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Abstract: Objective To identify the growth-regulating factors (GRF) transcription factor family at the whole genome level of Astragalus
membranaceus var. mongholicus by bioinformatics methods, and analyze its expression pattern at different growth stages, providing a basis

for studying the molecular mechanism of GRF transcription factors regulating the secondary metabolism of 4. membranaceus var.
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mongholicus. Methods The GRF transcription factor family members of A. membranaceus var. mongholicus were identified, and their
protein physicochemical properties, protein conserved motifs, subcellular localization, phylogenetic analysis, and cis-acting element prediction
were analyzed by bioinformatics methods. The transcriptome data were used to study the expression pattern of the GRF' gene in different
growth stages of A. membranaceus var. mongholicus. Results A total of nine GRF transcription factors were identified, which were located
on seven chromosomes and clustered into five subfamilies. The amino acid number of AmMGRFs was 320—642 aa. They were all hydrophilic
proteins without transmembrane structure and signal peptide structure, and all of which are located in the nucleus. Phylogenetic analysis
showed that AmGREF transcription factors were closely related to soybean GRFs. There were a large number of cis-acting elements related to
light signal response, hormone signal transduction, growth and development, and stress response to adverse conditions in the promoter region
of AmGRF genes. Transcriptome data showed that the expression patterns of AmGRF genes in root tissues at different growth stages were quite
different. This indicated that each family member may play a specific regulatory role in different growth stages of 4. membranaceus var.
mongholicus. Correlation analysis between gene expression and flavonoid and saponin content of A. membranaceus var. mongholicus showed
that AmGRF'3 and AmGRF4 were related to the regulation of flavonoid metabolism, while AmGRFS5, AmGRF6 and AmGRF§ were related to
the regulation of saponin metabolism in A. membranaceus var. mongholicus root. Conclusion The identification and bioinformatics analysis
of the GRF gene family of A. membranaceus var. mongholicus were conducted at the whole-genome level. Based on the determination of
saponin and flavonoid contents in the roots of A. membranaceus var. mongholicus at different growth stages and the expression data of GRF'
genes, the GRF transcription factors related to the metabolism of flavonoid saponins in 4. membranaceus var. mongholicus were identified,
providing key targets for in-depth analysis of the biological functions of this family in regulating the growth and development as well as
secondary metabolism of A. membranaceus var. mongholicus.
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&1 AmGRF EESARATEES
Table 1 ¢RT-PCR primers of AmGRF genes

BN 4 LIS (5°-37) TS (3°-57)
AmGRFI CCAATCAACCTCTTCTACACCTCAAG CAATGTTGTTGTTGTTGCTGCTCTT
AmGRF2 CACTCAACAACAGCATTACTACCACTACT AGAAGGTGAAGGAGCAGCAGGAG
AmGRF3 CAAGAAGCCTCGCCATGATCCTAAT ATCTCCATTCAGCATCCACTCCAATC
AmGRF4 AAGCCTGTGGAATCTCAATCTCAATCT GGAGCAAGTTGTGAAGTAGTAGTAGAAGA
AmGRF5 ATGAATAGCAGTGGTGGCAGTAGC GAATAGGCAGAACAAGATCAGGTGGAA
AmGRF6 AGGACGATGTAGAAGGACGGATGG GGCACTTGTTGGAAGGTTCTGGAA
AmGRF7 TTCTTGACTCTGCCTCTTGCTCTC GAACAACTCCTCTGTCTTGAAGATGAAG
AmGRF8 ACCTCACCAATCTCAGCAACACTT CAGCAACAGCAGCAGCATCAAT
AmGRF9 CATCAACACCAACAACAACAACACTCA GGAACAGCAGAACCAGCCAACAT

and cDNA Synthesis SuperMix &7l & [ #% 35 & Al
cDNA, i /] PerfectStart®Green qPCR SuperMix i
& AN StepOnePlus RAFATY Y . I NAK F 20 pL,
FERFEE: 94 CHIAENE 30s, 40 IRAEFR (94 C.
5s, 60 C. 15s, 72 C. 10s) o K 2722k
EAHXTFRIAEBY, FIFH R &5 Psych Al Pheatmap
BAF ALK R A K W) AmGRF 3 R 223 038 A AR
S AN S R A AR AT spearman AHOCHE
T, FEREAR A
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Table 2 HMMER alignment of GRF protein sequence

FHID Ef& A -
Am01G009280.1 2.10X 10738 1304  WRC
Am01G001010.1 1.80X 102! 76.1 WRC
Am05G010550.1 2.10X 102! 75.9 WRC
Am09G017960.1 2.10X 102! 75.9 WRC
Am05G010590.1 2.20%1072! 75.9 WRC
Am06G015050.1 8.10X1072! 74.1 WRC
Am06G023050.1 8.70X1072! 74.0 WRC
Am02G003770.1 1.40X 10720 73.3 WRC
Am03G012480.1 1.60X 10720 73.1 WRC
Am04G009960.1 3.70X 10719 68.7 WRC
Am06G002760.1 6.70X 10717 61.5 WRC
Am02G020720.1 4.10X 10716 59.0 WRC
Am09G013020.1 430X 10716 58.9 WRC
Am05G026340.1 5.60X 10716 58.6 WRC
Am02G026890.1 6.20%X 10715 55.2 WRC
Am02G003770.1 6.20X 10716 58.4 QLQ
Am05G010550.1 9.70X 10716 57.7 QLQ
Am05G010590.1 1.00X 10715 57.7 QLQ
Am06G023050.1 1.80X 10715 56.9 QLQ
Am06G015050.1 3.40X 10715 56.0 QLQ
Am01G001010.1 3.60X 1071 55.9 QLQ
Am04G009960.1 2.80X 10714 53.1 QLQ
Am09G017960.1 1.50X 10712 475 QLQ
Am03G012480.1 1.80X 107! 44.1 QLQ
Am09G004890.1 5.10X 10710 394 QLQ
Am01G008030.1 4.10X 1078 334 QLQ

KM (GRAVY 1) K&, FrEEEE GRAVY H
Ho g, REFEAMEA T2 KE, GRAVY fHiS
N, EERBISEK IR 9 A AmGRF & AR IEHR
HRAE 320~642 aa, FXS TR A/INE 35861.43~
69 908.11. H:FF AmGRF2 1 AmGRF3 & HFHIK
N 642 aa F1512 aa, A 74> AmGRF 2 AFHIKE
BIFE 300~400 aa. AmGRF 2% H ST 6.74~
9.16, BINEAEIEENIFESSIAEEH, TWAIRE A T
MzEFER, Frfi AmGRF 3 Pz R 4.
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Table 3 BLAST alignment of GRF protein sequence
i ] )7 31 H brd:F AEABAE /% EfH ELRr 47 3
Am01G036950.1 AtGRF12 80.992 2.08X 107132 418
Am01G001010.1 GmGRF6 71.271 8.87X1071%° 440
Am01G009280.1 OsGRF4 46.018 7.75X107% 107
Am01G009280.1 OsGRF4 60.870 2.49X10713 68.2
Am02G026890.1 AtGRFS 46.341 1.64X10°8 48.5
Am02G020720.1 OsGRF10 34.722 1.19X 1078 46.2
Am02G003770.1 GmGRF21 62.963 0 684
Am03G012480.1 GmGRF4 55.401 6.56 X 107134 444
Am03G008960.1 AtGRF12 72.047 7.70X 107133 369
Am03G008390.1 AtGRF12 66.809 1.98 X 107117 329
Am04G018980.1 AtGRF12 74.180 1.07X 10713 370
Am04G009960.1 GmGRF1 68.047 8.86X 107160 442
Am04G015280.1 AtGRF12 84.556 5.49X 107166 452
Am04G024000.1 AtGRF12 80.184 1.07X10713 375
Am05G026340.1 OsGRF10 50.000 7.56X107° 48.5
Am05G010550.1 GmGRF13 83.988 0 551
Am05G018060.1 AtGRF12 79.724 8.36X 10713 373
Am05G022920.1 AtGRF12 78.968 4.74 X 107146 401
Am05G021800.1 AtGRF12 80.567 9.63X 107134 421
Am05G010590.1 GmGRF13 84.195 0 550
Am06G002760.1 OsGRF11 48.889 3.46X107° 50.1
Am06G022530.1 AtGRF12 71.032 2.72X1071% 385
Am06G015050.1 GmGRF7 71.316 4.93X10°1" 473
Am06G004620.1 AtGRF12 75.820 9.77X 10714 396
Am06G023050.1 GmGRF17 71.712 3.79X 107172 4717
Am07G006370.1 AtGRF11 67.442 6.13X10°1 61.6
Am08G000390.1 AtGRF12 70.817 5.03X1071?° 359
Am09G017960.1 GmGRF3 70.496 7.04X 107160 445
Am09G013020.1 AtGRF7 33.028 1.47X10710 52.8
Am09G007880.1 AtGRFI11 51.020 1.66X107° 46.6
Am09G012830.1 AtGRF12 79.817 1.38X10713 375
0 Mb AmGRF 1 3
AmGRF?2 E
—30 Mb AmGRF3 !AmGRF4 < 5
60 Mb ] S B mORF7 @ 1., Grro
90 Mb 2 8 g = 2 B e
] i ZE :E c@v
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AmGRFS8
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180 Mb i i
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1 AmGRF EEHREHFSTH
Fig.1 Chromosomal distribution of AmGRF genes
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# 4 HE GRFEZFEFEHHE

Table 4 Protein characteristics of AmGREF transcription factors

FNID BERN% KEaa MR FEES KM GEEK BESgH AR
Am01G001010.1 ~ AmGRFI 330 37790.22 8.66 -1.092 ¥ 0 1 A%
Am02G003770.1  AmGRF2 642 69 908.11 7.77 -0.690 ¥ 0 41 ff A%
Amo03G012480.1  AmGRF3 512 55 486.16 7.00 -0.751 ¥ 0 i A%
Am04G009960.1  AmGRF4 320 36 089.21 9.16 -0.839 ¥ 0 A%
Am05G010550.1  AmGRF5 325 36 018.75 7.72 —0.759 ¥ 0 1 A%
Am05G010590.1  AmGRF6 332 36 824.78 7.71 -0.720 ¥ 0 1A%
Am06G015050.1  AmGRF7 353 40 208.41 8.67 -0.906 ¥ 0 Y A%
Am06G023050.1  AmGRFS8 368 41 999.23 6.74 -0.941 ¥ 0 YN AAZ
Am09G017960.1  AmGRF9 357 39 125.40 8.34 -0.727 ¥ 0 Y%

Subfamily IT

bootstrap
*0.087
©0.32
°0.54
©0.77
el

B2 #HE. K=, #ET. ki GRF EERERFGHLH
Fig.2 Phylogenetic tree of GRF gene family in A. membranaceus var. mongholicus (Am), Glycine max (L.) Merr. (Gm),

Arabidopsis thaliana (L.) Heynh. (At) and Oryza sativa L. (Os)
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HESEX 2 AN P XA e R < 0 S 2 1 4
(E3) o #EAC R B AR B I B & AR 57
By, # R FE— 232 1) AmGRFS5. AmGRF6.

AmGRF7 #l AmGRF8 & H NP HERZ, 570
N 9.9, 6 F1 6 MrsEHESF (] 4) . Hrh AmGRF1.
AmGRF2 1 AmGRF4 %7€ H 4 ANMRSFHT, 1iH
J& S IVIE 5 ) AmGRE3 Al AmGRF9 i & {5 ik
PR ERUD HER GEM Hr E R Bos (B 4), AmGRF
EREH 3 8 4 MR TR,
3.6 AmGRF EEIRAER THS

X AmGRF B[R B 37X Cie s bz a3 i
2000 bp) HIEAEH AT 0 (B 5) o 4
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Expression of AmGRF genes in different growth stages of A. membranaceus var. mongholicus
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