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Abstract : Auxin response factors ( ARFs) , which activate or repress the auxin response genes by binding to
auxin response elements( AuxREs) on promoters , are essential to auxins signal transduction and act as critical roles
in modulating various biological processes. In this study, TaARF genes were comprehensively identified from current

wheat genome by using bioinformatics methods and gene structure, chromosome location prediction, conserved
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domain of proteins, homologous evolution and homologous protein were analyzed. Results showed that 61 TaARF
genes were identified, which were located on the chromosomes except chromosome 4A,4B,4D,5A and 5B. The
nomenclature was based on the positions of the wheat chromosomes. TeARF genes had complex structure. The num-
ber of exons varied from 1 to 15, most of TaARF genes contained conserved B3 domain, Auxin-resp domain and
Aux/TAA domain. Analysis for homologous evolution showed that the number of paralogs of TaARF genes were more
than HvARF genes and BAARF genes. Fourteen TaARF genes which were related to root development were gained by
using sequence alignment to the Arabidopsis database. A wheat line JM6 was subjected to drought stress treatment
followed qPCR analysis of the 14 genes. Seven genes showed more than 5 times over control in expression level.
Compared with its parents, F; hybrids had a higher expression level. Based on these results, we speculated that

TaARF genes played an important role in response to drought stress. These might be involved in the heterosis and

the gene expression regulation network of root drought tolerance.
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Table 1 TaARF genes associated with root development

wmss D et I ARF

Gene name ARE LI E-value PIETERE
AtARF AtARF gene function annotation

TaARFI AIARFI0 7e-06 WEH R E

TaARF25 3e-07

TaARF17 7e-06

TaARF22 AARF16 2¢-06 WE R E

TaARF60 2¢-06

TaARF56 le-04

TaARF6 AUARF17 2e-05 AERKE

TaARF30 AtARF7 le-06 MR AT R & &

TaARF9 4e-09

TuARF43 le-07

TaARF11 le-08

TaARFI2 3e-12

TaARFI6 le-10

TaARF51 AIARFI9 4e-18 M % 7
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Table 2 Primer sequences of real-time quantitative PCR

H Takara 520} 2¢ %€ i 7 & SYBR Premix Ex I
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i AR R ST 7R R ST B DL A X kiR 15 )
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CIR/EA S

Primer name

SIYIFFI( 5'-3")

Primer sequence

CIR/E 7

Primer name

SIFFI(5-3")

Primer sequence

TaARF1-F GCACGGAGGCTGACGATAATA
TaARF1-R GCACGGGTAAACAAACGCTAAT
TaARF6-F AGATTGCGAAAACATGGTGAT
TaARF6-R CTGGAGCTAGGTGGGAAGAAC
TaARF9-F CAACACCAGCCCATTTACC
TaARF9-R CCAGTTATCGTACCCATGTACC
TaARF11-F AGGCATACGGCGTGCTA
TaARF11-R ATTCTGATGGGCTCGCCCTAT
TaARF12-F GGAGATATTGCTGGCATCAGAG
TaARF12-R AATGAGAAGTCAAGACGAGGGA
TaARF16-F GGTACAATAACTGGCATAAGTGATC
TaARF16-R GTGTGGGATAGATGAAGAAAGGAG
TaARF17-F GACGTGCTCTACTACCCGAGGG
TaARF17-R GGACGAGTCCTCCGTCTCGA
TaARF22-F AACACTCTCCTCTGGGGCTAC

TaARF22-R ACATCCTCCGATTCCATAAATA
TaARF25-F GTTCAAGTTCCGCCACATCTAC
TaARF25-R GTTCACGAAGTTGCTCCAGC
TaARF30-F CCAACACCAGCCCATTTACC
TaARF30-R TTCCTCCGTCTCGCACATC
TaARF43-F GGGACGATAACAGAAGTGAGTG
TaARF43-R GATGCTTAACCCTCAGCGGA
TaARF51-F GCGAAGCAGGGGAGAAGAA
TaARF51-R CTGTGGAAAGTAGACGACGAGG
TaARF56-F TTCGAGACCGAGGATTCGTC
TaARF56-R CCGCTTCACATTCTGGAGGA
TaARF60-F ACACCACAGAGCACAGAAAAAT
TaARF60-R GGTGAACTATTTCCAGTAGCCC
18S-S TGCTGGAATCGGAATAGTTGAG
18S-A ACTACGCAGGCTCATCAAACAG

2 FHRE5HMH
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A5 Ak 5 Wl & 7.91 kD ( TaARF36) #] 126.08 kD
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B s & AR (G), BW KR F e HEERERE G EH ; TaARF34  TaARF55 Fl
FH0) il DNAMAN #£47 /M3 ARF B (1192  TaARF57 WAl Xk er & 56 (S) IR &M (T) #l
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Table 3 Basic information of 61 wheat ARF family genes

Yo A (RSP, ORF K J& AN Protein prediction
P4 R4 e fE ARTH (bp) AR (a) AFR(D) Sk
Gene name Genomic accession No. Chromosome (bp) No. of extron  Open reading Amino Molecular Isoelectric

location Location fragment length acid mass point
TaARF1 Traes_1AL_147CF243C. 1 1AL 322 ~573 3 1380 459 49. 68 6.73
TaARF2 Traes_1 AL_BI14FE48AF. 1 1AL 535 ~780 8 378 615 67.08 8.18
TaARF3 Traes_1AL_B9A38E127. 1 1AL 116 ~358 6 1269 422 46. 80 8. 86
TaARF4 Traes_2AL_05ECC440C. 2 2AL 1108 ~ 1326 14 3192 977 107. 83 6.05
TaARFS5 Traes_2AL_A7941CB12. 2 2AL 799 ~ 1035 14 2229 742 83.13 6.56
TaARF6 Traes_2AL_C70217249. 1 2AL 721 ~948 2 1548 515 55.85 5.92
TaARF7 Traes_3AL_561A00448. 1 3AL 453 ~695 9 1614 537 59. 65 8.48
TaARFS Traes_3AL_A30A3C355. 1 3AL 598 ~ 840 6 792 263 29.99 10. 26
TaARF9 Traes_6AS_967D58FB4. 1 6AS 1228 ~ 1455 14 3408 1135 126. 08 6.32
TaARF10 Traes_6AS_10D92215D. 2 6AS 1666 ~ 1902 14 3657 928 102. 39 5.93
TaARF11 Traes_7AS_1C1077D77. 1 7AS 316 ~513 6 2310 845 — —
TaARFI2 Traes_7AS_582E3076D. 1 7AS 652 ~807 8 786 262 29.35 9.70
TaARF13 Traes_7AL_F36D340F4. 1 7TAL 793 ~1026 15 3372 1123 125.23 6.59
TaARF14 Traes_7AL_1415D04BF. 1 TAL 517 ~753 10 2190 729 80. 83 7.18
TaARF15 Traes_3AL_E34DF2F08. 1 3AL 586 ~831 7 1191 397 45.28 9.72
TaARF16 Traes_7AS_BABCO15C7. 1 7AS 34 ~111 — 1701 567 63.09 6.00
TaARF17 Traes_7AL_E3ADC8C38. 1 TAL 3~239 3 912 227 — —
TaARF18 Traes_3AL_5935773EA. 1 3AL 3~176 — 1614 537 60. 17 5.38
TaARFI9 Traes_2AL_89543BA1A. 1 2AL 760 ~1017 14 1965 654 72.52 6. 14
TaARF20 Traes_3AS_9594B1341. 2 3AS 984 ~1229 14 1656 551 60. 39 7.56
TaARF21 Traes_SAS_A86138871. 1 SAS 852 ~ 1085 14 2676 891 98.35 6.21
TaARF22 Traes_1BL_54CD82AC3. 1 1BL 264 ~515 3 1380 459 49.71 6.76
TaARF23 Traes_1BL_A9ACI340E. 2 1BL 310 ~555 8 369 231 25. 80 9.07
TaARF24 Traes_1 BL_408 EABE70. 1 1BL 70 ~291 — 1158 385 42.26 7. 66
TaARF25 Traes_2BL_A1A475B0F. 1 2BL 771 ~1022 1 1116 357 39.01 8.68
TaARF26 Traes_2BL_E322FD546. 3 2BL 1302 ~ 1520 14 2868 955 105. 35 6.17
TaARF27 TRAES3BF111600210CFD_tl 3B 757 ~1002 15 2376 792 88.57 5.97
TaARF28 Traes_3B_60D375C4E. 1 3B 907 ~ 1152 14 2277 758 83.51 6.56
TaARF29 Traes_3B_615705174. 1 3B 754 ~999 14 2391 796 89. 10 6.48
TaARF30 Traes_6BS_444DFA94E. 2 6BS 66 ~890 13 3213 1070 119.61 6.38
TaARF31 Traes_7BS_3FD792335. 1 7BS 781 ~1011 12 3033 1010 112.92 6.54
TaARF32 Traes_7BS_F44A273F8.2 7BS 679 ~912 13 3117 1038 115. 88 6. 60
TaARF33 Traes_7BL_B680A7DEOQ. 1 7BL 710 ~943 10 1479 493 55.98 8.64
TaARF34 Traes_7BL_66296695F. 1 7BL 1686 ~ 1922 11 2052 684 75.82 6. 86
TaARF35 Traes_2BIL_BF6CE2765. 1 2BL 15 ~152 3 252 84 10. 02 6.57
TaARF36 Traes_2BL_6C8D4FFBA. 1 2BL 1209 ~ 1352 3 213 71 7.91 9.62
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etk ik ORF K JiF FE RPN Protein prediction
K% e A (i ABTH (bp) EHLR (aa) SPTR(KD) S
Gene name Genomic accession No. Chromosome (bp) No. of extron ~ Open reading Amino Molecular  Isoelectric

location Location fragment length acid mass point
TaARF37 Traes_6BS_BD894 AD26. 1 6BS 979 ~ 1215 14 2781 926 102. 54 5.92
TaARF38 Traes_2BL_1 AED96909. 1 2BL 1248 ~ 1505 14 1965 654 72.58 6.02
TaARF39 Traes_5BS_3F6023CD6. 1 5BS 1228 ~ 1461 14 2676 891 98. 34 6. 15
TaARF40 Traes_1DL_AF4CI1F109. 1 1DL 2 ~244 6 1269 422 46. 86 8. 87
TaARF41 Traes_2DIL._A86E54838. 2 2DL 938 ~ 1195 13 1821 606 67.38 5.67
TaARF42 Traes_2DL_FBE64209C. 1 2DL 1241 ~ 1459 14 2868 955 105. 37 6.19
TaARF43 Traes_2DL._8434C0251. 2 2DL 766 ~ 1002 14 2226 741 82.92 6.42
TaARF44 Traes_3DL_S5C378695E. 1 3DL 292 ~534 5 150 178 20. 37 10. 56
TaARF45 Traes_3DL_734F1498E. 1 3DL 885 ~ 1127 8 1515 504 55. 88 10. 19
TaARF46 Traes_3DL_BC7A7E056. 1 3DL 301 ~546 8 831 277 31.52 10. 48
TaARF47 Traes_3DL_IFC3735D9. 1 3DL 327 ~572 10 1992 663 74. 67 6.93
TaARF48 Traes_SDS_A71D29AEI. 1 5DS 1334 ~ 1567 14 2679 892 98. 37 6.11
TaARF49 Traes_6DS_8BESBE6AC. 1 6DS 1313 ~ 1540 14 3390 1129 125.32 6.32
TaARF50 Traes_6DS_F95CI2EBB. 1 6DS 1468 ~ 1704 14 2784 927 102. 50 5.87
TaARF51 Traes_7DS_7375BED72. 3 7DS 754 ~984 13 3093 1030 114. 84 6.45
TaARF52 Traes_7DS_1948388F8. 2 7DS 949 ~ 1182 13 3201 1066 118.78 6. 48
TaARF53 Traes_7DL_343A252DC. 1 7DL 808 ~ 1041 15 3387 1128 125.97 6. 54
TaARF54 Traes_7DL_55ADB3528. 1 7DL 298 ~549 3 1458 485 52.43 8.46
TaARF55 Traes_7DL_C89614A4D. 1 7DL 1173 ~ 1409 14 2454 817 90. 49 6. 44
TaARF56 Traes_6DL_52A25BEA4. 1 6DL 355 ~606 2 372 222 24.77 10. 69
TaARF57 Traes_3DS_DCF1875CA. 1 3DS 2 ~160 4 462 154 17.09 4.76
TaARF58 Traes_3DS_C47A53236. 1 3DS — — 327 156 17.91 4.93
TaARF59 Traes_1DL_92BCA55C0. 2 1DL 1063 ~ 1308 8 1218 406 45.62 8.74
TaARF60 Traes_1 DL_AEC2F3FB3. 1 1DL 263 ~514 3 1380 459 49. 65 6.73
TaARF61 TRAES3BF097400050CFD_t1 3B 781 ~1023 10 2097 698 77. 15 6.30

— R W ST T PR 2515 B
—indicates the information of the gene is not clear or can not be predicted
/N ARF ERE K& REIREL S

J T 5rH/INAE ARF FGEE D 55 A SR B HoAth
YIFmRIHEAL G 2R R AR B 54 ARF K
HER E A BRI G A b (B 1), GRS R
F,BRT 4A 4B 4D 5A FII 5B Yetaih 2z Ah, HAT I YL
RS 046, Hoh 6B 5D ER&A 147D E&A
54, HRYE BaTCRIE RN S R R Y
HI7E TaUA  TaUB . TaUD 45 534 , fL 45 TaARFI6
TaARFS51 %7 N 3E[H (TaUA) ; TeARF36  TaARF37 %5
5 A3 A (TaUB) ; TaARFS56 , TaARFS57 %5 5 A~ 3k [A
(TaUD), Zr80AEFE 40 b iy dE g Ak 7 5 B oA
TaARF61 IR BA [RIEOC R 1AL R AT 1A OC Y i
vt B, IR OC R kB, TaARF 15, TaARF17 Fil
TaARF33 55 8 AHE R 5 HAAth et fA b iy 5 PR AT )

2.2

TR K 2R, 1 TaARF30 Fl TaARF34 253 K 541
MRHZA ARF ZER BATWPEER

W/ o i S P T KRS R EZ L m R
MR Z AR C R, R4 TR T /L% 6
ARl EA IR G R IE R B, T i —2
PRIE/IN A 5 H Al 5 AWy R i #E 46 O & FIAT In-
paranoid 4. 1 FCAFTH5 0 9 49 0] (4[] 52 Ak G &
(£S5, BETeEMNZMERFRBFEERGEA, 7]
DB e R REE SR, NEF 57
FAEIE P B B 50H S 2,13, X R B A F 1
fih 5 AR ARF JER K%, B4 TaARF £ A
L3RR, 5/0EMLW, s 4~
i 55 22 ) 5 3k DR 4 H 34K /N 2% R )
VR I B D
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Fig.1 Chromosome distributions and homology of the TaARF genes
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Table 4 Number of cognate genes in different plant species

RIIT - s TR A
N o KAE [ : KE LR HR
Yy Arabidopsts Brachypodium
Triticum Oryza Sorghum bicolor Hordeum Number
Species thaliana distachyum
aestivum L. sativa L. (L. ) Moench vulgare L. of genes
(L. ) Heynh (L. ) Beauv.
N — 27/17 31/17 37/19 36/20 31/27 61
Triticum aestivum L.
ARG ST 17/27 — 16/16 14/16 16/21 20/29 35
Arabidopsis thaliana( L. ) Heynh
TKF 17/31 16/16 — 22/20 20/23 17/23 29
Oryza sativa L.
E 19/37 16/14 20/22 — 23/29 16/27 29
Sorghum bicolor( L. ) Moench
RN 20/36 21/16 23/20 29/23 — 21/25 33
Brachypodium distachyum (L. ) Beauv.
K& 27/31 29/20 23/17 27/16 25/21 — 51

Hordeum vulgare L.

R AR Y Yyl 5 R 5 0 e [ 0 DR 6 e o by 56 %

The numerical numbers represent the number of homologous genes of longitudinal species and transverse species
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Table 5 Total number of orthologs identified by In-paranoid 4. 1

\ oy e H AR
iR : EE R T
INFZ . . K F . K# Average size of
YyFp . Arabidopsis Sorghum Brachypodium
. Triticum . Oryza . . Hordeum ortholog groups
Species i L thaliana ativa 1 bicolor( L. ) distachyum . L ( ber of
aestivum L. (L. ) Heynh sativa L. Moench (L. ) Beauy. vulgare L. ' number o
in-paralogs )
INAZ — 27/9 31/15 37/19 36/18 31/19 2.13
WRIIT 17/9 — 16/8 14/7 16/8 20/8 2.08
KRG 17/15 16/8 — 22/19 20/18 17/14 1.32
fE3 19/19 16/7 20/19 — 23/21 16/14 1.32
TR R 20/18 21/8 23/18 29/21 — 21/15 1.56
KFEZ 27/19 29/8 23/14 27/14 25/15 — 2.06

IEPIF A A KRBT B, R AP EUER S YR A AR TR B B AR R IR R

The longitudinal species is A and the lateral species is B. The numbers indicate the number of ortholog groups in the species A to B

2.3 /NEARF EEFEEOHUMREREMSN  EIT OKRESEWRESL T RROCR , 22N
HEARGHAW B8, /N2 54 A~ ARF EEEYS 3 KIS 3 RIENIHN 6 M (E2)

M-A

i

2 INESHMYMFN ARF EAMBEN RS
Fig.2 Phylogenetic tree builted by the ARF proteins of wheat and other species
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Fig. 3 Phylogenetic tree of the TaARF proteins and gene structure of the TaARF genes
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RE 6 SREFRATEREIRLE
Fig. 4 The phenotype of JM6 and its

parents under drought stress experiment
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Fig. 6 The relative expression of the ARF genes associated with root development in drought stress
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Fig. 7 Expression analysis of significant differentially expressed genes in JM6 hybrids
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