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Abstract ; Actin gene family was identified from the whole genome of Viiis vinifera Linn. by bioinformatics
method, and chromosome localization and structural characteristics of each gene, physicochemical
property,, subcellular localization, secondary structure, tertiary structure and phylogeny of proteins
encoded, and gene expression in different tissues were researched. The results show that sixteen genes in
Actin gene family of V. wvinifera are distributed on twelve chromosomes. There are great differences in
structural characteristics of sixteen genes and physicochemical property of their proteins encoded.
Variation ranges of length of sixteen genes and their total length of introns are large, and those of total
length of coding sequences ( CDSs) and exons are small. Except genes with accession number of
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GSVIVG01008254001 and GSVIVG01014035001, GC contents in other fourteen genes are lower than
those in their CDSs. Except gene with accession number of GSVIVG01008254001, theoretical relative
molecular mass of proteins encoded by other fifteen genes is 12 534. 54-82 612. 33, and their theoretical
isoelectric point is pl 4.92 —pl 9. 13. Extinction coefficient of proteins encoded by sixteen genes is
14 105-73 645, their aliphatic amino acid index is 65.54 -92.06, in which, there are nine stable
proteins and seven instable proteins. Except gene with accession number of GSVIVG01014035001,
proteins encoded by other fifteen genes are hydrophilic proteins. Protein encoded by gene with accession
number of GSVIVG01016517001 is located in cytoplasm and nucleus, and those encoded by other fifteen
genes are located in cytoplasm. The secondary and tertiary structures show that proteins encoded by
sixteen genes in Actin gene family of V. vinifera are composed with a helix, random coil and extended
strand, and in general, random coil is the main component. Analysis results of phylogeny and gene
expression in different tissues show that being similar to Arabidopsis thaliana ( Linn.) Heynh., proteins
encoded by sixteen genes in Actin gene family of V. vinifera can be divided into three subfamilies. Class
II subfamily ( vegetative type ) includes proteins encoded by genes with accession number of
GSVIVG01003099001 and GSVIVG01026580001, and the expression of these two genes in all tissues is
higher. Class Il subfamily ( reproductive type) includes proteins encoded by genes with accession
number of GSVIVG01033494001, GSVIVG01024980001 and GSVIVG01016550001, and the expression
of these three genes in pollen, stamen and flower is higher. Class I subfamily includes proteins encoded
by the rest of eleven genes, and the expression of these eleven genes in all tissues is generally low. The
results of gene expression analysis show that there is tissue specificity in expression of Actin gene family of

526 &

V. vinifera.

Key words: Vitis vinifera Linn.; Actin gene family; phylogeny; gene expression
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X (UTR) #1 5" - UTR 9 % & A sk B, R
DNASTAR #fHiH5 GC &,

.23 maZaRyRAER>H FH
ProtParam tool ( hitp: // web. expasy. org/ protparam/ ) 43
BT Actin FHE PR G20 v 2%k DK Gt Al 25, 14 o ) AR LAk 1k
[T, 4 S IR R E A i B AR o i I A
L P EISROK REC TR AR E REUR Wi e
SR .

1.2.4 %AZFQRVEMILTAL —REMR =B
Mo A S IRGERSE" 1735 A A Plant - mPLoc
sever FRIF AT Actin PR G210 45 5 R 4 2 11 5 9 I
A 22 57 ; K FH SOPMA 2% 43 Hr 25 111 ot — 4544 5 )
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1.2.6 Actin 2B RAG AL F K5 TEHESH
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JRAELL 2 SRIRHO S R MeV 342 il A 4]

2 HERFH

2.1 BH Actin EEREHNEEFALETE

%] Actin FEHRFHEEB R 1, HEL AW,
% Actin FERFEILAEE 16 ANFEN | H A JE R 7R Y
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Table 1 Information of Actin gene family of Vitis vinifera Linn.

i BRS Peta kg i
No. Accession number Chromosome localization
1 GSVIVG01000587001 ch01.:6782564-6810457
2 GSVIVG01003099001 ch12.8678866-8681135
3 GSVIVG01008254001 ch17.4031362-4061477
4 GSVIVG01008255001 ch17.4013614-4030933
5 GSVIVG01014035001 ch16:9532118-9532444
6 GSVIVG01014840001 ch19.10434342-10444022
7 GSVIVG01015049001 ch11:713295-714860
8 GSVIVG01015556001 ch11.:4862914-4867036
9 GSVIVG01016517001 ch13.3197303-3207623
10 GSVIVG01016550001 ch13.2880916-2883022
11 GSVIVG01024980001 ch06.5548568-5552191
12 GSVIVG01026580001 ch04.:21427667-21430968
13 GSVIVG01032120001 ch13.22480789-22496776
14 GSVIVG01033049001 ch14.25325845-25334371
15 GSVIVG01033494001 ch08:20249818-20252600
16 GSVIVG01036362001 ch18.4225053-4229977

2.2 HE Actin BEER R EFHES T

HI% Actin SER R G RAE L 2, 3k 2
] WL A Actin IR 16 DFEHF S 1~16 PN 4E
JF51 (CDS) FMANE F LA K 0~ 15 MN&E T, B3RS
GSVIVG01008254001 2 A rf A1 it F N 5 4k i
®Z, & 55 GSVIVG01014035001 ft %L A 4 i 1
RN S PR, #4 Actin FERFK R 16 HF&H
KR ARG I3 K, R 327~30 116 bp, BRE S
GSVIVG01014035001 114 3% (KA & N & F 41, H b
15 ANFEE NS T BB AR ETE AR,y 314~
28 412 bp, % Actin IEF KK 16 HFH H CDS
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AT B AT R BN 4 R 327 ~2 178
1326 ~2 544 bp,

H 3% 2 AT DL . 25 Actin FERZ % 16 S FEH
GC &R ALIEE A 30. 48% ~43. 68% ,CDS 1 GC
SR AL I B 34.09% ~ 50.23% ., BB RS
GSVIVG01008254001 1 GSVIVG01014035001 Ft LA
A, HiAth 14 NEEF B GC FR=IMLTF H CDS 1Y GC
T,

H 3% 2 AT DL . A 25 Actin FERZ % 16 >3 [H

B 5 GSVIVG01008255001 . GSVIVG01014035001
F1 GSVIVGO1015556001 114 3L A A & 37— JE i X
(UTR) , Hofth 13 ANEEH I E 14> 3'-UTR, HiX 13 4>
FEPH 3'-UTR By S JE O 120~1 171 bp, B
433 4 GSVIVG01008254001 , GSVIVG01014035001 |
GSVIVG01015049001, GSVIVG01015556001 .,
GSVIVG01016550001 1 GSVIVG01036362001 FY 3k [H
AN F 5 - UTR, & % % GSVIVG01024980001 #F01
GSVIVG01033494001 LA % 2 4~ 5'-UTR, HAth 8 1~

K2 FEH Actin EEFR KA EHHEFEY
Table 2 Structural characteristics of Actin gene family of Vitis vinifera Linn."
CDS ShEEF Exon
BRT FERK B /bp GC &8/ %
Accession number Gene length GC content Bt MK EE/bp GC & h/% Rt BB/ bp
Number Total length GC content Number Total length
GSVIVG01000587001 27 894 38.23 11 1149 45.87 11 2110
GSVIVG01003099001 2270 41.98 5 867 48.10 5 1315
GSVIVG01008254001 30 116 34.39 16 1329 34.09 16 1 655
GSVIVG01008255001 17 320 37.88 8 531 41. 81 8 644
GSVIVG01014035001 327 41.28 1 327 41.28 1 326
GSVIVG01014840001 9 681 30. 48 12 1422 45.08 12 1772
GSVIVG01015049001 1 566 43. 68 1131 46.77 952
GSVIVG01015556001 4123 39.19 7 1302 50.23 7 1302
GSVIVG01016517001 10 321 35.94 12 2178 44.21 12 2 544
GSVIVG01016550001 2107 42.76 4 1134 47.18 4 1 440
GSVIVG01024980001 3 624 38.27 4 1131 47. 66 1611
GSVIVG01026580001 3302 39.92 1227 46.21 2118
GSVIVG01032120001 15 988 37.40 7 1 086 44. 11 1 464
GSVIVG01033049001 8 527 34.58 15 1170 43.50 15 1 680
GSVIVG01033494001 2783 40.32 870 48.51 6 1327
GSVIVG01036362001 4925 43.29 741 45. 88 3 1913
W& ¥ Intron 3'-UTR 5'-UTR
BRT
Accession number Kt BB/ bp o B E/bp by S BE/bp
Number Total length Number Total length Number Total length
GSVIVG01000587001 10 25 802 1 586 1 373
GSVIVG01003099001 4 955 1 436 1 10
GSVIVG01008254001 15 28 412 1 325 — —
GSVIVG01008255001 7 16 746 — — 1 112
GSVIVG01014035001 0 — — — — —
GSVIVG01014840001 11 7 909 1 273 1 75
GSVIVG01015049001 3 314 1 120 — —
GSVIVG01015556001 6 2 821 — — — —
GSVIVG01016517001 11 7777 1 320 1 44
GSVIVG01016550001 3 667 1 305 — —
GSVIVG01024980001 3 1093 1 356 2 121
GSVIVG01026580001 5 1185 1 675 1 213
GSVIVG01032120001 6 14 340 1 255 1 121
GSVIVG01033049001 14 6 837 1 338 1 180
GSVIVG01033494001 4 831 1 376 2 78
GSVIVG01036362001 2 3013 1 1171 — —

D CDS. 4t FE5 Coding sequence; UTR: JEEHIZE X Untranslated region. —: TeE i No datum.
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2.3 EF Actin ERZK K 16 M EREREBEAQRIE
RS

B Actin FER R 16 A3 K 40 i 35 (5 A9 2R
LTI 3. 455 % W% Actin JEPRI 50 16 /4
FE PR G i B 11 5 Y R AR SRR Ol 108 ~ 725, % SR
5 GSVIVGO1016517001 Y3 Rl 4 idh B 1 Jo 1) 2 Jik i
FRFLER i & | B S5 GSVIVG01014035001 1) 3 [
W EATM AR B R D, BRERXS
GSVIVG01008254001 FYFER A1, #i 4G Actin 3 F %
A 15 NS5 PR At R R I RS ARG 43 Tl

£3 HE Actin ERARK 16 M EEHFBEOROELERY

12 534.54 ~ 82 612.33, P S H 250 pl 4.92 ~
pl 9. 13, Horp 12 AL PR A B 1 T 1 RS 46 L /)N
T pl 6.5, WM, 3 5L K gt 8 11 0T 1 BB 55 L A
KT pl 8.0, BAgPE, #iA Acin FEH K% 16 4~ H
AR R YE R BN 14 105 ~73 645, 15 117 % &
FERRTE RN 65. 54 ~92. 06, % Actin HH F % 16
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40, A RRE B 1 HoAth 7 A58 R 4R A 1 B AR R e
EBLK T 40, W AR EEH, BRE RS
GSVIVG01014035001 142 PR 2 i 14 28 141 J52 A i 7K 1
SN, HH Actin FEPR A A 15 A FE P gr it 1
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Table 3 Physicochemical property of proteins encoded by sixteen genes in Actin gene family of Vitis vinifera Linn.!!

. RERRIEHR RHAE TR BRI PHRARE  TERE ARUEl I
Accession mumber Num.ber of amino  Theoretical relative . Theor(.jtlcal. Grand average of EXll]’%CTlOH Insjtablhty Ahph.atl.c amino
acid residues molecular mass isoelectric point  hydropathicity ~ coefficient index acid index
GSVIVG01000587001 382 42 106.90 5.59 -0.132 39 685 37.07 79.08
GSVIVG01003099001 288 31 542.22 5.85 -0.107 38 515 37.82 86.01
GSVIVG01008254001 442 — — -0. 164 24 785 32.50 65. 54
GSVIVG01008255001 176 19 488.90 4.94 -0. 044 18 825 40.03 69.20
GSVIVG01014035001 108 12 534. 54 8.71 0.014 14 105 34.95 87.31
GSVIVG01014840001 473 53 012. 41 9.13 -0.038 70 985 51.69 85. 14
GSVIVG01015049001 376 42 098. 45 5.23 -0.157 47 245 42.36 88. 88
GSVIVG01015556001 432 48 477.53 5.68 -0.204 35 005 44. 96 89. 10
GSVIVG01016517001 725 82 612.33 5.71 -0. 638 73 645 51.75 73.56
GSVIVG01016550001 377 41 814. 81 5.31 -0.199 46 090 35.53 82.52
GSVIVG01024980001 375 41 436. 47 5.31 -0.174 44 600 36.96 85.33
GSVIVG01026580001 408 45329.11 5.59 -0. 126 47 580 39.73 88.43
GSVIVG01032120001 360 39 635. 10 4.92 -0.134 30 285 42.47 92. 06
GSVIVG01033049001 389 44 158.94 5.52 -0.202 43 820 36. 19 91. 65
GSVIVG01033494001 289 31 675.33 5.85 -0.135 38 515 38.39 84.36
GSVIVG01036362001 246 27 642.63 8.67 -0.178 36 245 48. 80 78. 46

D —. KA Undefined.

2.4 BF Actin ERZKK 16 M ERRBEARMT
MATENL . —RE R = REM D

i Actin FERF G 16 DEHN AL E A R IE
20 S I A R L3 4,16 A IR G i 1 TR Y
AL 1,
2.4.1 Tzmpegir PR 40O HA Actin IR K
P AUE S5 GSVIVG01016517001 Fib 35t R 4 i 1) 25
A 0 A7 &40 6 o R 40 A%, oAt 15 A6 PR 4 1Y
B R T AN
2.4.2 Z&HM HRE4ETILEE Acin FEF K
JB 16 AL S B 1 0L 1) R EEH I o BRE G

TIN5 P R A A 2 B, HL RV DL T RO il ok 2
B35 GSVIVG01000587001 , GSVIVG01003099001 |
GSVIVG01008255001, GSVIVG01014035001
GSVIVG01033494001 1 GSVIVG01036362001 1) 3k [A]
St 25 1B R & TR A R e
FIMRAR YR Ry TCHL ) 45 if | A A B | o BRTIE; B SRS
GSVIVG01008254001 14 PR g 5 2 11 o 119 — G 45 4
o SR TTIE T o A ER s B Y S (R % | TG
FRIE o BR5E ; Hoax 9 AN DK 4 L 8 1 0T i 4
ZERb 25 R T I i EAE ER s BEAR A TC R
Gl o BRE T AREE
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Table 4 Subcellular localization and secondary structure of proteins encoded by sixteen genes in Actin gene family of Vitis vinifera Linn.

e Wﬂﬂﬂﬂ‘i{j v LB/ %> Percentage® e Wéfﬂﬁ@fﬁ{ﬁ b /%% Percentage®
Accession number Subcellular Accession number Subcellular

localization" H RC ES localization"’ H RC ES
GSVIVG01000587001 C 20. 42 57.85 21.73 GSVIVG01016517001 C,N 36. 46 45.58 17.96
GSVIVG01003099001 C 22.57 50. 35 27.08 GSVIVG01016550001 (o 29.71 48.28 22.02
GSVIVG01008254001 C 23.98 35.97 40. 05 GSVIVG01024980001 (o 34.31 45.48 20. 21
GSVIVG01008255001 C 5.11 65.91 28.98 GSVIVG01026580001 (o 27.21 46. 81 25.98
GSVIVG01014035001 C 12. 04 62. 04 25.93 GSVIVG01032120001 (o 37.95 46. 81 15.24
GSVIVG01014840001 C 33.19 42.71 24.10 GSVIVG01033049001 C 33.93 47. 81 18.25
GSVIVG01015049001 C 37.23 42.82 19. 95 GSVIVG01033494001 ( 22.49 50. 17 27.34
GSVIVGO01015556001 C 26. 64 52.19 22.17 GSVIVG01036362001 C 13. 41 57.72 28. 86

D C. 4t Cytoplasm; N 4% Nucleus.
D H: a2HE a helix; RC: JCHLZE:H Random coil; ES: #E{#4% Extended strand.

(J.‘I

GSVIVG01014035001

(g »

GSVIVGO10: ! GSVIVG01033494001 GSVIVG01036362001

45 R KB 55 Numbers in figures are accession numbers of genes.

El1 #EHE Actin EEZRE 16 M EREBEARH=REN

Fig. 1 Tertiary structure of proteins encoded by sixteen genes in Actin gene family of Vitis vinifera Linn.
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Fig. 2 Phylogenetic tree of proteins encoded by each gene in Actin gene family of Vitis vinifera Linn. and Arabidopsis thaliana (Linn.) Heynh.
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Fig. 3 Tissue expression pattern of Actin gene family of Vitis vinifera Linn.
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