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ABSTRACT

Alpha-amylase enzyme 1s the important member in physiological metabelism of high plant,
especially during seed germination stage. The current study identified 19 amyl genes from 19
hexaploid wheat (Triticum aestivum L) accessions. The nuclectide and deduced amino acid
sequences of amyl genes were analyzed in detail, respectively. It showed that two main variation
types were characterized due to the base substitution and/or indel mutations in genomic nucleotide
sequences and the exon and intron domains were presented different variation degree. This study
identified 8 clustered haplotypes from hexaploid wheat accessions through characterization of exon
domains. The haplotype 8 was the major variation types and the others were low relative
frequency. The haplotype 7 was a special kind of haplotypes among amyl genes in wheat accession
PI1243793 because of the variation of ammno acid sequences at 155-161 sites. These results would
contribute to the understanding in functional aspects and efficient utilization of amyl genes in
hexaploid wheat cultivars.
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INTRODUCTION

In hexaplad wheat, Triticum aestivum (2n = 6x = 42), alpha-amylase enzyme has received
much attention in funectional and evolutionary studies and also been regarded as the important,
enzyme for both agricultural (germination of cereal grains) and industrial (the brewing industry)
interests. The genotypes analysis of amy gene also attracted more scientists to study including
chromosome location, functional analysis, enzyme activity and allelic variation. Gale et al. (1983)
also developed variety of genetic population to study the amy genotype. Alpha-amylase contributes
to the grain germination in wheat but it regulates the germination with different tissue of seed
{embryo and aleurcne) during developing grain (Garcia-Maya et al., 1990; Appleford and Lentoen,
1997).

Alpha-amylase has been participated in many physiclogical processes and metabolic activities
{(Laurie et al., 2003). The alpha-amylase activity in the grain was used as an indicator for
pre-harvest sprouting (Li ef al., 2003; Lin et al., 2008). During the germination of wheat grains,
alpha-amylase encoded by amy gene play a key role in the mobilization of the energy reserves
stored in inscluble starch granules (Sugimoto et al., 1998). Furthermore, the transcription of alpha-
amylase was regulated by hormone including gibberellinsg and abscisic acid (Jacobsen and Beach,
1985; Higgins et al., 1976). Alpha-amylase activity is also negative association with Hagberg
Falling Number (HFN), an important test of bread-making quality in wheat. Kindred et al. (2005)
also reported that high alpha-amylase activity could result in the production of sticky doughs which
would be difficult to industrial process.
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Many alpha-amylase genes have been cloned from various cereals (Mitsui and Itoh, 1997).
Great progress has been made in the analysis of alpha-amylase multigene families in cereal,
including characterization of protein structure and secretion of the enzyme. Alpha-amylase genes
of wheat are expressed at least twice during the life cycle of the plant. They are expressed at a high
level during germination in the aleurone cells when the controlling influence at the cellular level
is the plant hormone gibberellic acid (Baulcombe et al., 1987),

In current study, 19 amyl genes from hexaploid wheat (Triticum aestivum 1) accessions were
cloned and identified. The present study was conducted to isclate and characterize the amvl genes
from hexaploid wheat accessions and to analysis the allelic variation of these genes in the wheat
accessions derived from different regions.

MATERIALS AND METHODS

Plant materials and growth conditions: In total, 19 hexaploid wheat accessions derived from
various regions including Canada, Eritrea, Mexico, UK, Iraq, China, UK, Ukraine, Australia, Iran,
Peru, Ethiopia, US and Tajikistan (Table 1) were used to characterize amyl genes. These
experimental wheat materials were grown under a randomized complete block design with two
replicates at the Kxperimental Station of Sichuan Agricultural University at Chengdu-Wenjiang,
Sichuan, during the 2012 crop seasons.

DNA extraction and PCR amplification: Genomic DINA was extracted from the seeding leaves
of each accession about 2 weeks old using a modified CTAB (Hexadecyltrimethylammonium
Bromide) extraction method described by (Murray and Thompson,1980). The specific primers
(Forward: 5-CAACCGGAGAAGAAGAGTGAC-3, Reverse: 5-ATGGTGGATCAGTGGAG ACTT-3)
were designed by bioinformatics software DNAMAN 5.0 (LynnonBioSeft, USA) and Primer Premier
5.0 (Premier Biosoft International, Palo Alte, CA) on the basis of the wheat tests sequences

Tahble 1: Plant materials used in this study

Accessions Sources
CItr6618 Canada
CItr8195 Canada
Cltr14811 Eritrea
Cltr17599 Mexico
PI64285 UK
PIT0692 Iragq
PIT0713 Iragq
Pla2755 China
PI94390 UK
PI94460 Ukraine
PIo4504 Ukraine
PI106124 Australia
PI113933 Argentina
PI124820 Australia
PI243793 Iran
PI1477864 Peru
PI648908 Ethiopia
PI651208 us
PI6s4219 Tajikistan
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derived from NCBI (http:/fwww.nchi.nlm.nih.gov/y and selected for amplification the target Taamy!
gene. These TaKSTs sequences were aligned by homology gene, Hvamyl (Genbank No.
FN179389).

Statistical analysis: The multiple alignment of sequences was carried out by DNAMAN 5.0
{(LynnonBiosoft corporation, US), respectively. The phylogenetic tree based on the phylogenetic
analysis was performed by Mega 4.0 (Tamura et al., 2007).

RESULTS

Variation analysis: Currently, 19 nucleotide sequences of amwv]l gene sequences were obtained
from the hexaploid wheat accessions basis on the homology-cloning according to Hvamyl gene
{Genbank No.: FIN179389). The similarity of nucleotide sequences of exon domains between amyl
genes in wheat accessions and Hvamyl gene was 97.18% and the similarity of deduced amino acid
residue sequences among them was 91.30%. Amyl gene derived from hexaploid wheat contained
4 exons and 3 introns (Fig. 1). In current study, the genomic sequences of amyl genes obtained
from hexaploid wheat accessions contained 1691 to 1715 nucleotides (exon domains, 1314 to 1339
nuclectides and intron domains, 376 to 402 nuclectides). The nucleotide sequences of nineteen
amyl genes shared a high sequence identity (94.07%) and the coding and noncoding domains
sequences shared 96.71 and 91.69%, respectively. Furthermore, these nucleotides in entire coding
domains mmght encode 437 to 440 amino acid residues. There were 51 variation positions in entire
exon domains and it could be divided into two large genotypes (Table 2). Among those variation
positions, it presented 42 Single Nucleotide Polymorphisms (SNPs) and 9 polynucleotide variation
sites (Table 2), including 4 indel sites. These SINPs of coding sequences resulted in diverse variation
of deduced amino acids sequences, Most of them might lead to the structural variation of
alpha-amylase [ enzyme protein and contribute to different function due to the different binding

sites.

Haplotype diversity: Currently, it indicated that seven haplotypes were evaluated in accordance
with SNP and indel variation analysis. The haplotype 8 was presented most frequently among the
genotypes and it was involved in 9 genes simples (PI70713, P194390, P194460, P194504, P1113933,
P1124820, PI648908, PI6b1298 and FPI654219). The second frequent haplotype was haplotype 1,
which were amyl genes from four genotypes including Cltr6618, CItr8195, Cltr14811 and
Cltr17599. The other 6 cluster of haplotypes was only had one genotype respectively. It
demonstrated that amyl genes from hexaploid wheat accessions presented high polymorphism.
Referring to amyl gene in hexaploid wheat, the diverse variation of coding domains could be lead
to variation of amino acid sequences, even result in the change of base protein structure. More new
alleles of amyl genes could be frequently observed in hexaploid wheat.

Deduced amino acid analysis: The deduced amino acid sequences of alpha-amylase presented
certain polymorphism. Herein, the coding domains of 18 amyl gens could encode the normal amino
acid reduces and develop the normal alpha-amylase proteins and only one from FI1477864 could not
conduct the transcript process because of the abnormal present of termination codon in coding
domain of amyl gene. The changes in the deduced amino acid residues at 35 positions could be

presented high polymorphism (Table 3), among which four deduced amine acid sequences showed
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Table 2:  Distribution patterns of SNPs and indels of haplotypes in coding domain of nineteen amyl genes from hexaplaid wheat

accessions

Variation sites (bp)

Haplotype 4 8-9 16-18 3638 62 65 77 145 155 200 203 245 260 284 300-301  461-463 479

1 G GG - - A C c G G G G C G C CcG CAC C

2 G GG ACC CTG G G G T C T C G A G GC CAC A

3 C AT ACC CTG G G G T C T C G A G aC CAC A

4 G AT ACC CTG G G G T C T C G A G aC CAC A

5 C AT ACC CTG G G G T C T C G A G aC A-- A

6 C AT ACC CTG G G G T C T C G A G aC CAC A

7 C AT ACC CTG G G G T C T C G A G aC CAC A

8 C AT ACC CTG G G G T C T C G A G GC CAC A
Variation sites (bp)

Haplotype 500 509  517-520 533 bH43-562 564 573 631 633 644 672 731 THO ThH9

1 C - CGCC C - C C T T A G C C C

2 T - CGCC T - A G C C G C G T C

3 T - CGCC T - C G C C G C G T G

4 T - CGCC T - A G C C G C G T C

5 T GCG  ACAT T - C G C C G C G T C

6 T - CGCC T - C G C C G C G T G

7 T - CGCC T GCGTCCAGCGGGAGCTCAA C G C C G C G T C

8 T - CGCC T - C G C C G C G T C

Variation sites (bp)

Haplotype 816 822 849 855-856 900 912 972 1029 1099 1149 1152 1204 1213 1260 1275 1278 1311 1314 1323 1328

1 G A G AT G T A A C A C A C C A T A C A G
2 C C A TC A C G G G G T G G A G A C G G T
3 C C A TC A C G G G G T G G A G A C G G T
4 C C A TC A C G G G G T G G A G A C G G T
5 C C A TC A C G G G G T G G A G A C G G T
6 C C A TC A C G G G G T G G A G A C G G T
7 C C A TC A C G G G G T G G A G A C G G T
8 C C A TC A C G G G G T G G A G A C G G T

the high homology with the same varation sites differing in the others. Interestingly, PI243793
indicated that the only variation pattern from 153 te 176 amino acids reduces (Fig. 2). Possibility,
it would contribute to the special mechanism funection of alpha-amylase though the whole plant
lifespan.

Phylogenetic analysis: The phylogenetic relationships among the amyl genes in these hexapleid
wheat accessions derived from different countries around the world was evaluated and indicated
by phylogenetic distances in neighbor-joining trees (Fig. 3) developed by MEGA 4.0, The clustering
results indicated that the amyl gene was cbvicusly divided into two groups. Four genes from
Cltr6618, Cltr8195, Cltr14811 and Cltr17599 were clustered into one group and the other genes
were included in the second group (Fig. 3). Furthermore, amyl gene from wheat accession
PI1243793 with special variation of amino acid sequences had genetic relationship from the others
in the second clustered group.
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BVAMY1(FNITO380) 222

TCETETCTCAACATCTACACECAAC A CARRACT: ACCCAAGCANTCATACACOCCTOCCOTCOACAACATOCTAACTITEAD a7
TCETETCTCAACAT CTAGAGECAMC  CARAAG ] AGGCAAGOASTCATAGASGCOTGOCOTOOACANCATGLTAACTTITEAT 447

CITE 14811 TCCTCTCTCAACATCTACAGECAAC S CAAMAGE AGCCAMGCAATCATACAGOCOTCECOTCOACAACATOCTAACTITEAT 447
CITR 17399 TCCTETCTCAACATCTACAGGCAAC A CAAMAG . AGLCAAGCANTCATACAGGCOTGECOTECACANCATOCTARGTTTEAT 447
PLE42E5 CICTICCCACT AR TCETETCICAACAT CTAGAGECAAC CAAIAASAARGECARCGANTCATACHEGCOTRCCOTORACANCATCCTAAGTTTRAAL 448
PLTDE92 CTCTTCCCACTARRTCATTCCTETCTCAACAT CTACAGECAAC CAAAANCAAANGOGAAGCANTCATACACOCCTGCCOTOOACANCATOCTAACTTTCAA 452
PETOT13 CTCTTECCACTAAATCATTCCTGTCTCAACATCTACAGOCAAC CAAAAACAAAGOCAAGCANTCATAGACOCOTGCCOTOOACAACATCCTAACTITEAA 452
PLEZTSS CTCTTCCCACTAAL TCETCTCTCAACAT CTAGAGCCAACCARAAACAAMGGCAMGCANTCATACAGOCOTCCCOTOOACAANCATCCTAACTTTCAL 448
PL34390 CTCTTCCCACTARATCATTCGTCTCTCAACAT CTACAGECAAC CAARAAGAANGOCAAGEANTCATACACECOTGECOTCOACANCATOCTAACTTTCAL 422
PL244ED CTCTICCCACTAANTCATTCCTCTCTCAACATCTAGAGLCAACCAAAANGAANGOAAGCAATCATAGACCCOTGGCOTCOACAACATCCTAACTTTGAL 452
PL24504 CTCTTCCCACTARNTCATTCCTCTCTCAACATCTACAGCCAACCAAAAACAAAGECAAGCAATCATACAGCCOTGECOTCOACAACATGCTAACTITCAS 452
PLIDE1Z4 CTCTTCCCACTAAATCATTCCTGTCTCAACAT CTACAGECAAC CAARAAGAAAGGGAMCAATCATACACCCOTGECOTECACAACATOCTARGTTIGAA 452
PL113933 ETCTTECCACTARATCATTCGTGRTETCAACATCT AGAGECAALCAARAAGAANGECAAGEAATCATACAGECOITGRECOTEOACAACATCCTAAGTTTRAA 452
PLII4820 CTCTTCCCACTARATCATTCGTGTCTCAACAT CTAGAGOCAAL CAARAMGAAAGICAAGEAATCATACAGLCOTGECETCOACANCATOCTAAGTTTGAA 452
PE243793 CTCTTCCCACTAAATCATTCCTGTCTCAACATCTACAGCCAACCAAAAAGAAACGCAAGCAATCATAGACCOOTGLCOTOOACAACATCCTAACTITGAA 452
PLATTRES CTCTTCCCACTAANTCATTLGTCTCTCAACATCTAGAGCCAAC CAAAAAGAAAGGCAACCAATCATACAGCCOTGOCOTOCACAACATCCTAACTTIGAS 452
PLE4EI0E CTCTTECCACTAAATCATTCGTCTCTCAACATCTACGAGOCAACCAARAAGAANCIGAAGCAATCATAGACOCOTOGCOTCOACAACATGCTAACTTTGAA 450
PLES12%8 CTCTTCCCACTARATCATTICGTCTCTCAACATCTAGAGLCAACCAAAAAGAAAGGCAAGCAATCATAGAGOCOTOLCOTOCACAACATCCTAACTTTGAA 452
PLES4219 CTCTTCCCACTAAATCATTCETCTCTCAACATCTACAGCCAACCAAAAAGAAACLCAAGCAATCATAGAGCCGTGECOTOCACAACATOCTAACTTTGAS 452
HVAMY1(FNI72389) 261
TAEFTS-AMY1 264
CITRE618 AGCEATTTT ARAACGATATTTATACTAGT GACGAGR AR CTAAA ALGCTEGEACCT GEGTG 67
CITR.E195 AGLCATTTT AAAANGATATTTATACTAGTGACGAGA A4 TAAAACGETLGATCT GGATG 567
CITR. 14811 AGCEATTTT AAAAAGATATTTATACTAGTGACGAGA AA CTARA ACCCTCGACCT CLET 567
CITR1759% AGLCCATTTT AAAAAGATATTTATACTAGTCACGAGA AACTAAA ACCETCOACCT COGT 567
PLE4ZES TOCGA TTGCAAMAGATATTTATACTACTCACCAGACAGTAAACCLATICA 546
PL7DE92 TGCGA TTGCAAMACATATTTATACTAGTCACCAGACACTAAACCCATICA 550
PLTO713 TGCGA TTGCAAAACATATTTATACTACTGACCAGACAGTAAACCGATICA 550
PLEITSS TGEEA TTGCAAAAGATATTTATACTAGTGACCAGACAGTARACCOATICA 46
PL#4390 TEEGA TTGCAAMAGATATTTATACTAGTGACGAGACAGTAAACCGATLGA 530
PLB4460 TGCGA TTGCAAAAGATATTTATACTAGTOACGATACAGTAAACCGATIGA 530
PE24504 TGCGA TTGCAAAAGATATTTATACTAGTGACCAGACAGTARACCGATICA 520
PLIDELIZ4 TGCGA TTGLAARAGATATITATACTAGTCACCAGACATTAAACCCATICA 550
PLLI1393 TOCGA TTGLAAAAGATATTTATACTAGTGACCAGACAGTAAACCGATICA 530
PLLI4820 TGCGA TTGCAAMACATATTTATACTAGTGACCAGACAGTAAACCCATICA 550
PL243793 TGCGA TTGCAAAAGATATTTATACTAGTOACCAGACAGTAAACCGATICA 530
PLATTRG4 TGEEA TTGCAAAAGATATITATACTAGTGACCAGACAGTAAACCOATLGA S50
PLE4E90E TEEGA TTGCAAMAGATATTTATACTAGTGACGAGACAGTAAACCGATLCA 530
PLESL1I%E TOCOA TTGCAAAAGATATTTATACTAGTOACGAGACAGTAAACCGATIGA 550
PLES4219 TGCGA TTGCAAAAGATATTTATACTACTGACCAGACAGTARACCCATICA 520
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CTAACCAGATEAMCCAGCTCTCAAGT CA
CTAAGCATATOAAC CAGCTC TOAMGT o
CTAACCAGATGAMCCAGCTCTCAMGTCA
CTAAGCACATCAACCARCTC T CAMGT o
CTAACCACATCAGCCACCTCCAGAGTTL
CTAAGCAGATCAGCLAGCTCCAGAGTTE
CTAACCAGATCAGCLAGCTCCAGAGTTL
CTAACCAIATCACCCAGCTCCMMGTTC
CTAACCA0ATCAGCCAGCTCCAGAGYT
GTAACCAGATCACCCACCTCCAGAGTTL
CTAAGCAGATGAGCCAGCTCCAGAGTTC
ETAACCAGATCAGCCAGCTCCAGAGTTL
CTAACCAGATGAGTCAGCTCLAGAGTTL
CTAAGCAGATCAGCCAGCTCCAGAGTTL
CTAAGCAGATGAGCCAGCTCCAGAGTTC
CTAAGCACATCAGCCAGCTCCAGAGTTC
CTAACCAGATCAGCCACCTCCAGAGTIC
CTAACCACATCACCCACCTCCAGAGTIC
CTAACCACATOAGCCACCTCCAMIAGTIC

f,

AT A CCTCT CACTETCA S T TG ACACATTTCT TCAACTC T TIOTCTCEATOCTT OO
ABCTCACCTCT CACTOTCAGTCTTCCACACATTICTICAACTCITTCTCTCCATOCTT ChCad

AT ACCTCT CACTOTCAGTCT TCCACACATTICTTCAACTCITTGTC TCGATGCT TR
AT ACCT O] CACTOTCACTCT TG ACACATT T LT TCAACTG TT TG TCTCCATGCT TO0 CAd

ACTCTCACTCAAC T O T A T T ACAC AT TT LT TCAA TETT TG T TCGATEATITET

AT T CAC T CAACTGTCACTC T TECACACATTTCTTCAACTG T T TGTETCGATEATTTLT A
AT T AT AACT G TCACTCT TECACACATTTCTTCAACTG T T TG T CTECATOATTTET Adl
AT AT AAC T AT AL T TTCC AL ACATTTCT TCAACTOTTTOTETCCATGATTTCT A
AT T AL TCAACTET L ACTC T TELACACATTTCTTCAAC TR TTTGTCTCCATGATTTET A
AT CACTCAACTO T ACTCT TOCACACATTTCTTCAACTOTTIOTLTLCATRATITOT A
AT T AT CAACT G T CACTCT IO ACACATTTCTTCAACTGTTTGTCTCCATOATTTCTAL
AT CACT CAAC T T CAC T T T ACAC AT T TCTTCAACTETTICTCTCCATCATTTET AL
AT T AT CAA LT O T CACT T T AL AL AT T T T TCAACTETT IO TCTCCATOATTTCTAL
AT T TAC T CRAC T O T CACT LT T A AT AT I ICT I CAACTC T T IO TCTLEATCATTICT AL




J. Plant Sei., 8 (1): 1-14, 2013

HVAMYI[FN17T9385) Dl LG DAGATRGADNCCAACCTETGG T COCTC G GO TTCC TR
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Fig. 1: The chart of alignment genomic sequence of amy]l genes from hexapleid wheat accessions

DISCUSSION

Alpha-amylases encoded by amy genes play an essential role in the germination and has been
regarded as the most important enzymes and the trigger for regulating germination in wheat grain
(Huang et al., 1993; Karrer and Rodriguez, 1992). Variety of alpha-amylase genes including amyl,
amy and amy3 (Baulcombe et al., 1987) and Late Maturity Alpha-amylase (LMA) gene (Mrva and
Mares, 1996, 2001; Mrva et al., 2009) have also been reported in previous published literatures.
The three types of amyl genes shared a common evoluticnary ancestor (Baulcombe ef @l., 1987).
Similarly, the SNPs of amyl genes in barley were analyzed and indicated many variation sites were
associated with malting quality index (MQI) (Matthies et al., 2009). The allelic variation of amyl
genes from 19 hexaploid wheat accessions was identified in this study. Integrated genomic
sequence of Taamyl gene was not reported in NCBI (http:///www.ncbinlm.nih.gov/). This study
provided the reference genomie sequence of Taamyl gene for further research. The TaamyI gene
contained 1691 to 1715 nucleotides and 4 exons and 3 introns and the noncoding domain shared
more variation than coding demain. Nevertheless, the structure of Taamyl in this study was
different from Huvamyigene which just contained two introns (Knox ef al., 1987).

In current study, by the alignment and phylogenetic analysis, the amyl gene sequences from
19 hexaploid wheat accessions could be distinguished into two different types (Fig. 3) and had
relative great variation in nucleotides and amine acids sequences (Fig. 1, 2). Apparently,
many studies just compared the difference of amy multigene family (Lazarus et al., 1985;
Baulcombe ef al., 1987). Little was known about the characterization of amyl gene. Possibility, this
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CITRA661E iNG |ASGECVLFCGFMVESVECSGGVYNLY s VLLI|AAAGVTEVVLPPPSHESVSTCGYMPGRLYCICASKYGN, 3 98

CITRB195 |ASGECVLFCGFMRVESY (AAAGVTEVVLPFPPSESVSTCGYMPGRELYLI|DAS K. 98
CITR14811 98
CITR17599 98
Pla42B5 100
PI70692 100
PI70713 G IASGECVLFCGFMVESY 100
PIBZ755 G IASGEGVLFCGFRVESVE 100
PI94350 IASGHGVLFCGFRVESVRQS( 100
PI94460 Gl ASGHCVLFQGFMVESVECQS 100
PI94504 j i 100
PI106124 100
PI113933 100
PI1Z4B20 100
PI243793 100
Pla4B908 : 100
PI651298 Gl IASGEGVLFCGFN VK BN 100
Pla54219 IASGECVLFCGFRVESVECSGGVYNM 100
CITRA661E LCTGALCFAL Al 197
CITRB195 LLTGALF. B 197
CITR14811 LLTGALF. P 197
CITR17599 E 197
Pla42B5 P 199
PI70692 LCTGALF A A 199
PI70713 FEGGTSLGRLLVC LLTGALF. B 199
PIBZ755 FEGGTSLCGRLLV LLTGALF F 199
PI94350 FEGGTSCGRLLVC P 199
PI94460 LLTGALF B 199
PI94504 LLTGALF. P 199
PI106124 FEGGTSCGRLLV E 199
PI113933 FEGGTSCGRLLVC P 199
PI1Z4BZ0 FEGGTSCGRLLV LCTGALF AL A 199
PI243793 VLCTGALF Az AW 199
Plo4B908 {4 199
PI651298 v P 199
Pla54219 E 199
CITRA661E GGAASAGMVFLCFTTEGILNAAVEGELVELICFCGRAP Gl
CITRB195 GGAASAGMVFLCFTTEGILEAAVEGELVELICFCGRAP Gt
CITR14811 GGAASAGMVFCFTTEGI|LNAAVEGELVELICFCGRAPGreiy
CITR17599 AASAGMVFLCFTTEGI[LMNAAVEGELVELICFCGRAP Gty
Pla42B5 GGAASAGMVFLCFTTEGI|LRA 299
PI70692 GGAASAGMVFLCFTTRGI|LEAAVEGELVELICFCGRAP L]
PI70713 GGAASAGMVFCFTTEGI|LNAAVEGELVELICFCGRAPGreE]
PIBZ755 GGAASAGMVFLFTTEGI|LMAAVEGELVELICFCGRAP Gk
PI94350 GGAASAGMVFLCFTTEGILNAAVEGELVELICFCGRAPG L]
PI94460 GGAASAGMVFLCFTTEGILEAAVEGELVELICFCGRAPG L]
PI94504 6 299
PI106124 299
PI113933 299
PI1Z4B20 299
PI243793 299
Pla4B908 299
PI651298 299
Pla54219 299
CITRA661E 397
CITRB195 397
CITR14811 397
CITR17599 397
Pla42B5 399
PI70692 399
PI70713 399
PIBZ755 399
PI94350 399
PI94460 399
PI94504 M/PFPSCEVM 399
PI106124 L MVPFPSCEVM 399
PI113933 399
PI1Z4BZ0 399
PI243793 399
Plo4B908 399
PI651298 399
Pla54219 399
CITRA661E 436
CITRB195 436
CITR14811 436
CITR17599 436
Pla42B5 438
PI70692 438
PI70713 438
PIBZ755 438
PI94350 438
PI94460 438
PI94504 438
PI106124 CR] 438
PI113933 KI|GSRY! AVVEKPGAAATHC 438
PI1Z4B20 G 438
PI243793 438
Pla4B908 438
PI651298 438
Pla54219 438

Fig. 2: The chart of alignment of amino acid sequences of amyl genes from hexaploid wheat
accessions

10



J. Plant Sei., 8 (1): 1-14, 2013

Tahble 3: Variation of amino acids in amyl genes from hexaploid wheat accessions

Variation of amino acids Amino acid position Frequency
G/R 2 612
R/N 3 4/14
LC/HL 7-8 4/14
FR/C 9 4/1/14
SL/FS 10-11 414
AGF/LLAGL 17-21 414
T/M 48 414
R/K 50 117
D/E 94 4/14
P/L 98 117
R/A 100 4/14
K/H 105 117
L/P 145 117
T/1 148 117
-T 153 117
LLRRHSG/ YSDGTAN 155-161 117
R/A 170 117
DI/P 172-173 117
Y/ 176 117
RV 192 117
F/L 204 4/14
KR 208 4/14
TiA 227 117
T/S 237 414
E/D 246 218
E/K 260 117
M/V 261 117
ANV 309 117
AT 320 117
VA 322 117
S/F 357 117
SN 371 117
S/G 395 4/14
LV 398 3/14
R/L 436 414

study provided a new insight that was two copies of amyl gene from hexaploid wheat. Additionally,
the sequence alignment and haplotypes analysis revealed 8 haplotypes in 19 hexaploid wheat
accessions from the diverse countries. It showed that amyl gene has more variation and haplotype
8 was found to be the major type. Furthermore, the haplotype 7 would be used to develop the
potential marker for different function in plant metabolize.

Variation of amyl gene influences the grain germination in wheat greatly, especially in PHS
{(Lan et al., 2008; Li et al., 2004). And the activation of alpha-amylases was reported to asscciated
with the grain quality and adaption of cereal crops by high temperature (Hakata et al.,, 2012). It
would be important for identification of germplasm resources from current hexaploid wheat
accessions via characterization of amyl genes. Two clustered types might perform different
molecular function in plant physiological development. Moreover, the special variation of amino

11
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Fig. 3: Phylogenetic tree of amyl genes

acid sequences was at 155 to 161 sites (Table 2, Fig. 2) and the relevant nucleotide sequence of
amyl gene would be the potential marker for new function developing. A further understanding
for allehic variation of @myl gene in hexaploid wheat would benefit our breeder to improve our
wheat cultivars during breeding process, particularly in resistance to PHS. All discovered SNPs
could be converted into high-throughput markers for pyrosequencing and might be used for marker
assisted selection.

CONCLUSION

In current study, we have isclated the amyl genes in 19 hexaploid wheat accessions and
identified natural variation for nucleotides and amino acids sequences of amyl genes. amyl gene
in hexaploid wheat accessions presented high wvariation degree. It demonstrated that two main
variation types and eight clustered haplotypes appeared in hexaploid wheat accessions.
Furthermore, it was interesting that haplotype 7 as a special kind of haplotypes among amyl genes
was just cloned in wheat accession PI243793 due to the unique variation sites of nucleotides and
amino acids sequences, which mmght be severed as a special material for future utilization of amyl

genes in hexaploid wheat cultivars,
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