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ABSTRACT

Isozyme polymorphism was studied in 9 indigenous populations of Picea
abies K'arst. (Norway spruce) from Slovakia. A total of 9 enzyne systoms wero analyzed,
comprising 15 allozyme loci. Four pairs of adjacent populations were studied with the
aim to determine their genetic similarity.

I'rom among 9 investignted onzymo systoms Aco, Din, Pgi nnd Flist wero used for the
first time to asscss genetic variation in [’icea abies. Much polymorphisin was found at
intra-population level. The values of incan heterozygosity in macrogametophytes (mother
trees) vartied between 0.217 and 0.267.

Seven loci were characterized by heterozygosity values higher than 0.2, Using the
hierarchical tnodel of the heterozygosity partitioning we found that on average 2.88 %
of geno diversity was due to tho differences among populations, 1.45 %, was due to the
differences on the regional level and the remaining 95.76 % was due to the differences
within populations.

Genetio distances were used to analyze genetic difforences among populations. We
did not find any distinet relntionship between goographical loeation of individual populn-
tions and the genetic distance atnong them. The possible oxplanation of this phenomenon
is that somo populations are not indigenous. In addition, seed materinl used in this study
could include litmited number of individuals which would further obscure inferences
concerning differences among populations.
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1 INTRODUCTION

In recent deendes, studies of tho genetie structure of forest tree
populations using genetic markers were characterized by u considerable diversi-
ty of applications. They enabled not only investigation of the genetie structure
of populations, but also studies of the processes opernting on population level
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such as e.g. mating system, geue flow, etc. I'rom among the genclic markers
of biochemical character isozymes are often considered to be among the most
suitable to investigate the processes mentioned above.

Conifers are characterized by two types of tissues i.c. haploid macrogameto-
phyte and diploid embryo, which enables parndlel studies of the genetie proper-
tics on tho purental us well as on the progeny level

Genetic structure of Picea abies Karst. populations in Burope is being inves-
tigated by isozyme analyses from the beginning of the seventies. These earlier
studics. concerned polymorphism on inter-population as well as on intra-popu-
iution levels. Minor differences in gene structure were found in populations
originating from distant places in Europe (Bergmann 1973). No differences
were found among more adjacent populatiouns (Tigerstedt 1974). In addition.
Lundkvist (1974) did not find any distinet relation between heterozyvgosity
and altitude of population origin.

From the evolutionary point of view, the variability of some loci is considered
as selectively neutral. However, for some allozyme loci, differences which may
be due to selection were found (Tigerstedt 1974). Also Bergmann (1975.
1978) found that the polymorphism of acid phosphatase may be related to mean
temperature of the environment. Bergmann (1978) suggested that variation
of acid phosphatases may be parallel to bud-set variation pattern. However.
Tigerstedt (1974) did not detect clinal variation pattern in phosphatases.
but Lundkvist and Rudin (1977) found certain geographical patterns in
acid phosphatase variation.

Bergmann (1985) analyzed extensive material from all-European natural
range of Picea abies and explained the observed geographical variation pattern
in relation to the postglacial distribution of Picea abies in Europe. Bergmanun
and Gregorius (1979) used several indices of gene diversity to prove that
marginal populations of Picea abies are charscterized by low gene diver-
sity. ' :

The aim of this paper was to investigate genetic variation in 9 Picea abies
populations from Slovakia using allozyme markers in order to determine:
(i) genetic structure of indigenous Picea abies populations from Slovakia:
(ii) variation pattern and genetic structure of adjacent population using
the hierarchical model — Lices within the populations, populations within
the regions, regions; (iii) genetic distances between the individual popula-
tions.

2 MATERIAL

Sced samples originating from 9 indigenous populations of Picea
abtes from Slovakia were used as an experimental material. The populations
were situated in four geographical regions and from each region one pair of
adjacent populations was selected to investigate the variation pattern within
and between regions. The seed samples originated from the commercial seed
collections and were supplied by the Seed Extraction Plant in Liptovsky Hra-
dok. Basic information on idividual populations is given in Table 1.

About 160 seeds, originating from bulk snmples wore analyzed in ench popu-
lation. One sample from population from the Tatra Nutional Lark (‘TANAP)
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Tablo !

Liat ol Indigonnous Picoa abien populntions Teom Slovakdu used for the luvestlgntion of
Isozyme polymorphiam

Population Stand Ago Altitude | Category | Latitude l';:::ﬁ:.

I Liptovsky Hradolk 113 a a9 850 [IAY 48577 197477
Krifova Lohota

2 Liptovsky Hradolk 95 b 110 L1540 (REH 48UAT 17477
Maluzind

3 Benus . 427 n 90 900 IIB 48°52° 19°49°
Zivadka

+ Betius 17 100 950 I 487447 207067
Corvand Skala

5 Cineny Balog 7h 90 650 ITA 1874 197437
Saling

6 Ciorny Balog 115d, 90 0 [ 48240’ 197417
Kram

7 Krasno nad Kysucou 44 30 Bon IiB 449°26° 187567
Nova Byatrica

8 Oravsky Podzdmok 384 HIH] T30 ra 407237 19067
Zakamonné

9 TANAP 1194 120 350 I 49412 20015
‘Tatranskid Kotlina

represented seed collected from 40 individual trees. Tn this case 10 sceds per
tree were analyzed.

3 METILODS
ISOZYME ANALYSES

Seeds were stored at —18°C. Before analyses the sceds were pre-
-germinated for 3 to 5 days on moist filter paper. Individual macrogametophy-
tes extracted from the seeds were homogenized in Tris-glycine hufler pH 8.7
containing 0.06 (v/v) mercaptoethanol. Isozyme separation was carried in 12 9
starch gels. The following three buffer systems were used: Tris-borate buffer
pH 8.1 (Ashton and Braden, 1961) for Lap. GDh, Got, Flist; Tris-versene-
-borate buffer pH 8.0 (Linhart et al., 1981) for Pgm, Pgi, Dia and Tris-citrate
buffer pH 7.0 (Shaw and Prasad, 1970) for Aco. MDh separation. Recipes for
buffers and staining solutions are given elsewhere (Wang et al. in preparation).
A total of 15 allozyme loci were scored for each individual macrogametophyte. -

STATISTICAL ANALYSES

For stalistical analyses of our data set (9 populations containing
1743 sceds), a computer program GENSTRUCT (Paule, 1984) was used. The
caleulntion of varinnees wnd intrn-locus varinnees was done necording 1o Nei

and Roychodhury (1974).
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Tahlo 2

List of Isozyme systoms uged lor the analyses of Pices abics 180Zymo polymorphism

Isozyme systom Abbroviation Ke-cndo No. of loei
Aconitaso Aco BC4.2.1.3. 1
Diaphorase Dia EC1.6.4.3 2
Fluorescont ostornso I Est EC3ILI1.1 1
Glutamato dohydrogonaso GDh EC1.4.1.3 1
Glutamate oxaloacetate transaminase Got EC2.6.1.1 2
Loucine aminopeptidase Lap EC3.4.11.1 2
Malate dehydrogenase MDh ECI1.1.1.37 2
Phosaphoglucose isomerase Pgi EC5.3.1.9 2
Phosphoglucomutase Pgm EC2.7.5.1 2
4 RESULTS

ISOZYME INHERITANCE

From among nine isozyme systems studied, five systems i.e. Lap,
Got, GDh, MDh and Pgm were carlier investigated and tested for inheritance.
The remaining four systems (FEst, Aco, Dia and Pgi) were used without prior
testing of inheritance and the segregation was presumed on their previous appli-
cation in other conifers (e.g. in Scots pine Yazdani et al. 1983; Szmidt and
Yazdani1983).
List of isozyme systems studied including their EC code is given in Table 2
and the individual allelic variants are shown in Fig. 1.

ALLELIC FREQUENCIES

Due to the space renson the allelic frequencies based on the maero-
gametophyte analysis of populations are not given. Relatively high variation
of individual allelic variants was found. The differences in alletic frequencies
among individual populations were tested using G-test. No significant diffe-
rences among populations were found even with respect to highly polymorphic
loci such as Aco, Dia C, ¥Est and Got B.

As regards the loci with low heterozygosity values the observed differences
were mainly due to the occurrence of rare alleles. Using these rare alleles the
populations can be differentiated. For example, at locus Dia B, allele Bl was
found only in the population MaluZina, while at the locus GDh the allele Al

was found only in the population TANAP.
HETEROZYGOSITY OF POPULATIONS

The heterozygosities at individual loci and populations as well as
mean heterozygosities for individual populations are given in Table 4. From
the entiro comparison the loci Pgm A and Pgm B which were not anadyzed in
all populations were excluded.
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Usually those loci which are characterized by the highest heterozygosity
values are at the same time characterized by low variability among individual
populations. Conversely, the loci with low values of heterozygosity at the po-
pulations (c.g. Dia B, Pgi A, Got A and MDh A).

Mean heterozygosity computed for all 13 loci varied between 0.2171 (Orav-
sky Podzdmok — Zukamonné) and 0.267 (Liptovsky Hridok --- Krialova Lo-
hota). In the case of two adjacent populations originating from Liptovsky Hré-
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Mcean observed heterozygosities in icea abies populntions from Slovakia

Tablo 3

Populations
Locus
i 2 3 s 5 6 ’ 7 ‘ 3 9
Aco 0352 | 0404 378 377 0,425 0.330 0438 0.304 0420
Dia B 0.038 0.000 0191 0.039 0.043 U.000 10.034 4.000 0.039
Dia C 1.500 0.480 0. 484 0.499 0.501 0.300 1.489 0.497 0.500
FEqt 0.114 0.100 0.065 0.064 0.079 0.143 0.069 0.099 0.078
Pai A 0.089 0.000 0.013 0.013 0.000 0.000 0.016 0.000 0.000
P B 0.534 0.485 ).664 1.529 0.486 0.540 0.318 U.496 0.579
GDh 0.012 0.029 0040 0.026 0.023 H.U87 0.069 0.013 0.076
Cot A 0.047 €0.044 0.077 01.077 0.285 0.0-40 0.096 0.051 0.039
Got 13 0.503 0.617 0.508 0.507 0.511 .60 0.454 0.511 N2
Lap A 0,451 0.140 0.163 0.065 0.1 0.4 0.161 0.190 n.282
Lap B 0.263 0.254 1,263 .3680 0.220 0.331 0.30% 0.292 0.3006
MDh A | 0.000 0.015 0.000 0.000 0.000 0000 0.000 0.000 0.000
MDh B | 0.558 0.536 0.555 0.539 0473 0.:320 0.270 0.271 na7s
H 0267 0.238 0.258 0.226 0.243 0.226 0.227 0.217 n.226
| ™ 0.00¢ 0.001 0.001 0.001 .00l n.nol 0.001 0.001 1.00]
i 0.063 0.063 0.061 .060 0.059 H.038 057 N.057 0.061
Table 4
Standard genetic distances among Picea abies populations
Population
Population
1 2 3 4 5 6 7 S

2 0.0104

3 0.0071 0.0038

4 0.0244 0.0048 0.0078

3 0.0185 0.0025 | 0.0051 0.0029

6 0.0209 0.0052 0.0065 0.0002 0.00:30

7 0.0283 0.0084 0.0087 0.0018 | 0.0049 1.0033

8 0.0241 0.0044 L0093 0.0008 00026 1.0005 0,0021

9 0.0322 0.0114 0.0154 0.0031 V0077 0.0302 0.0032 0.0013

dok the difference in mean heterozygositics is 0.029, in populations originating
from Betius the difference represents 0.067 and in populations originating from
Cierny Balog this difference represents 0.016 and finally in populations origi-
nating from Beskydy region this difference represents only 0.0100.

As regards variation coeficients of heterozygositics in individual populations,
most homogenous single locus heterozygosities were found in the population

TANAP (v,

and Cervend Skala (v, = 39.9%, or 39.69;, respectively).
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The standard errors of heterozygosities between populations and intra-
-locus standard errors are given in the two bottom lines of the Table 4. The
populutions with the highest and the lowest heterozygosities are characterized
by the highest and lowest inter-locus errors respectively.

Regarding the fact that when counsidering all loci rather low mean values of
heterozygosities were obtained, we computed also the heterozygosities based
on the following loci: Aco, Dia C, Pgi B, Got B, Lap A, Lap B and MDh B, i.c.
thosc loci which were represented by heterozygosity values greater than 0.1, The

rerey y 07y oSt 5 g !
lowest heterozygosity values were found in the populations Zakamenné (0.377)

and Krisno nad ICysucou (0.377) and population Krdfova Lehota (0.452).

GENETIC VARIATION AMONG POPULATIONS

The minimum and standard genctic distances and their standard
errors were computed for cach pair of populations. With regard to the fact
that the resuits of both computations ave by their character rather similar,
we decided to utilize only the standard genetic distances. In this way, the re-
sults are comparable with other papers, for the utilization of standard distances
is more frequent than the utilization of minimum genetic distances or other
measures of genetic similarity such as e.g. Rogers‘ coefficient, Gregorius
coeficient, Gregorius® distance. In addition. variation coefficients of both com-
pared genetic distances and all pairs of populations are in the case of standard
genetic distances greater than in minimum genetie distances, i.e. minimum ge-
netic distances show greater variability.

In comparison of the first population i.c. Liptovsky Hradok — Kralova Le-
hota with all other populations the differences were in all cases (except the
distance to Benus — Zavadka) greater than between the two adjacent popula-
tions Krdlova Lehota and MaluZind. Beskydy populations showed in all cases
greater genetic distances than among adjacent populations (Zakamenné and
Krasno nad Kysucou). In general, genctic distances among more geographieally
distant populations were smaller than the distauces among adjacent popula-
tions. The population originating from the TANAP showed smaller genetie
distances to both populations originating from Beskydy, than to both popula-
tions originating from Cicrny Balog and Cervend Skaln and only then to all
other populations originating from the Low Tatra (Ziviudka, Krilova Lehota
and Maluzingd) (Tab. 4).

The second set of genctie distances is based on the allelic frequencies at
only those seven loci which were characterized by the highest heterozygosities
ie. Aco, Dia C, Pgi B, Got B, Lap 4, Lap B and MDh B. The results were
similar to those deseribed above, although the absolute values of genctie dis-
tances were higher than those obtained for 13 loci. The lowest values of the
genetic distances were obtained in the case of the populations from Cierny Ba-
log and from Beskydy. The values of variation coefficients of genetic distances
computed for seven loci increased in both cases.

The cluster analysis served the investigation of the similarity of individual
populntions. The basic hypothesis i.e. the decrense of genetie distances of ad-
jacent populations could not be confirmed. As shown in figure, we have obiai-
ned two different elusters of populations. One cluster contained popalations
Zévadka, Cierny Balog — Saling, while the other eluster contained all other
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populations except that from Kralova Lehota. The last given population differs
from all other populations.

HIERARCHICAL PARTITTONING
OF THE GENE DIVERSITY

Using the analysis of gene diversity in hierarchically divided popu-
lations (Neci 1973) we divided the gene diversity into the hierarchieal structure
i.e. trees within stands, stands within regions and regions.

The division of gene diversity at individual loci into this structure is given
in Table 5. Regarding rather low heterozygosity in Dia B and MDh A it was
not possible to divide the heterozygosity in these loci into hierarchical structure
and due to this fact these two loci were omitted from the comparison.

Asshown in Table 5 the gene diversity within populations varied from 88.66%,
(MDh B) to 99.169, (Aco), in average 06.76%,; populations within the regions
from 0.429%, (Aco) to 8.489, (Lap A), in average 2.88%, and between regions
from 0.00%, (Lap B) to 6.689% (MDh B), in average 1.45%,

From the entire comparison it appears that the greatest part of the gene
diversity is due to the differences within populations (95.79%,) rather than the
sub-populations within the regions (2.889%,) and finally the lowest ratio is repre-
sented by the variation between the regions (1.45%),).

Table 5

Partitioning of genetie diversity in 9 populations ol Picea abies
Locus Hr Gp Grn anrr
Aco 0.4009 99.16 0.42 0.2
Dia 0.5000 99.87 0.83 0.30
I8t 0.0933 08.60 1.06 0.:34
PgiA 0.0123 90.26 .33 341
PgiB 0.5301 98.58 1.07 0.35
GDh 0.0436 95.55 4.01 4
Got A 0.0865 94.49 3.36 2,16
Yot I3 0.5106 09.17 0.66 .28
Lap A 0.2110 89.90 8.49 1.61
Lap 1 0.2022 : 09.12 0.88 0.00
MDh B 0.4800 SR .00 8.08

whore: Mg — total hntorozygonity
Gp — divoraity within populations

(e - - divorsity hotwona populntions within rogin«
U peq =+ dbvornity hotwoon rogionn

5 DISCUSSION

The inheritanco pattorns of allozyme varinnts at individual isozyme
loci in Picea abies wus studied by Bergmann (1971, 1974), Bergmann and
Gregorius (1979), Lundkvist (1979), Lundkvist and Rudin (1977).
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Loulsen b sl (1983) and Tigerstedt (1974, They deseribed many isozyme
Hyslomum, of which Tap, Clol, CTDLh, M DL, Prm were tned i our paper, Lenoine
—uminopeptiduse (Lap) is one ol the most frequently investignted isozyine
systems in forest conifers. It was used in almost all papers investigating the
variation at the population or geographic level.

In our paper, we have used several new isozyme markers such as Aco, Dig,
Pgi and FEst. The linkage among these isozyme loci were deseribed by Muona
¢t al. (1987).

Bergmann (1985) compared allelic frequencies of different origius of ’icen
ubies in Burope using 5 isozyme loci: Lap B. GDh A, FDh A, Sod B. G-6-PDh
A. We have got a comparable results in the case of Lap B, For this locus, Berg-
mann (1985) combined all allelic variants except B4 into one and obtained,
similarly to our results, the frequency of remaining alleles 0.97 and the fre-
quency of B4 0.03. In the case of GDh we obtained the frequeney of the aliele
Al 0.97, while he used to deseribe the allele with the highest frequency A2,
With the highest probability in so wide material he has found one allele more
than we could detected in our material from Slovakin.

Lundkvist (1979) investigated geographic variability of four populations
by comparing 11 isozyme loci. We have obtained corresponding results with his
results, for in GDh the most frequent allele detected was the one with the
highest mobility. Isozyme locus MDh A was, similarly as in our case, vather
monomorphic.

Comparison heterozygosities of comparable loci GDh. Got and Lap. indicat-
ed that in our material the values of heterozygosity of GDh wore in all cases
lower than 0.1, while in the casn of Bergmann’s data the heterozygosities of 16
populations varied from 0.00 to 0.495; Seandinavian populations 0.28 to 0.4
continental populations 0.00 to 0.11 and Siberian spruce 0.50 (Bergmann
1985). ,

In the case of Scandinavian populations Lundkvist (1979) reported the
heterozygosity values 0.18 to 0.48. In the locus Lap A we obtained th~ values
of heterozygosity per locus 0.10 to 045 and in Lep B 0.22 2035 Lundkvist
(1979) obtamed in Scandinavian samples the heterozygosity values 044 to
0.73,0r 0.37 to 0.55, respectively. In another Scandinavian material Lundkvist
and Rudin (1977) reported the values of heterozygosity of 0.298 to 0.486.
or 0.378 to 0.510 and Bergmann (1985) obtained for locus Lap A 049 to
0.63 and for Lap B 0.465 to 0.62.

Comparison of mean lieterozygosities of populations obtained in this study
with data reported earlier is not possible for the authors utilized different sets
of isozyme loci and due to this fact they have obtained also very variable values
of mean heterozygosities.

Division of the total gene diversity into hierarchical structure gave us rather
surprising results. Intra-population gene diversity is rather high and represonts
95.7%, between populations within regions 2.88% and 1.45% between regiouns.
In Pinus longaeva, Hiebert and Hamrick (1983) obtained the intra-popula-
tion diversity 96.12% and between populations 3.78°,. In Pinus monticola,
Steinhoff et al. (1983) found the proportion of intra-population diversity
85.2% and between populations 14.8%.

A review of inter-populntion diversities was published hy Brown and Mo
ran (1979) and these varied in Picea abies from 2.4% to 2.79%,. in inus nigro
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(subspcecies) from 6.99, to 139, in Pinus sylvestris 149, in Pseudolsuga men-~
ziesu from 2.99, to 3%, in Bucalyptus sp. (self-pollinating species) from 179
to 189, ete.

It is evident that inter-population differentiation will depend on th number
and the character of the loci used, as well as on the mating system in individual
tree species. From this point of view the analysis of genetic structure of popu-
lations can be considered as suitable tool for measuring not only the changes
of the genetic structure of populations in space and time, but also the changes
in populations due to their domestication (natural vs. breeding populations).

Matrix of genetic distances obtained from the analysis of 9 Picea ables popu-
lations from Slovakia did not indicate any distinet relation between the geo-
graphical and genetic distances among individual populations. Approximately
in the half of the investigated cases the genetic distances between indivi-
dual adjacent populations were greater than between the geographically
distant populations. On the one hand, this may indieate the occurrenee of non-
-indigenous populations, but on the other, the observed allelic frequrneies could
have been affected by our sampling procedure.

6 CONCLUSIONS

We uscd for the first time for Picea abies four isozyme systems Aco,
Dia, Pgi and FEst. In the investigated populations rather high isozyme poly-
morphism on intra-population level was found. The values of mean heterozy-
gosity varied in mother trees (macrogametophytes) from 0.22 to 0.27.

From among the 15 investigated loei, the following seven onrs Aco. Dia C,
Pgi B, Got B, Lap A, Lap B and MDh B had higher heterozygosity values than
0.2. At these loci the variation within populations was well characterized and
vice versa the remaining are suitable. with rcgard to the occurrence of rare
alleles, for the diserimination of populations.

Using hicrarchical model of the division of heterozygosity we found that on
the average 1.459, of gene diversity is attributable to the differences between
regions, 2.88Y%, is due to the differences between populations within regions and
remaining 95.769%, is due to the differences on the intcr-population level.

Genetic distances were used for the analysis of genetie similarity of popula-
tions. It was not found that geographically adjacent populations had also the
smallest genetic distances. To some extent this fact can be explained by the
non-indigenous populations or by the bulk character of the seed samplos sto-

died.
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IZOENZTMOVY POLYMORPIZMUS PorULACH SMREKA
NA SLOYENSKU. ]
I. GENETICKA STRUKTORA SUSEDNYCH POPULACIL SMREKA

SUHRN

V 9 autochtonnych populictich smreka z dzemin Slovenska smo slkimali izo-
enzymovy polymorfizmus 9 izoenzymovych systémov: ACO. DIA. FEST. GDH. GOT,
LAP.MHD, PFI, PGM, v ktorych sme detekovali 15 izoenzymovych lokusov. Viber po-
puldcii sme uskutodnili tak, Ze boli vybraté 4 pdry susednyeh populdcii za \i¢elom zistenia
ich genetickej pribuznosti.

Spomedzi sledovanych 9 izoenzymovych systémov boli 4 pouzité po prvy raz (AC'O,
DIA, PGI, FEST). V sktiusnych populdciich sa zistil vysoky izoenzymovy polymortiz-
mus na vnatropopulaénej wrovni. Hodnoty priemernych hetervzygotnosti sa primator-
skych jedincoch (endospermy) polivbovali v rozpiti 0.2171 — 0.2667.

Sedem lokusov (ACO, DIA, PUL B. GOL B.LAD AL LAP B, AMHD B) sa vyznatovalo
vy&3imi hodnotami heterozygotnosti nez 0.2, tedn ticto lokusy mozne povaiovat za lokusy
dobre vyjadrujice hetcrozygotnost populicii n naopsk. zostivajice lokusy sii charak-
terizované vyskytom zriedkavych alol.

Vyuzijiic hierarchicky modol rozkladu heterozygotnostt smo zistili, 2o v priemero
2,88 % génovej diverzity ss dd pripisal rozdiclom nn sirovni populdcii, 145 ¢, rozdiclom
modzi oblastami a 96.76 % vnuitropopulaénym rozdielom.

Genetické vzdialenosti sme vyuzili na analyzu genetickej pribuznosti populdeii. Pri
pouziti zhlukovej snalyzy sine nezistili. #o geograficky prilahlé populdcio majii aj naj-
nizdie hodnoty genetickych vzdialenosti. Tonto jav moZno vysveblit bud nepévodnymi
populdciami, alebo charakterom experimentdlneho materidlu. Pupulacné vzorky moézu
reprezentovat maly podet materskych jedineov.

H300H3UMILI [TOMHMOPO H3M Y HON Y JUSULUL EJII B CCIOBA KT
{. TEHETHYECKAA CTPYKTYPA COCENHDBIX HONYIALNN ENI

PE3IOME

B O0-TH HONYIUROGIX aBTOXTOMILLNN (0 16 TCPPATOPIT CTOHRKINT SOYHaIe i
MAOEHROILI TOIMOPPHaM 9-Tin inmomennpamex cietes: ACO, DIAL FEST, GDIHL GOT,
LAP,MDH, P¥I, PGM. B kotopuix Grito ofuapy:seno 15 niaooususix aoxycos. Lo tarn,
YFOGK YCTAOBHTE N FEHETHNCCKOC POILTRO, (G0 0TOOPAMO 4 HAPH COCCIIMX O,

13 0-T11 HCCICHYCMBIX "D OOUIIMULIX CHETEM HOTHIPE (GRUDT BIITHL BUCPBIIC (ACO, DIA,
PGI FEST), B onecacyesux gonyasgn X Guir ofuapyises BMeoRn nosmsopdguis i
BUYTPHBIIOAOM  YPORIC. CPOAIDOE IPTOROINOTHOCTE MATCPIICRKIY ocodeii (oHoemepati)
rogaetmen B upejenax 0,2171- 0,2667,

Cpeunin reTepoanroTiroeTn cost cokyeon (ACO. DEAL PUL B LAP A, LA B on
MDH ) kasaznesn pume, seat 0.2, 700, OTH SIORVEL NOPORID BLPAAGUHOT 1CTCPOITOCI0eT,
Hony. g, 1, lnlnﬁ()pnT, OCTHIIBHLE SIOKYULE XOPAKTEHEIVIOTON HRDBEIICM. PeJHco reTpesa-
IOMUXGH I T

Hpit HOMOIUL HEPAPXHUCCKOT MOJEII PARIIKCHIN 1 CTePOTRIOTIOCTH (iZlo YETHHORIe0,
uTU B cpemueM 2,88 9 reiuBnX PUsHOBIIIOCTCH MOIKHO OOBHCHHTL PULIIHIHMIT L yPOBHC
nony AW, 1,45 % — pasmuisaMIL MCKAY 0GaacTmus i 95,76 9 — BRYTPHIONYTALNOH-
HBIMIE PA3IIYIiAMIL.

PeHeTnyeCKas QQILIOCTL HCUOABLIVBLIACH JLIH QMU TCHCTHUCCROIO PONCTBA Nouy-
amwii. C NOMOMLIO IGBICTCPHOIO AHAINAA e YAJ0CL JOKASATL, WT0 Teorpadureckn
CMCIKIWC TONYIUII JIOJGIIB XAPAKTCPHIOBATLEN 1N00I0C JIEIKIMIL BOIDTIaMit rene-
THYCCKOIT ALHOCTH. 3TO ABNICHNE MOMKHO OUBACIINTL W HEABTOXTONHOCTLIO UONYIIUL
N AKE XAPAKTEPOM OKCMECPHMEHTUIRHONO MaTepnaja. Houyamwinonwue npodn npei-
CTABIAIOT MAJI0€ YIICII0 MATCPHHCKAX ocoleii.
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