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Abstract To identify drought-related AmMADSSs in Agropyron mongolicum Keng, the unigenes obtained from

transcriptome sequencing of A. mongolicum under 25% (0. 041 7 mol/L) PEG 6 000-simulated drought stress
was used as the research object. A total of twelve MADS-box family genes were screened. Bioinformatics
methods were used to analyze their physicochemical properties, subcellular localization, conserved motifs,
phylogenetic tree, and protein secondary and tertiary structures. Additionally, gRT-PCR technology was
employed to examine the expression patterns of MADS-box family genes at 0(CK)>,1.0, 3.0, 5.0, 7.0 d after
25% (0.0417 mol/L) PEG 6 000 treatment and 1.0 d after rehydration. The results show that: The protein
molecular weights of the twelve selected MADS-box transcription factors from A. mongolicum ranges from
7 263.38 to 31 349.53 u, and the length of encoded amino acids ranges from 65 to 273. The theoretical
isoelectric points (pl) of the proteins ranges from 5. 43 to 11. 16. Among which, three MADS-box transcription
factors are acidic proteins and nine are basic proteins. The proteins encoded by all twelve A. mongolicum MADS-
box genes are localized in the nucleus. They lack transmembrane domains, and contain numerous
phosphorylation sites, and their secondary and tertiary structures are primarily composed of random coils and
a-helices. Phylogenetic analysis revealed that the A. mongolicum genes, AmMMADS26-1, AmMMADS26-2,
AmMMADS29-2, AmMMADS47, and AmMMADSS55 are closely related to known drought-resistant MADS-box family
proteins in rice. gRT-PCR results showed that after simulated drought treatment (25% PEG 6, 000) , the
expression levels of AMMADS26-1, AmMMADS26-2, AmMADS29-2, and AmMMADS47 increased by 1.55 to 4. 55
times at 1. 0 d of drought treatment compared to the CK. Among them, the expression patterns of AmMMADS26- 1
and AmMADS47 showed a downward trend from day 1 to 7 under drought treatment, but their expression levels
were still higher than those of CK. In contrast, the expression level of AMMADS55 was 1. 57 and 2. 28 times higher
than that of CK after 3.0 and 5. 0 d of drought treatment respectively. In summary, based on bioinformatics
analysis and expression pattern identification of the MADS-box gene family in A. mongolicum, this study identified
five key genes responsive to drought stress, namely AmMADS26-1, AmMADS26-2, AmMMADS29-2, AmMADS47,
and AmMMADS55.
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Table 1 gRT-PCR primer of drought resistance related MADS-box genes of A. mongolicum

5 X 2 B L #EPFI (57 —>3")
Gene name Upstream sequence

TWEFHI(5"—>3")

Downstream sequence

AmMADS26-1
AmMADS26-2
AmMADS29-2

AmMADS47 GCAGGTCGCCGCTGATTCAC
AmMADS55 GGGAGAGGCGGGCGATACAG
18S rRNA CAATGGGAAGCAAGGCTGTAA

CGCACACGGCAAGCTCTACG
GCGAATGGGCCTCCTGAAGAAG
GCGTCGGCGTCGTCATCTTC

TCCTGCTTTGGGTCCACTCTCTG
TAAGCCTTGCATGTTCCCGTTGG
ACTGACTGTTGCTGGCGTTCTG
AGAGTGGTAATCCGAGCCTGAGAG
CGGTGGAGGAGAAGACGACGAG
AACAATCCGAACTGAGGCAATC
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Table 2 Subcellular localization and physicochemical properties of MADS-box proteins of A. mongolicum

BLAST 15 43 f% = B TR AL ey
. . ) u
JE D MY K P D HIBLIE / % H Moleenlr ol
Gene ID Gene name Type The highest score of Identitiy ~ Number of s P
gene ID by BLAST amino acids h
TRINITY_DN17464_c1_gl AmMADSI i XM _044583911. 1 94.92 227 26 267.72  7.65
TRINITY_DN16672_c1_g2  AmMADSI5 I XM _044476320. 1 95.10 273 31349.53  9.14
TRINITY_DN16672_c1_gl ~ AmMADSIS8 il XM _037628336. 1 96. 83 267 30122.82 8.51
TRINITY_DN12937_¢c0_gl AmMADS26-1 I XM _044583477. 1 96. 15 224 25283.23  6.53
TRINITY_DN24364_c0_gl AmMADS26-2 11 XM _048701654. 1 96. 22 231 26 770. 26 9.17
TRINITY_DN22765_c1_gl AmMADS29-1 il XM _044586232. 1 89. 81 214 23871.91 5.43
TRINITY_DN23615_c0_g8 AmMADS29-2 11 XM _044560527. 1 93.70 214 24 369.93 9.23
TRINITY_DN16091_c0_g9  AmMADS47 i XM _044515404. 1 94.15 225 25 360.77  5.90
TRINITY_DN18352_c0_gl ~ AmMADS51 1 XM _044528155. 1 89. 81 142 15872.68 7.82
TRINITY_DN22765_c0_gl ~ AmMADS55 1 XM _044577175. 1 94.12 65 7 263.38 10.39
TRINITY_DN17310_c0_g2  AmMADS56 I XM _044521108. 1 87.16 213 23929.44  8.90
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5 % B2 E Y 1Y
S D e Wi ARRC RE DKV Al E AL PR IR A A E R AW
G D Aliphatic Instability IK Subcellular Number of WA
n
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4
TRINITY_DN17464_c1_gl 76.92 50.53 —0.770 AN 0 0.472 8
Nucleus
4
TRINITY_DN16672_c1_g2 71.17 65. 26 —0.897 AN B 0 0.011 4
Nucleus
4t i A%
TRINITY_DN16672_c1_gl 84. 38 61.73 —0.778 0 0.004 1
Nucleus
4
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Nucleus
4
TRINITY_DN24364_c0_g1 87. 36 51.58 —0.239 AN B 0 7.249 1
Nucleus
4
TRINITY_DN22765_c1_gl 84. 35 57.93 —0.489 AN B 0 0.100 1
Nucleus
4t i A%
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Nucleus
4
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Nucleus
4
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Nucleus
4
TRINITY_DN22765_c0_gl 84.15 65.76 —0. 188 e 0 0.336 8
Nucleus
4 i A%
TRINITY_DN17310_c0_g2 87.46 63. 65 —0.549 0 0.447 3
Nucleus
4
TRINITY_DN22184_c0_g2 60. 23 57.65 —0.314 i 0 3.6255

Nucleus
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Fig. 4 The MADS-box conserved motif and domain of A. mongolicum
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0 50 100 150 200 224 100 150 200 231 0
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(J) AmMADSSS (k) AmMADS56 (1) AmAGL62
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Blue represents alpha helix. Purple represents extension. Brown represents irregular curl. The same below.
6 ZHkEMADS-box Rk Z K&
Fig. 6 The secondary structure of MADS-box family in A. mongolicum

£3 FHIKEI12DNMADS-box BEFETFH ZREHAR

Table 3 Secondary structure constitution of 12 A. mongolicumm MADS-box transcription factors %
Loy ik , L2y HiE ;
T B o mwem | mman 0B o mmem
Alpha Extended . Alpha Extended )
Gene name . Random coil Gene name . Random coil
helix strand helix strand
AmMADSI 53.74 10. 13 36.12 AmMADS29-2 60. 28 8.88 30. 84
AmMADS15 44. 32 6.96 48.72 AmMADS47 58.22 9.78 32.00
AmMADSI8 50.19 7.49 42.32 AmMADS51 53.52 14.08 32.39
AmMADS26-1 52.23 8.48 39.29 AmMADS55 33.85 27.69 38.46
AmMADS26-2 51.08 9.96 38.96 AmMADS55 55. 40 10. 33 34.27
AmMADS29-1 62.15 9.35 28.50 AmAGLG62 24.42 24.42 51.16
)i
(a) AmMADS1 (b) AMMADSI15 (c) AmMADS18 (d) AMMADS26-1
(€) AmMADS26-2 (f) AmMMADS29-1 (2) ANMADS29-2 (h) AMMADS47
(i) AmMADS51 (j) AmMADSS55 (k) AmMADS56 (1) AmAGL62

B7 ZEHKEMADS-box Rkl =R
Fig. 7 Predict the tertiary structure of MADS-box family involved in A. mongolicum
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Am, Atand Os represent A. mongolicum, Arabidopsis thaliana, and Oryza sativa, respectively.

8 HHKEMADS-boxBERARKHRELBFR
Fig. 8 Phylogenetic tree of MADS-box gene family in A. mongolicum
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Fig. 9 Relative expression of drought resistance related MADS-box genes in A. mongolicum under simulated drought stress
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