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Under mountain and steppe conditions of the Almaty Region, morphogenetic
traits of almost 40 cultivars of common bean, Phaseolus vulgaris L. from Kazakhstan
as well as American, Chinese, Polish, Russian, Turkish, and Czech collections have
been assessed.

Six local and foreign accessions have been subject to high-performance liquid
chromatography to identify amino acid composition. Studied accessions, varieties
and lines could be classified by an Osborne classification presenting bulk of pro-
teins.

Ketogenic amino acids (leucine, lysine and tryptophan) have been detected in
much lower concentrations thus allowing to recommend related cultivars and lines
for manufacturing diabetic products with a minor risk of ketone bodies accumula-
tion.

Essential amino acids have been registered to achieve 27.5-29.8%. Local lines
have been determined to contain the greatest amount of sulfur-containing amino
acids, methionine and cysteine (335-350 mg/ 100 g and 55-62 mg/100 g, respec-
tively). In addition, the line “Aktatti” has appeared to be enriched by lysine (410
mg/100 g). Accumulation of sulfur-containing amino acids may point to slowing
down seed protein storage under sharply continental conditions. It is thereby con-
firmed that the protein content is dependent of the climatic changes, breeding tech-
nologies, soil characteristics and genotypic classification of the variety or line.

Key words: Phaseolus vulgaris L., domestic lines common bean, collection,
amino acid composition, cluster analysis

AATbI XKepriAiKTi XoHe LeTeAAik KoAiMri ypmebypiuak, Phaseolus vulgaris L.
COPT YATIAEPIHIH TYKbIM CbIFbIHABIAQPbI XKOFapbl TUIMAI CYIbIK, XpoMaTorpadusaa
AMMHKBILLKbBIAABIK, KYPaMbIH aHbIKTay YLIiH aAblHAbL. 3€pTTeAreH COPTYATiAepi
MeH AMHUMSIAApPbiH Oc6opH 6olbiHIIA KypamblHAA Heri3ri 6eAokTap 6GeAiriH
rAoByAMHAEpre XaHe aAbOyMUHAEpre TOnTacTbipyFa 60AaAbl. TyKbIMHbBIH Heri3ri
dpakumsarapbl rayTammH (3980-2082 mr/100 1) MeH acnapTaTt KbIWKbIAAAPbIHAH
(2806-1045 mr/100 1), coHpait-ak araHuH (1405-928 mr/100 1) XeHe NPOAMH
(1273-694 Mr/100T). aMUH KbilLKbIAAAPbIHAH TYpAbl. OTaHABIK COPTYATiAepi
LIETEAAIK aHaAOrTapFa KaparaHAa TAyTamaTr Kypambl GoibiHa 91% actam,
AAQHMHABIK, Kypambl — 51%-AaH actam, NpoArH — 83 % apTblk, KePCeTKill KOPCeTTi.
OTaHAbIK, AMHMSIAAPAQ LLETEAAIK aHAAOTTapMEH CaAbICTbIPFAHAQ KETOreHAl aMuH
KbILIKbIAAQPBI BAAEKANAQ a3 MOALLEPAE eKEHi aHbIKTaAAbl, COHABIKTAH >KepriAiKTi
COPTYATIAEPiH AMabeT aypyblH EMAEYre apHaAFaH eH TOMEHTT AGHIeMAE KETOHADIK,
AEHEAep >KMHAKTaMTbIH OHIMAEP LWbIFapyFa YCbiHyFa 6G0AaAbl. BapAblk, amuH
KbILKbIAAQPBIHBIH, KYPaMbIHbIH, aAMACTbIPbIAMANTbIH aMUH  KbILLKbIAAAPbI 27,5-
29,8% KypanTbiHbl KepceTiaai. XKepriAikTi COpTYAriAepiHiH Kypambl METUOHWH
KoHe umctenH (335-350 mr / 100 r >xeHe 55-62 mr / 100 r, TUiCiHILE) CUSKTbI
>KOFapbl KOHLEHTPAUMsIAbl KYKIpTi 6ap aMuH KbIWKbIAAAPbIHA 6arn  GOAADI.
CoHbIMeH KaTtap «AKTaTTi» COpTbl AM3UHMEH (410 mMr / 100 1) KyHapAaHAbIPbIAFaH
BGOADIMN LWbIKTbI.

Tyiin ce3aep: KoAIMri ypmebypluak, OTaHAbIK, COPTYATIAED, KOAAEKLMS,
AMMHKBILLKBIAABIK, KYPambl, KAQCTEPAI TaAAay.

DKCTPaKThl M3 CEMSIH LLIECTU MECTHbIX U 3apy6e>kHbIX COpTOO6pasLoB hacoAn
o6bikHOBeHHOM Phaseolus vulgaris L. 6blAM noABeprHyTbl BbICOKO3(hEKTUBHOM
KMAKOCTHOI XpoMaTorpapum AASl OMpeAeAeHUs aMMHOKMCAOTHOrO CoCTaBa.
M3yyeHHble copToo6pasLbl M AMHMM MOXHO KAaccudmumpoBatb no OcbopHy Kak
coAepKalLye OCHOBHYIO MacCy 6EAKOB B BUAE TAOOYAMHOB M aAbOyMMHOB. KaloueBble
hpaKLMM AMUHOKMUCAOT 3TUX CEMSIH COCTOSIAM M3 TAyTaMnHOBOWM (3980-2082 mr/100
r) 1 acnaparmHoBon KMCAOT (2806-1045 mr/100 r), a Tak>ke araHunHa (1405-928 mr/
100 r) v npoAunHa (1273-694 mr/100 r). OTeuecTBeHHble COPTOOPMbI OKA3aAMCh
MPEBOCXOASILLMMIN MHOCTPAHHBIE aHAAOTM MO COAEPKaHUIO rAyTamaTta 6oaee yem
Ha 91%, anaHmMHa — Ha 51% w1 npoAnHa — Ha 83%. KeToreHHble aMMHOKMCAOTbI
COAEpPXKATCS B OTEUECTBEHHbIX AMHMSX B rOpa3sA0 MEHbLIMX KOAMYECTBax Mo
CpaBHEHMIO C 3apy6e>kHbIMM aHAAOTaMM, YTO MO3BOASIET PEKOMEHAOBATb MECTHbIe
CcoOpTOhOPMbI AAS BbIMyCKa AMABGETUUECKMX MPOAYKTOB C MUHMMAAbHBIM PUCKOM
HaKOMAEHWNS KETOHOBbIX TeA. He3ameHuMble aMMHOKMCAOTbI AOCTUralot 27,5-
29,8% ot1 obulero coaepskanus. Mpu 3TOM MeCTHble COPTO(OPMbI COAEPKAAM
MOBbILIEHHbIE  KOHLEHTPAUMM  CEPOCOAEP KALLMX  aMUHOKMCAOT, a WMEHHO
METMOHMHA U umcTenHa (335-350 mr/ 100 1 1 55-62 mMr/100 1, COOTBETCTBEHHO).
Kpome Toro AnMHMS «AKTaTTM» OKa3aracb oboraleHHoOn AM3mMHOM (410 mr/100 r).

KatoueBble cAoBa: (hacoAb OObIKHOBEHHAsl, OTeUYeCTBEeHHble COPTOOPMbI,
KOAAEKLIMS, QMMHOKMUCAOTHbIN COCTaB, KAAQCTEPHbI aHaAM3.
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Introduction

The breeding outcome of new cultivars for common bean,
Phaseolus vulgaris L. may be predicted from natural hybrids
that are adapted to varying climate conditions within its growing
zone. Consequently, the crop’s ability to grow in other areas can
be predicted. Transformation of wild species became especially
extensive with human intervention, when forms with desirable
nutritional quality and agronomic traits had been sought for [1].

During the course of evolution, bushy, large-leaf, early maturity
forms with determinant type of growth, large number of flowers, and
non-dehiscent pods have been selected [2].

In comparison to other legumes, common bean is more capricious
in that it prefers fertilized sandy soils or light clay-containing soils.
Cold clay soils with high moisture content are not considered to
be appropriate for common bean. In addition, turf formation and
soil compaction, caused by high acidification, may also decrease
crop yield [3]. Due to acidic soils, the growth of nitrogen-fixing
bacteria is reduced resulting in suppression of nitrogen fixation [4].
Neutralization or lime addition (calcification) to acidic soils leads to
increasing yields of common bean. Moreover, two filed experiments
were undertaken in Behaira Governorate, Egypt through 2012 and
2013 summer seasons. The effect of the seaweed extract at three
different concentrations and a mixture of free amino acids from a
plant source at three different concentrations apart from the mixture
of seaweed and amino acids have been trialed as foliar spray
three times on common bean plants. The obtained results clearly
indicate that different applied treatments increased average growth
characteristics i.e., plant height, stem diameter, number of branches
and leaves/ plant, total leaf area /plant, dry weight of shoots and
specific growth rate as well as simulataneous increase of the content
for total chlorophyll [5].

Under mountain and steppe (plain) conditions of the Almaty
Region, morphogenetic traits of 37 cultivars of common bean from
different soil and climatic zones (Kazakhstan, American, Chinese,
Polish, Russian, Turkish, and Czech collections) have been evaluated
as described earlier [6].
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This study was carried out under crop rotation
in mountain and steppe (plain) zones of the Almaty
Region in 2011-2012. Thirty-seven cultivars of
common bean and its relatives were planted in
“Zhanga Talap” Agrobiocenter of al-Farabi Kazakh
National University.

Materials and methods

Part of stock wvarieties after preliminary
propagation and introduction has been registered as
the State Certificate on the subject of author rights
No. 612 of 14 May, 2012 entitled: “Distribution and
exchange of bean specimens”.

Investigation on the varieties of this collection
has been performed according to the Vavilov In-
stitute and Awassa Agricultural Research Center
protocols [7]. Seeds were sown on plots of 2 x 10
meters, using double-row sowing with wide inter-
row spacing (40-60 cm) and at least two replicates.
Pods were harvested and seeds were extracted by
hand. The cultivar “Aktatti” was used as a standard
for the Almaty Region. Observations, measure-
ments and assays were conducted in accordance
with “Methodical Instructions on The Study of
The Collection for Grain Legume Crops” issued
by a Vavilov Institute and followed the Classifier’s
grading for the genus Phaseolus L. [8]. To provide
computer aid to planning of the work and plant-
ing of cultivars our own software entitled “Planting
manager” (the State Certificate on the Subject of
Property Rights No. 1034 of August, 1, 2012) was
used.

Seed stocks for the mountain zone were sown at
two sites, namely: i, the field of the Institute of Bot-
any and Phytointroduction of the Science Commit-
tee of the Ministry of Education and Science of the
Republic of Kazakhstan; and ii, mountain plot in the
Almarasan Gorge along the River Bolshaya Almat-
inka (800-1200 m above the sea level). Seed stocks
for the flat zone were sown in a field of “Zhanga
Talap” Agrobiocentre of al-Farabi Kazakh Nation-
al University and Kazakh Institute of Soil Science
and Crop Research (both of which are nearly 600 m
above the sea level).

Seventeen cultivars and lines of common bean,
(Phaseolus vulgaris L.) were planted in the moun-
tain zone (9 — at the field of the Institute of Botany
and Phytointroduction; 8 — mountain plot in the Al-
marasan Gorge). Twenty cultivars and lines of com-
mon bean and its relatives (broad bean, Vicia faba
L. and Turkish beans, Phaseolus coccineus L.) were
planted in the steppe zone (“Zhanga Talap” Agro-
biocentre).

Phenotypic analysis of common bean plants was
carried out on a range of main traits (stem height in
cm; length and width of upper leaf at 30-th, 45-th
and 65-th days of vegetation, cm; number of pods
and number of seeds per plant in pieces; number
of seeds per pod; weight of seeds per plant (seed
productivity) in g; 100-seed weight, g, and others).
The current paper is focused specifically on percent-
age of emergence and pod length. Domestic bioor-
ganomineral fertilizer, provided by the Faculty of
Chemistry and Chemical Technologies, KazNU,
was introduced into soil after 25-35 days post-plant-
ing in amounts of 25-30 g per plot with subsequent
moderate watering.

Seeds of six local and foreign accessions have
been subject to high-performance liquid chromatog-
raphy, or HPLC to clarify amino acid composition.

To determine qualitative and quantitative com-
position of amino acids in the seeds, seed powder
was subjected to acidic hydrolysis with 6N HCI
at 105°C for 24 hours. The hydrolysate was dried
with rotory evaporator three times at 40°C. Final
precipitate was re-suspended with added factions
of salicyl-sulphonic acid and centrifuged to remove
the aggregates. Supernatant was subjected to chro-
matography by loading onto Dowex-50 column un-
der elution velocity of 150 pl/sec. After neutraliza-
tion of the column with deionized water factions of
amino acids were eluted with 6N NH,OH (rate of
elution 300 ul/sec). The eluate was dried with the
rotavap under the pressure of 1.0 atm at 50 — 60°C.
Dried preparation was diluted with SnCl, - 2,2 — di-
methoxy-propane-propanol mixture saturated with
HCIL. Then the preparation was incubated under ris-
ing temperature up to 110°C for 20 min and dried
again. Dry pellet was subsequently acetylated with
the mixture of acetic oxide (acetic anhydrate), thri-
ethylamine and acetone (1:2:5, v/v). The mixture
was incubated at 60°C for 1.5-2 min to be then dried
and diluted with ethyl acetate saturated with NaCl.
Posteriously to rigorous stirring, upper phase of the
preparation containing ethyl acetate was collected.
Gas chromatography of amino acids in the composi-
tion of the upper phase picked out was performed by
using “Carlo Erba 4200 chromatography machine,
Italy-USA. Elution of amino acids was conducted
using the column made of stainless steel (40 x 0.3
cm), containing polar mixture of 0.31% Carbowax
20M, 0.28% Silar Sav (5CP) and 0.06% Lexan on
Chromosorb WA-W-120-140m used as the tem-
plate. Standard mode of elution was maintained at
the temperature of plasmic ionization detector of
300°C, evaporator temperature of 250°C, initial col-
umn (furnace) temperature of 110°C° and the fol-
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lowing regimes of column incubation: 6° per 1 min
at 110 — 185°C and 32° per 1 min at 185 — 250°.
Maximal temperature was maintained until com-
plete exit of fractions [9]. Statistical treatment of the
data obtained was fulfilled by the methods of analy-
sis for variances [10,11].

Results and discussion

In the case of Czech collection of introduced
cultivars, it was observed that the cv. “Zuzka”
showed the highest percentage of emergence
(53.0%) at the 30-th day after sowing under
mountain conditions. Two other Czech cultivars
showed the emergence of 23.3% (cv. “Katka”) and
16.6% (cv. “Luna”) under the same conditions. The
Cv. “Zuzka” surpassed other cultivars in leaf size
(11. 2 x 8.0 cm), whereas these parameters for cvs.
“Katka” and “Luna” were 6.5 x 4.5 and 9.3 x 6.4 cm,
respectively. Furthermore, it was also noted that the
cv. “Zuzka” was much earlier to flower than other
cultivars.

Morphogenetic studies of genetic stocks for
breeding and phenological observations over the
process of sprout emergence indicated that local
lines were superior to introduced Czech cultivars
with respect to the percentage of emergence (see
Table 1).

Table 1 — Results of phenological observations: intermediate
evaluation of percentages of emergence for Kazakhstan and
Czech cultivars of common bean (30-th day after sowing)

No | Cultivar or line Emergence, %%
1 Zuzka 53.33£0.15%**
2 Katka 23.33£ 0.10%**
3 Luna 16.67 £0.10

4 Nazym 78.26+0.25%**
5 Talgat 50.00 £0.20%**
Footnote: *** P<0.001

The percent emergence value for the cv.
“Zuzka” was much greater than those for other
Czech cultivars that were included in the study.

It has been shown that common bean leaves
possess egg-like or transitional to wide egg-like
form under local conditions. In addition, some
cultivars and lines had silver-polished stipules and
variations in leaf colour, which is known to be a
characteristic genetic trait intrinsic for the cultivar.
This trait is dependent on the vegetative stage of

ISSN 1563-0218

the plant, soil quality and amounts of fertilizer
applied.

One of the tasks of this study was to determine
superior lines by examining phenotypic data
on percentage of emergence, or germination
rate obtained from a mountain location in 2012
in comparison with elite Czech common bean
cultivars. This kind of cluster analyses based on
other phenotypic characteristics (branch angle,
height, hypocotyls diameter, lodging, maturity,
upper pods, pods per plant, and yield) was performed
by Canadian researchers [10]. As shown in Fig. 1,
with respect to the percentage of emergence, which
was processed using computational cluster analysis,
the local line “Nazym” is closer to the cv. “Zuzka”,
as is another local line “Talgat”, which is more
distant from two other Czech cultivars, “Katka” and
“Luna”. This output suggests that the line “Nazym”
is unique by this morphogenetic character. This
figure includes local and Czech lines only, as Czech
cultivars were introduced into the mountain zone in
2012.

Noteworthy, similar approach was used for
demonstrating genetic resemblance of the European
and the North African faba bean germplasms which
were closely associated with their geographical
origins and ecological habits [13].

Propagation of common bean collection in
Kazakhstan is in progress. Similar research towards
the enrichment and analysis of national bean
collections isbeing done by otherresearchers [14,15].
The objective of the Chinese investigation [16].
was to evaluate a collection of domestic landraces
for the genetic variability, genepool identity and
relationships within and between the groups
identified among the genotypes. The landraces were
clustered into two genepools. Polish researchers
evaluated the genetic diversity among commercial
varieties and local landraces of the Phaseolus dwarf
common bean and the Phaseolus runner bean to
reveal a considerable polymorphism of P. vulgaris
and P. coccineus accessions which formed distinct
groups [17]. One of the positive outcomes of present
study is the amount of polymorphism in stocks
and possibility of introducing foreign cultivars,
the Czech collection in particular. In the mountain
zone of the Almaty Region (mountain plot is in
the Almarasan Gorge) it was established that three
cultivars, cvs. “Zuzka”, “Katka” and “Luna”, among
the four of Czech collection, introduced in 2012,
have a highly desirable traits such as high yield and
early maturity deserving further study. The fourth
cultivar cv. “Jitka” didn’t sprout at all and will not
be included in future studies.
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1, Zuzka; 2, Katka; 3, Luna; 4, Nazym; and 5, Talgat.
Figure 1 — Cluster analysis showing the germination rate (percentage of emergence) differences between
Kazakhstan and Czech lines of common bean (30-th day after sowing) (see also Tablel).

Seed material obtained from cvs. “Zuzka”,
“Katka” and “Luna” will be used for further
propagation in the steppe zone, in fields of “Zhanga
Talap” Agrobiocentre. However, all Czech cultivars
have shown high susceptibility to bean weevil
(Acanthoscelides obtectus Sav.) atroom temperature.
Cv. “Luna” was observed to be the earliest to reach
maturity with a maturation period of 80 days after
planting. Other cultivars reached the same stage of
maturity 10-12 days later.

The data showed that the maximal size of mature
pod was attained on the 92-th day after planting,
and it belonged to cv. “Zuzka” (13.3+0.1 cm). The
pod size values for cvs. “Katka” and “Luna” were
12.0£0.2 cm and 10.8+0.1 cm, respectively. The
local line “Aktatti” had similar pod lengths in the
range of 11.0£0.1 cm, whereas other local lines,
“Nazym” and “Talgat” had pod sizes of 12.4+0.1
and 9.0+0.2 cm, respectively, at their technical
maturity stage.

Pod length values for cv. “Zuzka” and line
“Talgat” were clearly much greater than those of
other cultivars and lines investigated.

In the steppe zone (“Zhanga Talap”
Agrobiocenter) American, Polish and Russian
common bean lines have been successfully
propagated. These observations indicate that

cvs. “Bijchanka”, “Camelia”, “Red Goya” and
“Ufimskaya” would be most adapted to the steppe
zone if they were introduced into that zone.

Using local “Aktatti” line, we investigated the
effect of new domestic bioorganomineral fertilizer
on morphogenetic traits of common bean plants.
The results show that, the yield of this line can
be increased by 19-25%, irrespective of climate
conditions.

HPLC outputs considering differences in amino
acid composition are shown below in Tables 2 and 3.

As indicated in Table 2, the bulk of amino
acids would be presented by glutamatic (3980-2082
mg/100 g) and aspartic acids (2806-1045 mg/100
g), alanine (1405-928 mg/100 g) and proline (1273-
694 mg / 100 g). Interestingly, domestic lines have
appeared to take over external analogues by more
than 91% by the glutamate content, more than 2.4
times by the aspartate content, more than 51% by
alanine and 83% by proline.

In addition to abundant glucogenic amino acids
forementioned, it has been noticed that the ketogenic
amino acids (leucine, lysine and tryptophan) would
remain in quite small quantities. This fact allows to
recommending related “low-ketogenic varieties” for
further manufacturing diabetic food products due to
a minor risk of forming the ketone bodies.
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Table 2 — Amino acids composition of common bean seeds (mg/100 g)

Amino acids Aktatti Djungarskaya Zhuravushka IFGBR- 48 Camellia Karakoz
Alanine 1405,8+8,5 1144,5+5,1 1025,5+7,6 1248,3+5, 4 928,7+2,5 1352,7+5,8
Glycine 644,5+3,09 320+£1,05 258+1 526+2 286+2 608+3
Leucine 420,7 +2,03 378,6+1,09 425,942,07 425,742,05 404,5+2,07 480,7+2,05

Isoleucine 390,3+2, 02 265,3+1,06 304,5+1,06 384,0+2,03 295,6+1,02 425,0+2,04
Valine 304,8 +£2,06 205,6+1,03 210,3+1,03 328,5+2,08 220,5+1,03 356,5+2,02
Glutamate 3980,7+11, 7 2213,4+7,2 2082,7+5,4 3245,7£9,6 2147,4+9,1 3828+9,2
Threonine 462,0 £2,07 214,4+1,08 192,5+1,09 448,2+2.07 218,0+1,06 483,3+1,09
Proline 1273,545,04 762,64+2,05 705,8+2,04 1064, 3+3,3 694,3+2,07 1256+5,2
Methionine 335,1£2,03 118,9+1,03 130,7+1,02 290,0+1,09 142,9+1,05 350,0+2,00
Serine 628,9+3,06 416,8+1,02 378,5+2,09 702,7+2,03 415,5+2,08 780,9+1,02
Aspartate 2806,8+12,10 1045,6+2,8 1210,6+6.,9 1948,748,5 1148,6+4,9 2344,6+9,3
Cysteine 55,5+0,03 18,0+0,01 25,6+0,02 42,1+0,03 24,2+0,03 62,7+0,02
Hydroxy-proline | 6,040,002 3,120.005 2,240,001 5,54+0.002 2,740,001 7,340,001
Phenylalanine 692,0 +£3,07 282,2+1,04 303,5+1,04 556,0+2, 02 312,7+1,04 680,0+2,00
Tyrosine 729,6+3,09 304,6+1,09 342,5+1,07 608,5+2,03 356,4+1,09 735,442,07
Histidine 588,0 £3,03 298,4+1,09 315,0+1,05 526,243,03 2852+1,07 554,442,03
Ornithine 5,0+0,001 4,240,003 3,3+0,004 4,7+£0.001 3,940,001 6,1+0,001
Arginine 738,6+3,04 587,5+1,07 538,4+2,02 640,343,05 515,242,08 715,6+1,08
Lysine 410,0+1,08 368,5+1,03 325,0+1,09 315,7+2,08 286,0+2,09 370,9+1,05
Tryptophan 78,5+1,08 120,4+1,02 112,6£1,08 226,4+1,05 98,5+1,03 268,6+1,08

The amount of essential amino acids (Table 3)
in the seeds has been recorded in the range of 2248-
3879 mg/100g, or 25,5-29,8%, when compared
with total content of amino acids shown in Table
2. Lysine, threonine and serine are biological
substances enhancing the growth of human and
animals. Interestingly, in contrast to other bean
accessions usually sub-optimal in this respect,
local lines “Aktatti” and “Karakoz” were shown
to contain the greatest amount of sulfur-containing

amino acids, methionine and cysteine, which level
would be maintained in seeds of these lines in
amounts varying from 335 to 350 mg/100 g and
from 55 to 62 mg/100 g, respectively. In addition,
the line “Aktatti” has appeared to be enriched by
lysine (410 mg/100 g).

Studied accessions, varieties and lines could be
classified by an Osborne classification presenting
bulk of proteins as globulins (phaseolin, 60-90%)
and albumins (10-20%).

Table 3 — Composition of essential amino acids in bean seeds (mg/100 g)

Essen;ca;}i:mmo Aktatti Djungarskaya Zhuravushka IFGBR- 48 Camellia Karakoz

Leucine 420,7+2, 03 378,6+1,09 425,942,07 425,742,05 404,5+2,07 480, 742,05
Isoleucine 390,3 +2,02 265,3+1,06 304,5+1,06 384,0+2,03 295,6+1,02 425,0+2,04
Valine 304,8 =2,06 205,6+1,03 210,3+1,03 328,5+2,08 220,5+1,03 356,5+2,02
Threonine 462,0 +2,07 214,4+1,08 192,5+1,09 448 242,07 218,0+1,06 483,3+1,09
Methionine 335,1 +£2,03 118,9+1,03 130,7+1,02 290,0+1,09 142,9+1,05 350,0+2,00
Phenylalanine 692,0 = 3,07 282,2+1,04 303,5+1,04 556,0+2, 02 312,7+1,04 680,0+2,00
Histidine 588,0 £3,03 298,4+1,09 315,0+1,05 526,243,03 2852+1,07 554,442,03
Lysine 410,0+1,08 368,5+1,03 325,0+1,09 315,7+2,08 286,0+2,09 370,9+1,05
Tryptophan 278,5+1,08 120,4+1,02 112,6+1,08 226,4+1,05 98,5+1,03 268,6+1,08
Total amount 3880,9+1,6 2252,3+1,05 2320,0+1,17 3500,7+1,72 2263,9+1,3 3488,7+1,5
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Cluster analysis of differences in essential amino ac-
ids across cultivars and hybrids chosen from Kazakhstan
and some other (American and Russian) common bean
cultivars and lines is presented in Fig. 2. This picture

shows clearly that local lines (patterned in this case by
the line “Aktatti’’) may appear to be of particular inter-
est because of their abundance in essential amino acids
exceeding chosen international accessions.
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1, Aktatti; 2, Djungarskaya; 3, Zhuravushka; 4, IFGBR-48; 5, Camellia; and 6, Karakoz.
Figure 2 — Cluster analysis of differences for cultivars and hybrids by essential amino acids among
Kazakhstan, American and Russian common bean cultivars and lines (see also Table 3).

Proper heat treatment of the seeds (to destroy
heat-labile antinutritional factors) or cooking pro-
cess (to remove testas containing tannins), mixture
with other foods in the diet (mainly cereals), seed
yield increase (with consequently a higher level of
proteins) are all means to circumvent partially some-
times low biological value of beans [18]. Another
interesting alternative to improve the biological val-
ue of the plant proteins is beans combination with
other foods in the diet. A good mixture is provided
by the cereal-based diets, combining adequately ly-
sine (well represented in phabaceous species) with
sulphur-containing amino acids (fairly represented
in cereals). Supplementary alternative supposed to
enhancing protein quality is genetic improvement of
both protein content and amino acid balance. How-
ever, gene transfer at intra- and interspecific levels
would be limited across grain legumes due to simi-
lar biochemical and nutritional deficiencies. Protein

concentration as genetic trait is inherited quantita-
tively being subject to non-genetic factors,making it
difficult to assess varieties and lines without exten-
sive trials. Substantial genetic variation for total seed
protein concentration and amino acid composition
(especially sulphur-amino acids) exists in the gene
pools of grain common bean. Although environment
effects are large, genotype environment interactions
are often insignificant, indicating that the relative
differences between genotypes should be similar
in several environments.There are substantial dif-
ferences in amino acid composition of individual
protein fractions; synthesis and accumulation of dif-
ferent fractions and the polypeptide composition of
the fractions are under separate genetic factors. Her-
itability estimates for the percentage protein range
from 0.25 to 0.60, according to species, genotypes
within species, and environments. Genetic correla-
tion between seed yield and protein percentage is
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quite small but positive, while correlation between
seed yield and specific amino acid contents is once
in a while significant. Occurrence of negative cor-
relation between total protein concentration and
sulphur-amino acid content is due predominantly to
diverse accumulation of storage proteins, with dif-
ferent shares of amino acids.

Other authors, Pirman et al., 2001 [19] empha-
sized that amino acid composition of raw seeds,
lyophilised cooked seeds and the water soluble mat-
ter crude protein contents in the seeds of three variet-
ies of Slovenian common bean, namely Cednjevec,
Semenarna 22 and Cipro vary from 21.5, 23.5 and
26.2 gper 100 g. , whereas this parameter for French
green lentil (Lens esculenta) Anicia was determined
to be of 26.7 g per 100 g. However, non-protein
nitrogen is higher in the lentil than in the beans.
The contents of amino acids in beans are similar,
whereas for the lentil concentrations of methionine
and tyrosine are lower and the concentration of argi-
nine much higher than for the beans. After cooking
the amount of some amino acids (in 100 g of crude
protein) increased, especially tyrosine, methionine
and cystine, more in lentil than beans. The index of
essential amino acids (E4Al) was higher in beans
than in lentil and it has increased after cooking in
common bean. Analysis of the material obtained by
drying the cooking water showed that predominant-
ly non-essential amino acids had been were released
from beans.

Noteworthy, domestic lines have been deter-
mined in our experiments containing the highest
quantities of sulfur-containing amino acids, methio-
nine and cysteine (335-350 mg/ 100 g and 55-62 mg
/ 100 g, respectively). Among them line “Aktatti”
has appeared to be enriched by lysine (410 mg / 100
g). The data thereby confirm that the protein content
is dependent on climate, applied breeding technolo-
gies, soil characters and genotypic features of the
variety or line.

Conclusions

Based on the survey of morphogenetic traits of
available seed stocks, a catalogue of main parental

cultivars for common bean has been developed. It
includes about 40 parental specimens of common
bean and its relatives of diverse geographic origin.
Out of the Czech bean collection introduced in the
mountain zone, the cultivar to reach maturity earliest
wascv. “Luna” (80days of maturation), whereas other
cultivars reached their technical maturity 10-12 days
later than “Luna”. As for germination percentages,
tested by computational cluster analysis, the local
line “Nazym” being closer by maturity date to cv.
“Zuzka” and other local bean line “Talgat”, appears
to be more promising to be grown commercially in
southeast regions of Kazakhstan on the basis of this
and its other desirable traits.

Amino acid assessment undertaken in this study
provides identification of best genetic types by
nutritional value, accumulation of essential amino
acids and sulfur-containing amino acids. Essential
amino acids in common bean accessions under
investigation have been determined to achieve 27.5-
29.8%. Local lines have been determined to contain
the greatest amount of sulfur-containing amino
acids, methionine and cysteine (335-350 mg/100 g
and 55-62 mg/100 g, respectively). Domestic line
“Aktatti” has appeared to be enriched by lysine
(410 mg/100 g). Essential and sulfur-containing
amino acid analyses have been implied to the
identification nutritionally valuable bean specimens.
Accumulation of sulfur-containing amino acids may
point to slowing down seed protein storage under
sharply continental conditions. Earlier it was noticed
that sulfur-containing amino acids may reflect seed
protein deficiency [20].

In addition to Czech and local cultivars and
lines, six French cultivars of grain and liana common
beans (“Argus”, “Coco nain blanc precoce”,
“Triomphe de Farcy”, “Merveille de Venise”,
“Mistica”, and ‘“Phenomene” manufactured by
Truffaut and Vilmorin companies), are currently
being investigated. Five of these cultivars (except
cv. “Coco nain blanc precoce”) have occurred to
possess high or average productivity. Investigations
on domestic collection of cultivars and lines are also
in progress with respect to biochemical, cytogenetic
and other properties for further breeding activities.
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