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Abstract: The FARI/FHY3 transcription factor family is an important factor in phytochrome A (phyA ) -mediated far-red light
signal transduction. They play important roles in plant growth and development, light signal transduction, plant hormone
response, and stress resistance. In order to study the evolution and function of the soybean FAR1/FHY3 gene family, this
study used bioinformatics methods to identify the entire soybean FAR1/FHY3 gene genome. The characteristics, phylogenetic
relationships, genetic structure, chromosomal location, and cis-acting promoter elements of the proteins encoded by this gene
family were analyzed. A total of 72 FAR1/FHY3 members were identified in soybean, distributed across 19 chromosomes.
These members, alongside Arabidopsis and maize FAR1/FHY3 proteins, were divided into five subgroups following a
phylogenetic analysis. Analyzes of conserved protein motifs and genetic structures support evolutionary relationships between
proteins. A total of 24 pairs of repeated sequences were identified through homology analysis. qRT-PCR analysis of six family
members (A. Glyma. 096012900 ; B. Glyma. 1g088700; C. Glyma. 12g052000; D. Glyma. 13g21200; E. Glyma. 15g125400 ;
F. Glyma. 20G156100) that showed significant differences in expression under cold stress revealed that their expression
patterns were consistent with the results of the transcriptome analysis. Analysis of the cis-acting elements of the soybean
FAR1/FHY3 gene promoter and expression profiles under different stress treatments revealed the possible role of the FAR1/
FHY3 gene in plant hormones and stress responses. This study can provide a theoretical basis for further analyzing the
functions of soybean FAR1/FHY3 in soybean growth and development and stress response.
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Table 1 Primer sequence
B FUESIH(57-3") TUEEIM(5'3")
Gene Forward primer(5'-3") Reverse primer(5'-3")

Glyma. 09g012900
GLYMA. 116088700
GLYMA. 15G125400
GLYMA. 20G156100
GLYMA. 136211200

GLYMA. 12G052000

TAGAACCATTTTTTTTGGCTGTG
TTGAGTTTTCTGGTCTAGTTTGTAG
ATCTATGTCGGCATGCACTGTGTG
CAGAGCAAATGGAGGAAAAGACA
GATGTGGAAATGATATGGAGAAGC

CAATGATTATGGTGAGGAAACTTAG

CCAGAGGAGGAGAAAACCAACAG
ATTGTATCGGATAGTTAGGGATTC
ATGCGGTCAGTATCATTAACACCA
ATGAAACATATGCAGATGAGGGG
GTAAGATGTAGCGAGAAGGGACT

TGTGCTGTATTTTCTTTGAAAGGTT

2 GR55H

FREL & 118 ~ 880 >, SE H 4 T i M 13. 55 ~
99. 41 kD, Z5H 550 4. 55 ~9. 24 V40 if 5 o7 T

2.1 XE FARI/FHY3 EFMLEEESH

W2 2 Fon , WK G L4 rh A6 2 51 72 i
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Table 2 Basic information of soybean FAR1/FHY3 gene family
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Gene sequence 1D Number of Protein molecular pl Instability index Hydropathicity Subcellular location
amino acid/aa weight/kD

Glyma. 05G072100 816 94.13 6.33 49.97 -0.496 i A%
Glyma. 13G211200 762 88.09 7.78 49.23 -0.472 -2 4
Glyma. 15G101500 763 88.47 6.41 51.92 -0.487 LIS
Glyma. 116088700 790 90.29 6.40 53.11 -0.427 A A%
Glyma. 01G000600 813 92.70 6.04 48.30 -0.437 Ui A%
Glyma. 14G000400 777 89.35 5.90 50. 31 -0.486 i A%
Glyma. 11GI127400 295 33.11 5.33 41.66 -0.603 AR
Glyma. 126052000 263 29.72 6.21 47.14 -0.782 Wk R A A A
Glyma. 13G341600 743 85.23 6.32 52.31 -0.461 i A%
Glyma. 156029900 294 33.13 9.24 39.94 -0.536 -2 4
Glyma. 04G111200 241 27.89 5.91 47.45 -0.693 AR
Glyma. 066323400 241 27.81 6.09 53.56 -0.743 A%
Glyma. 206132100 808 92.96 7.11 52.47 -0.548 YH A%
Glyma. 106259000 810 93.30 7.15 49.83 -0.595 A/ 240 M A%
Glyma. 156032800 743 85.34 6.47 56.33 -0.432 i A%
Glyma. 18G154100 219 24.85 8.47 50. 40 -0.608 A A%
Glyma. 03G091500 207 23.88 7.62 50.41 -0.530 EH)iokEA
Glyma. 15GI125500 706 81.70 5.56 40.13 -0.532 Y A
Glyma. 156030200 273 31.48 6.04 54.15 -0.785 N A%
Glyma. 09G001300 684 78.23 8.27 52.73 -0.497 A A%
Glyma. 136344100 256 29.65 6.10 64.5 -0.820 -2/ 240 M %
Glyma. 066314300 842 96. 17 6.77 47.29 -0.611 LIRSS
Glyma. 04G124300 843 96.23 6.87 47.68 -0.632 IS A4 20 A%
Glyma. 206024700 668 78.10 5.95 40.79 -0.414 Y%
Glyma. 106238500 859 98.36 6.03 41.84 -0.578 i A
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Gene sequence ID Number of - Protein molecular 1 itvIndex Hydropathicity Subeellular location
amino acid/aa weight/kD
Glyma. 066002400 854 99.01 8.36 45.43 -0.418 YH A%
Glyma. 096012900 691 79.69 5.80 42.32 -0.355 A A%
Glyma. 15G125400 668 77.22 7.01 50.38 -0.344 A/ 2 B BT/ L
Glyma. 156002100 630 73.28 6.69 45.10 -0.397 i) ke
Glyma. 09G019300 672 77.61 7.48 48.27 -0.355 -2 4
Glyma. 08342800 142 15.81 5.65 49.64 -0.320 i A%
Glyma. 106001400 679 77.72 8.09 49.00 -0.385 Y%
Glyma. 09G039300 758 86.85 6.20 54.15 -0.350 A A%
Glyma. 11G165800 617 72.16 9.02 37.05 -0.212 EIEN
Glyma. 18G133900 140 16.52 6.31 38.05 -0.608 41 A%
Glyma. 106121700 759 88.74 6.67 45.47 -0.420 1A%
Glyma. 15G144500 758 86.77 6.29 55.23 -0.351 i A%
Glyma. 206156100 733 83.98 5.66 48.97 -0.608 YH A%
Glyma. 076224700 580 67.66 6.92 39.28 -0.492 A A%
Glyma. 07G168800 679 79.32 5.39 47.44 -0.383 A A%
Glyma. 206053500 880 99. 41 6.26 43.79 -0.527 Yl B/ SRR
Glyma. 086227500 855 97.58 6.27 44.41 -0.482 SR AA AR M
Glyma. 13G000700 699 81.83 5.91 40.61 -0.284 i k%
Glyma. 04G144700 149 17.30 4.70 25.26 -1.073 YN A%
Glyma. 146043900 877 98.90 6.56 47.09 ~0.442 o0 fifu e
Glyma. 11G126700 675 78.32 6.96 51.08 -0.503 A%
Glyma. 03G107400 534 62.05 8.60 40.02 -0.196 RIS
Glyma. 18G179400 769 89.02 6.12 45.53 -0.306 41 A%
Glyma. 04G150800 328 38.06 5.38 44.27 -0.406 41 A%
Glyma. 18G178700 314 36.81 5.32 38.14 -0.813 A 2 A%
Glyma. 08G172600 688 79.38 7.94 46.89 -0.478 YN A%
Glyma. 15G184200 563 65.58 8.59 47.00 -0.516 A%
Glyma. 18G178200 364 42.55 5.46 31.70 -0.637 R0
Glyma. 026273500 879 98.85 6.41 47.22 -0.425 11 i BE /- LA
Glyma. 07G194600 323 38. 14 9.00 40.63 -0.231 RSN
Glyma. 066222900 735 84.99 5.46 43.67 -0.394 4Nt
Glyma. 18G132400 203 23.40 8.85 33.85 -0.479 - fA
Glyma. 18G178400 357 42.12 5.34 30. 14 -0.651 3ok 73
Glyma. 066247000 218 24.76 5.98 66.18 ~0.444 41 A%
Glyma. 016202900 316 36.20 6.23 35.44 -0.322 LE=TEN
Glyma. 156222100 369 41.58 5.32 34.63 -0.556 LIRSS
Glyma. 12G158200 294 34.75 5.15 48.70 -0.706 4t
Glyma. 19G139100 658 75.77 6.26 42.83 -0.433 i) ioR e
Glyma. 176201800 619 71.84 5.99 50. 64 -0.380 3ok 73
Glyma. 09G121900 536 61.25 7.25 45.74 -0.589 ESIIN
Glyma. 03G136800 656 75.41 6.48 45.13 -0.464 i Bk
Glyma. 066229800 802 93.04 5.79 46.75 -0.430 -2/ 240 M %
Glyma. 07G158500 242 28.55 7.69 29. 14 -0.343 2R M S et A 2 A
Glyma. 04GI124600 549 64.24 6.76 40.01 -0.498 A A0 A
Glyma. 03G069500 651 75.31 5.89 42.78 -0.223 i A%
Glyma. 076227000 118 13.55 4.55 45.31 -0.634 e A/ 240 BT/ 240 L A%
Glyma. 10G124900 143 16.72 4.71 36.98 -0.430 A1 o 52/ 20 B A%
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Phylogenetic tree of Arabidopsis, corn and soybean FAR1/FHY3 protein sequences
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A, AR A 35 PR 20 B84l e v v e R 2 X
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Sy ik by iE % A 10 AR IR 18 Fl 6
Sy S 7 F1 6 A FARL/FHY3 3K ;1
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PR3 00 55 WA 50 ik R T A [) 1) M 2 i PR X
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Note: a. Sequence evolution relationship of proteins; b. Conservative motif distribution; c. Gene intron-exon structure distribution.
B2 XE FARUFHY3 REEREMEEEBRTEFIHN

Fig.2 The gene structure and protein conserved motif analysis of soybean FAR1/FHY3 gene family members
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3 XE FARI/FHY3 BEERKHEEENM
Fig.3 Chromosome mapping of soybean FAR1/FHY3 gene family

El 4 KXE FARI/FHY3 EREFKKEHELES
Fig.4 The collinearity analysis of soybean FAR]1/FHY3 gene family
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B 5 XE FARI/FHY3 HEEREEFREIRKIERTHES
Fig.5 Cis-acting elements analyses of FAR1/FHY3 family genes in soybean
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KEHL PR R L, Hod, Glyma. 06314300 . Glyma. 13g341600 F Glyma. 11g127400 1E4E )3
Glyma. 04g124300 . Glyma. 20g053500 #1 Glyma. KB, Glyma. 068323400 15 () 38 B0
10001400 18 K 5. 9 A4 21 v 32 3K K - ¥ 8 5 Glyma. 15g002100 TEFF )RR EHK R (K 6) .

B 6 XX FARI/FHY3 KEEFELRRIZEFEDH
Fig.6 Tissue specific expression of the soybean FAR1/FHY3 family genes



2 M FEE A KK FARL/FHY3 2N R K% SRE T 49

2.7 EREEFEE THRESHT

HRAE GEO ot b R =k K4 AL B hia
FREG SRR 0 R . FARL/FHY3 3[R A 53 78 3
BT MRBRIERY . R B8 R, 2 4 FARL/
FHY3 ( Glyma. 08¢342800 F Glyma. 15g144500) 5%
KEZE L4 A FARI/FHY3 (52 T EL 7E
R B3 F 6 4~ FARI/FHY3 RYZ35 W2 FiR,

9 PMFAR1/FHY3 W2 MR IA  FEmiRMNE T 2 4
FARI/FHY3 B33k & L ( Glyma. 11088700 Fil
Glyma. 12g052000) , et Glyma. 115088700 1%k i
AR IR 38 rh ik i W25 T M Glyma. 126052000
A TR I 3R g R v 25K i S R T
T8 WA T, K5 FARI/FHY3 F R 57 %
AuERER(ET),

Ha. V1 40T 100 mmol +L =" NaCl Zb380,1,6 F112 h;b. 14 d KEFE4 CALFE0,1 f124 hye. R1 EHFMIE#MK F

EPiE (WD) FIEEE (HS)20 d ARFER GAE &

Note; a. Seedlings in the V1 stage treated with 100 mmol-L =" of NaCl for 0,1,6 and 12 h; b. 14 d soybeans treated at 4 °C for 0,
1 and 24 h; c. R1 developmental stage at control (CK) ,water deficit (WD) and heat stress (HS) for 20 d.
E7 KE FARI/FHY3 REERER KR, TEWSEMHE TREEX S

Fig.7 Transcript expression analysis of soybean FAR1/FHY3 genes under stress conditions of salt,

low temperature, drought and heat stress
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