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Abstract: [Objective]l To mine the sequence information of the f-amylase gene family of Ipomoea batatas
genome, and analyze the structure and function of genes. [ Method] Based on the whole genome sequence data
of I batatas cultivar ‘Taizhong 6’, the bioinformatic methods were applied to analyze the identified 12 members
of the f-amylase gene family and conduct the domain conservation analysis, chromosomal localization,
screening of potential duplication genes, conservative motif analysis, phylogenetic tree construction. The gene
expression under low temperature stress was analyzed using the transcriptomics data. [Result] Twelve p-
amylase genes were located on chromosomes No. 2, 4, 5, 6, 11, 12, 13 and 14 of L batatas, and eight pairs
showed potential duplication relationship. Multiple sequence alignment and functional domain search indicated
that there were three highly conserved domains and 10 conservative motifs in the amino acid sequences of 1.
batatas p-amylase family. Phylogenetic trees of f-amylase proteins in . batatas and other species showed that
62 f-amylase family members were divided into seven subgroups of S1—S7. The f-amylases of 1. batatas were
mainly distributed in the subgroups of S2, S4, S5, S6 and S7, most of which belonged to the same branches with
Arabidopsis thaliana, Solanum tuberosum and S. lycopersicum. The results of transcriptomics data showed that
six f-amylase genes expressed differentially during the low temperature storage period, of which two were up-
regulated and four were down-regulated in ‘Xushu 15-1°, while only two genes were down-regulated in ‘Xushu
15-4’. [ Conclusion] The B-amylases are a key class of starch hydrolyzing enzymes that play important roles in
the degradation of starch into reducing sugars during the process of 1. batatas growth, development and tuber

storage stages. The sequences of the identified 12 sweet potato f-amylase genes provide data reference for

further study on the biological functions of /. batatas f-amylase gene family.

Key words: Ipomoea batatas; f-amylase; gene family; systematic evolution; differential expression analysis
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The blue shaded part indicates that the amino acid conservation of the site is 100%, and the red shaded part indicates that the amino acid conservation of the
site is over 70%; The series replaced by vacancies in each region are excluded in the calculation; The horizontal line in Region I represents the Flexible loop,
the “*” in Region II shows the catalytic active site, and the horizontal line in Region III denotes the Inner loop
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Fig.1 Analysis of the conserved domains of f-amylase in Ipomoea batatas
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Table 1 The sequence information of f-amylase gene in Ipomoea batatas

HE AR Hh T i3 K /bp
Gene name Exon Strand Length
CM008332.1-snap.12826 45177690-45177779; 45176575-45176835; 45176174-45176392; - 798
45175888-45176091; 45175660-45175665; 45174982-45174999
CM008334.1-snap.6488 29784343-29784606; 29784692-29784856; 29785241-29785504; + 909
29786090-2978630
CM008335.1-snap.6154 26986968-26987510; 26986519-26986728; 26986320-26986430; - 1647
26985282-269860064
CM008336.1-snap.4559 14557970-14558494; 14560135-14560344; 14560435-14560551; + 1701
14560653-14561441; 14561707-14561766
CM008336.1-snap.4659 14866852-14867396; 14867730-14867844; 14868220-14868330 + 771
CM008341.1-snap.11840 40434808-40434870; 40433953-40434363; 40433695-40433859; - 1521
40432752-40433015; 40432065-40432280; 40431587-40431988
CM008342.1-snap.286 1511146-1511589; 1512051-1512279; 1512390-1512481; + 1623

1512728-1512931; 1513310-1513504; 1514282-1514491;
1514642-1514861; 1515345-1515373

CMO008342.1-snap.4060 14068276-14068818; 14069053-14069265; 14069351-14069461; + 1 650
14069709-14070491

CM008342.1-snap.4063 14080849-14081390; 14081696-14081906; 14082004-14082114; + 1023
14082365-14082523

CMO008343.1-snap.1532 7100890-7100952; 7101137-7101535; 7101690-7101854; + 1185
7101930-7102196; 7102266-7102487; 7102713-7102781

CMO008343.1-snap.3551 12195237-12195299; 12195510-12195908; 12196093-12196257; + 1134
12196351-12196617; 12196701-12196940

CMO008344.1-snap.5492 22226248-22226507; 22227548-22228337 + 1 050

1) AR LAREA “27 5IR6 5 R M 4 Ao B 45 230 5 Lk, Bl 4a CMO008332. 1-snap. 12826 % ~NCBI¥ ‘& ¥65 %
B 4884 e &45 A7) STHFCMO008332.1 fasta(5 25 4 & 4K) _E AR S snap T84 % 5y snap. 1282649 A B 5 2 A W sh B F 20 %, &+ 41
2P E XA AR SUAE AT A AR 7 B R BUE SUAR R B A -7 BRI BIE SUAE B e LAY 53, S 2T BT
IR A PR H AR IR 5, SRS 2T B TR B AR A KA

1) The gene name consists of the name of chromosome sequence file and the gene number that are separated by the symbol “-”, for
example, the CM008332.1-snap.12826 indicates the gene numbered snap.12826, which is predicted with snap"® in the chromosome
sequence file CM008332.1.fasta (chromosome No. 2) of the ‘Taizhong 6° genome® in NCBI; The genes are made up of exons, in the table,
the positional interval of the exon is set according to the sense strand, the sequence of gene with strand “+” is taken from the sense strand
and the sequence of gene with the strand “—” is taken from the reverse compliment of the sense strand, the exons are arranged

corresponding to the sequential position within the gene, the full-length gene can be obtained via merging the exons
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Fig.2 Chromosomal localization and potential duplication relationship of the f-amylase gene family in Ipomoea batatas
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Fig. 3 Conservative motif analysis of protein sequences of Ipomoea batatas f-amylases
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Table 2 Amino acid composition of the conservative motifs of the Ipomoea batatas f-amylase

FLF Motif R i Amino acid composition 75 ¥y18, Structural domain
Motif 1 VDVWWGLVEKDSPREYNWAGYSELLQLAKKHGLKVQAVMSFHOCGGNVGD Glyco hydro_14
Motif 2 GIHWWYGTRSHAAELTAGYYNTRGRDGYLPIARMLARHGATLNFTCLEMR Glyco_hydro 14
Motif 3 IPLPRWVLEEGDKNPDIFYTDRAGRRNYEYLSLGVDNQPLFKGRTPLQMY Glyco_hydro 14
Motif4  WVFPGIGEFOCYDKYMVASWKGAAEAAGHPEWGMPGPTDAG Glyco_hydro 14
Motif 5 TEFFRENGTYNTDYGKFFLTWYSQMLIIHGDRILQEANKVF Glyco hydro 14
Motif 6 FLLGGTIVDIQVGMGPAGELRYPSYPETQ —

Motif 7 VKMDHTMNRKKAMEVSLQALKSAGVEGVM —

Motif 8 IPKMMSRSRGVPVFVMLPLD —

Motif 9 MCAFTYLRMNPELFEARNWIQFVGFVKKMKEGEQRREC SCOP domain d1byb
Motif 10 DHEQPQHAQCAPEKLVWQVLLATWEARVPLAGENALPRYD Glyco_hydro 14

) TREEAFS B BGRETRERRHRY; “—” AFRAERIIGEEE

1) The underlines indicate the conservative regions corresponding to Fig. 1; “—

24 HERAYM p-RMEREE UM I
AT FUAS IR b p—iE b Bk IR 1 R Gt
KRR, TET 7T DAFEYFE -k B & A r
5, SHE p-iEmlE R A7 IS I T 2 £S5
ELXS, P NI i R GER AR X 7 DAY F
50 NMEAFIRKEE 10 M K 12 K

“—” indicates no relevant information is matched
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Table3 The database query numbers of f-amylase proteins

Yol HH AR s R A Yol | H AR Hs A S
Species Protein name  Database query number Species Protein name Database query number
IKFE OsBAMI1 LOC_0s02g03690.1 EPNEIRa AtBAMI AT3G23920.1
Oryza sativa OsBAM2 LOC_0s07g35940.1 Arabidopsis thaliana AtBAM2 AT4G00490.1
OsBAM3 LOC_0s03g04770.1 AtBAM3 AT4G17090.1
OsBAM4 LOC_0s07g47120.1 AtBAM4 ATS5G55700.1
OsBAMS LOC_0s03g22790.1 AtBAMS AT4G15210.1
OsBAM6 LOC_0s09g39570.1 AtBAM6 AT2G32290.1
OsBAM7 LOC_0s10g32810.1 AtBAM7 AT2G45880.1
OsBAMS LOC_0s01g13550.1 AtBAMS AT5G45300.1
OsBAM9 LOC_0Os10g41550.1 AtBAM9 AT5G18670.1
OsBAM10 LOC_0s07g35880.1 L StBAM1 PGSC0003DMP400002800
K ZmBAM1 NP_001148159.2 Solanum tuberosum StBAM3 PGSC0003DMP400035625
Zea mays ZmBAM2 NP_001151271.2 StBAM4 PGSC0003DMP400021443
ZmBAM3 XP_008658465.1 StBAMS5 PGSC0003DMP400045472
ZmBAM4 NP_001168436.1 StBAM7 PGSC0003DMP400000367
ZmBAMS5 NP_001130896.1 StBAMS PGSC0003DMP400041754
ZmBAM6 AQK60892.1 StBAM9 PGSC0003DMP400018848
ZmBAM7 NP_001354441.1 o SIBAM1 A0A3Q7I912
ZmBAMS NP_001105496.2 Solanum lycopersicum SIBAM2 AO0A3Q7EKYO0
ZmBAM9 NP_001170007.1 SIBAM3 AO0A3Q7HEM6
ZmBAM10 NP_001337631.1 SIBAM4 A0A3Q7IDQS
ZmBAM11 NP_001132696.1 SIBAMS5 AO0A3QT7IEIO
ZmBAM12 XP_035818275.1 SIBAM6 AO0A3Q7HUA2
K GmBAM1 P10538.3 SIBAM7 A0A3Q7HVS50
Glycine max ~ GmBAM2 CAI39245.1 K HvBAMI1 CAC16789.1
GmBAM3 CAI39244.1 Hordeum vulgare HvBAM?2 AAX37357.1
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Fig. 4 Phylogenetic analysis of f-amylases in eight species, i.e. Ipomoea batatas, Arabidopsis thaliana, Solanum tuberosum,
Solanum lycopersicum, Glycine max, Oryza sativa, Zea mays and Hordeum vulgare
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Fig. 5 Expression analysis of f-amylase gene in Ipomoea batatas at different storage time under low temperature stress
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