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Table 1

Primers required for qRT-PCR

F[K 4 FR Gene name

IEM514) (5°-3’) Forward primer (5°-3”)

1A 519 (5°-3°) Reverse primer (5°-3°)

HaTrihelix6 GCCGTGGCAGAGGATGAA
HaTrihelix12 ACGTCGTCTCAGCTCCATC
HaTrihelix15 TTGAAGCGATTGTGAAAGAG
HaTrihelix16 ATGACTGAACCTCCACCG
HaTrihelix19 ACAATGCGGGAAGTAGAG
HaTrihelix20 CCACCACAACCGACACCA
HaTrihelix26 ACCCGAACCCTGATGTGA
HaTrihelix27 TGAATGAAACCGCTCTGC
HaTrihelix28 GCCCGCAATGCAGTTATT
HaTrihelix31 CCACCAAGTCAGCCTCATG
18S rRNA CTACCACATCCAAGGAAGGCAG

GCCGTATCGGAAACTTGAT
TCACCGTCATCAGTAAATCCA
TGCCGAGACAGACGATAA
CAAATCCCTCGTCTCCTG
GCGAAGAGCTTAGCGATC
CGGATACCGATACAGATACAGGA
CCCTCGCCAACTCCTTAT
ACCGTTGTCATCATCCCT
GTCGGTTGTGCTGGTGGT
CAGCACTCAGACTCGCAGTT
CGACAGAAGGGACGAGTAAACC
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Table 2 Physicochemical properties of trihelix family protein in sunflower

AR H SRR A 3L 508 Y 46 /™ trihelix T
|5 ST R NI VAN 15 P = N A
HaTvihelixI~HaTrihelix46 (£ 2) o ¥R 283
B, 19 H 2% trihelix 85 2 LR EH N 53~916. 47
TEJEHEALE 6.11~102.44 kDa. %5 8, 520 A VU I £

' ' IR H Pansie s Bl ARERK FAKRM TV 240 ff A TR
({?E": fifr;:e % ii% Amino acid  Molecular  Isoelectric Instability Hydroph%licity Subcellulgr .location
number weight (kDa) point index coefficient prediction
HaTrihelix] ~ HanXRQr2 Chr01g0009681 251 30.12 7.44 57.26 -1.127 )it
HaTrihelix2 ~ HanXRQr2_Chr01g0010711 306 33.75 8.19 46.31 -0.802 )ik
HaTrihelix3 ~ HanXRQr2 Chr01g0028301 290 33.40 8.60 54.58 -0.883 R A%
HaTrihelix4 ~ HanXRQr2_Chr01g0028311 347 38.41 8.88 48.68 -0.801 A%
HaTrihelix5 ~ HanXRQr2_Chr01g0031811 371 0.7 5.57 47.30 -1.065 Mk
HaTrihelixé  HanXRQr2 Chr01g0041281 546 6221 8.28 49.09 -0.622 R AT A%
HaTrihelix7  HanXRQr2 Chr01g0041321 188 20.81 9.24 34.10 -0.713 )it
HaTrihelix§ ~ HanXRQr2_Chr01g0041331 517 56.29 7.52 32.24 -0.449 ESYEN
HaTrihelix9 ~ HanXRQr2 Chr01g0041541 426 49.22 7.46 60.04 ~0.763 R AT A%
HaTrihelix]0 HanXRQr2 Chr02g0047701 390 4423 4.63 42.36 -1.203 )it
HaTrihelixll ~ HanXRQr2 Chr02g0064991 53 6.11 7.26 36.06 -0.743 )it
HaTrihelix]2 HanXRQr2_Chr02g0065041 593 65.41 6.04 61.03 -0.859 4 A%
HaTrihelix]3 HanXRQr2_ Chr03g0088951 379 44.61 4.55 41.14 -1.195 4 A%
HaTrihelixI4 ~HanXRQr2 Chr03g0095111 916 102.44 8.26 47.23 -0.391 TH-£3 A
HaTrihelix]5 HanXRQr2_Chr03g0123561 248 27.74 4.54 57.25 -0.617 4 A%
HaTrihelix]6  HanXRQr2_Chr03g0124371 315 36.67 8.66 61.91 -1.210 4 A%
HaTrihelix]7 HanXRQr2 Chr03g0132841 380 42.89 10.08 42.61 -0.979 )it
HaTrihelix]8 HanXRQr2_Chr04g0169001 596 66.77 6.10 87.15 -1.220 4 A%
HaTrihelix]9 HanXRQr2 Chr04g0172241 369 41.03 9.89 59.84 -0.763 4 H A%
HaTrihelix20  HanXRQr2 Chr05g0216931 494 5272 8.45 37.93 -0.142 TH-£3 A
HaTrihelix2] ~ HanXRQr2_Chr05g0227381 339 38.80 4.99 50.22 -1.011 4 A%
HaTrihelix22 HanXRQr2_ Chr05g0236141 650 72.51 7.50 72.61 -0.979 4 A%
HaTrihelix23 ~ HanXRQr2 Chr06g0242381 375 42.34 6.80 42.90 -0.893 R AT A%
HaTrihelix24 ~ HanXRQr2_Chr06g0253741 373 42.14 6.28 37.49 -0.643 MERIR A%
HaTrihelix25 HanXRQr2 Chr07g0299811 412 46.36 10.00 73.35 -1.217 )it
HaTrihelix26 ~ HanXRQr2_Chr09g0382641 249 28.48 10.28 26.94 -1.052 MR A%
HaTrihelix27 HanXRQr2_ Chr09g0415361 352 40.65 4.55 42.12 -1.334 4 H A%
HaTrihelix28 HanXRQr2 Chrl10g0420111 632 70.22 6.29 75.62 -0.956 )it
HaTrihelix29 ~HanXRQr2 Chr10g0430831 239 28.97 8.65 71.37 -1.215 )it
HaTrihelix30 ~HanXRQr2_ Chrl1g0466401 290 33.40 8.60 54.58 -0.883 N 1) 17
HaTrihelix3]  HanXRQr2 Chrl1g0505381 309 34.94 9.43 41.31 -0.877 R AT A%
HaTrihelix32 HanXRQr2 Chrl1g0515851 411 46.36 6.02 53.48 -1.042 )it
HaTrihelix33 HanXRQr2 Chrl1g0516471 424 48.17 7.83 45.52 -0.859 T, A YRR
HaTrihelix34 ~HanXRQr2_Chr12g0555331 296 33.83 9.04 65.97 -1.024 4 H A%
HaTrihelix35 HanXRQr2 Chr12g0564671 304 34.18 5.03 61.58 -0.782 )it
HaTrihelix36  HanXRQr2 Chr13g0619331 510 59.83 6.59 59.59 -1.035 )it
HaTrihelix37 HanXRQr2_ Chrl15g0709391 393 44.78 8.24 47.19 -0.932 4 A%
HaTrihelix38 HanXRQr2 Chr15g0715481 430 49.47 6.33 55.32 -0.881 )it
HaTrihelix39 ~HanXRQr2 Chrl6g0726631 362 41.50 447 33.58 -1.129 )it
HaTrihelix40  HanXRQr2_Chr16g0741871 273 32.45 5.78 56.67 -1.149 4 A%
HaTrihelix4] ~ HanXRQr2_Chr16g0753561 422 48.34 6.33 63.42 -0.872 4 A%
HaTrihelix42  HanXRQr2 Chrl6g0774461 273 30.76 5.13 4931 -0.806 )it
HaTrihelix43 ~ HanXRQr2 Chr17g0779611 345 39.11 9.44 31.35 -0.766 TH-£3 4
HaTrihelix44 ~HanXRQr2 Chr17g0786401 254 28.67 5.60 44.26 -0.729 )it
HaTrihelix45 ~HanXRQr2 Chrl7g0786421 252 28.38 5.59 43.24 -0.728 4 A%
HaTrihelix46  HanXRQr2 Chr17g0814401 368 40.99 10.06 60.70 -0.867 gt
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Fig.3 Phylogenetic tree analysis of trihelix genes among Helianthus annuus, Arabidopsis thaliana and Oryza sativa
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Fig.4 Gene structure and motif analysis of sunflower trihelix family members
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Fig.5 Multiple sequence alignment of triple helix domains of sunflower #rikelix transcription factors
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Fig.6 Analysis of tissue expression patterns of frikelix family genes in sunflower
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Fig.7 Expression analysis of sunflower #rihelix family genes under O. cumana stress
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Identification and Expression Analysis of Trihelix
Transcription Factor Family in Sunflower

Zhang Man', Dong Haixiao?, Tian Juan', Feng Bo', Yu Xuepeng', Wang Zhinuo',
Zhang Lei', Basangpingcuo’, Li Xueying', Li Huiying’

('Baicheng Academy of Agricultural Sciences, Baicheng 137000, Jilin, China;

2College of Plant Science, Jilin University, Changchun 130062, Jilin, China)
Abstract Trihelix transcription factors play important roles in plant growth, development, and various stress
responses. However, few studies have been conducted on the systematic identification and expression
characteristics of trihelix gene family in sunflower (Helianthus annuus L.). In this study, based on bioinformatics
methods, the #ihelix genes in sunflower genome were identified and characterized, and chromosomal
localization, duplication events, phylogenetic analysis, gene structures, conserved motifs and expression patterns
under stress conditions were analyzed. The results showed that a total of 46 trikelix genes were identified in the
sunflower genome, unevenly distributed across 15 chromosomes. Among them, three pairs of tandemly
duplicated genes and six pairs of segmentally duplicated genes were detected. According to phylogenetic
analysis, sunflower trihelix family was divided into five subfamilies, and the members of the same subfamily
have similar gene structures and conserved motifs. Thirty-six sunflower #rihelix genes were expressed in all five
organs (root, stem, leaf, flower and bud). Based on transcriptome sequencing (RNA-seq) data, 29 trihelix genes
significantly responded to Orobanche cumana Wallr. stress.

Key words Sunflower; Trihelix gene family; Bioinformatics; Orobanche cumana Wallr.; Expression pattern
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