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ABSTRACT

A detailed analysis of wild-growing soybean (Glycine soja Sebold & Zucc., 1845) and 8 cultivars of soybean
(Glycine max (L.) Merrill, 1917), which differ in earliness and which are recognized in the Amur region of the
Russian Federation, was made using the methods of biochemistry and bioinformatics. We systematized the data on
revealed electrophoretic spectra of catalases, peroxidases, acid phosphatases, esterases and amylases of soybean
seeds of different phylogenetic origin. It is shown that wild-growing soybean has a high adaptive capacity; it is
characterized by a small number of enzyme forms (catalases, peroxidases, acid phosphatases, esterases and
amylases). A stable number of forms of the enzymes under study or their increase over the years of cultivation of
varieties demonstrate the high adaptive potential of varietal soybean. Electrophoretic spectra of the enzymes of
seeds can be used as the markers of soybean varieties adaptation to different growing conditions.

Keywords: soybean, polymorphism, enzymes, electrophorptctsa bioinformatics.

The study of biochemical adaptation of living origams to the ever-changing environment is at thetlifanodern
biological studies and requires knowledge of theidsaof adaptive responses. Enzymes play the lgadie in the
maintenance of intracellular homeostasis and atlaptdo stressors [1-3]. Common patterns of biocicam
adaptation strategy of animals are thoroughly stlift-6], however there are no generalizationsuchanagnitude
for plants, especially cultivated ones.

An important role in the study of the underlyingpesses of regulation of life belongs to multipdenis of enzymes
and in particular to genetically determined isoeneg [1; 7]. Nowadays crop breeders solve many #tieat and
applied problems of selection using informationttisoenzymes [8].

Practical significance of the study of polymorphisfrenzyme systems is in the fact that isoenzymestiective
genetic markers [9-12]. Responsiveness of enzyrsesys to changes in environmental conditions wpsatedly
described in literature [13-16]. Without any doubtis important to study the biochemical basisndtabolism of
crops valuable for man.

Soybean is one of the most important crops in thddias a unique alternative source of protein eost-effective
technical crop. For the past 75 years the arehigftctop in the world increased from 11 to 98 millihectares [17].
Soybean products are widely used recently evereiicme [18-20].

That is why genome and polymorphism of soybean mesyare studied by a large group of researcher8(R1
Additionally, soybeans are already subject to madkrcgenetic experiments with the gene transfer 321
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Two groups of enzymes were selected as geneticaersaflr our studies: oxidoreductases (catalasel(EC.1.6),
peroxydases (EC 1.11.1.7)) and hydrolases (amyl@€s3.2.1), esterases (EC 3.1.1) and acid phoaphdEC
3.1.3.11)).

Obviously, the expansion and generalization of @atwaterial on multiple forms of soybean enzymey imecome
one of the tools for the study of adaptation arndcatiural biotechnology.

MATERIALSAND METHODS

In order to study the problems of biochemical adtn it is necessary to have a directory of etgattoretic spectra
of enzymes of wild-growing and cultivated soybeaars] to study the effect of the environment onabgvity of
enzymes and the identification of the best soylmedtivars adapted to growing conditions.

Therefore, in the early stages of the study, wavstto explore the electrophoretic spectra of emxy of seeds of a
number of cultivated and wild-growing soybean waits.

Far East, and mainly Amur region, produces 2/3hefgoybeans in Russia [17], so cultivars growintharegion
were used in the research.

Research materials. The seeds of soybean cultivaflycine max (L.) Merrill, 1917) differing in earliness and
origin were the material for the study. We used ¢laely ripening cultivars of soybeans Zakat, Smedenata
(selection by All-Russian Soy Research InstitutéagBveshchensk, Russia), Souer-4 (selection by dRese
Institute of Agriculture of the Southeast, SaratBussia) and mid ripening ones - VNIIS-1, Octob@y MHarmony
(selection by All-Russian Soy Research InstitutagBveshchensk, Russia) and Luch Nadezhdy (setebgia~ar
Eastern State Agrarian University, BlagoveshcheRsissia), located in Amur region of Russia.

The forms of wild-growing soybea®lycine soja Sebold & Zucc., 1845): CA -1344, CA -1388, CB -104, CB -49,
CZ -6316, CZ -6359 were obtained from three aginmratic zones of Amur region (€- Arkharinsky region, south
zone, CB - Belogorsky region, central zone, CZyské region, northern area).

Seeds of cultivated soybean were obtained fromState sorting sites of Amur region (Tambovka andzéf@vo
settlements). Wild-growing soybeans were grownultuce in the experimental field of the Institutesmybeans in
Sadovy settlement of Tambovsky area of Amur re¢smuthern agro climatic zone) for three years.

Research methods. Field experiments and selection of samples falyaes were performed according to State
methods of crop variety testing [33].

In order to determine multiple forms of enzymestgiro extracts were prepared from the matter undsatys
Electrophoretic spectra of the enzymes studied vamtected by electrophoresis on 7.5% polyacrylangde
columns [34] on the BioRaid instrument (USA). Raageby Reanal (Hungary), Sigma (USA), Fluka (Betgiu
Panreac (Spain), and Merck (Germany) were useckriD@iation of enzymatic activity zones in gel wasried out
using appropriate histochemical methods [35; 36jc&the standard criterion for the characterizatid multiple
forms of enzymes is their relative electrophoretigbility (Rf), the difference in the quality of dogan cultivars
was evaluated by identified enzyme forms accordintheir Rf [35]. The numbering of forms is giverom the
most mobile (to anode) forms to the low-mobile ortesch enzyme form was given an abbreviation im@tance
with Rf values (C1-C8 for catalase, P1-P18 for giglase, AP1-AP13 for acid phosphatase, E1-E14 dterase,
and A1-A10 for amylase). Additional rare forms wedeasignated with “*”,

Identified forms of catalases were named as folidasns with Rf=0.48 were named C1; with Rf=0.4€2; with
Rf=0.37 - C3; with Rf=0.30 - C4; with Rf=0.23 - Okith Rf=0.17 - C6; with Rf=0.13 - C7; and with Rf97 - C8.
Identified forms of peroxidases were named as fadldorms with Rf=0.83 - P1; with Rf=0.75 - P2; wiRf=0.62 -
P3; with Rf=0.58 - P4; with Rf=0.55 - P5; with Rf40 - P6; with Rf=0.45 - P7; with Rf=0,42 - P8; wiRf=0.39 -
P9; with Rf=0.34 - P10; with Rf=0.29 - P11; with=Rf25 - P12; with Rf=0.22 - P13; with Rf=0.16 - Pivth
Rf=0.13 - P15; with Rf=0,10 - P16; with Rf=0.07 2P and with Rf=0.02 — P 18.

For acid phosphatases forms with Rf=0.75 were naasedP1; with Rf=0.63 - AP2; with Rf=0,58 - AP3;tlvi
Rf=0.51 - AP4; with Rf=0.46 - AP5; with Rf=0.42 P&; with Rf=0,35 - AP7; with Rf=0.30 - AP8; with §3.24 -
AP9; with Rf=0,20 - AP10; with Rf=0.16 - AP11; wiikf=0.12 - AP12; and with Rf=0.04 - AP13.
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For esterases activity zones with Rf=0,90 were mhElE with Rf=0.78 - E2; with Rf=0.72 - E3; with &5.62 - E4;
with Rf=0.56 - E5; with Rf=0,50 - E6; with Rf=0.44E7; with Rf=0.37 - E8; with Rf=0,30 - E9; with 9,24 -
E10; with Rf=0.18 - E11; with Rf=0.13 - E12; witH#0.07 - E13; and with Rf=0,03 - E14.

For amylases the identified zones of activity wkf=0.52 were named Al; with Rf=0.46 - A2; with Rf4Q - A3;
with Rf=0.36 - A4; with Rf=0.32 - A5; with Rf=0.25A6; with Rf=0.21 - A7; with Rf=0.15 - A8; with R0.11 -
A9; and with Rf=0.05 - A10.

Areas of activity identified on enzymogramms (formf enzymes) were divided in 3 groups by the rate o
occurrence (0-19% - low occurrence; 20-49% - awe@gurrence; > 50% - high occurrence of forms).

The search for homologues of typical specimensefstudied enzymes in the bases of nucleotide segsavas
performed using BLAST server (http://blast.ncbi.niih.gov) as in [37].

Studies were conducted with the use of the equipmiethe Interdepartmental Center of Analytical @ohof the
State of Environment of Far Eastern Federal Unityers

The sequences of enzym&iycine max were used as the typical specimens: from catalas€stalase-1/2
(IDP29756); peroxidases - GlutathioneperoxidaseC@D3W?7), Peroxidase (IDO22443), Ascorbateperoxidase
(IDQ43758); phosphatases - Acidphosphatase (IDOBR83urpleacidphosphatase (IDQ09131), Phytase
(IDQ6YGTY); esterases - Pectinesterase (IDI1J7ERpylases - Alpha-amylase (IDF9W2W3), Beta-amylase
(IDP10538).

RESULTSAND DISCUSSION

Catalases

The studies found that catalase is an enzyme winal number of forms (Fig. 1). 8 forms of the yme were
found in cultivated and wild-growing soybean seedsr the years of study. Electrophoretic spectreatélases of
soybean seeds of cultivars studied are relativalyls and consist of 6-8 forms (Fig. 1A, B).

6 catalase forms were identified for all cultivdrsoybean: C6, C7 and C8 with low electrophoretibitity, and
C1, C2 and C4 with average mobility. Electropharefpectra of cultivars October-70, Sonata, Zaketer&, Luch
Nadezhdy and Souer-4 were similar. All 8 forms afatases were identified for these cultivars. O3nfavas not
identified for the seeds of VNIIS-1 cultivar. A &of 6 forms of catalases were revealed For Haynouittivar.

The study of the occurrence rate of multiple fomhgultivated soybean catalases showed that C2 F@sna high
occurrence rate and it is typical for all cultivaascept Luch Nadezhdy cultivar which is distingeidhby high
occurrence of C8 form with low electrophoretic niitpi Mid ripening cultivars had a modest occurrenmate of
forms C4-C6 with average electrophoretic mobility.
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Fig. 1. Enzymogramm charts of the occurrence aidlaaé forms in early ripening cultivars of soybesards (A): 1
— Sonata, 2 — Zakat, 3 — Smena, 4 — on averagaufiivars selected by Russian soy research Institut Souer-4;
mid ripening cultivars (B): 1 — VNIIS-1, 2 - Octe70, 3 — Harmony, 4 - on average for cultivaiected by
Russian soy research Institute, 5 — Luch Nadezhdyliaes of wild-growing (C) soybean: 1 - CA-134%; CA-

1388, 3 - CB-104, 4 - CB-49, 5 - CZ-6316, 6 - C5837 — on average for the lines.

The analysis of enzymogramm charts of catalas@sldfgrowing soybean revealed that catalase forrhs@ and
C8 are the most stable and are found in all theplsmnstudied (Fig. 1C). Forms with average elettoogtic
mobility are minor and vary in the lines of wildegring soybean from one (for line CZ-6359) to th(ée lines
CA-1344, CB-104 and CZ-6316). The largest numbanokiple forms of catalases of wild-growing soybd®) is
identified for lines CA-1344 and CB-104, and theaflest number (4) - for line CZ-6359.

One should note the presence of catalase form Rfith.52, named C* in lines CA-1344, CA-1388 and OB},
which was absent in cultivated soybean seeds. ditiad to that, C6 form common to all cultivars sfybean was
not found in the seeds of wild-growing soybean.

The highest rate of occurrence of multiple formsatalases of wild-growing soybean was recordeddion C5 in

line CA-1388 and for form C1 in lines CB-49 and 6216. C3 form was registered only in line CA-134d & has
a very low rate of occurrence. Forms of catalasés law electrophoretic mobility C7 and C8 haveawerage rate
of occurrence in all the samples studied. Form I86@ has an average rate of occurrence exceptrerdiz-6359,
where it was not found. It was revealed that highibile form C* has an average rate of occurrence.

In summary, it was found that forms C1, C2, C7 @8dare typical for most soybean cultivars and listeislied.

Per oxydases

Electrophoretic spectra of peroxidases of cultidateybean vary widely (Fig. 2). During the reseat8hforms of
the enzyme were found in the seeds, but not aesimgtivar containing all forms of peroxidases vudentified. The
maximum number of forms (17) was registered for M1 cultivar (P5 form is missing) and for Sonatdtigar

(P1 form is missing) (Fig. 2A, B). The lowest numlmé forms (7) was registered for Luch Nadezhdticat.

Forms P16-P18 with low electrophoretic mobility &P@P10 with average electrophoretic mobility wiengend for

all cultivars. The highly mobile form P1 was fouoly in two soybean cultivars — VNIIS-1 and Octof@é; and P5
form — in Sonata and Harmony cultivars.

The analysis of the rate of occurrence of multiplens of peroxidases of soybean seeds showed nusfaith a
high rate of occurrence. It was found that eaggning and mid ripening cultivars are characterizgd low rate of
occurrence of forms with high electrophoretic mitpibf the enzyme.
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Fig. 2. Enzymogramm charts of the occurrence obxidase forms in early ripening cultivars of soyheaeds (A):
1 — Sonata, 2 — Zakat, 3 — Smena, 4 - on averageuftivars selected by soybean breeding Institbite Souer-4;
mid ripening cultivars (B): 1 — VNIIS-1, 2 - Octaké0, 3 — Harmony, 4 - on average for cultivarseestd by
soybean breeding Institute, 5 — Luch Nadezhdy eas lof wild-growing (C) soybean: 1 - CA-1344, 2A-1388, 3
- CB-104, 4 - CB-49, 5 - CZ-6316, 6 - CZ-6359, gh-average for the lines.

One should note the average rate of occurrencerafsf P8-P10, P17-P18 in the seeds of the studikidass
selected by Russian soy research Institute of Rassicademy of Agricultural Sciences. Souer-4 andah_u
Nadezhdy soybean cultivars are characterized bgltsence of forms with high electrophoretic mopiéihd a low
rate of occurrence of other forms of peroxidaseiclvhs associated with low activity of the enzynmethese
cultivars and shows the inverse relationship afvéagtof peroxidases and catalases in soybean 4@&ils

Studies of wild-growing soybean seeds showed laxmase forms (Fig. 2C). Peroxidase forms P7 argl Wwdre
detected in all lines of wild-growing soybean. Heee forms of peroxidases with high electrophoreticbility

(P1-P3) and average electrophoretic mobility (P1@)FRare not detected. The highest number of peaseidorms
was found in lines CA-1388 and CZ-6359 (8 each), thie smallest - in line CZ-6316 (6). As shown engxidase
enzymogramm charts P17 form was detected in lifed 844, CA-1388, CB-104 and CB-49. However in time$

obtained in the northern agro-climatic zone, CZ&ahd CZ-6359, a less mobile form P15 was regidtere

Low-mobile form P18 has a relatively high rate atoarrence in all the studied lines. Form P7 hdseeia high or
medium rate of occurrence in wild-growing soybednshould be noted that each line of wild-growsaybean has
either a relatively high rate of occurrence of ferRl8 and P7, or an average rate of occurrenc ,ofvRich is

compensated for by the presence of P8 form. Forb3sand P14 were identified only in line CA-1388 dave a
low rate of occurrence of peroxidases.
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In summary, a high number of peroxidase forms werend in soybean seeds, mainly with low and average
electrophoretic mobility.

Acid phosphatases

13 forms of acid phosphatases (Fig. 3A, B) weratified in cultivated soybean seeds. All forms loé tenzyme
were registered in the seeds of Souer-4 cultiv®1Rand AP12 forms with low electrophoretic mobiliind KF6
with average electrophoretic mobility were idewetifiannually.
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Fig. 3. Enzymogramm charts of the occurrence ofl @tiosphatase forms in early ripening cultivars@fbean
seeds (A): 1 — Sonata, 2 — Zakat, 3 — Smena, 4average for cultivars selected by Russian soyarekdnstitute, 5
- Souer-4; mid ripening cultivars (B): 1 — VNIIS-2,- October-70, 3 — Harmony, 4 - on average fdtivars

selected by Russian soy research Institute, 5 A Nardezhdy and lines of wild-growing (C) soybear:(dA-1344,

2 - CA-1388, 3- CB-104, 4 - CB-49, 5 - CZ-6316,62-6359, 7 - on average for the lines.

Intermediate forms AP7-AP11 with low electropharetiobility are also present in all cultivars testbdt with a
lower rate of occurrence in different years. Forofsacid phosphatases AP1-AP5 with medium and high
electrophoretic mobility are presented in negligilguantities. Cultivar differences were registarethe forms of
the enzyme with low molecular mass. For examplefd@® was not identified in VNIIS-1 cultivar. Apafrom AP1
form, AP3 form was not identified in the seeds oh&a cultivar as well, AP2 — in Zakat and Smenrawveus, and
AP5 — in Harmony cultivar. Forms AP13 and AP6 wehnaracterized by a high rate of occurrence ineslbgnized
cultivars under study.

Seeds of early ripening soybean varieties, exaapBbnata cultivar, had increased content of ARLéhfwith low
electrophoretic mobility. The average content oflABrm with high electrophoretic mobility was foumahly in
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seeds of Sauer-4 soybean cultivar, and very lowernt in seeds of VNIIS-1 cultivar. It was fourtdat early
ripening varieties have a greater rate of occugafenzyme forms with high electrophoretic mowiis compared
to mid ripening cultivars. Seeds of mid ripenindtisar Luch Nadezhdy differed significantly by miple forms of
acid phosphatases from the studied mid ripeningti@s selected by Russian soy research Institute.

The study of enzymogramm charts of acid phosphataSeild-growing soybean revealed 12 forms of ¢éneyme
(Fig. 3C). AP 13 and AP4 were stable forms appeaiim all the studied lines. The form with average
electrophoretic mobility KF6, typical for all stue varieties of soybean was absent in wild-grovéogbean. The
largest number of forms of acid phosphatases (Aveé® detected in the lines obtained from the nonttzgyro-
climatic zone (CZ-6316 and CZ-6359). Interestingly,acid phosphatases with high electrophoreticilityplvere
found in the lines obtained from the southern adimatic zone (CA-1344, CA-1388). The lowest numbeforms

of the enzyme (3) was found in seeds of the linelOB. Forms AP6-AP8 were not identified in lines €388,
CB-104, and CB-49.

If AP12 form is absent in seeds, then AP11 or ARMfound which probably contribute to the adaptiapacity of
wild-growing soybean

In each line of wild-growing soybeans there is oohe form with a high rate of occurrence. In lina-C344 it is
AP12, in lines CA-1388 and CB-104 - AP4, and ireli@B-49 - AP13. Forms AP1, AP2 and AP8 were not
revealed, except in line CZ-6359, where a few Weumd. Form AP10 was present only in line CB-104 drhad

an average rate of occurrence. Form AP9 had amgwente of occurrence in lines CA-1344, CA-138B;49 and
CZ-6316, and was absent in the rest of them.

In summary, forms of acid phosphatases with higth average electrophoretic mobility are mostly pnése in
soybean seeds.

Esterases

14 forms of esterases were identified in soybeadsdiffering in the rate of occurrence betweendtitivars (Fig.

4A, B). From 10 forms (for Harmony cultivar) to I8rms of the enzyme (for VNIIS-1 October-70 and $me
cultivars) were identified. 12 forms of esterasesenfound in each of the remaining cultivars. Fafithe enzyme
with low (E9, E12, E14), average (E7) and high (E8) electrophoretic mobility were identified irl #ie studied

varieties. Notably,

E14 form was found in all cultivars except Smenadib the years of research. Esterase form E3 egistered in
soybean seeds of all varieties, while forms E5-EBret present in soybean seeds in some yearedttiay. It
should be noted that the form of the enzyme wighhalectrophoretic mobility (E1) was identified prih soybean
varieties October-70 and Luch Nadezhdy.
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Fig. 4. Enzymogramm charts of the occurrence afrase forms in early ripening cultivars of soybseaads (A): 1
— Sonata, 2 — Zakat, 3 — Smena, 4 - on averageuftivars selected by Russian soy research Institut Souer-4;
mid ripening cultivars (B): 1 — VNIIS-1, 2 - Octab@0, 3 — Harmony, 4 - on average for cultivarsestdd by
Russian soy research Institute, 5 — Luch Nadezhdyliaes of wild-growing (C) soybean: 1 - CA-134%; CA-

1388, 3 - CB-104, 4 - CB-49, 5 - CZ-6316, 6 - CA837 - on average for the lines.

Forms E14 and E3 had a high rate of occurrenceidnripening cultivars, excluding Luch Nadezhdy tudt that
was distinguished by high presence of E12 form.(#&).

It is necessary to mention the low occurrence odt¢his form in early and mid ripening varietiedesged by
Russian soy research Institute. Forms E5-E8 witraye electrophoretic mobility had a low rate afweence in
all the studied mid ripening cultivars. It was otveel that form E5 was not present in cultivars ctelé by Russian
soy research Institute, and E8 — in Luch Nadezhdiyvar. Forms E1 and E2 with low electrophoretiobitity had

a low rate of occurrence both in mid and earlymipg cultivars selected by Russian soy researdftutes while E2

form had an average rate of occurrence in vari&mser-4 and Luch Nadezhdy.

The analysis of enzymogramm charts of esteraseildfgrowing soybean revealed 12 forms of the enzyFig.

4C). E2 and E3 were the two highly stable formgsitrases. However, only 3 forms of the enzyme E18,and
E2 were found in the line CZ-6359, where the stdbien E2 is not present. No forms with low electropetic

mobility were detected in line CA-1344, but an eased number of esterase forms with average giaretic
mobility were registered. No esterase forms witerage electrophoretic mobility were identified ifldagrowing

soybean obtained from the northern agro-climatiwezavhich probably affected the overall declinéhi@ number of
forms of the enzyme, and, consequently, on the tagapotential of lines CZ-6316 and CZ-6359. Theajest
number of forms of esterases was found in the lifewild-growing soybean obtained from the centagko-
climatic zone CB-104 and CB-49 (8 and 9 forms, eesipely). It is important to note the absenceahfs of E1
and E5 which are typical for soybean.

The form with high electrophoretic mobility E1 waet detected in any of the test samples, and thma €2 was
registered in all lines. However, it has a low ver@age rate of occurrence. E3 form has a highafatecurrence in
lines CA-1344, CA-1388 and CB-104, as well as B&nfe in line CA-1388. Interestingly, E4 form is fodi in lines
CA-1344 and CB-104, E7 form - in line CA-1344, B8 - in lines CA-1344 and CB-104, E12 form - inds CA-
1388 and CZ-6316, and E14 form - in CB-49. All lné$e forms have either average of low rate of seoge. E10
and E13 forms were present in all lines of wildwjirng soybean with a low rate of occurrence, with #xception
of the line CA-1344.

In summary, forms E3, E9 and E10 are typical férexamined soybean varieties and lines. Howevdgrge
number of forms with low electrophoretic mobilityeve identified in cultivated soybean.

Amylases

Ten amylase forms were revealed in 8 cultivatecheay varieties under study (Fig. 5A, B). All forrok the
enzyme were identified in soybean seeds of VNII®ttober-70 and Souer-4 cultivars. Al form was fified

only in three cultivars VNIIS-1, October 70, anduSp4. Eight forms of amylases were registered uth.
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Nadezhdy cultivar. Besides Al form, A6 form witheaage electrophoretic mobility was not identified this
cultivar as well.

A10 form with low electrophoretic mobility has aghi rate of occurrence in early ripening cultivaasd A3 form
with high electrophoretic mobility has a high rafeoccurrence in mid ripening cultivars

High rate of occurrence of enzyme forms the with Electrophoretic mobility and the presence of foren (A3 or
A2) with high electrophoretic mobility should beted for soybean varieties Souer-4 and Luch NadezAtlyform
is found only in mid ripening cultivars VNIIS-1, @ber-70 and Harmony. Amylase forms A4-A7 with aage
electrophoretic mobility were characterized by ageror low rate of occurrence.

Now it can be seen that throughout the years adareh of cultivars a minimal number of amylase fonwere
revealed for Luch Nadezhdy cultivar, and the maxmimufor cultivars VNIIS-1 and Sonata.

In the study of enzymogramm charts of amylasesituf-growing soybean 9 forms of the enzyme were fified
(Fig. 5C). It is shown that no forms with high dtephoretic mobility were identified for amylaseBhe least
common form Al is found in lines CB-104 and CZ-6316
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Fig. 5. Enzymogramm charts of the occurrence oflaseyforms in early ripening cultivars of soybeards (A): 1
— Sonata, 2 — Zakat, 3 — Smena, 4 - on averageuftivars selected by Russian soy research Institut Souer-4;
mid ripening cultivars (B): 1 — VNIIS-1, 2 - Octaké0, 3 — Harmony, 4 - on average for cultivarseestd by
Russian soy research Institute, 5 — Luch Nadezndyliaes of wild-growing (C) soybean: 1 - CA-134%; CA-
1388, 3 - CB-104, 4 - CB-49, 5 - CZ-6316, 6 - CA837 - on average for the lines.
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Forms with average electrophoretic mobility A3 &k, as well as low mobile forms A10 and A6 are stable
ones. However, forms of amylases from A4 to A8Judig A6 form, were absent in line CA-1344. Thegkst
number of forms of amylases (7) was registeredn@ CZ-6316, and the lowest (4) - in lines CA-13t CZ-
6359.

A10 form had a high rate of occurrence in lines €388 and CB-104, A3 form - in line CB-104, and A2rh - in
line CZ-6359. Form A6 had a high rate of occurrenndy in line CZ-6359. It's worth noting the absenof A7
form. Interestingly, forms A4, A5 and A8 and A9 wemot present in most cases, except line CZ-63b&ravA4
and A5 had a low rate of occurrence; line CA-134Here the A9 form had an average rate of occurrearte lines
CA-1388 and CB-49, where A8 form had a low rateafurrence. It was found that forms A2, A3 and A&d the
highest rate of occurrence in all the tested sasnplievild-growing soybean.

In summary, the research has shown that earlyirigerarieties Smena, Sonata and Zakat selectedusgié soy
research Institute and cultivar Souer-4 had a higbeurrence of the studied enzyme forms exceppéooxidases.
A large number of enzyme forms of early ripenindiecars of soybean leads to the increase of metalpobcesses
that probably contributes to early ripening of sedtlis revealed that Souer-4 and Luch Nadezhdiyvars were
different in composition and occurrence of formstld studied enzymes from other studied varietidscted by
Russian soy research Institute, which, appareatby/yery close genetically.

The analysis Enzymogramm charts of C, P, AP, EAantiwild-growing soybean revealed that line CZ-631as an
increased adaptive capacity, because it has hitdrdgeneity of the studied enzymes, while a low Ipeimof

multiple forms of peroxidases indicates improvestdaf the line. In connection with the above, @wa cecommend
this line of wild-growing soybean to be introdudatb the culture of dominant genes in the selegtimtess.

Bioinfor matics research

To check the number of isoforms of the studiedlaa&ss, peroxidases, acid phosphatases, esterasemglases we
conducted a computer search of nucleotides that Imeagesponsible for the expression of these enzymése
soybean genome (Table. 1).

Table 1Homologues of enzymes adaptation in soy genome

Total number of homologues Homology Genes identified Tentative geneg
(%) / E value
Catalase 7 86-100/0.0 7
Peroxidases:
Glutathione peroxidase| 18 36-100/78*-0.003 | 3 15
Peroxidase 182 48-100/0.0-0.64 21 161
Ascorbateperoxidase 43 38-100/0.0-6.4 21 13
Phosphatases:
Acid phosphatase 22 24-100/0.0-7.9 2 20
Phytase 45 22-100/0.0-0.001 | 2 43
Purple acid phosphatage 37 22-100/0.0-0.043 | 4 32
Pectinesterase 49 25-100/0.0-7.4 - 49
Amylases:
Alpha-amylase 19 26-99/0.0-5.3 1 18
Beta-amylase 24 36-100/0.0-68* 7 17

In silico data generally correlate with the results of berafstry. The low number of isoforms of esterasesb aaid
phosphatases may be explained by the fact thagehe information has not been marked up yet insétgience
database used in the research.

CONCLUSION

In conclusion, it was found that seeds of cultidateybean selected by Russian soy research leskifite similar
electrophoretic spectra of the studied enzymeanEawvith the high occurrence rate of the studiedrdipdes were
most commonly found in the seeds of the studiedeay cultivars. And only two forms of oxidoreduetasvith a
high rate of occurrence were found: P18 and C12ZmBAAP13, P18 and P7 were identified in all the glas of
wild-growing soybean seeds, which may characteheestability of the soybean genome.

No common forms of peroxidases were identified uiticated soybean seed of other selections stuidididating
the good taste of these soybean varieties. Howéwens C8 or CK2 are frequently encountered whippagently
are responsible for molecular mechanisms of adaptatvhich is important for adaptive selection. liyldses of
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these soybean seeds are quite varied, and thesepresented mostly by forms with high and averagesr of
occurrence, which is important for enhancementi@fhemical processes in soybeans.

A previously identified regularity between peroxdda and catalases was revealed in early and mashimigp
cultivars: many forms of peroxidases with high emrage rate of occurrence were revealed in miennig

cultivars, and catalases were mainly representethégium and rare occurring forms. An inverse refehip is
determined in seeds of early ripening cultivarsdidjase form A10 with a high occurrence rate wasiilied in

early ripening varieties of soybean selected bysRunssoy research Institute; A3 and E14 were ifledtin mid

ripening varieties. Early ripening cultivars areadcterized by a large number of forms of acid phatases with
high and average rates of occurrence. Howeverhgterogeneity of acid phosphatases in mid ripesirtvars

selected by Russian soy research Institute is hidja@ that in early ripening cultivars.

In our view, characterization of soybean varietigsmultiple forms of enzymes will allow to createcatalog of
soybean varieties, indicating the forms of enzythas can be used in selection to improve the mettoddreating
adaptive soybean varieties.

The project was supported by the Russian Fund sicBResearch and Grant of the Ministry of Sciennd a
Educational of the Russian Federation (RFMEFI59410D6).
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