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The genetic variations of high and low molecular weight glutenin subunits (HMW-GS and
LMW-GS) as well as of �- and 	-gliadins in 562 accessions of 7 tetraploid Triticum turgidum

L. subspecies were investigated using sodium dodecyl sulfate polyacrylamide-gel electropho-
resis (SDS-PAGE). A total of 26 HMW-GS alleles (7 at Glu-A1 and 19 at Glu-B1 loci) with 63
allelic combinations, as well as 11 LMW-GS alleles (5 at Glu-A3, 4 at Glu-B3 and 2 at Glu-B2

loci) with 26 allelic combinations, were detected. Two novel HMW-GS, called B1cf and B1cg,

were discovered in T. dicoccum, B1cg was also found in T. turanicum. The Glu-B1 locus
showed the highest values of genetic diversity index (H), with a mean of 0.72. As regards
gliadins, 8 alleles at Gli-B1 locus have been found. The dendrogram based on allelic frequen-
cies, revealed that T. durum, T. carthlicum and T. polonicum grouped a part from the other sub-
species. This behaviour suggested probably different evolutive pathways among the tetraploid
wheats.
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Introduction

Gluten proteins are constituted by two classes called gliadins and glutenins both character-
ized by high glutamine and proline contents. Gliadins are monomeric proteins responsible
for gluten viscoelasticity, encoded by genes located on the distal part of the short arm of
homoeologous chromosomes 1 (Gli-1) and 6 (Gli-2) both in durum (Lafiandra et al. 1983)
and bread wheat (Lafiandra et al. 1984). Glutenins are polymeric proteins and their
disulphide bonds link high-molecular-weight (HMW-GS) with low-molecular-weight
(LMW-GS) glutenin subunits (Shewry et al. 1992). In tetraploid wheats HMW-GS are en-
coded by the Glu-1 (Glu-A1 and Glu-B1) locus, while LMW-GS are encoded by Glu-3

(Glu-A3, Glu-B3) and Glu-B2 loci. Their chemical characteristics explain the gluten
strength. A number of studies have already reported on the allelic composition of gliadins
and glutenins in T. turgidum L. subsp. durum (Branlard et al. 1989; Nieto-Taladriz et al.
1997; Xu et al. 2009) and T. turgidum subsp. dicoccum (Vallega and Waines 1987; Li et
al. 2006). Few reports are available for T. turgidum subsp. dicoccoides (Levy et al. 1988),
while almost any report has been published on other tetraploid wheats (Sissons and Batey
2003), particularly on LMW-GS composition. In this study, alleles of HMW-GS,
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LMW-GS, �- and 	-gliadins were evaluated in 562 accessions of 7 tetraploid Triticum

turgidum L. subspecies to provide an overview of the genetic variability of gluten proteins
in ancestral tetraploid wheats in comparison with cultivated subspecies.

Materials and Methods

Plant materials

A total of 562 accessions of tetraploid wheat were evaluated. The collection consists of
325 T. turgidum L. subsp. durum (Desf.), 12 T. turgidum L. subsp. carthlicum (Nevski)
Á. Löve & D. Löve, 21 T. turgidum L. subsp. polonicum (L.) Thell, 19 T. turgidum L.
subsp. turgidum (L.) Thell, 142 T. turgidum subsp. dicoccum (Shrank ex Schübler) Thell.,
20 T. turgidum subsp. dicoccoides (Korn. ex Asch. & Graebn.) Thell., and 23 T. turgidum

L. subsp. turanicum (Jakubz.) Á. Löve & D. Löve accessions.
Durum wheat genotypes and some Italian emmer populations were collected by the

C.R.A. Cereal Research Centre, while the remaining wild and domesticated wheat acces-
sions were kindly provided by Dr. Harold Bockelaman (USDA-ARS, National Small
Grain Collection Aberdeen, USA), Dr Mike Ambrose (John Innes Centre Park Colney
Lane Norwich, UK) and Dr. Iva Faberova Research (Institute of Crop Production,
Genebank Department, Czech Republic).

Electrophoresis

Glutenins were extracted from flour samples (50 mg) according to Laemmli (1970). Elec-
trophoresis was performed in SE 600 Ruby Hoefer vertical unit with stacking and running
gel concentration 3% and 10%, respectively. The identification of HMW-GS was based
on the classification of Branlard et al. (1989). The new subunits and alleles were designed
according to Li et al. (2006) and McIntosh et al. (2006). LMW-GS were classified accord-
ing to Nieto-Taladriz et al. (1997). Gliadins were extracted from single seeds and fraction-
ated in acid (pH 3.1) polyacrylamide gel electrophoresis (A-PAGE) according to
Lafiandra and Kasarda (1985) and their classification was performed according to
Boggini et al. (1995) and Aguirano et al. (2008).

Data analysis

The genetic diversity at each locus was calculated on the basis of Nei (1973): H = 1 – pi2

(H is Nei’s genetic variation index and pi is the frequency of a particular allele at that lo-
cus). Genetic distances among groups of cultivars were computed by NTSYS-pc 2.0 soft-
ware according to the modified Roger’s distance (Wright 1978).
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Results

Allelic composition of HMW glutenin subunits

The frequencies and the compositions of HMW-GS are shown in Table 1. At the Glu-A1

locus, 7 HMW-GS alleles were detected. T. dicoccum was the only subspecie where all al-
leles were represented. The allele Glu-A1c (null) was the dominant allele detected in all
tetraploid subspecies with a frequency ranging from 5.26% (T. turgidum) to 91.30%
(T. turanicum), 97.23% (T. durum) and 100.00% (T. carthlicum). The allele Glu-A1a was
detected in six tetraploid wheats with the highest frequency in T. turgidum (52.63%), fol-
lowed by T. dicoccum (45.77%) and T. polonicum (42.86%). It was absent in
T. carthlicum. Glu-A1b was also detected in six tetraploid wheats, but with a lower mean
frequency (7.12%). Others alleles at Glu-A1 locus were overall detected at low frequency
(�3%). They were present at a relevant level only in T. dicoccum and T. turgidum; only
exception was the allele Glu-A1h highly represented in T. dicoccoides (30.00%).

At the Glu-B1 locus 19 allelic variants were detected. The subunits 7 + 8 (Glu-B1b) and
6 + 8 (Glu-B1d) were the most common allelic variants (30.96% and 20.64%, respec-
tively). Their frequencies ranged from 58.33% (T. carthlicum) to 4.35% (T. turanicum)

for Glu-B1b and from 43.48% (T. turanicum) to 10.00% (T. dicoccoides) for Glu-B1d.

The subunit 20 (Glu-B1e) (21.89%), was detected in 5 out of 7 tetraploid wheats with a
frequency ranging from 32.61% (T. durum) to 3.52% (T. dicoccum). The highest number
of Glu-B1 alleles was detected in T. dicoccum where the most frequent allele (22.53%)
was Glu-B1b followed by Glu-B1d and Glu-B1cf (14.08%). In particular, a new allelic
variant Glu-B1cf was characterized by a x-type subunit with an intermediate migration
rate between the subunits 13 and 14 (13.1), while the y-type subunit moved at a rate
greater than the subunit 18 (18.1) (Fig. 1). Glu-B1cf was also found in T. dicoccum

(14.08%), T. dicoccoides (10.00%) and T. turanicum (8.70%). In addition, in T. dicoccum

at Glu-B1 locus, Glu-B1k (subunit 22) and Glu-B1q (subunit V) showed relatively high
frequencies, 9.15% and 3.52%, respectively. The other rare allelic variants detected in the
present study confirmed a previous report of Vallega and Waines (1987).
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Figure 1. SDS-PAGE patterns of HMW and LMW glutenin subunits in some cultivars of T. aestivum (a),
T. durum (b), T. dicoccum (c) and T. turanicum (d). (1) PI 272600 (c), (2) Sieve (a), (3) Resistente (a),
(4) PI 191599 (d), (5) Loreto (a), (6) Padre Pio (c), (7) PI 286061 (c), (8) Sappo (c), (9) PI 192641 (d),

(10) Duilio (b), (11) PI 57536 (c), (12) Solitario (b), (13) Creso (b)

1 2 3 4 5 6 7 8 9 10 11 12 13
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Table 1. Allelic composition of HMW-GS at different loci in 562 cultivars and accessions of T. turgidum L. subsp. with H Nei’s genetic variation indexes

T. turgidum T. turgidum T. turgidum T. turgidum T. turgidum T. turgidum T. turgidum

Locus Allele Subunit Total % L. subsp. L. subsp. L. subsp. L. subsp. L. subsp. L. subsp. L. subsp.
durum dicoccum turanicum dicoccoides polonicum turgidum carthlicum

No. % No. % No. % No. % No. % No. % No. %

Glu-A1 a 1 93 16.55 2 0.62 65 45.77 1 4.35 6 30.00 9 42.86 10 52.63 –
b 2* 40 7.12 4 1.23 24 16.90 1 4.35 4 20.00 2 9.52 4 21.05 –
c null. 383 68.15 316 97.23 20 14.08 21 91.30 4 20.00 9 42.86 1 5.26 12 100.00
h I 16 2.85 – 9 6.34 – 6 30.00 – 1 5.26 –
j 1’ o III 17 3.02 3 0.92 13 9.15 – – – 2 10.53 –
o 2**o V 11 1.96 – 9 6.34 – – 1 4.76 1 5.26 –
q 2***o VI 2 0.36 – 2 1.41 – – – – –
H 0.05 0.72 0.16 0.74 0.62 0.66 0.00

Glu-B1 a 7 3 0.53 – 3 2.11 – – – – –
b 7+8 174 30.96 114 35.08 32 22.53 1 4.35 7 35.00 12 57.14 4 21.05 7 58.33
d 6+8 116 20.64 74 22.76 20 14.08 10 43.48 2 10.00 5 23.81 4 21.05 2 16.67
e 20 123 21.89 106 32.61 5 3.52 – – 4 19.05 1 5.26 3 25.00
f 13+16 15 2.67 12 3.69 1 0.70 1 4.35 – – 1 5.26 –
k 22 13 2.31 – 13 9.15 – – – – –
n II 5 0.89 2 0.61 1 0.70 – 2 10.00 – – –
o III 4 0.71 2 0.61 2 1.41 – – – – –
p 23+18 16 2.85 3 0.92 7 4.93 – 6 30.00 – – –
q V 5 0.89 – 5 3.52 – – – – –
r 19 19 3.38 2 0.61 11 7.75 – 1 5.00 – 5 26.32 –
ag 28+29 13 2.31 – 12 8.45 1 4.35 – – – –
aw 6.8+20y 1 0.18 – – – – – 1 5.26 –
be 6.1+22.1 2 0.36 – 2 1.41 – – – – –
bm 6’+22.1 6 1.07 – 6 4.22 – – – – –
cb 6+17 10 1.78 10 3.08 – – – – – –
cd 6.1+8.1 5 0.89 – 2 1.41 – – – 3 15.78 –
cf 13.1+18.1 26 4.63 – 20 14.08 2 8.70 2 10.00 – – –
cg 7+17 6 1.07 – – 8 34.80 – – – –
H 0.72 0.88 0.68 0.76 0.58 0.81 0.60



In T. dicoccoides the alleles Glu-B1b and Glu-B1p had the highest frequencies (35.00
and 30.00%, respectively) followed by Glu-B1d, Glu-B1cf and Glu-B1n (10.00%). In
T. turanicum, Glu-B1d was the most observed allelic variant (43.48%) followed by the
novel allelic variant Glu-B1cg (34.80%). Glu-B1cg was characterized by a x-type and
y-type subunits with the same mobility of the subunits 7 and 17, respectively (Fig. 2).

In T. turgidum the allele Glu-B1r was the most detected (26.32%) followed by Glu-B1b

and Glu-B1d (21.05%) and Glu-B1cd (15.78%).
In durum wheat the allelic variants Glu-B1b (subunit 7 + 8) and Glu-B1e (subunit 20)

were observed with a similar frequency (35.08% and 32.61%, respectively); other rare al-
leles as Glu-B1o and Glu-B1r (0.61%), Glu-B1cb (3.08%) were also present.

The allelic variants Glu-B1d and Glu-B1h associated to high gluten quality in durum
wheat genotypes (Carrillo et al. 2000), were the less represented in all other tetraploid
wheats.

The most frequent allele combinations examined among 562 tetraploid wheat acces-
sions were N + 7 + 8 (22.95%), N + 20 (19.57%) and N + 6 + 8 (15.98%) present in
T. durum, T. carthlicum and T. turanicum (data not shown).

Allelic composition of LMW glutenin subunits and gliadins

Ten alleles were detected at Glu-3 loci, five each for Glu-A3 and Glu-B3 (Table 2).
Glu-A3a (subunit 6) was the most abundant allele (49.29%), present in all subspecies with
frequencies ranging between 72.00% (T. durum) and 4.35% (T. turanicum), followed by
Glu-A3c (subunit 6 + 10) (26.33%) and Glu-A3b (subunit 5) (17.62%) with the latter pres-
ent in all species evaluated with the exception on T. carthlicum. The subunit 11 (Glu-A3e)
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Figure 2. SDS-PAGE patterns of HMW and LMW glutenin subunits in 7 T. turanicum accessions (a) along
with durum wheat cultivars (b) and Bolero (bread wheat) (lane 5). (1) Appulo (b), (2) PI 67343 (a),

(3) Quadruro (b), (4) PI 68104 (a), (5) Bolero, (6) Cltr 11390 (a), (7) Creso (b), (8) 127106 (a), (9) Simeto (b),
(10) 166308 (a), (11) Solitario (b), (12) 166450 (a), (13) Simeto (b), (14) 166554 (a), (15) Appulo (b)



C
erea

l
R

esea
rch

C
o
m

m
u
n
ica

tio
n
s

3
9
,
2
0
1
1

410
R

IE
F

O
L

O
etal.:G

enetic
D

iversity
of

G
luten

P
roteins

in
T

.
tu

rg
id

u
m

L
.

Table 2. Allelic composition of LMW-GS, �- and 	-gliadins at different loci in 562 cultivars and accessions of T. turgidum L. subsp.
with H Nei’s genetic variation indexes

T. turgidum T. turgidum T. turgidum T. turgidum T. turgidum T. turgidum T. turgidum

Locus Allele Subunit Total % L. subsp. L. subsp. L. subsp. L. subsp. L. subsp. L. subsp. L. subsp.
and durum dicoccum turanicum dicoccoides polonicum turgidum carthlicum

gliadin No. % No. % No. % No. % No. % No. % No. %

Glu-A3 a 6 269 49.29 234 72.00 24 17.61 1 4.35 3 15.00 2 9.52 2 10.53 3 25.00
b 5 100 17.62 31 9.54 46 31.69 10 43.48 7 35.00 3 14.29 3 15.79 –
c 6 + 10 154 26.33 59 18.15 49 34.51 12 52.17 10 50.00 11 52.38 4 21.05 9 75.00
e 11 2 0.36 – 2 1.41 – – – – –
h null. 37 6.41 1 0.31 21 14.79 – – 5 23.81 10 52.63 –
H 0.44 0.73 0.54 0.60 0.64 0.64 0.38

Glu-B3 a 2 + 4 + 15 + 19 380 67.62 285 87.69 38 26.76 12 52.17 7 35.00 18 85.71 8 42.10 12 100.00
b 8 + 9 + 13 + 16 116 20.64 38 11.69 51 35.91 11 47.83 7 35.00 3 14.29 6 31.58 –
d 2 + 4 + 15 + 17 + 19 7 1.24 1 0.31 6 4.22 – – – – –
h 1 + 3 + 14 + 18 28 4.98 1 0.31 21 14.79 – 6 30.00 – – –
i 7 + 8 + 14 + 18 31 5.52 – 26 18.31 – – – 5 26.32 –
H 0.22 0.74 0.50 0.67 0.24 0.65 0.00

Gli-B1 aa �-33–35–38, 	-42 121 21.53 39 12.00 56 39.44 12 52.17 7 35.00 2 10.00 5 26.31 –
ca �-35, 	-45 351 62.46 283 87.08 25 17.61 11 47.83 7 35.00 18 85.00 3 15.79 4 33.33
ea �-35, 	-47 1 0.18 1 0.31 – – – – – –
fa �-35, 	-42 1 0.18 1 0.31 – – – – – –
ga 1 0.18 1 0.31 – – – – – –
ia 1 0.18 – 1 0.70 – – – – –
la 27 4.80 – 12 9.68 – – 1 5.00 6 31.58 8 66.67
new-1b 	-44 28 4.98 – 22 15.49 – 6 30.00 – – –
null. 31 5.52 – 26 18.31 – – – 5 26.32 –
H 0.23 0.75 0.50 0.66 0.26 0.74 0.44

Glu-B2 a 12 411 52.85 278 85.54 68 47.89 11 47.83 10 50.00 19 90.50 13 56.48 12 100.00
b null. 151 47.15 47 14.46 74 52.11 12 52.17 10 50.00 2 9.50 6 43.52 –
H 0.25 0.50 0.50 0.50 0.17 0.49 0.00

a Allele classification at Gli-B1 according to Boggini et al. (1995)
b Allele classification at Gli-B1 according to Aguirano et al. (2008)



was the allelic variant less represented at locus Glu-A3, and detected only in T. dicoccum

with a frequency of 1.41%. Comparing the subspecies, the allele Glu-A3a was the most
abundant (72.00%) only in T. durum, whereas in all other tetraploid wheats the allele most
abundant was Glu-A3c.

Among all the possible alleles at Glu-B3 locus, the most frequent were Glu-B3a (sub-
unit 2 + 4 + 15 + 19) (67.62%) and Glu-B3b (subunit 8 + 9 + 13 + 16) (20.64%) detected in
all tetraploid wheats with the exception of Glu-B3b, absent in T. carthlicum. The first is
correlated with a good durum wheat quality, the second with a poor one (Ruiz and Carrillo
1995a, b; Vazquez et al. 1996). Glu-B3a was the prevalent allele in T. carthlicum

(100.00%), T. durum (87.69%) and T. polonicum (85.71%), whereas in T. dicoccum the
Glu-B3b allele was the most represented (35.91%).

At Gli-B1 locus 9 allelic variants were detected and the allele Gli-B1c (�-35 and 	-45
gliadins) (62.46%) and Gli-B1a (�-33-35-38 and 	-42 gliadins) (21.53%) were the most
represented among the tetraploid. An exception is T. carthlicum where the allele Gli-B1a

was absent and the most abundant allelic variant was Gli-B1l (66.67%). At this locus the
frequency of the new alleles was small (<5.0 %) except for Gli-B1null.

At Glu-B2 locus, two allelic variants Glu-B2a and Glu-B2b were detected. The first
was the most abundant, particularly in T. carthlicum (100.00%), T. durum (85.54%),
T. polonicum (90.50%) and T. turgidum (56.48%), while in the other subspecies they were
equally distributed. The most frequent LMW-GS combination among 562 tetraploid
wheat genotypes was 2 + 4 + 6 + 12 + 15 + 19 (44.84%) (data not shown).

Genetic diversity

In Tables 1 and 2 the Nei’s genetic variation index (H) for HMW-GS and LMW-GS loci
are reported. The highest H value was detected for Glu-B1 locus with a mean of 0.72, con-
firming this locus as the one with the highest polymorphic level, whereas the lowest poly-
morphic content was detected for Glu-B2 (0.25). T. dicoccum showed the highest H values
(0.88) at Glu-B1 locus together T. turgidum (0.81), whereas the lowest belonged to
T. polonicum (0.58). At Glu-A1 locus, lower H values were calculated for T. carthlicum,

T. durum and T. turanicum (0.00, 0.05 and 0.16, respectively), whereas higher H values
were detected in T. dicoccoides (0.74) and T. dicoccum (0.72).

Discussion

The analysis of storage protein variation can provide important information for the assess-
ment of genetic variability in germplasm. Twenty-six allelic variants were found at the
two Glu-1 loci, among them two alleles, Glu-B1cf (subunit 13.1 + 18.1) and Glu-B1cg

(subunit 7 + 17) (Figs 1 and 2), were never reported before in tetraploid wheat accessions.
In T. dicoccum, 45.77% of the accessions possessed Glu-A1a (subunit 1), 16.90%
Glu-A1b (subunit 2*) and 14.08% Glu-A1c (subunit null) with a similar trend reported by
Li et al. (2006). In T. polonicum the most common alleles were Glu-A1a and Glu-A1c de-
tected in the 42.86% of the accessions, differently by Pan et al. (2007) and Xu et al. (2009).
In T. carthlicum Glu-A1c was the only allele detected, whereas Zhuang et al. (2006) found
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both Glu-A1a and Glu-A1b. In T. turanicum Glu-A1c presented a similar frequency
(91.30%) to those already reported by Xu et al. (2009) (84.70%).

At the Glu-B1 locus the allelic variants detected in our study have confirmed the high
polymorphic level emphasized by Vallega (1988) and Xu et al. (2009). Some allelic vari-
ants detected in T. dicoccum were also found by other authors as Glu-B1be (6.1 + 22.1)
(An et al. 2005), Glu-B1bm (6’ + 22.1) and Glu-B1cd (6.1 + 8.1) (Li et al. 2006), although
in the present work Glu-B1cd was detected both in T. dicoccum and in T. turgidum, with a
frequency greater than that found by Li et al. (2006). The allele Glu-B1b was also the most
detected in T. carthlicum accessions (58.33%) as reported by Xu et al. (2009) followed by
Glu-B1e (25.00%) and Glu-B1d (16.67%). A similar electrophoretic pattern at Glu-B1 lo-
cus was also found in T. polonicum, a finding different from Xu et al. (2009). In addition,
in the tetraploid accessions investigated in this work two typical allelic variants of
hexaploid wheats were also found: Glu-B1aw (6.8 + 20y) in T. turgidum, previously re-
ported only in triticale by Amiour et al. (2002), and Glu-B1ag (28 + 29) in T. dicoccum

and T. turanicum (Pogna et al. 1989). The allelic variants Glu-B1d and Glu-B1h associated
to high gluten quality in durum wheat genotypes (Carrillo et al. 2000), were the less repre-
sented in all other tetraploid wheats.

LMW-GS and 	-gliadins are considered very important for gluten quality in durum
wheat (Payne et al. 1984; Pogna et al. 1990; Ruiz and Carrillo 1995a). Ten alleles were de-
tected at Glu-3 loci, five each for Glu-A3 and Glu-B3 (Table 2) and since Glu-B3 locus is
tightly linked to Gli-B1 one (Singh and Shepherd 1988; Nieto-Taladriz et al. 1997;
Carrillo et al. 2000), the frequencies of allelic composition of �- and 	-gliadins were also
considered.

In the present work a large variability had been found in tetraploid wheats subspecies.
T. dicoccum, T. turgidum and T. dicoccoides represented the tetraploid wheats with the
highest level of polymorphism (0.72 and 0.66, respectively), a possible source of new al-
leles for durum wheat breeding. On the contrary T. carthlicum was characterized by a low
mean H (0.24) as well as T. durum (0.32). In particular, T. carthlicum, T. durum and T.

polonicum showed lower means H for Glu-B3 (0.00, 0.22, 0.24, respectively) and Gli-B1

loci (0.44, 0.23, 0.26, respectively). These results were confirmed by a cluster analysis
among 562 accessions of seven T. turgidum L. subspecies (Fig. 3). T. durum, T. carthli-

cum and T. polonicum clustered in the first part of the dendrogram while in the second
clustered T. dicoccoides together T. dicoccum, underlining the different polymorphism
between these two groups of tetraploid wheats. Also, the accessions of T. turgidum and
T. turanicum were represented in the second group. The separation between T. durum and
T. dicoccum and T. dicoccoides could be the consequence of the selection for some allelic
variants correlated with a better gluten quality in T. durum, as also reported by other au-
thors (Ruiz and Carrillo 1995a, b; Vazquez et al. 1996).

Numerous studies have been conducted with the main objective to explore the compo-
sition of seed storage proteins of various Triticum wheats subspecies such as T. durum and
T. dicoccum and exploit as potential sources of useful alleles for qualitative improvement
of modern durum wheat cultivars. The present data provide an overview of the allelic
composition of almost all T. turgidum subspecies and confirm that T. dicoccum is the
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subspecies with the highest level of polymorphisms. Nevertheless, the exploitation of the
other related subspecies has allowed the identification of few new allelic variants suggest-
ing that further unexplored genetic variability for gluten composition is still available.
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