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The research was aimed at a lB/lR translocation effect on selected grain parameters of wheat double haploid (DH) lines. A set of
DH wheat lines selected according to the presence (8 lines) or absence (1 0 lines) of 1B/1R translocation was grown for 3 years. There

were tested following parameters ofgrain: content ofcrude protein, content of9 selected essential amino acids, calculated essential
amino acid index (EAAI), protein fractions content (albumins + globulins and their proportion in cnrde protein; gliadins and sum of
glutenins) and relative viscosity. There were found out higher geno[pic dependence of albumins+globulins content and relative

viscosity in comparison with content of crude protein, gliadins, glutenins and amino acids. There was also confirmed high positive
correlation among most of essential amino acids, crude- and stoÍage proteins (gliadins and glutenins) and their negative correlation

to proportion of albumins+globulins in crude protein. The parameter EAAI did not confirm significant dependence on higher vari-
able storage proteins' Mutual re1ations beťween re1ative viscosiry and content of albumins+giobulins as we1l as their correlations to

other tested parameters were low or indifferent. The presence of 1B/1R translocation significantly increased content ofcrude protein,

albumins + globulins, giiadins and values ofrelative viscosity. Its significant influence was found out in the content increasing of
isoleucine and arginine.

wheat; 1B/1R translocation; protein composition: essential amino acids; re1ative viscosiý

INTRODUCTION

K a s a r d a et al. (1916) classified wheat soluble pro-

teins in dilute salt solutions (albumins and globulins) as

cytoplasmatic proteins. These "soluble" proteins differ
distinctly in their amino acid (AA) composition from the

gluten storage proteins (gliadins and glutenins) and are

nutritionally important because about 45oÁ of total AAs
are created by essential AAs. Gluten and its fractions (glia-
dins and glutenins) are nutritionally inferior to soluble
proteins, primarily because of extremely low lysine scores
(C h un 8, P o meÍ anz, 1985).

From this point of view, the breeding of feed cereals is
mainly focused on modification of low-quality protein
fractions (gliadins and glutenins), increasing of limited
essential amino acids and total digestibility of fodder
(Čerm ák,2002).

The short arm of rye (Secale cereale L.) chromosome
lR is one of the most widely utilized sources of alien chro-
matin in wheat breeding (Baum, Appels, 1991).

Several hundred wheat (Triticum aestivum L.) cultivars are

known to possess a 1BL/IRS translocated chromosome
and many others will cany it unrecognized (R a b i n o -

vich, 1998). According to Garnsworthy and
Wi s eman (2000), the presence of 1B/1R translocation
is characteristic for most feed wheat cultivars.

The effect of the chromosome arm lRS on agronomic
traits (higher yield and disease resistances) and the tech-
nological parameters of wheat have been the subject of

numerous investigations, conceming its unfavorable effect
on bread making quality (B a r t o š, 1993' G r a y b o s c h,
2001). The main cause is probably the loss of the Glu-B3
encoded low molecular weight (LMW) giutenins and the

Gli-B I encoded gliadins with the exchange of the short
arm of wheat chromosome 1B against the short arm of rye
chromosome lR. The primary result is a reduction in size
and quality of the glutenin macropolymer. Moreovel the

Sec-1locus on 1RS produces a massive amount of secalins
with a high water binding capacity, which is probably one
cause of the so-called'sticky dough syndrome'of many
iRS-bearing wheat cultivars (Martin, S tew art,
1990; Z e 1 1 e r et aL,1982). On the other hand, the effect
of the 1B/1R translocation on nutritional implications for
animals or its influence on amino acids and protein frac-
tions content have been still seldom published.

Genetic factors affecting nutritional value carurot be
evaluated by simply comparing named varieties. This is
because any two named varieties may be distantly or
closely related in a generaliy unpredictable way and name
alone would give no indication of the genetic relationship.
Thus, programmes based on varietal names are of little
value in assessing reasons for variability in nutritional
value of wheat. The emergence of near-isogenic lines, de-
veloped through conventional plant breeding techniques,
represents a major development as nutritional implications
of specific characteristics may now be investigated against
a comparatively uniform genetic background (G a r n s -

w orthy, Wi s em an, 2000). In our case, the specific
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effect of translocation on nitrogen complex of common

wheat can be examined without possible confounding ef-

fects of other factors.
Our research was aimed at a lB/lR translocation effect

on selected grain parameters of wheat DH (double hap-

loid) lines. The emphasis was put on variability of essen-

tial amino acids, protein fractions and relative viscosity as

potential criteria offeeding value and charactetiztng their

mutual relations. This activity represents part of wider
study focused on speciťrcation of characters as possible

criteria of wheat feeding value that will continue by frnal

feeding tests.

MATERIALAND METHODS

A set of 80 doubled haploid (DH) wheat lines was de-

veloped by Ladislav Kučera, from the F' generation after

crossing of wheat cultivar Šárka with advanced line UH
410 (donor of lB/lR translocation) in the Department of
Molecular Biology of CRI Prague. Our previous three-

year average evaluation ofthree important technological
parameters (crude protein content, wet gluten anďZeleny

sedimentation test) showed close similarity between both

parental genot}pes UH 410 and cultivar Sárka (D v o ř á _

č e k et aI.,2006). UH 410 with 1ow agronomic characters

was only used for introduction of lB/lR translocation into

DH lines.
A set of selected 18 DH wheat lines with a higher ag-

ronomical potential and according to the presence or ab-

sence of allele Gli 1B3 characterising 1B/1R translocation
was subsequently ďvided into two numerically compara-

ble sub-sets (8 lines with 1B/1R translocation and 10 lines

without I B/1 R translocation).
Each selected DH line was genetically evaluated by

means of gliadin alleles for confirmation of lines witV
without lB/lR translocation. Gliadin blocks were identi-

fiedaccorďng to Metakovsky (1991) and Š ašek,
Černý (2000) in conditions of Acid-PAGE (ČSN 46

1085-2, 1998).

The lines and two check cultivars Šárka and Nela (with

expected contrast results in final feeding tests) have been

multiplied in large plot experiments with rates from 0.3 ha

(2004) to 0.7 ha(2006) in the locality Kralovice for 3 years

(2004-2006). Fertilization was applied according to soil
analysis in the nitrogen range of 120-135 kg ofand 50-60
kg of PrOr.

The following grain parameters were tested: content

of crude protein - Kjeldahl method (CSN 56 0512-12);

content ofselected 9 essential amino acids and calculation

of EAAI (essential amino acid index) by O s e r (1951),

protein fiactions content (albumins + globulins and their
proportion in crude protein; gliadins) * modified Os-

borne's method according to Dvořáček et al. (2001).

Content of sum glutenins was calculated as a difference
beťween the content of crude protein and sum of albumins
+ globulins and gliadins. Relative viscosity was measured

with a micro-viscosimeterAntÓn Paar according to S a u 1 -

nier etal. (1994).
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The software "statistica 7.0 CZ" was used to test sig-
nificant differences by ANOVA/MANOVA, Tukey HSD
test, correlation matrix and PCA classiťred analysis.

RESULTSAND DISCUSSION

Three years average contents ofessential amino acids,
total essential amino acids index (EAAI), nitrogen content

and composition of protein fractions are described in
Tables 1 and 2. According to our presumption, differences
of tested parameters among DH lines were not too high
and wider spectra of statistical significant differences was

only found in content of albumins + globulins fraction and

its proportion in crude protein (Table 2). It corresponds

with the tested set of DH lines which have closer genetic

relation than e.g. set of commercial varieties. In spite of
lower differences among average values of parameters

there were identified more extreme results in certain lines.
Such case was line 119 in 2004, which showed signifi-
cantly higher content of crude protein (14.15%), content

of gliadins (4.72%) and with the exception of methionine
content, higher content of all tested amino acids (e.g. THR

- 5.48 g.kĚl, Val- 8'32 g.kg*'and ILEU - 6,61 g.kg_1).

Significantly higher content.(Table 1) of several amino
acids (e.g. THR - 4.55 g.kg ', Val - 7.08 g.kg ' and AGR
- 9.26 g.kg 1)was detected in DH line 1 63 in 2005 as well.
Although these both lines did not confirm these character-

istics in other tested years, their average values of the

above mentioned parameters were higher in comparison
with other DH lines. Values of EAAI were not signifi-
cantly different among varieties because of their high
variability among tested years and corresponded with av-

erage values published for wheat (S arw ar,
McLaughlan,l98l).

tn spite of this fact, higher values EAAI were found in
2 lines with 1B/1R translocation I 19 and 139 and line 136

without lB/lR translocation. In case of both translocated
lines, there was not confirmed often mentioned deteriorate

effect ofhigher storage proteins content (gliadins and glu-

tenins) on chemical scores of essential amino acids (main-

lylysine) (Chung, P om eÍ allz. 1985). It isprobable
that 1B/1R translocation (producing massive amount of
secalins) positively influenced contents of essential amino
acids in storage protein fractions (especially lysine). Sig-
nificant higher lysine content in rye grain in comparison
with wheat was confirmed by E g gum (1985).

The year comparison of all tested parameters reflected
much higher influence than DH line effect. Generally sig-
nificantly higher content of essential amino acids, content

of albumins + globulins fÍaction (3;73%), value of EAAI
and relatively lower ratio of sum of glutenins (5.59%)

were obtained in 2005 opposite to the year 2006.

The lowest contents of protein and protein fractions
were found out in 2004, although average content ofes-
sential amino acids was comparable with the year 2006.

Significantly lower contents of crude protein and its frac-
tions in 2004 were probably influenced by colder weather

conditions in May and June, which slowed down protein
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Tablc 1. Three ycars' average content of essential amino acids and valucs of EAAI (Essential Amino Acids Indcx) in grains of wheat DH lincs

(2004-2006)

Line /

paramctr
1B/IR
transl.

EAAI
(%)

THR
(e.ke t)

VAL
(g.ke')

MET
(g kg ')

ILE
(g.kg ')

LEU
(e.kg')

PHE
(g.ke')

LYS
(e.kg ')

HIS
(e.kt')

ARG
(g.kg ')

10

12

19

21

26

r31

t36

t39

t44

t46

Is7

r59

t63

164

r67

L'7 1

t'74

Í76

ela

árka

ranŠl

rans.{

Y

Y
Y

N

Y
N

N

Y
N

N

Y
N

N

Y
N

N

Y
N

N

N
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.N,t=:-:l:.\\\\

49.20a

50.48a

58.50a

53. I 1a

55.33a

50.88a

..6.B,ž.]A

59.'.7 5a

51.3 I a

53.56a

i6;;Í

50.08a

52.55a

55. 1 8a

48.48a

48.57a

52.22a

53.37a

54.29a

53.37a

::::5:3,:3ša

:,52:4S*\\

2.90a

2.74a

3;.9,.€

2.95a

3.12a

2,r...!.,?

3.24a

3.36a

3.09a

3.28a

2.54a

3.03a

3.30a

2.69a

3-12a

3.1 5a

2.84a

2-95a

2.86a

.3j.;:1,44.
:::::::::::::::

:3::g4áiii:

4.00a

4.12a

6.20a

4.86a

5.18a

4.33a

5.02a

5.10a

4.64a

4.76a

:it$]\s;Pe

3.97a

4.'.74a

5.45a

3.96a

4.I3a

4.35a

4.14a

4.12a

4.26a

=!P::::.::4;4{á

1.92a

1.85a

2.11a

1.93a

1.96a

1.'72a

2.07a

2ll3q.

2.0'7a

2.04a

1;77a

1.66a

1.18a

1.87a

1.'.76a

.:=:1.ó!€

1.7'.7 a

1.66a

I-'l9a

I.73aw
lli}r'82a

3.63ab

3.44ab

==.'15.,.:Q,$b-::

3.68ab

3.83ab

='!n9.i.?-,OE
3.9Oab

4.31ab

3.13ab

4.03ab

7 ))q

3.3'1ab

3.86ab

4.49ab

3.24a

3.4Iab

3.54ab

3.31ab

3.36ab

3.51ab

i*(€
,rli\Si:S,5a

1.0'/a

6.81a

.ei?.qE
'7.66a

7.68a

6.59a

'7.68a

8.30a

7.35a

8.01a

.. 8Í!l

6.65a

7.59a

9.01a

6.44a

7.03a

6.93a

6.'17a

6.78a

7.08a

LiLI15
irii\Si+4'a:'

4.31a

4.50a

6.53a

4.67a

5.1 3a

i

5.1 6a

5.50a

5.05a

5.44a

4.20a

4.63a

5.50a

€5u
4.89a

4.74a

4.62a

4.36a

4.5la

4 j78a

iiif,,
ll!-\._š)E3á

2.91a

2.87a

3.40.$
2.9'7a

3.20a

2.90a

3.11a

3.32a

2.98a

3.04a

2.51a

2.61a

2.85a

3.21a

iiEvE;'

3.04a
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2.94a

2.85a
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,31\
2.9gá ii

2.46a

2.30a

3.I5a=

2.45a

2.49a
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2.96a
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2.'.78a
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2.21a
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r2:i,-9+
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5.18a
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4.71a
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5.91a

5.ó8a

5.58a
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4.96a
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=ryi ii
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Values ofparameters markcd by the same letters arc not significantly different at P < 0.05

synthesis in grain. Generally known fact of positive influ-
ence of dry and worÍn weather on biosynthesis of grain
storage protein mentioned e.g. Prugar and Hraška
(1 e86).

Variability of protein composition is pronounced in
content of albumins + globulins and glutenins between

2005 and 2006. It does not seem probable that dif[erences

in weather conditions that were only found out in the be-
ginning of vegetation would be the main course of the

protein variability between the years.

Relative viscosity showed the highest stability among

tested years and significant differences among DH lines
also confirmed closer genetic relation of this parameter.

The statistically lowest value of relative viscosity was
found in wheat line 159 (I.72), on the contrary lines 110,

164 anď 171 showed significantly highest values (2.37,

2.35 ar;rd2.3I, respectively). These results indicated strong

genotypic relationship of relative viscosity in common
wheat and they are in coincidence with M artin ant et

al. (1998). Closer genetic relations are evident in the above

mentioned albumins + globulins fraction. The significant-
ly highest content and proportion of albumins + globulins
was found in wheat líne 174 (4.00% and30.8IYo, respec-

tively) and the lowest value was detected in line 163
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(3.03% and 22.40yo, respectívely). S t e h n o et al. (2006)

described exceptionally high signifrcant dependency of
albumins + globulins content on wheat genotypes as

we11.

Our attention was especially focused on the effect of
18/lR translocation and on mutual relations among tested
parameters. The presence of lB/lR translocation in DH
lines signiťtcantly increased content of crude pÍotein' con-

tent and proportion of albumins + globulins as well as

content of gliadins and values of relative viscosity. DH
lines with lB/lR translocation generally showed higher
content of all tested essential amino acids and two of
which (isoleucine and arginine) confirmed significantly
higher content in dry matter. The lBi lR translocation ef-

fect on a signiťrcantly higher content of crude protein and

no significant differences in relative viscosity were con-

firmedby Amiour et al.(2002). Subda et al. (1997)

obtained a higher content of albumin fractions in lines
with 1B/1R translocation as well.

Correlation analyses of tested parameters showed in
the set of evaluated lines positive middle strong relation-
ships among crude protein and essential amino acids ex-
cept lysine (r : 0.25) and arginine (r : 0.31) (Table 3).

Similar correlation coefficient was found among content



Table 2. Thrcc years' avcrage values oťprotein composition and relative viscosity in grains ofwhcat DH lines (200zl 2006)

Linc /paramctr
1B/IR

translocation
Crude protcin

(%)
Alb. + glob.

(%)
Gliadins

(%)
Sum of

Glutenins (%)
Rel.

Viscosity

Proportion of Alb.
+ glob. in crudc

protein (%)

Nela-c

Šárka-

..Tranď

,:::Ťra*sl

Ll0

t12

t19

t21

t26

t3r

tJo

t39

144

t46

t5'7

r59

163

164

167

171

t74

1'.76

heck var.

check var.
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ocáťiotr:.:}T:

Y

Y
Y
N

Y
N

N

Y
N

N

Y
N

N

Y
N

N

Y
N

N

N
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3.36ab

2.39ab

4.30b

2.89ab

3.1 5ab
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2.36ab

3.59ab

3.61ab

3.32ab

2.66ab

2.92ab

3.60ab

4:;!4b .
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3.40ab

3.06ab

2.41ab

2.8'7ab

2.82ab

:3,13.8,.!
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3.87cd

3.77bcd

3.66bcd

3.25ab

3.87cd

3.1 9ab

3.24ab

3.60abcd
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3.24ab

3.32abc

3.20ab

3.S3e=

3.61abcd

3.52abcd

3.25ab

:4.€'=
3.26ab

3.1'7ab

3.54abcd

l::3::71b liil
::::3:2?a=r

4.22bc

3.68abc

4'óý'p' ::=
3.67abc

3.72abc

2.:9:6*' ,.,,,:=

3.61abc

4.1Oab

4.00abc

4.07abc

3.85abc

3.84abc

4.1 lbc

4.3Obc

3.62abc

4.1 6bc

3.60abc

3.65abc

3.93abc

3.54ab

€*..i
:3;:?64 iti:llš::.

5.26ab

4:r94a

5.96abc

5.9'7abc

5.55abc

5.54abc

5.51abc

5.88abc

6.24abc

6.02abc

5.50abc

5.88abc

6.46bc

,-f; "
5.60abc

5.99abc

5.46abc

5.49abc

5.'7"labc

5.14abc

]5.65=

5'85.á:..:::]'

|ži37ť
.i:i=r:'

2.16ab

2.l4ab

2. I Oab

2.24c

2.I7ab

2.15ab

2.08ab

2.06ab

2.1 8ab

2.30c

1.72&,.:j

1.97ab

2.35c

2. I Sab

2.3lc

2.16ab

2.15ab

2-22a

2.I9ab

.zaa?

',Ž;Í2*,

29. I 8cde

30.44c

25.57abcd

25.37abcd

29.44de

27.34bcdc
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otl.!t=

4i09&,:

s.;-iZa

5:59X

6ifrphr

2r06i

lir
2,i4g.b

7'7.05

3lj86á
.ř.4.í911

Values ofparameters marked by the same lcttcrs are not signiťrcantly different at P < 0.05

of amino acids and both storage protein fraction of gluten
(gliadins and sum of glutenins) including lower correla-
tions in case of arginine and lysine.

Relative viscosity showed indifferent relations to

otherparameters except its signiťrcant correlation value to

content of arginine (0.4). Higher mutual correlation coef-
ficients among storage proteins and logically among ami-
no acids result Ířom their mutual coÍlmon composition,
because main part of grain crude protein is incorporated
into wheat gluten in the form ofboth storage protein frac-
tions - gliadins and glutenins (Pomeranz et a1.,

1988).
Content of albumins + globulins fraction indicated

only lower positive correlations to tested amino acids and

their content changes did not play important role for in-
creasing or decreasing essential amino acids and EAAI in
this set of DH lines (Tables I anď 2). on the contrary
proportion of albumins + globulins in crude protein was

in middle-strong negative correlation to content of amino
acids, once again with exception of lysine and arginine,
which had indifferent relations too. The higher effect of
crude and storage protein on content increasing of essen-

tial amino acids was caused by lower variability of albu-
mins + globulins complex and antagonistic relations

114

among albumins + globulins and storage protein fractions
evoked by their time-different synthesis (P r u g a r,
Hraška,1986).

In spite of increasing of AA contents with increasing
of crude protein and gluten fractions and decreasing of
their contents with the growing of albumins + globulins
proportion, the calculated EAAI did not confirm signifi-
cant dependence on changes of these characteristics.
Nevertheless, it is not possible to ignore consequence
among significantly higher content of albumins + globu-
lins fraction and significantly higher value of EAAI and
content of the most limitedAAs in 2005. This fraction is
characterized as the most biological value part of wheat
protein (M i t t ag et aI., 2004) and will play important
role from point of nutritive and feeding value respectively.
Generally lower enzymatic digestibility of prolamins, their
loiv bíological value (Steenson' Sathe,1995;
E g g u m , 1985) and their confirmed high positive rela-
tions to crude protein should lead in wheat breeding for
higher feeding value to materials selection with lower con-
tent of crude protein and prolamins.

Potential effect of 1B/1R translocation on final feeding
value see'ms to be controversial. Increasing of albumins +

globulins including their proportion in crude protein is

. SCIENTIAAGRICULIURAE BOHEMICA, 38,2007 (3): 111-116



Table 3. Corrclation coefťrcicnts among tested paramctcrs ofDH lines (2004 2006)
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Statistical significant correlations at P < 0.05 arc boldly emphasizcd

nutritive favorable. On the other hand, its influence on

higher content of prolamins and value of relative viscos-
ity can deteriorate potential feeding value for certain farm
animals. R o s e (2003) also mentioned that comparisons
of the nutritive value of cultivars with and without the

translocated chromosome have given variable results for
poultry feeding test and there is still no general evidence
that presence of the lB/lR chromosome is associated with
nutrient availability.

CONCLUSIONS

There were found out higher genoýpic dependence of
albumins + globulins content and relative viscosity in
comparison with content of crude protein, gliadins, glute-

nins and amino acids. There was also confirmed high
positive correlation among most of essential amino acids,

crude- and storage proteins (gliadins and glutenins) and

their negative correlation to proportion of albumins +

globulins in crude protein. Calculated parameter EAAI did
not confirm significant dependence on higher variable
gluten fractions.

Mutual relations between relative viscosity and con-

tent of albumins + globulins as well as their correlations
to other tested parameters were low or indifferent. The
presence of lB/lR translocation significantly increased
content of crude protein, albumins + globulins, gliadins
and values of relative viscosity. Its signiťrcant influence
was found out in content increasing of isoleucine and ar-

ginine as well.
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Miv lB/lR translokace na bflkovinný komplex pšeničného zrna a relativní viskozitu s ohledem na krmnou kvalitu.
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VýzJ<um byl zaměřen na VliV lB/lR translokace na vybrané parametry zrra u dihaploidních (DH) linií pšenice. Soubor
DH linií členěných poďe přítomnosti (8 linií) či absence (l0 1ini0 lB/lR bylpěstován po tři roky. Byly u něho hodnoceny
nasledující charakteristilry zTIa: obsah hrubých bílkovin, obsah devíti lybraných esenciálních aminokyselin, qlpočtený index
esenciálních aminokyselin (EAAI), obsah bílkovinných frakcí (albumino-globulinové frakce a její podíl v hrubých bílkovi-
nách; gliadiny a Suma gluteninů) a relati'rmí viskozita. Byly zjištěny větší rozďly mezi genospy v obsahu albumino-globu-
linové frakce a v relatiwí viskozitě ve Srovnání S obsahem hrubých bílkovin, gliadinů, gluteninů a aminokyselin. Byla
potvÍzena Silná pozitiwí korelace mezi obsahem většiny esenciálních aminokyselin a obsahem hrubých a zrísobních bílkovin
(gliadinů a gluteninů) a jejich negatirmí korelace k poďlu ďbuminů a globulinů v hrubých bílkovinách. U EAAI nebyla
zjištěnaprukazrrázávislostna více variabilních zasobníchbílkovinách. Vzájemnévztahy mezi relativní úskozitou aobsahem
albuminů + globulinů i jejich korelace k dalšíÍn hodnoceným parametnim byly nízké nebo inďferentní. Přítomnost 1B/lR
franslokace prukazrě zvyšovala obsah hrubých bílkovin, albuminů + globulinů, giiadinů a hodnotu relatir'ní viskozity. Její
prukazný vliv byl zaznarnenáni v prťrkazrrém niffistu obsahu izoleucinu a argininu.

pšenice; 1B/1R translokace; složení bílkovin; esenciální aminokyseliny; relativní viskozita
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