI 2 X R . R TR A VVAQP B 17 TR 1AM AQP 2 B AE R 1 (major in-
trinsic proteins , MIP) (1] {57 &5 M IAFAE o 38 3 3 S5 v 42 I 28 T & B0, B 1) PvA QP 5 IR % i IR 7 £ 2240 N 16
2o TG T, MR R 4> YvAQP B K RIAFFS: N, VwPIP2-3. VvPIP2-6 {EAR Wi 542 i, 7> vAQP 3 [A
Z ABAREFES. TRIIET ISANERFREWHEFE T REE 134 AP BRI TR R R EIR)E E IRt
T AQP FER O R A I FE AR B, I8 e B R R LT RE 2 5T 5 W38 1 vAQP L, FF TN 1 3 e I K] 1)
ST N 2%

KRR A0 4 s AQP s TR il s B ok R 5 s

FE 245 :5663.1 MR RS A X E S :1009-9980(2021)10-1638-15

Identification of grapevine AQP family and prediction for transcriptional
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Abstract: [Objective] Grape is one of the oldest fruit crops in the world. Most of the grapes in the
world are cultivated in arid and semi-arid areas. Facing with the increasingly severe environment on the
earth, the grape industry will face a serious impact in the future, drought will become one of the key fac-
tors restricting grape production. The aim of this study was to identify members of the AQPs gene fami-
ly in the whole grape genome. In addition, the transcriptional regulatory network of VvAQPs under
drought stress was explored to provide theoretical basis for the subsequent research on the function and
the transcriptional regulation mechanism of drought resistance genes in grape. [Methods] Through
BLAST Arabidopsis thaliana AQP protein sequences and the HMM file (PF00230), 37 VvAQPs were
identified based on the grape genome database. The phylogenetic analysis, gene structure and protein se-
quence analysis, chromosome location and series replication analysis of grape AQP genes family were

performed by using bioinformatics method, interspecific collinear analysis, targeted VvAQPs transcrip-
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tion factor regulatory network analysis. Through drought stress and ABA treatment to further identify
the VvAQPs involved in drought, and explore possible transcriptional regulatory relationships.[Results]
Thirty- seven VvAQPs members were identified from the grape genome. The sequence lengths of
VvAQPs varied from 65 to 354, the molecular weights of VVAQPs varied from 6.79 to 37.33 kDa, and
the isoelectric points of VVAQPs varied from 4.33 to 9.79. Most of the VVAQPs protein had 6 trans-
membrane domains. Phylogenetic analysis showed that the family was divided into PIPs, TIPs, NIPs
and SIPs. These V'vAQPs were distributed among 17 chromosomes, one VvAQP was distributed on 4,
11, 12, 18 _random chromosome, and two on 2, 5, 9, 10, 16, 7_random, Un chromosome. There were 3
VWAQPs on 3, 6, 13, 14, and 15, 4VvAQPs on the chr8 chromosomes. V'v4AQPs were accompanied with
5 pairs of segmental copies and 2 pairs of tandem copies. There were 27 AQP homologous genes be-
tween grape and Arabidopsis thaliana, 31 AQP homologous genes in tomato, 36 AQP homologous
genes in peach, 55 AQP homologous genes in poplar and 44 AQP homologous genes in kiwifruit, re-
spectively. In addition, the number of homologous genes on the 6, 8 and 13 chromosomes of grape were
large, 5 V'vAQPs were direct homologous genes with other 6 species, and 7 V'vAQPs were homologous
with other 5 dicotyledons. Gene structure and protein sequence analysis showed that there was a con-
served domain characteristic (MIP) of plant aquaporin in each grape AQP protein sequence and genes
from the same subgroup had similar structures. The prediction of transcriptional regulatory network re-
vealed that the transcriptional regulatory factors targeting V'vAQPs were mainly divided into 16 types
(HD-ZIP, MYB, ERF, bZIP etc.). Combined with transcriptome data, most V'v4AQPs were significantly
down-regulated in roots and leaves under drought stress, and V'vAQPs in most roots or leaves were not
differentially expressed during the T1 period of drought stress. In roots, VvPIP3-1, VvNIP3-1, VvTIP1-2
and WWTIP2-1 were significantly down-regulated, while VvPIP2-3 showed the opposite trend and was
significantly up-regulated. VvNIP2-3, VvPIP1-3, VvNIPI-1 and VvTIP4-1 were significantly down-regu-
lated in the later stage of drought stress, and VvTIP2-2 was only significantly down-regulated in the M4
drought-tolerant genotype. In leaves, VvTIP1-4, VvTIP2-1 and VvPIP3-2 were significantly down-regu-
lated, VWTIPI-2 and VvNIP3-1 were up-regulated first and then down-regulated, and most genes of
grape PIP subfamily members were significantly down-regulated in later stages, such as VvPIPI-3,
VvPIPI-5, VvPIP2-1, VvPIP2-2, VvPIP2-4and VvPIP2-5. VvAQPs were induced by ABA in different
tissues. In roots, 4 VvAQPs were significantly up- regulated after being induced by ABA, such as
VvPIP3-1, VvPIPI-6, VvPIP2-2 and VvTIP3-1, and VvNIP4-2 was down-regulated after ABA treatment.
In leaves, VvNIPI-1, VvPIP3-1 and VvTIPI-3 were induced to be up-regulated, while VvPIP2-2 was in-
duced to be down-regulated. Combined transcriptome expression data with transcriptional regulatory
network prediction results, 15 differentially expressed transcription factors may regulate 13 Vv4AQPs un-
der drought stress. Under drought stress, HD-ZIP (VIT 16s0098g01170, VIT 0450023201330 and VIT _
1550048¢02870) showed an up- regulation trend, and their target genes VvPIP2- 1, VvPIP2- 4 and
VvTIPI- 1 basically showed a trend of up- regulation first and then down- regulation. bZIP (VIT
0150010200930, VIT 18s0001g10450 and VIT 1550046g01440) was all up- regulated. Their target
genes VWTIPI-4, VvNIPI-1, VvPIPI-5, VvPIPI-4, VvPIP2-5, VvTIP1-3 and VvTIPI-1 basically showed
a downward-regulation trend in roots and leaves under drought stress. V'vTIPI-2 was first up-regulated
and then down-regulated in the leaves, while it was continuously down-regulated in roots. NAC (VIT _
0150026202710 and VIT 19s0014g03290) all showed an up-regulation trend, and they jointly targeted
the VWTIP2-1, which was continuously down-regulated in roots and leaves under drought stress. In addi-
tion, VIT 1150016g02410 (MYB_related) and target gene VvNIP3-1 continued to be down-regulated in
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roots under drought stress, VIT 16s0013g01000 (ERF) and target gene VvPIPI-7 were continuously
down- regulated in roots under drought stress, and VIT 07s0197g00060 (G2- like) and target gene

VVTIP2-1 showed opposite trends in roots and leaves under drought stress.LConclusion]The basic infor-

mation about grape AQPs family members was identified and provided, and the VvAQPs involved in

drought stress and the predicted transcriptional regulatory networks were further identified, which pro-

vided a theoretical basis for further study on grape AQPs involved in drought stress and transcriptional

regulation mechanism.
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Fig. 1 Phylogenetic analysis of AQP in grape and Arabidopsis
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Table 1 Chromosomal location of grape AQP and Amino acid numbers, putative MW, pl, THM
ERAK ST et fh fr B IPRE gy, BRI
Gene name  Sequence ID Chromosome Localization Protein Mo.lecular Trans.membrane
length/aa weight/kDa domains

VvNIP5-1 VIT 02s0025g03260.t01 2 2 788 379~2 791 515 298 30.70 9.08 5
VvPIPI-6 VIT_02s0025g03390.t01 2 2 890 636~2 893 718 287 30.71 8.61 6
VvPIP3-1 VIT_03s0038g01390.t01 3 976 131~977 121 304 32.27 5.8 7
VvPIP3-2 VIT 03s0038g01410.t01 3 984 045~985 466 320 34.32 7.17 7
VvPIP2-4 VIT 03s0038g02520.t01 3 1760 984~1 762 467 279 29.62 8.97 6
WWTIP4-1 VIT_04s0008g03550.t01 4 2903 920~2 905 762 301 32.12 5.96 6
VvNIP7-1 VIT_05s0020g02740.t01 5 4462 134~4 463 397 293 31.38 8.21 6
VvPIP1-4 VIT 05s0029g00510.t01 5 15337 973~15 338 474 65 6.79 7.62 1
VvPIP2-1 VIT 06s0004g02850.t01 6 3578 735~3 580 302 280 30.01 7.00 6
WTIPI-2 VIT_06s0004g04120.t01 6 5090 720~5 091 916 268 28.03 7.10 6
WTIP1-4 VIT_06s0061g00730.t01 6 18257 635~18 258 750 251 26.09 5.32 4
VvNIP2-1 VIT 07s0141g00080.t01 7 random 52 369~53 027 124 13.21 4.77 3
VvNIP2-2 VIT 07s0141g00160.t01 7 random 112 802~113 460 124 13.21 4.77 3
WTIPI-1 VIT 08s0007g04780.t01 8 18 763 893~18 765 006 251 26.21 5.89 6
WSIPI-1 VIT_08s0007g07680.t01 8 21 138 702~21 144 717 238 25.18 9.15 5
VvSIP2-1 VIT_08s0040g00400.t01 8 11 323 666~11 328 580 241 26.52 9.79 4
VvPIP2-3 VIT 08s0040g01890.t01 8 12 986 520~12 988 082 287 30.69 7.14 6
WTIP2-1 VIT 09s0002g04020.t01 9 3712 870~3 714 177 249 25.48 5.87 6
VvNIP6-1 VIT_09s0070g00080.t01 9 13012090~13014358 354 37.33 8.28 6
VvNIP1-1 VIT_10s0003g01830.t01 10 3271 408~3 273 259 282 29.82 9.15 6
VvPIP2-5 VIT _10s0003g03580.t01 10 6 024 746~6 025 240 118 12.86 6.94 0
VvNIP2-3 VIT 11s0078g00490.t01 11 12 865 608~12 866 147 89 9.32 4.94 2
VvPIPI-1 VIT _12s0034g00250.t01 12 15719 960~15 720 373 119 12.42 6.82 0
WTIPI-3 VIT_13s0019g00330.t01 13 2428 952~2 430 676 251 25.84 5.32 6
VvPIP2-2 VIT_13s0019g04280.t01 13 5602 037~5 604 892 284 30.29 8.29 6
VvPIP1-7 VIT 13s0067g00220.t01 13 154 711~155 950 286 30.55 8.53 6
VvNIP4-2 VIT 14s0006g01540.t01 14 17 711 147~17 713 378 281 29.85 8.46 6
VvNIP4-1 VIT_14s50006g01560.t01 14 17 758 809~17 762 011 117 12.78 5.86 2
VvNIP3-1 VIT 14s0108g00700.t01 14 29 407 401~29 409 742 294 31.00 8.34 6
WTIPS5-2 VIT 15s0021g02420.t01 15 13417 086~13 418 212 251 25.85 5.73 6
VvPIPI-3 VIT 15s0046g02410.t01 15 19 192 837~19 196 048 286 30.89 8.98 6
VvPIPI-5 VIT_15s0046g02420.t01 15 19 199 340~19 206 837 286 30.71 8.66 6
WWTIPS-1 VIT _16s0022g00330.t01 16 112478 76~11 248 951 249 25.49 5.73 6
WWTIP3-1 VIT _16s0039g00220.t01 16 102 284~103 573 259 27.42 7.11 6
VvPIPI-2 VIT 18s0001g06480.t01 18 random 4 857 859~4 858 322 141 14.93 6.39 0
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Fig. 8 Combined site prediction of candidate transcription factors in V'v4QP genes promoters
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