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Abstract: The type-B authentic response regulator (B-ARR) family members are positive regulators in cytokinin signal transduction,
and play important roles in plant growth and development and resistance to abiotic stresses. However, there are few studies on the
B-ARR gene family in wheat. In this study, 25 B-ARR gene family members were identified from wheat genome, and their
physicochemical properties, gene structure, cis-acting elements and abiotic stress-induced expression patterns were analyzed by
bioinformatics methods. The results showed that all B-ARR proteins were localized in the nucleus based on bioinformatics prediction,
and their secondary structure was mainly consisting of a-helix and random crimp. B-ARR genes were not evenly distributed on wheat
chromosomes, and the number of B-ARR genes was the highest on chromosome 7. In addition, multiple cis-acting regulatory elements
related to growth and development, hormone response, and biological and abiotic stress have been identified in the promoter regions.
qRT-PCR analysis showed that the relative expression of TaARRM-like9, TaARRM-likel0, TaARRM-likel2 and TaARRM-likel3 were
significantly up-regulated under abiotic stresses treatments, including drought, salt and low temperature. This study laid a foundation
for further research on the role of B-ARR transcription factor in wheat development and abiotic stress response.
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Table 1 Some primers for qRT-PCR of B-ARR gene
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Gene ID Forward primer Reverse primer
TraesCS4B02G240100.1 TCGCAAGAGGAGCCAAACAT AACGGGTAGTCCGTCGTTTC
TraesCS6402G146200.1 CAAGCTTTGGCTGCTTCAGG GCTGTTTTGGGGTAATGCCG
TraesCS4D02G239900.1 TGGAGCTGAGGATAGCTGGA CTGGCGACGTTTTCCCTAGT

TraesCS6B02G174400.1 AGAAAGGGCCGAATGCTGAA AGCTCCACAGACCACACAAC
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TraesCS6D02G342200.1 GCTTGTGGGGCTTGAAATGG CCGCACTTGGTGGCTTATTG

TraesCS6D02G135500.1 AGCAACGACGCAGTAAGTCA TCTGGTGGCAATGAACTGCT
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Table 2 Basic information of wheat B-ARR transcription factors

HH 4 AR 1D BERRIE NTE SR A ENEYES iR R R SRR e gtk pifrE TG AR E L
Gene name Gene ID Length of Molecular Isoelectric Instability Aliphatic GRAVY a-helix Extending B-folding Random Subcellular
amino acids weight (kD) point coefficient index (%) chain (%) (%) crimp (%) localization
TaARRM-likel TraesCS3402G391600.1 584 64.91 5.34 54.16 76.11 -0.438 25.51 12.16 291 59.42 nucleus
TaARRM-like2 TraesCS3402G473600.1 571 64.06 5.99 44.77 71.37 -0.581 25.04 11.38 4.55 59.02 nucleus
TaARRM-like3 TraesCS3B02G423600.1 584 64.86 5.29 52.82 76.27 -0.418 25.68 13.87 291 57.53 nucleus
TaARRM-like4 TraesCS3B02G517000.1 571 63.95 5.75 47.07 70.37 -0.544 27.67 10.86 4.90 56.57 nucleus
TaARRM-like5 TraesCS3D02G384500.1 584 64.83 5.29 53.74 76.44 -0.423 26.03 13.18 3.25 57.53 nucleus
TaARRM-like6 TraesCS4A402G063100.1 684 73.66 6.20 47.16 75.28 -0.436 22.95 13.01 5.56 58.48 nucleus
TaARRM-like7 TraesCS4B02G240100.1 684 73.61 6.16 47.10 75.41 -0.434 21.93 13.74 4.09 60.23 nucleus
TaARRM-like8 TraesCS4D02G239900.1 684 73.60 6.16 47.52 75.15 -0.443 21.93 11.26 4.68 62.13 nucleus
TaARRM-like9 TraesCS6A402G146200.1 619 67.06 6.11 36.97 72.60 -0.606 18.26 10.82 4.20 66.72 nucleus
TaARRM-likel0 TraesCS6B02G174400.1 622 67.35 6.07 38.65 72.09 -0.624 20.58 12.86 3.70 62.86 nucleus
TaARRM-likell TraesCS6B02G392000.1 674 72.58 6.20 49.10 77.73 -0.318 25.96 12.02 3.86 58.16 nucleus
TaARRM-likel2 TraesCS6D02G135500.1 624 67.47 6.11 39.16 72.80 -0.610 21.31 12.18 4.49 62.02 nucleus
TaARRM-likel3 TraesCS6D02G342200.1 675 72.68 6.08 50.65 77.32 -0.322 24.30 13.19 4.15 58.37 nucleus
TaARRM-likel4 TraesCS7402G146400.1 614 67.30 6.27 42.51 81.48 -0.357 25.41 13.19 4.89 56.51 nucleus
TaARRM-likel5 TraesCS7402G146500.1 605 66.37 6.13 45.15 82.26 -0.308 25.95 11.90 4.30 57.85 nucleus
TaARRM-likel6 TraesCS7402G146700.1 659 72.31 5.84 46.41 82.29 -0.341 26.56 11.53 4.55 57.36 nucleus
TaARRM-likel7 TraesCS7402G502300.1 567 62.86 8.34 44.19 72.20 -0.567 27.16 11.82 4.76 56.26 nucleus
TaARRM-likel8 TraesCS7B02G049000.1 624 68.47 6.32 41.28 81.12 -0.366 27.24 12.34 6.09 54.33 nucleus
TaARRM-likel9 TraesCS7B02G049200.1 657 71.55 5.76 46.28 81.64 -0.305 25.72 12.18 4.11 57.99 nucleus
TaARRM-like20 TraesCS7B02G408700.1 630 69.52 5.60 47.82 75.19 -0.536 28.10 14.60 7.46 49.84 nucleus
TaARRM-like21 TraesCS7B02G422000.1 563 63.07 5.88 52.60 71.67 -0.538 27.35 11.01 5.15 56.48 nucleus
TaARRM-like22 TraesCS7D02G148000.1 601 66.31 5.81 42.68 82.95 -0.363 28.79 13.14 433 53.74 nucleus
TaARRM-like23 TraesCS7D02G148200.1 659 72.02 592 49.59 84.07 -0.311 27.31 11.99 4.10 56.60 nucleus
TaARRM-like24 TraesCS7D02G489600.1 502 55.98 591 45.06 72.27 -0.605 36.65 10.76 6.37 46.22 nucleus
TaARRM-like25 TraesCS7D02G525900.1 579 64.10 5.86 39.61 69.05 -0.555 29.19 11.40 6.04 53.37 nucleus
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Fig.l 3D structure of the B-ARR gene family
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Fig.2 Phylogenetic tree analysis of B-ARR in different species
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Fig.3 Gene structure and motif analysis of B-ARR gene family in wheat
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Fig.4 Replication event analysis of wheat B-ARR genes
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Fig.6 Cis-acting elements (CAREs) of the B-ARR gene family
G Rt bt g B, FIH STRING 726 ik 45 %% (http://version10.string-db.org/) Tl B-ARR )55 [ )i
HAEM LS, FEE A Cytoscape AT AT HLAL(E 7). B-ARR % R Z [MAFEE AR OEE, SHEEZ
A ELEEME , /N2 M AROR B R il Al BRI

TaARRM-like7

’ TaARRM-like8
TaARRM-likel ‘
TaARRM-like6

[ 7 B-ARR ERRXNERREIEMLE
Fig.7 Protein interaction networks of the B-ARR gene family

2.5 3 B-ARR EFEKEHK R FTIEER 57



N T fif B-ARR JE B FGRAEA [ A K B B B 2 2R 3000 K s LRS- Pl 58 Jo e py o REAREAE, FUA T
btools il 1 AN [FZHZR A 1R 1A B ARl (K] 8). 45K, ZH B-ARR LR MR MA RGN RE R, EFR
HLFARIE, X0 REZ KA B-ARR JEH KR NERT K EREEZEH, JLTAZEHRMNKE. Ta
ARRM-likel0 TaARRM-likell. TaARRM-likel2 ! TaARRM-likel3 FEPRITEREE K B & Fr M £k B e T HA
FEBA, X Ul B DA B DR AR R R B A mT RE R A o it 04 B-ARR JER SOGRAEARAE M ia N IRk &
RIL, TaARRM-like9. TaARRM-likel() A1 TaARRM-likel2 7£T- 540 T Rk & N, 7EHME DL 5T 5B
ARE N RIAERE B, R 3 ANIEE AE E U, TR e R ORIE R EAE A .

I TaARRM-like10

TaARRM-like9 5

[ TaARRM-like12 i
B TaARRM-like22

B TaARRM-like14 3

B TaARRM-like2 3
B TaARRM-liked

B 1:ARRM-likel5 :

TaARRM-likel |

: P |
ERNEETE
HE EHB
Bl RERER .... TaARRM-likel
[ ] BEEERRNEEERE 1:ARRM-like3
... .........=. TaARRM-like5

[ | _ | TaARRM-likel3
BEEE NN NENEN raARRM-likes
[ [ ] ] I [ TaARRM-like7
L[] | [ TaARRM-likes
e B - i
EEEE T I R ¥
555222530

S VEEFR: R AR, CK: WH: D1, D6: T4b3 1. 6h; HI. H6: FiifAb¥E 1. 6h; D+HI. D+H6: LG IRAMT T HE T A2 )
1. 6he LEREGEARRAEANE S bR SRAS B B BB A O =R
S: Seedling stage; V: Vegetative stage; R: Reproductive stage. CK: Control; D1, D6; Drought treatment of 1h and 6h; H1, H6: Heat treatment of 1
h and 6 h; D+H1, D+H6: Heat and drought treatments of 1h and 6h. The redand green colors represent the higher or lower relative abundance, res
pectively
[E 8 /\%& B-ARR EE AN EHAMIEE VB hREE D

Fig.8 Expression profile analysis of B-ARR genes in different tissue and abiotic stress of wheat
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