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Abstract: The aim of this research was to isolate and characterize the ¢-gliadin genes from T. turgidum ssp.
paleocolchium. Nine genes were 1solated from T turgidum ssp. paleocolchicum (2n = 4x = 28, AABB) using
the designed primers PF1 and PF2. The deduced protein sequences of the nine genes share the same typical
polypeptide structures with known a-glhadin sequences. Among the mne a-gliadin genes, only GIliI-7 and
(Gli 2-4 encoded putative mature proteins and the others were assumed to be pseudogenes due to their in-frame
stop codon, which are attributed to the single base change C to T. Multi-alignment analysis indicated that the
difference of the nine sequences mainly existed in the repetitive domain and the two polyglutamine regions. The
repetitive domain could be considered as the array of 14 motifs based on the codon series CCA TT/AT CCA/G
CAR, where CAR represents a 3-6 glutamine codon-rich region. Almost all codons mn polyglutamine domains
encode glutamine. However, 26 codons are not glutamine codons, which mainly resulted from single base
changes. Tt is also found that the polyglutamine domain IT is more variable than the polyglutamine domain T.
Gli1-2 contained an extra cysteine, which was created by a serine-to-cysteine residue change at position 240,
thus, it would have one free cysteine for mtermolecular disulfide bond formation. Cluster analysis showed that
sequences (GIil-10, Gli2-5 and Gli2-4 might be obtained from the genome A, whereas Gi2-2 and GIil-9 from

the genome B.
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INTRODUCTION

In bread wheat and related species, the seed storage
proteins mainly consist of glutening and gliading. Gliadins
were traditionally divided into three groups (c-, y- and
w-ghadins) based on their electrophoretic mobility
in acidic  polyacrylamide  gel electrophoresis
(Metakovsky et al., 1984). The ¢-gliadins are monomeric
prolamines. They are the most abundant wheat seed
proteins, comprising 15-30% of the seed protein of most
cultivars. An unfortunate  aspect of this human
consumption 1s that the g-gliadins are a major imtiator of
intestinal damage in coeliac disease (Shewry et al., 1992).

e-gliading were encoded by the genes located at
the Gli-2 loci (Gl-42, Gii-B2 and Gii-D2). The number
of w«-gliadin proteins synthesized had higher variation
among different cultivars (D’Ovidio et al., 1992). These
differences are believed to be due to duplications and
deletions of chromosome segments, probably generated
by unequal crossing-over and by gene conversion
events. D’Ovidio et al. (1991) have described one such

deletion of a block of ¢-gliadin genes and the existence of
closely related w-gliadin sequence sub-families has been
described (Anderson, 1991, Anderson et al., 1991).

More recently, different ¢-gliadin genes not only in
bread wheat but also in the relative species have been
cloned and characterized (Teun et al., 2006). Triticum
turgidum ssp. paleocolchicum (2n= 4x = 28, AABB)is a
valuable source of genes for wet resistance and diseases,
such as stripe rust, leaf rust and dust brand, resistances.
Tt also has a high protein content. To date, the studies of
its agronomic characters and phylogeny have been
reported (Mo et al., 1997). However, there 1s no
literature report on the characterization of its ¢-gliadin
genes. The aim of this research was to isolate and
characterize the a-gliadin genes from 7. turgidum ssp.
paleocolchicum.

MATERIALS AND METHODS

Plant materials: Two T. turgidum ssp. paleocolchicum
accessions, AS2274 and AS2275, were collected and
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conserved by the Triticeae Institute of Sichuan
Agricultural Umiversity.

DNA extraction and PCR amplification: Seed were
germinated under the dark at 23°C for 1 week, young
leaves were harvested and crushed mto powder with the
aid of liquid nitrogen and the genomic DNA was extracted
by a CTAB method (Yan et al, 2002) A par of
primers (PF1 and PR1) was designed to amplify the
complete ORF (open reading frame) based on known
¢-ghadin  gene sequences. The sequences of primers
were PF1: 5°- GSTCAATACAAATCCAYCATG-3", PR1:
5°- TTCTCTTCTCAGTTRGTACCR-3" (synthesized by
Sangon). PCR amplifications were performed in 50 pL
reaction volume, which contaimng 1.5 U Taq plus DNA
polymerase, 100 ng templet DNA, 5 pl. PCR buffer
(supplied with Taqg plus DNA polymerase), 1.5 mM MgCl,
100 mM of each ANTP, 150 ng each primer and some of
ddH,0. The reactions were conducted in a PTC-100
(Bio-Rad) using the following program: 94°C for 4 min
denaturation followed by 35 cycles of 45 sec at 94°C,
1 min at 55°C, 1 min at 72°C and 10 min at 72°C.

Molecular cloning and DNA sequencing: PCR products
were separated on 1.0% agarose gels. The expected
fragments were purified from the gels usmg Quick DNA
extraction kit (OMIGA). Subsequently purified products
were ligated into pMDI18-T vector (TaKaRa, Dalian,
China) and transformed mto competent cells of
Escherichia coli (DH-5¢). The positive clones were
sequenced by TaKaRa (Dalian, China).

The obtained sequences were
compared to known sequences using BLAST
(http:/~wrww . nebinlm.nih/gov).  The nucleotide and
deduced amino acid sequence analysis were conducted
by using programs deposited in the NCBI network.
Sequence alignment was completed by DNAMAN 52.2
(http://www lynnon.com). MEGA3.1 (Gaut et al., 1996,
Kumnar et al., 2004) was used to carry out the phylogenic
analysis.

Sequence analysis:

RESULTS AND DISCUSSION

Cloning and sequencing: All the known ¢-gliadins genes
contained no intron, so the entire gene sequences with no
mtervention can be amplified by using genomic DNA as
a template. The obtained PCR amplification products had
around 900 bp in size. Five sequences, designated Glif-2,
Glil-4, Glil-7, Gii1-9 and Glil-10, were obtamed from
accession AS2274. Four sequences, named as Gfi2-1,
Gli2-2, GliZ-4 and Gli2-5, were obtained from accession
AS2275, respectively. These nucleotide sequences were
deposited m Genbank under the accession mumbers
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EU401787, EUJ394709, EUJ401 785, EU401 788, EU401 789,
EU401790, EU401791, EU401792 and EU401793,
respectively.

Comparison of deduced amino-acid sequences: Length of
Glil-2, Ghil-4, Glil-7, Gl1-9, Gli1-10, Gli2-1, Gli2-2,
Gli2-4 and Gli2-5 are 948, 948, 891, 882, 933, 891, 882, 855
and 860 bp, respectively. The deduced protens of nine
sequenices had a similar structure to previously
characterized e-gliadin genes, which consist of six main
structural regions, including a signal peptide with 20
amino -acid residues, N-terminal repetitive region
composed of imperfect repeats of 7-14 amino acid
residues, polyglutamine domain I, unique region,
pelyglutamine domain I and C-terminal wuique sequence
(Anderson et al., 1997). Glil-7 and Glil-2 could encode
two putative mature proteins with 296 and 284 amimo
acid residues, respectively. Seven sequences, including
Glil-2, Glil-4, Glil-9, Glil-10, Gli2-1, Gli2-2 and
Gli2-5, were considered as pseudogenes, due to the
premature stop codons. The comparison for the mne
amino acid sequences indicated that they share a
homology of 85.09%. According to the alignment of
deduced amino acid, the signal peptide 15 the most
conserved domain of the w¢-gliadin sequences, most
variability occurred in coding region, especially in the two
polyglutamine domains.

Repetitive structure: The repetiive domain of the
gliadins 1s composed of short peptide motifs. Various
consensus motifs for the «-gliadin genes have been
proposed: PQPQPFP and POQPY (Shewry and Tatham,
1990y, PF/YPQ, PQ,,(Anderson and Greene, 1997). Our
analyses have concentrated on the codon structure, since
this is the primary level of sequence change and
interaction among the DNA repeat motifs (Anderson and
Greene, 1997, Cassidy et al., 1998). A vertical array of
the repeat structure of Gli-2 was displayed (Table 1). The

Table 1: Repetitive domain motif structure of the Glii-2

CCA GIG CCA CAA TIG CAG CCA CAA AAT
CCA TCT CAG CAA CAA CCA CAA GAG
CAA GIT CCA TIG GTA CAA CAA CAA
CAA TIT ATA GGG CAG CAA CAA
CAA TIT CCA CCA CAA CAG

CCA TAT CCG CAG CCG CAA

CCA TIT CCA TCA CAA CAA

CCA  TAT CTIG CAG CTG CAA

CCA TIT CIG CCA CAA CTA

CCA TAT CCG CAG CCG CAA

TCA TIT CGA CCA CAA CAA

CCA TAT CCA CAA CAG CGA

CCA AAG TAT CTA CAA CCA CAA CAA
CCA  TAMT CCG/A CAG/A-rich

The DNA sequence of the Gfii-2 repetitive domain is arranged by codons
and suggested repeats are arrayed vertically. A consensus structure is given
below. The vertical line separates the conserved first three codons of each
repeat motif from the variable-length glutamine-rich part of the repeat
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Signal peptide Q—E—b Eepeatitive region
Glil-2 METFLILAL...VATTATTAVEVPVEQLOPONPSOOOPOECYELVQOOOF PGOO00. FPP 56
Glil-4 METFLILALLATIWATTATTAVEVPVEQLOPONPSQOOPOQEQOWELVOOOOFPGQOO0. FPP 59
Glil-T METFLIISLLAIVATTATTAVEVPVEQLOPONPSLOQOPQEQWELVQOOQFPGQOOT. FPP =]
Glil-9 MESFLILALLAIWVATTATTAVEVPVEQLOPONPSQOOPQEQVELVQOOOFLGQOOOKFPG &0
Glil-10 METFLILALLATWATTATTAVEVPVEQLOPONPSQOOPOQEQWELYQOOOFLGOOOT. FEP 59
Gli2-1 METFLIISLLATVATTATTAVEVPVEQLOPONPSLOOPOEQOVELVQOOOFPGOOOT. FPE 59
GliZ-2 METFLIFSLLAIVATTPTTAVREFPYVEQLOPONPSOOOPOECYELVQOLOYPROOOE . FPP 59
GliZ-4 METFLILALLATIWATTATTAVEVPVEQLOPOQHPSQOOPOQEQOWELVOOOOFLGOQOOP . FPP 59
GliZ-3 METFLILALLAIWATTATTAVEVPVEQLOPONPSQOOPQEQWELVQOOOFLGQOOT. FPP =3=]
Glil-Z QQPYPOPOPFPSOOPYLOLOPFPOPCOPFLPOLPYPOPQSFPPQOPYPOORPEYLOPQOF I 116
Glil-14 QQPYPQOPOPFPSQOPYLOLOQPFPQPOPFPPOLPYPOPQSFPPQOPYPOOOPOYLOPQOP I 119
Glil-T QQPYPOSOPFPALQOPYPOPQLFPQPOPFPPOLPYPEPQPFPPQOPYPOPOTOHLOPQOP I 119
Glil-9  QQ..... QPFFPQQ. . ... PYPOFOPFLPQLPFPOPOFFRPPQOSYPOPQPOYPOQP QORI 109
Glil—10 QOPYPQLOPFPSQOPYLOLOPFPOPQ. .. .. LPYSQPOPFRPOOPYPOPQPOVIQPQQF T 114
Gli?-1  QOQPYPOPOPFFAQOPYPOPOLFPOPQPFPPOLPYPEP . PFPPOOPYPOQPOTOHLOPQOF I 115
Gliz-Z2 QOQPYPOPOPFPSOQOPLPO. .. ... ROPFLPOLPYPOPQPFPPOOPYPOPQPOYEQPOOP T 113
Gliz-4  QOQPYPOPOPFFPSOQOPYLOLOPFPOPQ. .. .. LPYSOPOPFRPOQPYPOPOPOYVSOPQOP T 114
GliZ-5 QOQPYPQOLOPFFPSOQOPYLOLOQPFPOPQ. .. .. LPYSOPOPFRPOOPYPOPOPOYVSOPQOP I 114

Q—i—b Folyglutamine domain I Q—E—D Unigue region

Glil-2  SQ00AQ00000000000000000 ., . . L IPQOILOOD. LIFCRD . VILOOHNTAHASSOWVL 170

Glil-4  SOOQROOOOOOCIO00 0000, o, . . ILOQILOOD. LI D.VVLOOHNIAHASSOVL 171
Glil=T SOOOAQQOOOOOOO0, « e e e an ILQRILOQOOOLI DVIVLOLHNIAHESSCOVL 167
Glil=9  SOOQAOOOOQOOO0. | e e ILOOILOOQ. LIFCKD . VWLOOPNIAHASSOVS 153
Glil—10 SQHQOOQOQOOQQOOQOOOOOD . - o ... . ILOOILQOQ. LIFCHMD . VWLOQOHN I AQGRS VL 163
GliZ-1  SQOOAOQOQO000. . ... .. .. ILOOILOOILOOOOLT DVIVLOLHNIAHESSOVL 169
GliZ-Z  3QOOQAQ#*LQOQ00Q00000000. .« . . . ILOOILO00L T D.YVLOOHNIAHASSOVL 166
GliZ-4 50, Q0000000000000 L. .. ... . ILOOILOOQ. LIFCHMD . VWLOOHN T AHRRS OV 162

GLiZ=S SOHQOQOOOOOOOQO0000,. L L. ... ILOQILOOQ. LIFACHD . VWLOOHN IAOGRS VL 163

Glil-2 QoS TYOL L
Glil-4 QOSTYOLL QO
Glil-T QOIS TOVLOQO
Glil-49 Q035 TOLL Qg
Glil-10 QOSTYOLLOE
Gliz—1 QOSSO Ly

POLLOIPEQSHCIOATHNVHAT TIMH . OiQE Qo QL Qoo Qi L iz 20 229
POLLOIPEQSHCIQATHNWVAHLT THMH . Qoo QB Qo T, Qo Qi T, 230
ROLWOIPELSHCIOATHNWV IHATIILH . QQOOoOoooEQHD . . .. .. .. 218
ROLWOTPEQSHCISA THIWWEA T T FTH Qo e O S e O Qi i Z1z
PHLWOIPEQSCIDATHIWVHAT TLH . QOO QE Qe O B O 2 Q20 2zz2
RPOLWOIPELSHCIOATHNWVVHATIILH . QQOQOoQ00ECHD . . ... .. .. 219

Gliz-2 QOIS TOLL O RELWOIPEQSHCIZATHINWVVHAT IL . o Qoo i, oy s w ww w 214
Gliz—4 QUITYOLLQE RAELWOIPEQSOCICATHIVVHATILH . QQOKPOI0, & w0 s s e s s m s s 208
Gliz-5 QoS TYOLLQE RHLWOIPEQS QO OATHIMNVWVHAT TLH . Qoo QB o . L L. .. Z13
4—=—b Unigue regionll
Glil-2 edalalelalelels R, .PSEF)VSFQQPQQQYPSSQUSFQPS* LNPOQAQGIVOPOQLPOF AETENL 254
Glil-4 QOO*00, .. ... PEESOVSFOQOP QY PSS OVFFOPSQLNPOQAQGEVOF QOLPOF AETRNL =283
Glil-T e e i e e asnans PEEOVIYOUPOOQYPIGQGIFOQPSQONPQAQGFVOF QRLPOLEE IFNL 266
Flil-g9 L PS5OV TOUP OO« YPIAQGSFOPSOONPOAQGFWOF QOLFPOFEETIRNL Z62
Glil-10 QDO oP A SOV FORPOOOY PLG+ G FRPIOONPOLOGEVORPQOLPOFEEIRNL 251
Flif-1 .. i i i i i PESOVIYOOP O« Q¥ PLGOGSFRPSQOSPOAOQGIVOF2OLPOFEE IRNL 266
GliZ—2 e e e e e PSSOV YOQOPOOQYPIGOGSFOPSQONE* A+ GEVOSIQOLPOFEE IRNL 260
FliZ-4 L. i e e PSSOV FOUPLOQYFPLGOGSFRPSQONPQARGEVOF QOLPOFEE IFNL 256
FliZ-S L. e i e i e PEEOVSFOQUP OOQY PLG*GIFRPS QNP QAQGEVOF QOLPOFEE IFNL 259
Glil-2 ALOTLPAMCHWYIPPHCETTIAPFGIFGTIN # 314
Glil-4 ALOTLPAMCHWYIPPHCE TTIAPFGIFGTI * 313
Glil-T ALOTLPAMCHWVY IPPYICE TTIAPFGIFGTI + 296
lil-9 ALQTLFAMC] YTIFPF ETTIVPFGIIGTI * Z9z
lil-10 ALOTLPAICHNVYIFPP . .TIAPFGIFGTHN * 309
Gliz-1 ALOTLPALCRVYIPP . .TIAPFGIFGTN * 294
Gliz—2 ALOTLPAMCHWYIPPYICE TTIAPSGEF GTH * 290
Gliz-4 ALQOTLPAMCHWVYIPP .. TIAPFGIFGTH * 254
GliZ-5 ALOTLPAICHWVYIPP .. TIAPFGIFGTH * 287

Fig. 1 Aming-acid sequence of isolated o-pliadins genes And *represented lhe deldions end stop codons,
respeclively. The cysleine residues are in lhe boxes

544



J. Biol. Sci., 8 (3):

DNA sequences of the repetitive domain could be
considered as the array of 14 motifs based on the codon
series CCA TT/AT CCA/G CAR, where CAR represents
a 3-6 glutamine codon-rich region. The first three codons
for VRV and the last three codons for PST of the repetitive
region were not included. As shown in Fig. 1, Glil-2 and
Glil-4 contamns an extra repeat composed of LQPFPQ,
Glil-7 and Gli2-1 show an extra repeat of the sequence
POQLFPQ. Glil-9 shows a deletion repeat of the sequence
PYPQP/L. It is possible that during replication, the
repetitive region diverges rapidly by allowing slippage to
leading to duplication or deletion of sequences (Cassidy
and Dvorak, 1991). As other prolamin evolution
(Anderson and Greene, 1989), single base, single repeat
changes and unequal crossover and so on could be
responsible for the vanations of the repetitive domain. A
comparison of the proposed consensus repeat motifs of
all four major gliadin types was shown (Table 2). The
motifs of a-gliadin are more similar to those of LMW-
glutenin, while those of y-gliadin are most sumilar with
w-gliadin. Presumably the patterns of the repeats have
diverged subsequent to the separation of the gliadin gene
families, similar to the manner in which specific DNA
sequences diverge after gene duplication. The properties
and interactions of the repetitive domain are also the
major determinant of wheat flowr quality besides the
number and distribution of cysteines (Shewry et al., 2002).
The repetitive domain contains high content of glutamine,
which resulted in the high levels of -OH groups. They are
available to form hydrogen bonds and might contribute
to the elasticity of the proteins (Shewry et al, 2002;
Khatkar et al., 2002).

Microsatellite structure and variation: Polyglutamme
stretches are a prominent feature in all the ¢-gliadins
(Anderson and Greene, 1997). The residues numbers of
polyglutamine regions are high variable in all sequences.

Table 2: Repeat domain motifs for the major classes of the gliadin sup erfamily
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The polyglutamine domain IT of Gli/-1€ contains 33
residues and its size was four times than that in Gli2-4,
which contamns 8 residues (Table 3). For the nine
sequences, the identity of the polyglutamine domain I is
58.55%, while the identity of the polyglutamine domain IT
is 34.60%. The polyglutamine domain IT is more variable
than the polyglutamine domain I. Size varation of o-
gliadin protein 18 mainly due to different microsatellite
length variation. There are a total of 23 residues of amino-
acid sequence length difference between sequences Glil-
4 and Ghl1-7 and 21 residues occur in the two
polyglutamine domains. Furthermore, 1t 1s found that
polyglutamine domains almost only contain glutamine.
However, several other proteins were also founded in the
polyglutamine domains. They are mainly resulted from
single base changes in glutamine codons (CAA to TAA,
CAA to GAA, CAA to CAG etc.), except for the codon
GCA (alanine). The stop codons were detected, because
of the changes of CAA to TGA m C-terminal
polyglutamine domain of Gfil-4 and CAA to TAA m N-
terminal polyglutamine domain of Glil-4 and Gli2-2. The
two codons for glutamine, CAA and CAG, are not
randomly distributed in the ¢-gliadin, but tend to oceur in
homomeric rns of single codons. Moreover, in the two
polyglutamine domains, the use of CAA is far more than
CAG (Table 4).

Number and placement of cysteine residues: Most
¢-gliadin  sequences contain six conserved cysteine
residues that form intramolecular disulphide bonds.
Similar to most ¢-gliadin sequences, six cysteine residues
are found m the two umque regions (four in the N-terminal
region and two in C-terminal region) in eight amino-acid
sequences. These cysteine residues could form three
mtramolecular disulphide bonds, resulting in the compact
structure (Muller and Wieser, 1995). It 1s also find that
sequence (il-2 has an additional cysteine created by

Type Codons Amino acids
-gliading (this paper) CCA TA/TT CCA/G CAAIG:, PFP Qg
y-gliadin (Anderson et al., 2001) CCA TTT/C CCC CAG CAAy, (CCN CAAY), PFPA,(PQQ) 2
w-gliadin (Hsia and Anderson, 2001) CCA TTT/C CCC CAG CAAy CCCT CAA, PFPQ,PQQ1
LMW-glutenin (Cassidy et al., 1998) CCA, TTT T/CCA/G CAA/G CAA| P FPSQas

Table 3: Comparison of polyglutamine regions of ¢-gliadins

Sequence Polvglutamine region I Polyglutamine region IT

Giii-2 QQRAQQOQOQQQQQQQQAQQQAQAQQ QQEQQQOLOQQQQQQLQQQQQQQQQNQQAQQ

Giil-4 QQQAQQQQQQQQQQC*QQQQQ QQQQQQQEQQQQLQQQQQQOLQQQ*QQ

Giil-7 QQRAQQQQQQQOQQ QQQOQQOQQQEQHQ

Giil-9 QQRAQQRQQQAQQ QQQQAQQQQQAQAQQAQAQAQANAQAQNAQNQ

Giii-i0 QHQQQQQQQQOQQQQQQ QQQOKQQQQOQKQQQQQQOQQQQQQQQQQQQAQQQ
Gii2-1 QQOAQQQOQQQQN QQQQQQQQEQHQ

Gii2-2 QQQAQ*AQQQQQQQQQQQQQQ QQQQQQQQQQQ

Gii2-4 QQQQQAQQAQAQNAQQAQQ QQOKPQQQ

Gii 2-5 QHQQQQOQQQOQQQOQ0 QOOUKQQQQQQQ
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Table 4: Microsatellites encoding the poly glutamine within the nine ¢-gliadin gene sequences

Sequence Microsatellites I Microsatellites IT

Giii-2 CAG(CAA),GCA(CAA):CAGICAA), (CAARGAA(CAARCAGTTGICAA)CAGCAACTG(CAA) 5

Glil-4 CAG(CAA)GCA(CAA) TAA(CAA)s (CAA)GAA(CAARCAGTTGCAA)CAG):CAACTG(CAARTGA(CAA),
Glil-7 CAG(CAA),GCA(CAA) (CAARGAACAACATCAA

Glil-9 CAG(CAA)GCA(CAA), (CAA)

Glii-io CAGCATCAA(CAG)(CAA), (CAAVAAA(CAASAAA(CAA),

Gli2-1 CAG(CAA)GCA(CAA), (CAA)RGAACAACATCAA

Gili2-2 CAG(CAA),GCACAATAAGCA(CAA),, (CAA),

Gli2-4 (CAG)S(CAA), (CAABAAACCA(CAA),

Gli2-5 CAGCATCAA(CAG)(CAA) (CAALAAA(CAA)Y,

a serine-to-cysteine residue change at position 240 and
thus contained seven cysteines. Thus, sequence Glil-2
would have one free cysteine for intermolecular disulfide
bond formation. Such gliadins could participate in the
gluten polymer and effectively serve as polymer
terminators (Kasarda, 1989). The distribution of cysteines
m ¢-ghadin could also mfluence to gluten quality.
Changes in position of cysteine residues might affect the
pattern of disulphide bond formation, resulting in a failure
of two cysteine residues in a protein. Such two cysteine
residues would then be available for intermolecular
disulphide bond formation (Masci et al., 2002). Lew et al.
(1992) and Masci et al. (1995) have reported that a
substantial portion of the lower-molecular weight
polypeptides in the glutenin polymer are ¢-gliadins and
y-type gladmm sequences. More detailed examination is
needed to determine the relationships between «-gliadins
and the flour quality.

Pseudogenes: A number of cereal pseudogenes have
been reported (Forde et al., 1985; Rafalski, 1986;
Harberd et al., 1987). In this report, only Glil-7, Gli2-4
could encode mature proteins; the other seven o-gladin
genomic fragments are assumed to be pseudogenes
because of the mnternal stop codons. It 1s nearly 80% of
the genes were pseudogene. The ratio is far more than
50% which was estimated by Anderson and Greene
(1997). Almost all of the nonsense mutations were
resulted from the C to T change in glutamine codons. In
addition, 15.5% of the premature stop codons were
caused by T to A change, altering the codon of leucine
(TTG) mnto a stop codon (TAG) (Tewun et al., 2006). The C
to T transition has been theorized to predominate because
of the ability of 5-methyl-cytidine to be incorrectly
replicated as a thymidine (Gojobori et al, 1982). The
changes mto stop codons were not distributed randomly
across the amino acid residue positions in the sequences.
As shown in Fig. 1, the internal stop codons were nearly
always located at positions where the full-ORF genes
contained a glutamine residue codon. Farthermore, most
of the internal stop codons gathered together in the
umdue region I1. Three of the seven pseudogenes have
more than one premature stop codon. A high percentage
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DQOZ569
DQO02573
DQ00257)
DQO02572
DQO02571
Glil-10
Gliz-s
Gliz4

DQO02593
—| Enqouzssu
DQO02561
DQO0258¢
DQO02590

EE— P
DQOO2588
Gliz-2
DQO02586
Glil-9
DQOD2S84
DQO02585
DQO02587
—— @lil-7
L gGli-1

(T. manacoccum, In=1x = 14, AA)

(de. tauschii, 2n = 2x =14, DD)

Glil-2

(Ae. speltoides, 2n =2x =14, DD)

(de. spelivides, In = 2x = 14, S§)

(Ae. speltnides, 2n = 2x = 14, 55)

0.01

Fig.2: The evolutionary relationshups of 1solated

sequences with known c-gliadin genes

of stop codons occuwrred jointly in one pseudogene and
many pseudogenes from one species contained the same
set of stop codons, suggesting that they have been
duplicated after the mutations created the stop codomns.

Phylogenetic tree of ¢-gliadin sequences: In order to
obtained more information between the ¢-gliadin genes
from T. turgidum ssp. paleocolchicum and other related
species, fifteen representative «-gliadin genes were
retrieved from the NCBIL Five out of the fifteen genes
(DQO02589-DQ002573) derived from T. monococcum (2n
=2x =14, AA), another five genes (DQ002584-DQO02588)
derived from Ae. speltoides (2n = 2x = 14, S5), which was
considered to be the B genome ancestor. Five genes
(DQO02589-DQ002593)  derived from Ae. tawuschii
(2n=2x =14, DD) (Teun et al, 2006). As shown in Fig. 2,
it is obvious that the genes retrieved from the NCBI
gathered into three groups. The sequences derived from
the A genome (7" monococcum) as well as the sequences
from the D genome (Ae. tauschii) each formed a separate
cluster of relatively closely related genes in the
phylogenetic tree. The sequences originated from the
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Ae. speltoides (B genome) formed a relatively diverse
cluster. GliI-10, Gli2-5 and Gli2-4 are closely related to
the genes from the genome A, while Gli2-2 and Glil-9
seem to be more homologous with the genes from the
genome B. No genes were clustered into the groups of
genome D, which i1s consistent with the genome of
T. turgidum ssp. paleocolchicum (2n = 4x = 28, AABB).
Four clones were out of the three groups. Among the four
clones, Glil-2 and Glil-4 seem more homologous with
genes from genome A and D, while Glil-7 and Gli2-1
were the least genetically related to the other genes. The
reason for this 1s not clear at present and further
researches are needed.
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