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Identification and expression analysis of f-amylase gene family
members in alfalfa under saline-alkali stress

QU Hongyu*, ZHANG Lishuang®, TANG Yahui, LIU Lei, GUO Rui, GUO Weileng,
GUO Changhong’

Key Laboratory of Molecular Cytogenetics and Genetic Breeding of Heilongjiang Province, Harbin Normal
University, Harbin 150000, Heilongjiang, China

Abstract: Beta-amylases (BAMs), key enzymes in starch hydrolysis, play an important role in
plant growth, development, and resistance to abiotic stress. To mine the saline-alkali
tolerance-related BAM genes in alfalfa (Medicago sativa L.), we identified MsBAM genes in
the whole genome. The physicochemical properties, phylogeny, gene structures, conserved
motifs, secondary structures, promoter Cis-acting elements, chromosome localization, and gene
replication relationships of BAM gene family members were analyzed. RNA-seq and
quantitative real-time PCR (qRT-PCR) were employed to analyze the expression patterns of
BAM family members under saline-alkali stress. The results showed that 54 BAM genes were
identified in the genome, which were classified into 8 subgroups according to the phylogenetic
tree. The members of the same subgroup had similar gene structures except that those of
subgroups 1 and 7 had large differences. Conserved motif analysis showed that all MsBAM
proteins had a typical glycohydrolysis domain. The chromosome localization analysis showed
that MsBAM gene family members were unevenly distributed on 27 chromosomes. The
duplication of gene segments led to the increase in BAM gene number in alfalfa. The promoters
of BAM genes contained a large number of elements in response to plant hormones and stress.
Transcriptome data and qRT-PCR results showed that the expression levels of most MsBAM
genes were up-regulated in response to saline-alkali stress. Under the saline-alkali stress, the
expression levels of 28 genes, including MSBAMG6, were up-regulated on days 1 and 7, and those
of 5 genes, including MSBAMY, were up-regulated by over 2 folds. In addition, under salt-alkali
stress, BAM activity and soluble sugar content were significantly increased. These results
indicate that BAM genes play a key role in alfalfa in response to saline-alkali stress, laying a
foundation for further research in this field.

Keywords: alfalfa (Medicago sativa L.); B-amylase; gene family; saline-alkali stress
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Table 1 qRT-PCR primers for MsBAM gene family members

Gene Forward primer (5'—3") Reverse primer (5'—3")

MsBAM6 TTGAGGTAGGACTTGGCC GATATCTGGCCTCACTAATCC
MsBAM9 CCCGAGTTGCTACTTTCG GGCTCATAACCGCAGATT
MsBAM15 TGTGGAGGAAATGTAGGGG TCACTGTATATCTCAATGGCTGT
MsBAM20 CTCCCACTCGGAGTTATTAA CCCCTACATTTCCTCCACA
MsBAM30 GACTCTTGCAGCATACCT TGCCCAAATAATCTGTGAAT
MsBAM41 GGGAGAAGCCAGGTGAGT CATTGAACTGGACTTCTGCC
MsBAM43 TGGCTACCTTCCAATCGC ACGCCTTCAATATCTGTTCG
MsBAM48 GCGATTAGTTTGGCAAGT AGTTTGGTCGTTCCATCAG
MsBAM54 AGATCAGCAAGAACCCTGAC TTGTATTTCCGAGATGACACT
MsGAPDH ACGAGCGTTTCAGATG ACCTCCGATCCAGACA

MsBAMS54 (% 2), BAM J& T4 7K fi il 57 i
EEA 1 AMMRTEEMIE Glyco hydro 14, Tl
4R EIR, MsBAM B ZIERREH M 59 aa
F| 1 641 aa A5, X /3F Bt i/ 6.49 kDa
(MsBAMS), % K 182.86 kDa (MSBAM35), FiFfy
MsBAMs £ [ 19 55 HL S ERAE 5.00 DL b, AfaE
ZBUNT 40.00 1) BAM ZERL A 36 1>, K
B AR EE H . JENTREUN 20.00 3] 131.86
NG, SRR R R 80.90 V£ il 22 A3 T
KIL, MsBAM 2K 147 43 PENIAEM2RIK, 34~
TENAEANMA, 8 4~ 5E ARSI iR
22 RGN

X MsBAM B:R 55 2 etk ik ¢ R A7 47
BT, AR 3 514 B L R 4544, 4 54 4~ MsBAM
FIG 5L 8 AMERE(ET 1) H AP DT Z
RiERZ, A 21 4, BHDEEA R MsBAM
RHEF B RELEMRE, WKL, 00, IV, V
VI AL 4 DGR, F AP I i 5 Hofh
AR FE 250 AR R 22 51 .
23 RTFEFRERGHESHR

TEL I ETE MsBAM SR Z e T
10 RSP IET (B 2A)0 7l — 2% MsBAM A% 51
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motif 9. VI % %45 motif 2, motif 3 Fl motif 5.
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®2 REEHTE MsBAM ERERIEMK R4FE
Table 2 Characteristics of MsBAM gene family members

Gene name Gene ID Chromosome Number of Molecular pl Instability Aliphatic GRAVY Subcellular
amino acid weight (kDa) index index localization

MsBAM1 MS.gene33037.t1 Chrl.1 313 35.23 8.13 41.29 87.25 —0.363 Nucleus

MsBAM2 MS.gene005433.t1 Chrl.1 267 30.63 8.50 45.70 87.68  —0.327 Nucleus
MsBAM3 MS.gene034585.t1 Chrl.3 236 26.82 8.62 29.44 99.15 0.133 Cytoplasm
MsBAM4  MS.gene034586.t1 Chrl.3 236 26.82 8.81 29.40 100.38 0.148 Cytoplasm
MsBAM5 MS.gene052838.t1 Chrl.4 59 6.49 7.92  27.09 130.17 0.964 Chloroplast

MsBAM6 MS.gene54879.t1 Chr2.1 286 32.18 8.65 4351 82.20  —0.393 Nucleus
MsBAM7 MS.gene35779.t1 Chr2.1 591 67.41 5.84 40.78 77.73 —0.417 Cytoplasm
MsBAM8 MS.gene002783.t1 Chr2.1 518 56.75 5.82  40.82 76.02  —0.270 Chloroplast
MsBAM9 MS.gene96196.t1  Chr2.2 535 58.62 6.25 41.63 74.15 —0.314 Chloroplast
MsBAM10 MS.gene00981.t1 Chr2.3 535 58.59 6.25 41.02 74.15 —0.313 Chloroplast
MsBAM11 MS.gene029032.t1 Chr2.4 1399 157.56 6.54 45.58 78.08  —0.525 Cytoplasm
MsBAM12 MS.gene73337.t1 Chr2.4 59 6.57 7.92  30.10 131.86 1.058 Chloroplast
MsBAM13 MS.gene004469.t1 Chr2.4 518 56.75 5.82  40.82 76.02 —0.270 Chloroplast
MsBAM14 MS.gene048964.t1 Chr4.1 548 62.38 8.95 46.60 72.59 —0.327 Chloroplast
MsBAM15 MS.gene51367.t1 Chr4.1 479 54.10 5.27 37.06 79.39 -0.466 Cytoplasm
MsBAM16 MS.gene027467.t1 Chr4.2 496 56.10 5.33  39.56 80.58 —0.443 Cytoplasm
MsBAM17 MS.gene55830.t1 Chr4.3 548 62.38 8.95 46.60 72.59 —0.327 Chloroplast
MsBAM18 MS.gene001813.t1 Chr4.3 496 56.04 5.27 37.11 80.79 —0.434 Cytoplasm
MsBAM19 MS.gene20208.t1 Chr4.4 548 62.45 9.02 46.54 73.30  —0.324 Chloroplast
MsBAM20 MS.gene000320.t1 Chr4.4 496 56.19 541 38.41 80.58  —0.453 Cytoplasm
MsBAM21 MS.gene21217.t1 Chr5.1 59 6.58 6.53  24.06 113.73 0.778 Chloroplast
MsBAM22 MS.gene54200.t1 Chr5.1 543 60.68 6.45 31.67 75.58  —0.369 Chloroplast
MsBAM23 MS.gene54201.t1 Chr5.1 496 55.60 6.04 34.38 74.88  —0.393 Chloroplast
MsBAM24 MS.gene54202.t1 Chr5.1 302 33.79 578 35.74 69.80  —0.408 Chloroplast
MsBAM25 MS.gene54203.t1 Chr5.1 154 17.47 5.65 29.62 91.62 0.003 Chloroplast
MsBAM26 MS.gene72780.t1 Chr5.1 1 641 182.75 6.14 38.17 91.05 —0.202 Chloroplast
MsBAM27 MS.gene56994.t1 Chr5.1 59 6.62 7.94 21.77 121.86 0.939 Chloroplast
MsBAM28 MS.gene09696.t1  Chr5.2 494 55.31 5.82  31.70 74.19  —0.379 Chloroplast
MsBAM29 MS.gene09695.t1  Chr5.2 543 60.97 7.97 33.49 77.02  —0.388 Chloroplast
MsBAM30 MS.gene09694.t1  Chr5.2 496 55.63 6.26 31.69 74.88  —0.411 Chloroplast
MsBAM31 MS.gene82151.t1 Chr5.2 1 641 182.81 6.12 37.87 91.17  —0.202 Chloroplast
MsBAM32 MS.gene21509.t1 Chr5.3 494 55.31 5.82 32.44 75.18  —0.374 Chloroplast
MsBAM33 MS.gene21508.t1 Chr5.3 496 55.54 6.14 3271 75.67  —0.387 Chloroplast
MsBAM34 MS.gene21506.t1 Chr5.3 498 55.85 6.08 32.69 74.78 —0.400 Chloroplast
MsBAM35 MS.gene028139.t1 Chr5.3 1 641 182.86 6.14 3790 91.35 —0.198 Chloroplast
MsBAM36 MS.gene015359.t1 Chr5.4 494 55.29 5.82  32.27 74.98 —0.379 Chloroplast
MsBAM37 MS.gene015358.t1 Chr5.4 496 55.63 6.13  34.55 75.67  —0.391 Chloroplast
MsBAM38 MS.gene015350.t1 Chr5.4 387 43.50 591 34.61 76.80  —0.396 Chloroplast
MsBAM39 MS.gene83456.t1 Chr5.4 1 641 182.75 6.05 37.46 91.24  —-0.197 Chloroplast
MsBAM40 MS.gene069657.t1 Chré6.1 1271 143.00 7.29  39.58 86.06  —0.152 Chloroplast
(5%
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(B4 2)

Gene name Gene ID Chromosome Number of Molecular pl Instability Aliphatic GRAVY Subcellular
amino acid weight (kDa) index index localization

MsBAM41 MS.gene40443.t1 Chr6.2 573 63.82 5.75 34.72 68.45 —0.408 Chloroplast
MsBAM42 MS.gene041698.t1 Chr6.3 573 63.78 5.68 33.36 67.77  —0.425 Chloroplast
MsBAM43 MS.gene27372.t1  Chr6.4 578 64.40 575 34.49 67.01 —0.428 Chloroplast
MsBAM44 MS.gene023885.t1 Chr7.1 658 73.83 6.13  47.77 74.67 —0.397 Chloroplast
MsBAM45 MS.gene069036.t1 Chr7.2 263 29.48 8.72 38.32 82.70  —0.391 Chloroplast
MsBAM46 MS.gene27744.t1 Chr7.3 625 69.94 6.14 47.51 74.40  —0.391 Chloroplast
MsBAM47 MS.gene27743.t1  Chr7.3 658 73.76 6.05 48.06 74.67  —0.392 Chloroplast
MsBAM48 MS.gene52251.t1 Chr7.4 1 069 120.14 6.67 42.80 81.63  —0.312 Chloroplast
MsBAM49 MS.gene011612.t1 Chr8.1 546 61.20 7.00 40.11 70.33 —0.441 Chloroplast
MsBAM50 MS.gene70005.t1 Chr8.1 179 20.47 6.43 39.14 85.53  —-0.251 Chloroplast
MsBAM51 MS.gene61247.t1 Chr8.2 547 61.33 7.27  39.70 70.20  —0.447 Chloroplast
MsBAMS52 MS.gene061113.t1 Chr8.3 375 28.34 5.39 2497 20.00 —0.207 Chloroplast
MsBAMS53 MS.gene72386.t1 Chr8.3 547 61.31 7.00 40.41 69.49  —0.446 Chloroplast
MsBAM54 MS.gene46383.t1 Chr8.4 546 61.21 7.00 39.41 69.43  —0.446 Chloroplast

GRAVY: Grand average of hydropathicity.
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Figure 1 Phylogenetic trees of MsBAM gene family members.
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Figure 2 Conserved motifs (A) and gene structure (B) of MsBAM gene family members. CDS: Coding

sequence.
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2.5 REHEEMEREREFXRZSH
RAHTEA 32 KPR, X MsBAM (A
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MsBAM JE[H GBI AN )3 e 27 SR Getaik “i# 3)
s , ?,:E Chrl.2.Chr3.1. Chr3.2. Chr3.3 #ll Chr3.4 Protein Alpha helix (%) Beta sheet (%) Others (%)

X5 AR bW A I FE R K% A MsBAMI4 25,18 1369 o113
MsBAM15 30.27 12.11 57.62

Chrl.4,Chr2.2, Chr2.3, Chrd.2 Chr6.1.Chr6.2.  \;nivite 2803 1290 55.87
Chr6.3, Chr6.4, Chr7.1, Chr7.2, Chr7.4., Chr8.2 MsBAMI17 25.18 13.69 61.13
F Chr8.4 iX 13 U falh# U a4 1 ANEKER, ~ MsBAMIS 2843 13.71 57.86
J'%, ﬁzﬁ Chr5. 1 Qﬁ%%ﬂ@%ﬁ%&ﬁ, ﬁ 7/|\, MsBAM19 25.00 13.87 61.13
J351% MSBAM20—MSBAM27. MsBAM20 29.03 12.90 58.07
MsBAM21 37.29 6.78 55.93

BT MsBAM FE A 1 &2 il 3¢ R & BL(EL 5), MsBAM22 26.52 12.34 61.14

54 > MsBAM FE[H % b 34 219 5L ¢ MsBAM23 27.82 13.51 58.67
/%, @?ﬁﬁ&ﬁﬁ*ﬂ%ﬂfﬁﬁ, %Eﬁiﬁﬁ 12 %5" MsBAM24 25.50 10.26 64.24
Chrs. 1 47 5 ZHIETEAT . Chrs.o off 3 s MSBAM2S 2727 21.43 51.30
REH. Chil3. ChiSa. Chesd i Cho73 4 MsBAM26 17.73 19.56 62.71
, s B : : MsBAM27 20.34 20.34 59.32

T APER, K207 £ MR BEER,  MsBAM28 2895 12.75 58.30
HiF Chrs.1 &G RLMEER S, SLFEEH G  MsBAM29 25.05 12.89 62.06
ZR e XAk A 61 S MsBAM30 26.61 13.51 59.88
MsBAM31 17.49 20.05 62.46

SR A&, Heh MsBAM22 Hil MsBAM23 4547 MsBAM32 28.95 14.98 56.07
14 FEMRFR, WEEBRATER KRR MBAM33 29.03 14.11 56.86
EAP MsBAM34  29.32 14.26 56.42
MsBAM35 17.79 20.23 61.98

® 3 EKUETE MsBAM EEREAEHNZRE  vpamse 28.14 14.98 56.88
HZH X MsBAM37 28.43 13.71 57.86
Table 3  Secondary structure of MsBAM gene MsBAM38 25.58 14.47 59.95
family members MsBAM39 17.61 19.80 62.59
Protein Alpha helix (%) Beta sheet (%) Others (%) MsBAMA40 29 98 11.41 58.61
MsBAMIL 3131 447 64.22 MsBAM41 26.53 10.99 62.48
MsBAM2 44.19 412 >1.69 MsBAM42 24.96 11.87 63.17
MsBAM3 — 28.81 20.34 >0.85 MsBAM43 24.57 11.76 63.67
MsBAM4  26.69 19.49 53.82 MsBAM44 2631 11.69 62.00
MsBAMS 3898 6.78 54.24 MsBAM45 30.42 9.51 60.07
MsBAM6  29.02 5.94 65.04 MsBAM46 24.16 12.48 63.36
MsBAM7  27.24 12.35 60.41 MsBAM47 24.62 13.23 62.15
MsBAM8  26.26 17.95 55.79 MsBAM48 21.14 16.46 62.40
MsBAM9  25.05 19.44 55.51 MsBAM49 24.73 12.27 63.00
MsBAMI10 25.42 19.25 55.33 MsBAMS0 29.61 9.50 60.89
MsBAMI1 27.88 7.51 64.61 MsBAMS51  24.50 12.61 62.89
MsBAMI2 40.68 6.78 52.54 MsBAMS52  10.48 21.77 67.75
MsBAMI3 26.25 17.95 55.80 MsBAMS53 26.14 12.25 61.61
P52k MsBAMS4 24.54 11.72 63.74
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Figure 3 cis-acting elements in promoters of MsBAM gene family members.
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B9 4~ MsBAM KA #47 qRT-PCR 437 (El 7),
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Figure 4 Chromosome location of MsBAM gene family members.
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Intergenomic synteny relationship of MsBAM gene family members.
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Figure 6 Transcriptome expression profile of MsBAM
gene family members under saline-alkali stress.
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Figure 7 qRT-PCR results of MsBAM gene family members under saline-alkali stress. CK: Control check;

qRT-PCR: Real time quantitative PCR; RNA-seq: RNA sequencing; FPKM: Transcriptome-level gene
expression. Different lowercase letters indicate significant differences (P<0.05).
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