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FLUORESCENCE INTENSITY PROFILES
OF IN SITU HYBRIDIZATION SIGNALS
DEPICT GENOME ARCHITECTURE
WITHIN HUMAN INTERPHASE NUCLEI
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An approach towards construction of two-dimensional
(2D) and three-dimensional (3D) profiles of interphase chro-
matin architecture by quantification of fluorescence in situ
hybridization (FISH) signal intensity is proposed. The tech-
nique was applied for analysis of signal intensity and distribu-
tion within interphase nuclei of somatic cells in different
human tissues. Whole genomic DNA, fraction of repeated
DNA sequences (Cotl) and cloned satellite DNA were used as
probes for FISH. The 2D and 3D fluorescence intensity pro-
files were able to depict FISH signal associations and somatic
chromosome pairing. Furthermore, it allowed the detection of
replicating signal patterns, the assessment of hybridization
efficiency, and comparative analysis of DNA content variation
of specific heterochromatic chromosomal regions. The 3D flu-
orescence intensity profiles allowed the analysis of intensity
gradient within the signal volume. An approach was found
applicable for determination of assembly of different types of
DNA sequences, including classical satellite and alphoid
DNA, gene-rich (G-negative bands) and gene-poor (G-posi-
tive bands) chromosomal regions as well as for assessment of
chromatin architecture and targeted DNA sequence distribu-
tion within interphase nuclei. We conclude the approach to be
a powerful additional tool for analysis of interphase genome
architecture and chromosome behavior in the nucleus of
human somatic cells.

© LY. IOUROV, S.G. VORSANOVA, Y.B. YUROV, 2008
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Introduction. The investigation of high-order
chromatin arrangement is a promising direction in
cell biology and genetics due to the immense impact
of nuclear organization on functional genome
activity in somatic cells. Substantial progress made
throughout last decades has given us the look at how
positioning of chromosomes in the nucleus is linked
to genome functions. We know now that chromo-
somes are compartmentalized into specific vol-
umes, arrangement of chromatin is likely to be con-
served throughout mitotic division, transcriptional
activity is determined by positioning of a gene with-
in the chromosomal volume, chromatin arrange-
ment differs between cell types [1—3]. Despite of
these achievements, a number of gaps in our incom-
plete knowledge concerning nuclear organization in
interphase nuclei of different human somatic cells
evidence for the need of technology improvement
in chromatin arrangement studies. An approach to
quantify fluorescence in situ hybridization (FISH)
signals proposed earlier was shown to be useful for
applied molecular cytogenetics [4, 5]. This commu-
nication extends the potential of quantitative FISH
(QFISH) technique for chromatin arrangement
studies. Additionally, we propose for the first time
the construction of three-dimensional (3D) intensi-
ty profiles allowing the analysis of intensity distribu-
tion within signal area supposed to be useful for
determination of DNA sequence positioning and
variation in interphase.

Materials and methods. Peripheral blood lym-
phocytes were obtained from individuals with nor-
mal male and female karyotype. Chromosomal
preparations of blood lymphocytes were made
according to standard protocols with fewer modi-
fications [6, 7]. Interphase nuclei of chorionic villi
were obtained from specimens of spontaneous
abortions, which were identified to possess diploid
chromosome complement [8]. The fresh-frozen
brain tissue samples were acquired from the Brain
Bank of the National Research Center of Mental
Health of Russian Academy of Medical Sciences
(NRCMH RAMS). The processing of the adult
brain tissue for FISH was performed according to
a step-by-step protocol described earlier [9]. To
prepare the suspension of volumetric interphase
nuclei an acetic acid free processing procedure was
applied. In total, 20 samples of blood lympho-
cytes, 20 samples of chorionic villi, and 3 samples
of the adult brain were studied. FISH was per-
formed according to the previously described pro-
tocols [6, 10—12]. DNA probes used were those
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Fig. 1. QFISH with construction of 2D intensity profiles on
human interphase nuclei: / — QFISH on interphase nuclei
of chorionic villi showing that left nucleus have a single sig-
nal (relative intensity 3364 pixels) in contast to right one
with two signals (relative intensities 1540 and 1842 pixels).
Comparing the intensities of these signals, we come to the
conclusion that left nucleus have a paired signal; /7 — the fre-
quency of paired signals revealed by chromosome enumer-
ation probes for chromosomes 1, 9, 16, and 17 in the adult
brain (a), chorionic villi (b) and blood lymphocytes (c)
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painting classical satellite DNA of chromosomes 1,
9, and 16; alphoid satellite DNA of chromosomes
17, and X; Cot1-DNA probe, cloned classical satel-
lite DNA sequences, all the centromeric DNA,
short interspersed repetitive elements, produces flu-
orescent R-banding or paints gene-rich euchromat-
ic regions of the genome depending on temporal
hybridization conditions; total-human-DNA-probe
suppressed by Cotl DNA during hybridization
(paint euchromatic regions of the genome). All the
probes, taking part of the original collection of labo-
ratory of cytogenetics of NRCMH RAMS, were
described previously [6, 7, 13, 14]. QFISH was per-
formed as described previously [4, 5, 15]. The con-
struction of intensity profiles was made by digital
capturing of microscopic image by the monochrome
CCD camera, LG-3 grayscale scientific PCI frame
grabber, and Scion Image Beta 4.0.2 software
acquired from www. scioncorp.com. Both 2D (two
dimensional) and 3D profiles of FISH signal inten-
sities were obtained via the use of corresponding
software options and the macros supplied by the
manufacturer. Volumetric brain derived interphase
nuclei were analyzed through the corresponding
stacking options of the software. For 2D profile
analyses, 50 nuclei were evaluated per sample per
probe (DNA probes for chromosomes 1, 9, 16, 17, X
and Y) and 30 nuclei were evaluated per sample per
probe in case of 3D profile analyses.

Results and discussion. To test the versatility of
the approach dividing and postmitotic cells were
analyzed. The technique was elaborated through
studying interphase nuclei of chorionic villi, cul-
tured peripheral blood lymphocytes, and cells of
the adult brain. First, 2D profiles have demon-
strated interphase paired signals for autosomes,
which have been present in all the tissues analyzed.
This appeared as single signal with doubled relative
intensity in a nucleus. The occurrence of paired
signals significantly differed between tissues being,
however, slightly different from sample to sample
of the same tissue (Fig. 1). The higher incidence
was in human brain cell suspensions (average
48 %), while chorionic villi and blood lympho-
cytes demonstrated significantly lower incidences
of paired signals, average— 6.4 and 7.3 %, respec-
tively. As to the X chromosome, paired signals were
occasionally detected (1—5 nucleus per sample).
Nuclei exhibiting single signal with relative inten-
sity similar to each single signal of disomic nuclei
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were considered as monosomic and were excluded.
Both chorionic villus and blood lymphocyte were
characterized by occurrence of replicated signals.
The rate of their incidence exceedingly varied from
sample to sample being observed in all samples
analyzed. Thus, the range of occurrence of repli-
cated signals was between 4 and 46 % in blood
lymphocytes and was 10—51 % in chorionic villi.
The human brain occasionally demonstrated
replicated signals. Replicated signals appeared as a
doubled signal with two peaks of identical relative
intensity having a connecting fluorescent track
(data not shown). Replicated signals were usually
coupled with a single signal in the case of chromo-
some X or occurred simultaneously in the case of
autosomes. However, deviated patterns of signal
appearance were observed in a small proportion of
cells (less than 2 %).

Additional interesting observation made during
the testing of the approach was referred to the pos-
sibility of assessment of both hybridization efficien-
cy and DNA sequence size variation in a chromo-
somal region. To monitor hybridization efficiency,
dependence between signal relative intensity and
time was obtained. The 100 % of hybridization effi-
ciency was considered the time point when relative
intensity of hybridization signals stopped to
change. Using different DNA probes, we succeed-
ed to define this point as nearly 960 minutes or
16 hours (Fig. 2). This feature of the approach was
not only useful for selecting optimal hybridization
conditions, but also provided for selecting condi-
tions for the analysis of DNA seuquences distribu-
tions (using Cot1-DNA- and total-human-DNA-
probe) in 3D intensity profiles assay. Through
comparing the ratio of relative signal intensities of
homologous chromosomes in metaphase spreads
and interphase nuclei, we found almost complete
equality between these values in all the samples
analyzed (data not shown). Therefore, the assay
proposed can define relative size of DNA sequence
in a specified chromosomal region in interphase.
Comparing the intensity of profiles obtained by
sequential quantification of FISH signals through
the stacks of volumetric nuclei, we found that the
area of intensity profiles (the value of relative inten-
sity) changed insignificantly, whereas the shape of
the curve tended to change. This means that analy-
sis of intensity profiles of FISH signals allows to
analyze DNA size and behavior independently
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Fig. 2. QFISH identification of optimal hybridization condi-
tions. Relative intensities were measured at different time
points. The 100 %-efficiency was considered the point when
relative intensities ceased to change: 960 minutes or 16 hours

Fig. 3. QFISH with construction of 3D intensity profiles on

interphase nuclei of the adult human brain with Cot1-DNA

probe at temporal conditions when all large satellite DNAs

are painted: a— assembly of satellite DNA appearing as single

peak; b— assemblies of satellite DNA appearing as multiple
peaks (mainly 3 peaks)

from processes happening with nucleus during pre-
paration of cell suspensions.

During analyses with DNA probes painting dif-
ferent repetetive DNAs of cellular genome, we
have noticed that the distribution of intensity with-
in area is non-random and tends to vary within
nuclear area. To address this type of DNA behav-
ior, QFISH constructing 3D intensity profiles was
applied. The latter has shown that satellite DNAs
tend to gather forming large assemblies, which
corresponded to single, double and multiple 3D
fluorescent intensity peakes (Fig. 3, a). Using this
tentative classification, we were able to show tis-
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sue-specific patterns of repetetive DNA assem-
blies. Thus, large assemblies with single 3D fluo-
rescent intensity peak per nucleus were more fre-
quent in adult brain cells (mean 34 %), whereas in
chorionic villi and blood cells satellite DNA assem-
blies were relatively uncommon (mean 5 and 3 %,
respectively). Large assemblies appearing as dou-
ble 3D fluorescent intensity peak per nucleus were
less common as to single-peak-assemblies in the
adult brain being, however, more frequent as to
other tissues; mean frequencies of such assemblies
were 17 % (the adult brain), 7 % (chorionic villi),
and 4 % (blood lymphocytes). Satellite DNA assem-
blies characterized by multiple 3D fluorescent
intensity peaks per nucleus (more than 2 relatively
large 3D intensity profiles) were rare in the adult
brain (mean frequency 3 %), but were more com-
mon in chorionic villi (mean frequency 9 %), and
even more common in blood lymphocytes (mean
frequency 33 %). The assemblies were almost exclu-
sively referred to satellite DNA (both classical and
alpha satellite), whereas gene-rich euchromatic
regions and gene-poor euchromatic regions tended
to be distributed regularly within nuclear area.
Although gene-rich euchromatic regions more
commonly were distrubted along nuclear periph-
ery in contrast to gene-poor euchromatic regions
that more commonly tended to position closely to
nuclear center, no definitive conclusion could be
drawn, inasmuch as consistent pattern of this
DNA behavior was not observed due to exreme
arrangement variation of these DNA types.

The behavior of DNA within nuclear volume is
highly variable and appears to be crucial for func-
tional genome activity [1—3]. However, an inte-
grated view of direct relationship between chro-
mosome or specific DNA type positioning in the
nucleus and critical intracellular processes (i.e.
transcription or translation) is far from being cre-
ated. In major part this is due to technical limita-
tions, which are inteneded to be overcomed by
enhancing and modifying molecular cytogenetic
techniques [4]. The approach proposed seems to
be an interesting additional tool for studying chro-
matin behavior in interphase. Moreover, it granted
to make important observations of DNA position-
ing in interphase nuclei.

We found that genome organization varies
between tissues, as the incidence of paired chro-
mosome regions and large type-specific DNA

6

assemblies was different in each tissue analyzed.
This agrees with a previous study of murine ge-
nome orgnization in different tissues that conclud-
ed the existence of tissue-specific patterns of chro-
matin arrangement in interphase [16]. Futher-
more, we have observed that non-transribed DNA
sequences (satellite DNASs) possess rather complex
behavior allowing to suggest a functional role of
their positioning in interphase. The organization
of different DNA types on chromosomes (chro-
mosome banding relationship to base composition
in a chromosomal region) is featured by specific
gene content: G-negative/R-positive bands are
gene-rich regions, G-positive/R-negative bands —
gene-poor regions, chromosomal region consist-
ing of constitutive heterochromatin (C-bands) —
non-transcribed sequences apparently lacking
genes (satellite DNA) [17]. This classification was
previously used for analyses of genome organiza-
tion in lymphocytes and cancer cell lines. As a
result, there was found that chromatin arrange-
ment closely correlates with banding patterns of
human chromosomes: gene-poor regions and C-
band-regions are preferentially localized at
nuclear periphery and around the nucleolus,
whereas gene-rich regions are more frequently
positions inside the nuclear volume rarely tether-
ing nuclear membrane and the nucleolus [18]. The
present findings confirm these observation in some
extent as well as adding a new type of chromatin
behavior referred to as association of chromosome
regions or large-scale type-specific DNA assemblies
in interphase. Together, this suggests the present
approach to expand current possibilities of intr-
erphase genome organization studies and allows to
identify new types of chromatin behavior.
Another technical key point for all the studies of
chromosomes refers to their behavior during prepa-
rations of metaphase spreads or interphase nuclei
including tissue processing, fixation and delivery
on slides. Current concepts suggest these proce-
dures to influence rather chromosome length and
spreading of G-positive bands than chromatin
behaviour as the positioning of chromosomes
appears to be relatively conserved during the deliv-
ery of nuclei/metaphase suspension on slides [19].
Therefore, one can modulate chromatin behavior
in living cells skipping sophisticated volumetric
preparations. Considering this suggestion, it ap-
pears to be useful to monitor different conjunctions,
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associations and assemblies of different DNA types
and define the differences between volumetric and
routine nucleus preparations. The approach pro-
posed could be also applied for these aims.

In summary, a QFISH protocol may be not
only applied for analysis of chromosome abnor-
malities and chromosomal mosaicism or identifi-
cation of chromosome parental origin [4, 5, 15],
but also for studying nuclear organization. Futher-
more, the construction of 3D intensity profiles pro-
vides for additional information concerning DNA
behavior in interphase being, therefore, a new
technical milestone in chromatin behavior studies
achieved. It is noteworthy, that recent molecular
cytogenetic studies of the brain have proposed a
new biomedical direction termed molecular neu-
rocytogenetics (encompassing studies of chromo-
some numbers and behavior in the central nervous
system), which requires additional technical tools
to take the well-deserved place in current bio-
medecine [20]. Positive results, that were obtained
here studying the adult human brain, present the
approach described as an additional powerful
technique for genetic and cell biology investiga-
tions of the human brain.

We express our gratitude to Dr. Illia V. Soloviev
for original ideas that form our current research
directions. Technical assistance of Alexei D. Kolotii,
Victor V. Monakhov, and Oxana S. Kurinnaya is
acknowledged. Support of this study is partially pro-
vided by INTAS 03—51—4060.
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AHAJIN3 TPOOUIIA MHTEHCHUBHOCTHU
CUTHAJIOB ®JIIOOPECLIEHTHOM
TMBPUAVSALNMU IN SITU
JJIA USYYEHUWA OPTAHU3ALMMU TEHOMA
B UHTEP®A3HDLIX AAPAX KIIETOK YEJIOBEKA

IIpencraBieH MeTOH MOCTPOCHUS IBYXMEpPHBIX (2D)
u TpexMepHbIX (3D) mpoduieili UHTEHCUBHOCTH CUTHA-
JIoB oopecteHTHO rubpunusaunu in situ (FISH),
ocHOBaHHBI Ha kKonuuectBeHHOU FISH. Hacrosias me-
TonvKa ObLIa UCITOJIb30BaHA JUTS aHAIM3a PACTIONOKEHUS
U pacTpe/ieJieHUsI CUTHAJIOB B MHTep(a3HbIX SApax Kiie-
TOK Da3JIMYHBIX COMaTUYECKMX TKaHeW desoBeKa.
Ucnionb3oBanue 2D mpoduieit MHTEHCUBHOCTH MPOJE-
MOHCTPUPOBAJIO BO3MOXHOCTH OTIPEIEIeHUST KOJIOKATH-
3auuu FISH-curnamoB. bojee Toro, mpemioeHHBIN
TTO/IXON TIO3BOJIMJT UACHTUGMULIMPOBATh PETUTULIUPOBAH-
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Hble CUTHAJIbI, 1aTh OLIEHKY 3(h(MEeKTUBHOCTU TMOpUAM3a-
LIMM U CPAaBHUTEJbHbIN aHAJIU3 BapuallMU COAEPKAHMSI
JIHK crietmduyeckux yyactkoB xpomocoMm. [locrpoeHue
3D npoduieit mokaszauo pacrnpeaesieHie MHTEHCUBHOCTHA
B Mmpejesiax ruiomanau curiaia. [IpumeHeHue aToit MeTo-
JNIMKKU TIO3BOJIWJIO OIpPENEUTh COCPEIOTOUCHUE Pa3Iny-
HbIX TUNOB mociiegoBareabHocTeit JIHK: knaccuueckas
careqnuTHas U anbdouaHas JIHK; reHHoHachlllleHHbIE
(G-N0J0XUTEIbHbIE MOJOChl) U T'€HHOHEHACHIIIEHHbIE
(G-oTpuuate/bHbIe MOJOCKI) Y4aCTKU XpoMocoM. Kpome
TOro, METOJMKA Jiajla BO3MOXKHOCTb OLIEHUTDb PACITOJIOXE-
HUE XpOMaTUMHA B MHTep(a3HbIX siIpax Kak KyJbTUBUPO-
BaHHBIX, TaK U HEKYJIBTUBUPOBAHHBIX KJIETOK. B pe3ysb-
TaTe MCCAeAOBaHMUSI ObLI CAedaH BbIBOA O TOM, 4TO
npeaaraeMblii Moaxon siBjisieTcs: 3(POEeKTUBHOM A0MOoJI-
HUTEJIbHOW METOAMKOM /U151 U3yUeHUS SIIePHOI OpraHu3a-
LIMU, celM®UKY Bapuallii U PacroIoKEeHMS IOcae10Ba-
teabHocTeli JIHK B uHTepdasHbIX siapax, a Takke rmoBeie-
HUS Sep MPU TPUTOTOBAEHUM XPOMOCOMHBIX IPErnapaToB
COMAaTUYECKUX KJIETOK YeJIOBEKa.

1.10. IOpos, C.I. Bopcanosa, IO0.b. IOpos

AHAJII3 TTPO®LTIO IHTEHCHUBHOCTI
CUTHAJIIB ®JTYOPECLIEHTHOI
TIBPUIAVBALLIL IN SITU
JUTd BUBUYEHHS OPTAHI3ALLII TEHOMY
B IHTEP®ASHUX AAPAX KJIITWUH JIOAWNHU

IIpencraBiaeHo Meroa nmodOyaoBu ABoMipHux (2D) ta
TpuMipHux (3D) nmpodiniB iHTEeHCMBHOCTI CUTHAJIIB (J1y-
opecueHTHoi riopuausaiii in situ (FISH), 1o 3acHoBa-
Huit Ha KiabkicHili FISH. HaBenena metonuka Oyna Bu-
KOpHUCTaHa [JIsI aHaJi3y pO3TalllyBaHHs Ta PO3IOMiITY
CUTHAJIIB B iHTepda3sHUX sapax KJIITUH Pi3HUX COMaTUY-
HUX TKaHUH JoauHu. Buxkopucrtanns 2D npodiniB iH-
TEHCHUBHOCTI MPOJICMOHCTPYBAJIO MOXJIUBICTh BU3HAUCH -
Hsa nokanizanii FISH-curnaniB. Binbmn toro, maHuii
MiaXia 103BOJUB iIeHTU(DIKYBATU PEIJIiKOBaHI CUTHAJIU,
JIATU OLIIHKY e(DeKTUBHOCTI riOpuamn3ailii Ta mpoBeCTH IO~
piBHsUIbHMI aHaui3 Bapiawii BMicty JIHK cneumndiunmx
HIinssHOK XxpomocoM. [looymnoBa 3D mpodiniB mokaszana
PO3MOiJI iIHTEHCUBHOCTI Y MeXax IUIOLLI curHaiy. Buko-
pUCTaHHS 1€l METOAMKY JO3BOJIWIO BUSHAYUTH 30CEepe-
JKEeHHST pi3HUX TumiB mochigoBHocreit JITHK: knacuuna
carenitHa Ta anbdoinHa JIHK; reHoHacuueni (G-mo3u-
TUBHI ToJIocH) i reHoHeHacu4eHi (G-HeraTUBHi MOJOCH)
IUITHKM XpomocoM. KpiMm 11pboro, MeTtoauka Hajgana
MOXJIMBICTb OIIIHUTH PO3TalllyBaHHSI XpOMaTUHA B iHTep-
daszHMX smpax sIK KyJbTUBOBAaHUX, TaK i HEKYJIBTUBOBA-
HUX KJIITUH. 3p00JIeHO BUCHOBOK, 1110 HaBEACHUM MiIXia €
e(DeKTUBHOIO JTOJaTKOBOIO METOIMKOIO JUISI BHBYCHHS
SIICPHOI OpraHisaliii, cieundiku Bapialii Ta po3TalryBaH-
Hs nocainoBHoctelt [IHK B iHTepdazHux simpax, a Takox
MOBEIiHKH SIAep MPU MTPUTOTYBaHHI XPOMOCOMHUX Mperna-
paTiB COMaTMYHUX KJIITUH JIOAUHM.
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BJIMAHUE Y®-b OBJIYYEHUSA
HA PENPOAYKTUBHYIO ®YHKLUMUIO
PACTEHWIA HORDEUM VULGAREL.

Ob6nyuerue npopocmKos pacmeHuil SUMeHs yavmpaguone-
mom-b éausiem na pocm u pazeumue NOA08bIX INEMEHMO8 KO-
Aoca: yekopsiem ouggeperuuayuro Cnopo2eHHoU MKAHU Nbi1b-
HUKQ U MYICCKO0 2AMemoQuma, Komopasi COnpogoicoaemcsi
603pacmanuem acuHXpoHHOCMU MUKpo2amemoeenesa, 2eme-
POCCHHOCMU NbIALUEBLIX 3ePeH U YEeAudeHUeM CIepUulbHOCMU
nuLabUEBbIX 3epen. Boicokue 003bl yavbmpaghuonema cnocoocm-
8YIOM CHUJICEHUIO YDPOBHS CMEPUNLHOCIU NblAbYbl O1a200aps
UHMeHCUpUKAUUU  2aNAOHMHO020  KAeMO4H020 0mbopa.
Bausinue yasmpaguosema na penpodykmuenyio cucmemy
DPAcmenust 8bIpaNCAemcst @ 2eHOMOKCUYeCKoM (1epe3 nospedic-
denue JIHK knemox mepucmemvt) u ¢pomounoyyupyrouem
6030eiicmeuu (uepe3 ycKopeHue 3ayeemanus u ouggepenuua-
yuu eamemopumos).
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Beenenne. C Bo3pacTaHMeM WMHTEHCUBHOCTU
VJIBTPa(10JETOBOrO UTYUEHHUS U €T0 BIUSIHUS Ha
TIPOLIECCHI, TPOMCXOISIIE B Onocdepe, BOSHUKACT
HEOOXOIMMOCTh OLIEHKU LUTO(PU3UOIOTUYECKUX
U3MEHEHUI B pACTEHUSIX, KOTOPbIE UHIYLIUPYIOTCS
oTuM (pakTopom. BozaeiicTBue yiabrpaduosiero-
BOIl pajuamnyu Ha pacTeHus: B auarnaszoHe 280—
320 HM oxBaThIBaeT BCE YPOBHU OMOOpPraHM3alIU
[1—4], aTakXe CUTHaJIbHYIO, PEryJsTOPHYIO U
SHepreTryecKyio GpyHkuuu [5—9]. YO-b monudu-
LIMPYET BO3JEHCTBUE IPYTUX IKOJOTMYECKUX (hak-
TOPOB, ACHCTBYS YacTo anauTuBHO [10—12]. YyB-
CTBUTEJIbHOCTb BBICILIMX PACTEHUI K COTHEUHOMY
VABTPadUrOoIETOBOMY U3JTYYEHUIO CYILIECTBEHHO 3a-
BUCHT OT I'€HO- M 3KOTHUIIa, 3Tana oHToreHesa. Tak,
u3 300 ucciaeayeMbiX TeHOTUIIOB PACTEHUIA OKOJIO
66 % oxazanuch YyBCTBUTEIBHBIMU, 25 % — cpe-
HEYYBCTBUTEIbHBIMU U TOJIBKO 9 % — HEUYBCTBU-
TeJbHbIMU K Y®-b paguanuu [1, 13]. Ycroituu-
BOCTb K Bo3aeiicTBuio Y®D-b uznydyeHus B 3acyl-
JIUBBIX YCJIOBUSIX TIPOU3PACTAHUSI MOXET TOJBEP-
raThCsl IeMCTBUIO OTOOPA U YCUJIUBATHCS B ITOCTIE-
NIYIOIIUX TTOKOJIEHUSIX pacteHuii [14]. ¥V Bumos,
MPOM3PACTAIOLIUX B YCIOBUSAX MOBBIIIEHHOTO
¢doHa YO-b pagnaumy — TpornmuuecKux MIMNPOTax
U aJIbIIUMCKOM T0sICE — C BO3pacCTaHUEM YPOBHS
yibTpadurosieTa BO3pacTaeT U TOJEPAHTHOCTb K
ero BosueicTauio [15, 16].

OnHo w3 HauboJiee BECOMBIX TOCJENCTBUIA
MoBbIIeHUS ypoBHSA Y®-b 00ayyeHUss — 3TO
MOBpPEXIeHNE PENTPOLYKTUBHOU (DYHKIIMN pacTe-
Huii. [eHEpaTUBHBIE TKAHU PENPOIYKTUBHBIX OP-
raHOB — apXxecrnopuajibHasi U CIIOPOreHHasi TKaH!
MNBIJIBHUKOB M CEMSAMOYEK, MY>XKCKOM M >KEHCKUM
raMeTouT — HaJeXHO 3allUIIEHbl MOKPOBaMU
¢ YO-b-norioamniMu CBOMCTBAMU, B YaCTHOC-
TU, OKOJIOLIBETHUKOM, TKAHSIMU TbLJIbHUKA U T1eC-
tuka [17, 18]. Ilo HEKOTOPHIM JAHHBIM, CTEHKA
MBITLHUKA TIOTIomaeT 10 98 % ymsrpacduoneTo-
BOro U3ayuyeHusi. BMecte ¢ TeM U3BECTHO, UTO J10-
MOJIHUTEIbHOE oOnydeHue Y®-Bb MoxeT yre-
TaTh POCT U pa3BUTUE PACTEHUI, OKa3bIBATh T€HO-
ToKcrueckue 3¢p(GeKThl HA MEPUCTEMY, BIUSITh Ha
OIbLJIEHUE, CHUXKATh KOJIMYECTBO MPOU3BOIMMON
MbUIbLIBI U CEMEHHYIO MTPOAYKTUBHOCTb PACTEHU I
[12,19-21].

OCHOBHOII MMILIEHBIO BO3AECHCTBUS YJIBTpa-
duonera ABISAIOTCS, KaK U3BECTHO, MbUIbLIEBbIC
3epHa BETPOOIbLIsIEMbIX pacTeHuil. B xone npu-
CMOCOOUTENIbHOI 2BOJIIOLIMU aJUIOTAMHBIX BUIOB
c(opMUPOBAIUCh Pa3HOOOpa3HbIE MeXaHU3MBbI
3alIMThl FTeHOMa MY>KCKOTO raMeTo(uTa MoKpbITO-
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ceMeHHBIX OT Y®-b pammanym. Cpenyt HUX 0Co-
0ast poJib MPUHAJIEKUT CIIOPOJEPME, B OCOOEH-
HOCTHU €€ Hapy>KHOMY CJIOI0 — 9K3UHE, OCHOBHOI
KOMITOHEHT KOTOPO¥i CITOPOTOJIJIEHUH TOTJI0IaeT
OOJIBIIIYIO YacTh yibrpaduosera. Xapakrep CKyIbI-
TYPUPOBAHHOCTU CEK3UHBI (HApPY»KHOTO CJI0SI 3K-
3WHBI) U HAJIMYUE TTOJIJICHKUTOB, TTPOIUTHIBAIOLIUX
MOJIOCTY MEXK 1y OaKyJlIaMy, TAKXKe UTParoT 3allnT-
HYIO POJib, MOIJIOIIASI WU 3KPAaHUPYs U3JydeHUe
[22, 23]. OnHako y YyBCTBUTEIbHBIX T€HOTHUIIOB
pacTeHU MOBbILIEHHBIE 103l YbTpadurosera Bbl-
3bIBAIOT AehopMalrIO MbUIbLIEBBIX 36pEH, N3MEHE-
HUsI B CTPYKType anmeptypbl U ¢opme 0aKysl
[20]. Kputryecknm 3TarioM ONbUICHUST CYUTAETCS
(haza mpopacTaHusI MbLIbLIEBOTO 3€pHa, KOT/a re-
HepaTUMBHAasl KJIeTKa WJIM CHEPMMUU BBIXOIST B
MbUIbLEBYIO TPYOKY M OKa3bIBAIOTCSl HE3alllUIIEH-
HBbIMU (9K3MHOM 1 TKAHSIMU TIECTUKA) Mepes YJbT-
padUOIECTOBLIM U3TYy4eHUEM. DTO OCOOEHHO OITac-
HO JUISI BUJIOB C ABYXKJIETOUHBIM TUIIOM IIbLIb-
LIEBOT0 3€pHa, Y KOTOPOTO JieJIeHUe reHepaTUBHO
KJIETKM TIPOMCXOIUT B MbLIbLIEBON TpyOKe. Y
MHOTMX BUAOB MOKPHITOCEMEHHBIX TOMOTHUTE/b-
Hoe YD-b o6ydeHre BEI3BIBACT PEAYKIIVIO TTMHEI
MbLUIBLIEBBIX TPYOOK, a Y YYBCTBUTEJIbHBIX TEHOTH -
OB gaxe ciadble moTok YD-b (50— 70 MBt/M?)
MOTYT MHTMOMPOBAaTh MpopacTaHue MbUIbLbI [24].

B crparternu ycToiuMBOCTU MbLILLEBOTO 3epHa
3a/IeiCTBOBaHbI M YHUBEPCalbHbIE MEXaHWU3MbI 3a-
IIUTHI PACTUTEIBHOM KJIIETKN — CUHTe3 YD-1orI0-
LIAIOLIMX TTUTMEHTOB LIMTOIIa3Mbl, B YaCTHOCTU
(braBOHOMIOB, KOJIMYECTBO KOTOPHIX KOPPEIUPYET C
YPOBHEM €CTeCTBEHHOTO yibTpacduoneta [1, 22, 26,
27], a TakKe cCTeMa pernapalny, KOTopast BOCCTa-
HaBiuBaeT ot nospexaeHust JJHK renepatusHoi
KJIETKU U CIIEPMUEB TMPU MTPOHUKHOBEHUM paaua-
LMY BHYTPb MbUIBbLIEBOTO 3epHa [28—30].

[ToMuMO MpsSIMOTO BO3JEHCTBUSI HA TeHEPaTHB-
HBIe opraHbl, YO-b n3rydeHne oka3pIBaeT M OIOC-
penoBaHHble 3(D(MEKTbl, KOTOpPbIE peau3yrTCs
MeXaHM3MaMU, CBSI3aHHBIMU C (hOTOpeLIeILIUEN,
TPaHCIAYKIIMEN CUTHAIa U TOPMOHAJILHOM peryisi-
mueit. Pp@eKTUBHOCTL BO3IEHCTBUSI BO MHOTOM
3aBUCUT OT CTaJMU Pa3BUTUSI (KOMIIETEHTHOCTH)
pacteHus. OauH U3 Haubosiee UYyBCTBUTEIbHBIX
3TAroB OHTOTeHe3a MPUYPOUEH K MEePEeKTIOUEHUIO
nporpaMMbl BereTaTUBHOTO pa3BUTUsI Ha Perpo-
JYKTUBHBINA TyTb, YTO Yy OOJBIIMHCTBA BUIOB
WHULAUPYETCS onpee/leHHbIM (pOTONeproaioM 1
CIEeKTpaJibHbIM cocTaBoM cBeTa [31]. lomoaHu-
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teapHoe YD-b 06mydeHre MOIUGUIUPYET CBE-
TOBOIi CUTHAJ LIBETeHUSI, BIUsISt HA (pOoTOpeLenTo-
Pbl ¥ TOPMOHAJIBHBIN CTaTyC pacTeHMs, a TaKxKe
MOXET IMOBpexXJaTb MOJEKYJbl, MEPEeHOCSIIe
CUTHAJI K cTe0JIeBbIM arnekcaM. MI3BecTHBI (paKThl
YCKOpEeHMsI WK 3aMeJIeHrs 3auBetanus [19, 20,
27]. Utak, HecMOTpsl Ha OTHOCUTEJIbHYIO 3alllM-
1LIEHHOCTh, TeHepaTUBHBIE OpPTraHbl pACTEHU MO~
BepKeHBI Kak TpsiMoMy Bozaeiicteruio Y®-b pa-
IUaM, TaK ¥ ee HelpsasMbIM 3¢ dektam. CBene-
HUSI O KOHKPETHBIX MeXaHMW3MaX TaKOro BIMSIHUSI
OTCYTCTBYIOT. B CBSI3M ¢ 3TUM LIeIbl0 HacTOSIIIElH
paboThI OBLIO BHISICHEHE MEXaHU3MOB BO3ACHCT-
BUs nonojgHuTesibHoro YM-b o6nydyenus Ha pas-
BUTHE MYXCKOro ramerodura u (GepTUIbHOCTh
MBUIBIIBI, 8 TAKXKE OLIEHKA MEXaHU3MOB YCTONYM -
BOCTU pacTEHUIi K TOMY yUacTKy CIeKTpa 3JIeKT-
POMAarHUTHOIO U3JyYEHUSI.

Marepuan u MmeToapl. OOBEKTOM MCCIIEI0BaHUS
ObL1 sipoBOit sTuMeHb (Hordeum vulgare L., 2n = 14),
YYBCTBUTEIbHBIN B oTHomeHun Y®-Bb wn3iyde-
HUS BUI cemelicTBa Poaceae. VIcTionb30Ban BE
cxeMbl ornbiTa. [To mepBoii cxemMe TpexCyTOUYHbIe
MPOPOCTKU STYMEHSI Ha BJIAXKHOW (UIBTPOBAb-
HOI1 6yMare o0J1y4auu ¢ momolbto jamiibl Philips
TL 20 W, ucnob3ys cBeTOQMILTP, OTCEKAIOIIMIA
KOPOTKOBOJIHOBOI Y4acTOK CIeKTpa yjabTpaduo-
neta. J103b1 OGIydeHUsT COCTaBIsIn 2,6 KX/ M>
(onbrT 1.1) 1 4,5 xJIxx/M? (onbIT 1.2) NpU UHTEH-
cuBHoctH 3 Bt/M2. Tlocne obaydeHust IpopoCcTKU
BBICAXKMBAJM B BereTallMOHHbIE COCY/bI, a yepes
HeJeJ0 MepecakuBajiM B OTKPBITBHIM TPYHT. Bo
BTOPOI cXeMe OOJIydeHUIO MOoJBeprajiu Haa3eM-
HYIO 4YacTh IIECTUCYTOUYHBIX PacTeHUI B 103ax
8,6 xIx/M? (omeIT 2.1), 18,6 KIIX/M? (omBIT 2.2)
u 40 xJIx/m? (onibIT 2.3). CriycTst TpU IHS pacTe-
HUSI MiepecaxKMBaJIu B OTKPBITHIN TPYHT.

7151 IUTOIOTUYECKUX UCCeIOBAaHUI MPOBOIU-
JIY TeMMopajibHYI0 (hMKCaAlLIMIO KOJIOChEeB OT Havyasa
(hasbl cTpesikoBaHuUs (UTO COOTBETCTBYET CTaauU
nuddepeHImalus ClioporeHHO TKaHU U MUKPO-
CMOPOLMTOB) A0 Havaja KoJiolleHUus (Tepuos
KJeTKooOpa3oBaHusl B aHIocriepme). st pukca-
LIMM MCTIOJIb30BaIM cMech HapallimHa, a1 okpac-
KW MaTepuaja — aleTokapMuH. M3 comepkxumoro
MbUIBHUKOB U3TOTOBJISIIM BpEMEHHbIE LIUTOJIOTH -
yeckue npenapatsl coriacHo Mmetoauke [32]. Ia-
pajieIbHO C aHAJIM30M MperapaToB OCYILECTBIIsI-
JIU TIOACYET HapylIeHUId B XOAe ramMeToreHesa.
CraructryecKyro 00paboTKy TaHHBIX TTPOBOIUIU C
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KUCMoJIb30BaHUEM (DYyHKIIMIA porpamMMbl Microsoft
Excel.

Pesynbratbl mccienoBaHMii W WX 00CYXKIeHHE.
ITo pocTy 1 TemIaM pa3BUTHUS IOBEHIIBHBIEC pac-
TEHWSI B OMBITE U KOHTPOJIE CYIIECTBEHHO HEe pa3-
nmyaauch. PazHuWIIa MexXmy HUMM TTPOSIBUJIACH B
daze crpenkoBaHusg 1 GOPMUPOBAHUS KoJIOCa.
IIpu sToM pa3mepsl (HOPMHUPYIOIIETOCS KOJIOCa,
KOJIOCKOB M OCTel Y OOJTyJdeHHBIX pacTeHUA He-
CKOJTBKO YCTYTaJId KOHTPOJIBHBIM, HO TIO CTETTEHN
nmuddepeHIMaN TeHepaTUBHBIX OpPraHOB —
MTBITLHUKOB W CEMSTIOUEK — OTBITHBIC PacTeHUS
orrepeXXan KOHTPOJbHBIE. MUKpPOCITIOPOTeHE3 1
pa3BUTHE TBLTBIIEBOTO 3¢pHA Y OOTYUYEeHHBIX pac-
TEHM TIPOXOAWIIN Ha 2 CYT paHbIIe, YeM B KOHT-
pose. Tak, Ha 43-U CyTKU B KOJIOCE KOHTPOJIbHBIX
pacTeHMiI Meifo3 ele He HaJdayicsl, a B OTBITHBIX
BapHaHTaX yXe (hOpMUPOBAINCH MUKPOCIIOPHI.
Yepes 48—72 4 B nibLIbHUKAX OOJYYEeHHBIX pacTe-
HUI HOopMUpOBaIaCh IBYX-TPEXKICTOTHAS TTHUTh-
I1a, B TO BpeMs KaK B KOHTPOJIE BCe elIlle IMPOIoI-
3KaJI0Ch Pa3BUTHE MUKPOCTIOP.

Bauanue yavmpaguosema na gpopmuposanue
myxneckoeo eamemoguma. Pa3BuTre MbLUIBLIEBOTO
3epHa (I13) B onbITHBIX BapuaHTax B OOJIBIIMHCTBE
cTy4aeB TIPOMCXOOUT O€3 ITaToJIOTHI, CXOTHO C
KoHTpojeM (puc. 1, a u 3, a). Ins sumeHs1, Kak u
OOJIBLIMHCTBA KYJBTYPHBIX 371aK0B [33, 34], B pa3-
BUTHUM MYKCKOTO ramMeToduTa BakHas pojib TIPH-
HaJUIeXXWUT TIpolleccaM, OOeCTIeUMBAIOIINM ITOJIS-
pY3alMIo MBLTBIEBOTO 3¢pHa. Tak, TONIIpr3amms
OHOSIIEPHOTO TIBLIBIIEBOTO 3epHA OIpeIeIsieT
aCMMMETPUIHOCTD ITEPBOTO MUTO3a M CTPYKTYPHO-
(hbYHKIIMOHAJIBHOE pa3inyue BereTaTUBHON U TeHe-
PaTUMBHOM KJIETOK, YTO HEOOXOAUMO JJIsI TIOC/Iey-
IOIIeTO Pa3BUTHS TIbLIBLEBOro 3epHa. B HopMme
MUMKpOTaMeTOreHe3 3aBepllaeTcsl o0pa3oBaHUEM
TPEXKJIETOYHOTO MbLIbLIEBOIO 3€pHA C TTapoii CTpe-
JIOBUJHBIX CIIEPMUEB U BeTeTaTUBHOM KJIETKOIA, 3a-
MOJIHEHHOI amuytoriactaMu (puc. 1, a u 3, a).

O06ryyeHue yabTpaduoieToM MpUBOANUIIO K BO3-
pacTaHMIO YaCTOThI OTKJIOHEHU B Pa3BUTUM ITbLIb-
LIEBOTO 3¢pHa 1 TIOBBILLIEHUIO CTEPUILHOCTH TTbLIb-
11bl. OTKJIOHEHUST OOBIYHO CBSI3aHbI C HEOCTATOY -
HOCTbIO CHHTE3a LIMTOIJIa3Mbl B MUKPOCIIOpE U
BEereTaTUBHOM KJIETKE, CHUXKEHUEeM MHTeHCUBHOC-
TU pOCTa TbLIBLIEBOTO 3¢pHA U HapyllleHWeM ero
cneuurduyeckoit monsipHoctu. Bo3pacrana acuH-
XPOHHOCTh MUKPOCIIOPOTeHEe3a U Pa3BUTUS MbLIb-
LIEBOTO 3epHa B Ipefesax MbLUIbLIEBONM KaMephl,
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Puc. 1. [IByxkieTouHasi cTamusl TbLILIEBOrO 3¢pHA: d —
KOHTPOJIb; 0 — OIIBIT, JieJIeHUE FTeHePaTUBHON KJIETKU B
13 ¢ nepuruToM UTOIIA3MBI

Puc. 2. TpexkiaeTouyHble NbLIbLEBbIE 3epHa: @ — qudde-
peHLaLKs ClIepMUeB, KOHTPOJIb; 6 — BapuabeJbHOCTh
3peJIOi MbLIbIIBI B ONTBITHOM BapUaHTe

Puc. 3. 3penast TpexkieTouHas Mblblia, B KOTOPOIl HaKarl-

JIMBACTCSl KpaxMmall: @ — KOHTPOJIb; 6 — TIeTepOreHHOCTh

MbUIBLIBI IO HAKOIUICHMIO KpaxMaJa, iereHeparusi crep-
mueB B [13 ¢ nepuiiutoM Kpaxmasa (OmbIT)

CTeleHb TeTepOoreHHOCTH (10 pa3MepaM, Xapak-
Tepy BaKyoJIM3alli/ LIUTOILIA3MbI U COIEPKAHUIO
Kpaxmasa) nbuiblbl (puc. 1, 6 u 3, 6). Habmona-
JINCh CITydaW TPeKAeBPEMEHHOIO BCTYILJICHMS
B MUTO3 TeHepaTUBHOM KieTku (puc. 1, 6). B 1e-
JIOM OTKJIOHEHMSI, HabJIIojaeMble B OMBITHBIX Ba-
pUaHTax, COIPSKEHbI C YCKOPEHWEM CpPOKOB
(GopMHUpOBaHUS TeHEPATUBHBIX OPraHOB B CpPaB-
HEHUH C KOHTPOJIEM.

CHMXeHWe WHTEHCUBHOCTH CHHTE3a LIMTO-
IUIa3MBbl B MBUTBLIEBOM 3€pHE, COMPOBOXKIAIOLICE
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Puc. 4. [IlereHepaliivisi 5J1IeMEHTOB IbUIBLIEBOTO 3¢pHA B TTPO-

LIecce YTWIM3ALWU TbUIbLLI B MBUIBHUKAX MOCJIE OMbLIe-

HMs (a) ¥ aronTo3Hasi TMOesTb CIIEPMKEB U sIpa BereTaTrB-
HOM KJIETKHU TpY JIereHepaLiu MbUIbLIEBOTO 3epHa (0)

pPa3BUTUE MbLILLEBOTO 3€pHA B ONMBITHOM BapuaH-
T€, MPUBOAUT K BO3PACTAHUIO MPOLIEHTa MaJIOILIa3-
MEHHBIX JIByX- U TPEXKJIETOUYHbIX MbLUIbLIEBBIX 3€-
peH. B rmocienneM ciryyae criepMuu XoTs 1 00pasy-
IOTCSI, HO He 3aBepIlaloT cBoeil nuddepeHunanum,
COXpaHsisi OBAJIbHYIO (POPMY U PBIXJIbIN «XpOMaTU-
HOBBII CKEJIET».

C yBenuueHueM O03bl yAbTpaduoieTa IOBbI-
11AJIOCh ¥ YUCJIO HAPYLLIEHUI B Pa3BUTUU MYXKCKO-
ro rametoduTa. BeTpeuaanch CKOIICHUST MUKPO-
CIOp, OCTAHOBMBIIMXCSI B CBOEM Pa3BUTHM MOCIIE
0CBOOOXIEeHUST U3 TeTpad. YacTh MUKPOCIIOp He
npuoOperajia HEOOXOOUMYIO IIOJSIPHOCTL (BO3-
MOXHO, B CBSI3U C YCKOPEHUEM Pa3BUTHUS TbLIb-
HUKOB) M MoJBeprajach MaTOJIOrMYeCKOMY pa3-
BUTHIO, B pe3yJibTaTe KOTOPOro (hopMUpOBaInCh
MbLIbLIEBbIE 3€PHA C PABHBIMU U CUMMETPUYHBIMU
SApaMy Uv KJieTkaMu. B mocienHeM ciiyyae re-
HepaTuBHas KJIETKa yBeJIMYrBajiach B pa3Mepax 1
(opMMpoBaza OTYETIMBYIO 00OJIOUKY; €€ MUTpa-
11151 BHYTPb BET€TATUBHOM KJIETKU ObLJIa TPU 3TOM
HEBO3MOXHOM.

Bo3pactanue mnpolleHTa LUTONATOJOTUX B
Pa3BUTUM TMbUILLEBOTO 3epHa COIMPOBOXAAIOCH

E.A. Kpaeeu, /.M. Ipodsuncxuii, H. 1. Iywma

WHTeHCU(pUKAIIMEH [TUTOIUTUISCKHX TTPOIIECCOB.
[lpr co3peBaHMM MBUIBLEBBIX 3€pPeH ITPOIICHT
CTEPWJIBHOCTH TaKXKe YBETWYMBAJICS, UTO, BO3-
MOXKHO, CBS3aHO C TIPOSIBJICHUEM CYyOJIeTaTbHBIX
nospexnenuit JHK B xome auddepeHuunanuu
criepmueB. [Ipy MakcUMaIbHOW SKCIO3UINA
VIBTPa(UOIETOM CTePUIBLHOCTD 3PEJION TTHUTBIIBI
CHU3MJIACH, YTO CBUICTEITLCTBOBAIIO O TIOBBITIICHUH
3G PEKTUBHOCTU TaIlJIOHTHOro otbopa. OmHaKo
MPOAYKTUBHOCTD MbUIBLIBI B ITBUTbHUKAX OOTy4eH -
HBIX paCTeHHMI B CpaBHEHUM C KOHTPOJIEM OOBIU-
HO TTOHIKEHa.

MTak, IMTOMATOJOIUS MHUIBLIEBOTO 3¢pHAa
npu Bozaeiicteun Y®-b o6imydyeHus obyciiose-
Ha CJIeIyIOIINMUI HapyIIeHUsSIMU B MUKPOTaMeTO-
reHese:

1) cHUXXeHMe WHTEHCUBHOCTU CHHTE3a IIUTO-
TUTa3Mbl ¥ pOCTa MUKPOCTIOP;

2) U3MeHeHUe TONIIPHOCTH MHUKPOCITOP M Xa-
pakTepa IepBOro (aCMMMETPUYHOTO) MUTO3a, B
pesyabrate 4yero oOpa3yloTcsl JBa OJMHAKOBBIX
siTpa VUTA IBe CUMMETPUYHBIE KITETKH;

3) CHIXKEeHME WHTEHCUBHOCTU CUHTE3a IIUTO-
IJ1a3MBl B BET€TATUBHON KJIETKE W M3MEHEHUE
TTOJIIPHOCTH IBYXKJICTOYHOTO ITBUTBIIEBOTO 3epHa;

4) yBeIM4eHIE Pa3MepOB reHepaTUBHOM KITET-
KU, pa3pacTaHue ee 000J0YKM U HEBO3MOXHOCTD
ee MUTpalliyi BHYTPb BEr€TaATUBHOM KJIETKU;

5) He3aBepIlIeHHOCTh TuddepeHIIralU CIiep-
MUEB KaK MYXCKUX raMeT MpU AeDULIUTE LIUTO-
IUTa3MbI B BET€TaTUBHOM KJIETKE.

3petast MbIIbLA STIMEHST OBICTPO TepsIeT K13~
HecnocoOHOCTh (puc. 4, a). JlereHepauus criep-
MWEB U siipa BEreTaTUBHOM KJIETKHU MTPOMCXOIUT

no tumy amnonro3a (puc. 4, 6). Unayuupyembie

Bausinne Y®-B 006.1y4eHusi Ha pa3BuTHE PENPOAYKTHBHBIX OPraHOB

Jo3a YO-B, JIMHA _ CTepuibHOCTh CTepuIbHOCTh
KJIK/M? (BApUaHTbI IOBeZ}[m npHoro| Kk )15[5 E:ﬁscpj HCOM Kk 1 |mByxkiaerounoit| Kk 2| 3pemnoit mbute- | Kk 3 36552;32 r Kx 4
OTIBITA) KoJIoca, M ’ TBUTBLIBL, % w1, % ’
Kontpoib 5,2 —0,91 5,6 —0,28 0,9 0,61 2,8 -0,17 3,67 0,67
2,6 (1.1) 5,1 5,8 3,2 5,9 3,78
4,5(1.2) 5,2 6,4 2,9 6,5 4,05
8,6 (2.1) 4,6 5,3 4,4 6,9 4,08
18,6 (2.2) 49 5,9 3,4 6,5 4,12
40 (2.3) 4,0 5,5 4,3 3,9 4,12

[Mpumeuanue. Kk, Kk 1, Kk 2, Kk 3, Kk 4 — K03 GULIMEHTHI KOPPEISILUU MEXKIY 0301 00yIeHUS U JJTMHOM He3pe-
soro xonoca (Kk), mo3oit u mmmHoi#t 3penoro konoca (Kk 1), mo30it 1 CTepUIBHOCTBIO ABYXKIETOUHOM MbUThITH! (KK 2),
JI03011 U CTepUJIbHOCTBIO TpexkieTouHol nbuiblbl (KK 3), m1030i1 1 Becom 3epHOBOK (KK 4).
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yIBTpaduoeToM MOpGOIOTUIECKHE TIPOSBIIC-
HUS CTePUIIBHOCTHY TIBUTBIIBI HE SBIISTIOTCS CTICIIN-
prIecKMHU, TTOCKOJIBKY CBOMCTBEHHBI M IPYTUM
BUIAM 3JIaKOB, K TIpUMeEpY, pa3HbIM T€HOTUIIaM
XU, TIOIBEPraBITUMCS BO3IEHCTBUIO raMMa-pa-
nmuaruu. CrenoBaTeIbHO, BO3pacTaHUE CTEPUIThb-
HOCTH TTBUTBITBI MOSKHO pacCMaTpUBaTh B KAUeCTBE
HecTeIM(pUIeCKON peakIMu CO CTOPOHBI MYX-
CKOTO TaMeTOo(UTa B OTBET Ha TTOBBIIIICHNE YPOBHSI
pamuaiy, B YaCTHOCTH €r0 TeHOTOKCHMIECKOTO
BO3IEHCTBUS.

CTepWIbHOCTh He3pesioll (ABYXKJIETOUHOI)
MbLIBLIBI TTOJOXUTEBHO KOppeaupoBaia ¢ 10301
(ko3 duineHT Koppesaun cocTasista 0,61),
B TO BpeMsI KaK CTEPWJIBHOCTH 3pPETON TBIIBIIBI
oOHapyXrBajia 00paTHYIO 3aBUCUMOCTb (TabuLa
u puc. 5). Beicokue no3bl yabTpaduosiera cro-
COOCTBOBAJIM CHIDKEHUWIO CTEPWIIBHOCTH 3pesoit
BTGB, TTO-BUAMMOMY, 3a CYeT MHTeHCH(UKA-
MU TIPOIIECCOB KJICTOYHOM CEJIeKIIMU Ha TIpesi-
IIECTBYIOIINX CTAANSIX pa3BUTHA. MTaK, TIpn BO3-
NEeWCTBUM yIbTpadrosieTa, TTOMUMO CUTHATBHOM
U PETyJIATOPHOM (DYHKIIWIMA, IIPOSBISIETCS 1 TEHO-
TOKCUYHBIN 3heKT — yepes npsiMoe 1/ujim Koc-
BenHoe nospexaeHue JJHK xierok crebieBoro
arrekca. [lociemHee MOXeT OBITH CBSI3aHO C pa3-
BUTHEM OKMCJIMTEIBLHOTO CTpecca.

Y 00JydeHHBIX PACTEHUI COTIACOBAHHOCTH B
Pa3BUTUU MYKCKOTO U KEHCKOTO TaMeTO(HUTOB He
Hapyanachk. CienoBareibHoO, yckopeHue nudde-
pEeHIIMAlIMK OXBAaThIBAJIO HE TOJIBKO MYXCKYIO, HO
U KEHCKYIO PEenpoAyKTUBHYIO cdepy. OnblieHue
MPOUCXOAUT KJIEMCTOraMHO B IJIOTHO 3aKPBITOM,
Oyaromapsi IByM IIBETOYHBIM YEIIYSIM, <«IIBETKE».
ITbutblia BbHICHITIAETCSI Ha pa3BETBJIEHUST PbLIblia
MecTUKa U ITpopacTaeT Ha UX MOBEPXHOCTU, oOpa-
3ysl JJIMHHBIE TpyOku. Kielicroramusi criocobcr-
BYET CO3JaHMIO BJIAXKHOM KaMephbl, B KOTOPOU He-
KUCTOJIb30BaHHAsl MbLIblIA W TMbUIbLIEBbIE TPYOKHU
OBbICTPO YTUJIM3UPYIOTCS TKAHSIMU 3aBS3U Ha pas-
BUTHE 3epHOBKU. Ha 4—5-¢ cyTKu 1mocJie ornblie-
HUsI, IPU BBIXOJE U3 TPYOKHU, B KOJIOCE OOJIyUeH-
HBIX pacTeHUil OOHapyXMBaJIKCh HAIOJHEHHbIE
3epHOBKU C KJIETOUHBIM 3HAOCHEpPMOM U Iudde-
PEHLIMPOBAHHBIMU 3apO/IbILLIAMU.

Bausanue na npodyxmuernocms pacmenuil. Yinr-
pacduroeToBoe 00 IydeHrEe MPOPOCTKOB, KaK YIIO-
MUWHAaJ0Ch, BIMSIET HA pa3BUTUE KoJioca, OJHO-
BPEMEHHO 3ajiepKuBasi €ro pocT U CTUMYJIUPYS
nuddepeHiIiManno 1MoOJOBbIX opraHoB. JiuHa
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Puc. 5. 3aBUCUMMOCTb CTEpUJIBHOCTU MbUIbLBI (IO BEPTU-

Kanu, %) ot no3bl YO-b 00ydeHus: a — IBYXKIETOYHAs

MbLIbLA; 6 — TPEXKJIETOUYHAS MbLIbLIA; O TOPU3OHTATIU —
no3sa, kJIx/m2

100 200 300 400 500
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Puc. 6. 3aBUCMMOCTb TPOAYKTUBHOCTH PACTEHUI OT JO3bI
Y®-b o6ny4eHUs: @ — IOBEHWIBHbBINM KOJIOC; 6 — 3peJTblit
KOJIOC; 6 — Macca 3€pHOBKM; IO BEepTUKaIW — JJIMHA
KoJioca, CM, U Macca, T; TI0 TOpU30oHTaIu — 103a, KX/ m2

JOBEHUJILHOTO KOJIOCA OTPUIIATETEHO KOPPETUpo-
BaJia C 10301 o0aydeHus (Tabmmia u puc. ). Ko-
HeyHasl JUIMHA KOJIoca BapbUpoBajia 6e3 CYIIeCT-
BEHHBIX KOppesiiuii ¢ 1o3oii (puc. 6). C pocTtoM
TO3BI OOJIyYEeHUST BeC 3ePHOBOK YBEIIMUMBAJICS.
BusyanpHBIX U3MEHEHUI B OKpacKe KOJOCKOBBIX
1 IIBETKOBBIX YeIlyil, TTOKpOBaX 3¢pHOBOK M DH-
JocriepMe He oOHapykeHo. TakuM 00pa3om, OgHO-
KpaTHOE OOJydeHWE MPOPOCTKOB SIUMEHS BIIUSIET
Ha MocJenylolee pa3BUTHE paCTeHUI — YCKOPSIET
Tepexon K PerpoayKTUBHOMY pa3BUTHIO, HO 3a-
TEP>KUBAET POCT IOBEHUIBHOTO Kojtoca. PazMepsr
1 hepTIIIBHOCTH CPOPMHUPOBAHHOTO KOJIOCA C TTO-
BhIlIeHUEM 10361 YD-b 001yueHus CyIeCTBEHHO
He M3MEHsUTNCh. B Bo3meiicTBuM yibTpaduonera
MIPOSIBIISITACH CUTHAJIbHAS U peTyJIsITOpHAs (hyHK-
IIMH, 3arycKalollde KacKan peakIIdii, KOTOpbIe
YCKOPSIOT AudhepeHIINAITNIO TTOJIOBBIX OPTaHOB.

BoiBoapl. OnHOKpaTHOE 00JIydeHUEe MPOPOCT-
KOB sSUMeHs yasTpaduoneroM-b mHIyIIMpoBamo
B OHTOTeHe3e ycKopeHne muddepeHIInaum de-
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MEHTOB KO0JIOCA, CLIOPOTeHEe3a U PAa3BUTHUSI MYXKCKO-
IO U, COOTBETCTBEHHO, YEHCKOro ramMeTO(MUTOB.
[Tpu aToM poct dopmupylolierocst Kojoca U ero
3JIEMEHTOB HECKOJIbKO TopMo3wics. Peakiusi Ha
00JlydeHHEe CO CTOPOHBI MYXXCKOIo ramerodura
MPOSIBJISIIACH B YBEJIMUEHUN T€TEPOTreHHOCTU pa3-
BUTHUSI, CIIEKTPa U YKC/Ia IUTONATOIOTUMY MbLIbLIE-
BbIX 3€PEH.

ITo cBOEMYy cCrEeKTpy LMTOJOIMYECKUEe Hapy-
LIEeHUsI, UHAYLIMpYeMble YJIbTpaduoneTom, siisi-
1oTcs HecrieuuduyeckuMu. CTepuIbHOCTb He3pe-
JIOW (ABYXKJIETOUHOI) TIbUIbLBI MOJOXUTEJIbHO
KOppeaupoBalia ¢ 1030, B TO BpeMsI KaK CTepUIb-
HOCTb 3peJioil MbLIbLIbI OOHapyXXuBaja Ccaadylo
OTpULIATEJIbHYIO CBSI3b C 10300. Bbicokue mo3bl
yabTpaduroieTa CoCOOCTBOBAIN IOBBLIIICHUIO
(bepTUABLHOCTU 3pesIoli TbUTbLIBI, YTO COMPSIKEHO
¢ MHTeHcUdUKalMel rarmioHTHOro otoopa. Bec
3epPHOBOK MOJIOXUTETbHO KOPPEJIUPOBA C TO30M.
HTtak, BozaeiicTBue yabTpaduosieTa Ha perpo-
JYKTUBHYIO CHCTEMY pacTeHUsl HOCUT T€HOTOK-
CUUYeCKOe, CUTHAJIbHOE U PETYJISITOPHOE BO3eii-
ctBue. B mepBoMm ciiyyae B pesysabrare MpsiMOTro
WIu onocpenoBaHHoro 3¢h¢eKToB (Harpumep,
yepe3 OKMCIUTENbHBII CTpecc) TMOBpexXIaeTcs
JAHK xmerok mepucteMsl. [ToToMKM 3THX Kie-
TOK, Hecylllue HepernapupyeMble MOBPEeXISHUS B
PELIECCUBHBIX aJUlelisiX, B IOCAEIYIOIeM MUK-
pOCIIOporeHe3e U raMeToreHe3e JIMMUHUPYIOTCS
yepes rarJIOHTHBIN KJIeTOYHbIl 0T00p. Bo BTOpoM
cjyyae BO3IeicTBUE YabTpaduoseTa OCyllecTB-
JisieTcsl yepe3 (oTopeleniuno U TOPMOHAIbHYIO
PEryJsilivIo, Pe3yJIbTaTOM YEro SIBJsSIeTCsl ycKope-
HUE LBETeHUs] U (DOPMUPOBAHUSI TeHEPATUBHBIX
OpraHoB.

E.A. Kravets, D.M. Grodzinsky, N.I. Gushcha

THE INFLUENCE OF UV-B RADIATION ON
REPRODUCTIVE FUNCTION OF HORDEUM
VULGARE L. PLANTS

It has been shown that ultraviolet-B radiation induced
acceleration of flowering and differentiation of sexual spike
elements in barley. Increasing of pollen asynchronous
development and variability of pollen grains with growing
of pollen grain sterility were observed as well. The produc-
tivity of plants irradiated with UV-B radiation did not
change. Considerable doses of irradiation resulted in
decreasing of pollen sterility by intensification of haplontic
cell selection. The influence of UV-B radiation on the
plants can be considered as a genotoxical effects via forma-
tion of initial cell DNA damages and photoinduction.
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0.A. Kpaseup, JI.M. Ipodzuncekuii, H.1. I'vua

BILUIMB YO-5 OITPOMIHEHHSA HA
PEINPOAYKTHUBHY ®YHKIIIIO POCIIMH
HORDEUM VULGARE L.

OnpoMiHeHHSI TPOPOCTKIB POCIUH SYMEHIO YJIbTpa-
(ionetom-b BrumMBae Ha picT i PO3BUTOK CTATEBUX eJie-
MEHTIB KOJIoca: MPUCKOPIOE AU(epeHLiallilo ClIoporeHHo1
TKaHUHM TMUIsgKa Ta 4YOJIoBiYoro rametrodiry, sika cy-
MPOBOIKYETHCS 3POCTAHHSIM ACUHXPOHHOCTI MiKporame-
TOTeHe3y, FeTePOreHHOCTI IMTUJIKOBUX 3ePeH i 30iJIbLIEHHSIM
CTEPWJIBHOCTI MWJIKOBUX 3epeH. Bucoki 103u yabsrpadionery
CIIPUSIIOTh 3HVDKEHHIO PiBHSI CTEPMJILHOCTI MUJIKY 3aBISIKU
iHTeHCcHU(iKallil TarJIOHTHOIO KJIITUHHOTO Binbopy. Briius
yiabrpadiosieTy Ha PENnpoAYKTUBHY CUCTEMY POCIUHU
BUPAXKAETHCS B FTeHOTOKCUYHII (depe3 momkomkeHHs JIHK
KJIITUH MepucTeMHu) Ta (POTOIHAYKYIOUill mii (depe3 mpu-
CKOPEHHS 3alIBiTaHHs Ta audepeHitialii raMeTodiTiB).
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CHARACTERIZATION OF AN ECOTYPE
OF BRAKE-FERN, PTERIS VITTATA,
FOR ARSENIC TOLERANCE AND
ACCUMULATION IN PLANT BIOMASS

An ecotype of brake fern (Pteris vittata) was assessed for
arsenic tolerance and accumulation in its biomass under in vivo
and in vitro condition; using soil, and agar-gelled Murashige
and Skoog (MS) medium supplemented with different concen-
trations of arsenic. The plants were raised in soil amended with
100— 1000 mg arsenic kg’ soil, and MS medium was supple-
mented with 10—300 mg arsenic L—! medium using NaHAsO4 x
x7H0. The spores and haploid gametophytic-prothalli were
raised in vitro on MS medium supplemented with arsenic. The
field plants showed normal growth and biomass formation in
arsenic amended soil, and accumulated 1908— 4700 mg arsenic
kg dry aerial biomass after 10 weeks of growth. Arsenic toxici-
ty was observed above >200 mg arsenic kg ' soil. The concen-
trations of arsenic accumulated in the plant biomass were statis-
tically significant (p < 0.05). Normal plants were developed from
spores and gametophyte prothalli on the MS media supplement-
ed with 50—200 mg arsenic L—1 medium. The in vitro raised
plants were tolerant to 300 mg arsenic kg= of soil and accumu-
lated up to 3232 mg arsenic kg—! dry aerial biomass that showed
better growth performance, biomass generation and arsenic
accumulation in comparison to the field plants.
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Introduction. Arsenic is bioactive and potential-
ly toxic. Long-term exposure to low concentrations
of arsenic in drinking water can lead to skin, blad-
der, lung and prostrate cancer, cardiovascular dis-
eases, diabetes, anemia and reproductive, develop-
mental, immunological and neurological effects
[1—4]. Mining and processing of ores of other ele-
ments such as Au, Ag, Cu and Sn in particular had
led to extensive arsenic pollution of mining regions
throughout the world [5—7]. The use of arsenic-
based pesticides as lawn herbicide and insecticides
for rice, orchards and cotton had led to considerable
contamination of domestic and agricultural land [6,
8]. Arsenic contamination in soil is one of the major
sources of arsenic in drinking water [3, 7, 9]. It has
been reported that increased arsenic level in soil
leads to build up of arsenic in plants and crops such
as cereals, vegetables and fruits [10]. Arsenic con-
tamination in soil and water has spread to an alarm-
ing dimension in some eastern states and coastal
parts of India, and other parts in the world [11]. The
remediation of arsenic-contaminated soil and
removal of arsenic from contaminated water is an
important current issue [2]. A number of plants,
known as hyperaccumulators [12], have been iden-
tified accumulating large quantity of contaminants
and a variety of metals in its aboveground biomass
potential for phytoremediation of pollutants [13].
Phytoremediation is an emerging technology that
utilizes the ability of plants to accumulate metals
from soil and groundwater [3, 14—20, 37].

Tolerance to arsenic toxicity is reported in a
large number of plant species, such as Agrostis
tenuis [21], Holcus lanatus [22, 23], Deschampsia
cespitosa and Agrostis capillaris [24], Silene vulgaris
[25, 26], Bidens cynapiifolia |4], Calluna vulgaris
[27], Cytisus striatus [28], Indian mustard [29] and
other plant species [30—32]. Majority of this
arsenic tolerant plants were identified from aban-
doned mine site where the concentration of
arsenic in the soil was extremely high. On the other
hand, plant species like Deschampsia cespitosa [24]
and Silene vulgaris [26] identified from uncontam-
inated soils also exhibited resistance to arsenic.
Under normal conditions, arsenic concentration
in terrestrial plants is less than 10 mg arsenic Kg'
dry biomass [33]. At higher concentrations,
arsenic interferes with plant metabolic processes,
inhibits growth and leads to death. Biomass pro-
duction and crop yield of a variety of species are
significantly reduced at elevated arsenic concen-
trations [34]. The yields of barley (Hordeum vul-
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gare) and rye grass (Lolium perenne) were signifi-
cantly decreased with application of 50 mg arsenic
Kg'of soil [10]. The studies on uptake, accumula-
tion and translocation of arsenic in both arsenic-
tolerant and non-tolerant plants have indicated
wide difference in arsenic tolerance among plant
species [21, 23, 36—41].

The brake fern, Pteris vittata (also known as
Chinese brake / ladder brake) is reported as an
arsenic hyperaccumulator plant that could accumu-
late high amount of arsenic in its biomass [36] and
tolerate up to 1500 mg arsenic kg™ soil in arsenic
amended and contaminated soil. This plant was
identified around California from the South-East of
the USA, and reported to be available in similar
mild climatic areas of the world. Investigations of Tu
and Ma [39] showed that 50 mg arsenic Kg! soil
was best for growth and arsenic accumulation in this
fern species, and as high as 2.2 % arsenic was accu-
mulated in the above ground plant biomass and
about 26 % arsenic was removed from the soil. After
8—20 weeks of transplantation, the arsenic biocon-
centration factor (BF) reached 1000 to 1450. The
arsenic translocation factor (TF) in the leaves was
1.2 and 42 at the 2™ week and the 8" week respec-
tively, after of transplantation. Though, Zhang et al.
[40] reported that after 20 weeks of growth in mod-
erately contaminated soil, arsenic translocation and
accumulation in the young parts and old parts of
brake fern was 4893 mg Kg' and 7575 mg Kg'
respectively. There are other fern species, which are
also reported to be efficient in accumulating arsenic
in their above ground biomass. Visoottiviseth et al.
[41] assessed the potential of 36 native plant species
of Thailand from mine tailings, where arsenic con-
centration in the soil was up to 16 g Kg!, and
reported that plant species with the highest leaf
arsenic concentrations did not occur with the high-
est frequency in the contaminated sites. They
reported two species of ferns (Pityrogramma calome-
lanos and Pteris vittata), a herb (Mimosa pudica) and
a shrub (Melastoma malabrathricum) potential for
phytoremediation of arsenic. Francesconi et al. [42]
reported that the silver fern (Pityrogramma calome-
lanos) could accumulate 2760 to 8350 mg arsenic
Kg1plant biomass in old fronds, and 5130 to
5610 mg arsenic Kg'in young fronds.

The identification of brake fern to be an effi-
cient hyperaccumulator of arsenic has opened
tremendous potentiality for phytoremediation of
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arsenic contaminated soil [38, 39]. However,
Meharg [32] and Gumaelius et al. [43] reported that
some members of the genus Pteris; like Pteris
straminea and P. fremula also do not hyperaccumu-
late arsenic, while another species of Pteris cretica
was found to be hyperaccumulator of arsenic.
Gumaelius et al. [43] also investigated arsenic accu-
mulation in the gametophyte and sporophytes of P.
vittata and compared with non-accumulating fern
Ceratopteris richardii. The present work was carried
out to characterize arsenic tolerance and accumula-
tion in an ecotype of Pteris vittata collected from the
Indian subcontinent. Arsenic tolerance of spores,
prothallic-gametophyte and sporophytes were
assessed in arsenic supplemented Murashige and
Skoog [44] growth medium under in vitro condi-
tions, and the sporophytes were assessed in arsenic
supplemented soil under glass house conditions.

Materials and methods. Plant propagation under
glass-house conditions. The ecotype of Pteris vittata
plant was collected from the Kerala state of India,
and used in this study (Fig. 1). The parent plants
were maintained in the glass house in soil pots. The
potting material was a mixture of garden soil, sand
and farmyard manure (FYM) in a ratio of soil : sand :
FYM —2:1: 1. Young sporophytes were developed
on soil from spores of stock plants, and used in the
experiments. Young plants with 2—3 fronds were
transplanted to single pot with 0.5 kg of soil mix-
ture and allowed to grow for at least one month
prior to experimental use. One to four months old
plants of equal height and with equal number of
fronds were used in the experiments.

Fig. 1. Sporophyte of Preris vittata ecotype. Bar represents
11.5cm
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Preparation of arsenic amended soil for plant
growth. The soil mixture was amended with differ-
ent concentrations of arsenic for arsenic treatment
experiments by adding Na,HAsO4 - 7H,0 to the
soil. The soil mixture was mixed with a basal dose
of fertilizer [N : P: K — 180 : 60 : 120 mg kg 'soil],
and 500 mL Hoagland nutrient solution [45]
Kg1soil mixture to supplement optimum level of
macro and micro nutrients and trace minerals. Two
kg of air-dried soil mixture was amended with ar-
senic to get the desired concentrations of arsenic in
the soil. Calculated amounts of Na,HAsO, - 7H,0
in aqueous solution were added to the soil mixture
to obtain 50, 100, 200, 500 and 1000 mg total
arsenic Kgtsoil. The arsenic amended soil was
thoroughly mixed and kept moist for one week
before planting saplings and used for treated
experiments. In a similar manner, soil pots were
prepared without arsenic for raising plants without
arsenic, and used for control experiments.

One to 4 months aged Preris vittata saplings
were used for the experiments. One healthy fern
plant was transplanted in one packet, amended
with 50/100/200/500/1000 mg arsenic kg soil and
the control was maintained on arsenic free soil.
Five replicates were maintained in each concentra-
tion of arsenic amended soil. The plants were
watered when the topsoil looked dry, and leaching
of water from the soil packets was prevented.
Experimental plants in control and treated soil
were grown inside glass house under similar condi-
tions at an average temperature of 30 °C (day) and
24 °C (night), under a day and night photoperiod
of 14 hours light :10 hours dark period.

The morphological changes of the plants,
appearance of new fronds, coloration of fronds,
and overall growth behavior, were recorded at an
interval of one week, and when noticeable changes
were observed. Live and dead aerial parts of the
plants were collected at different time intervals for
arsenic analysis.

Preparation of arsenic supplemented culture media
Jor in vitro experimentations under aseptic condition.
Agar gelled Murashige and Skoog (MS) plant tissue
culture medium amended with different concentra-
tions of arsenic was utilized to asses arsenic toler-
ance of the ecotype under in vitro conditions.
Filter-sterilized aqueous Na;HAsO4 - 7H,O solu-
tion was added to molten MS media at <50 °C; to
final concentration of 10, 20, 50, 100 and 200 mg
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arsenic L-!culture medium, inside laminar air-
flow cabinet following standard aseptic procedure.
These media were used in the in vitro experiments
after gelling.

Culture of spore, prothallus, gametophytes and
prothallic-sporophytes. Spores were collected from
the sori of mature fronds from the field grown
sporophytes, decontaminated and cultured on
arsenic supplemented culture media under in vitro
conditions. A piece of leaflet having mature spo-
rangia was wrapped in a packet prepared from fil-
ter paper, and incubated under warm and dry con-
ditions for 3 days. The filter packet with the spores
was dipped in 70 % ethanol for 1 minute followed
by treatment with 0.1 % aqueous mercuric chlo-
ride solution for 3, 5, 7 or 9 minutes and washed
4 times with sterile distilled water. Subsequently,
the filter packet was soaked in sterile water for
7 minutes, and the spores were spread on the sur-
face of the culture medium. In other case, 1cm leaf
cuttings were directly treated with ethanol and
mercuric chloride as described above; the sporan-
gia were ruptured in 0.5ml sterile water and the
entire spore suspension was plated on the agar-
gelled medium. All aseptic works were carried out
under the laminar airflow cabinet. Spores were
plated on agar-gelled MS [44] and Knudson cul-
ture medium [46] without growth hormones. The
in vitro cultures were maintained at 25 + 2 °C,
1500-lux illumination, 60 % relative humidity and
16 hours light: 8 hours dark photoperiod.

The prothallus, gametophyte and prothallic-
sporophyte that developed from spores, were sub-
cultured on control (without arsenic) and treated MS
medium (supplemented with different concentra-
tions of arsenic). The cultures were incubated under
specified illumination, photoperiod, temperature
and humidity mentioned previously. The spores were
cultured in vitro on full, half and quarter strength
MS, and Knudson hormone free medium supple-
mented with 20—100 mg of arsenic L!of culture
medium. The gametophyte prothalli were cultured in
arsenic amended culture medium supplemented
with 100 to 300 mg of arsenic L! of medium, and
subcultured to fresh arsenic supplemented medium
at an interval of one month. The gametophytes or
sporophytes were subcultured to fresh medium with
similar or higher concentrations of arsenic, and the
responses of the tissue or organ on the culture medi-
um were monitored from time to time.
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Growth of in vitro raised sporophytes in arsenic
amended medium and arsenic amended soil. The
gametophyte prothalli formed 2—4 cm height
sporophyte plants under in vitro, henceforth called
as tissue culture derived plants. These tissue culture
plants were subcultured to fresh arsenic amended
growth medium (100, 200 and 300 mg arsenic L)
at an interval of one month and maintained for
6—8 months on the same medium. These sporo-
phytes were subsequently transplanted to soil amend-
ed with the same or higher concentrations of arsenic
and allowed to grow inside glass house conditions.

Arsenic analysis in plant tissue. The live biomass
(green) and dead biomass (dry and brown) were
collected from field plants after 2, 4, 6, and 10
weeks of growth in control and arsenic amended
soil. Likewise live and dead fronds were collected
from the tissue cultured plants, generated in vitro
from spores using arsenic amended culture medi-
um and subsequently transplanted to arsenic
amended soil, when the sporophytes produced suf-
ficient biomass in the arsenic amended soil. These
biomass were thoroughly washed in tap water,
rinsed three times with deionized water, oven dried
at 60 °C for 72 hours and the dry weight was deter-
mined, and used for estimation of arsenic in the
biomass. Known amount of biomass was digested
with analytical grade 6.5ml concentrated HNO;
and 2.5 ml concentrated HCI using the Microwave
Sample Preparation System (Ethos 900, Milestone
Micro-wave Lab. System U.S.) at 300 watt—15
minutes program. The sample solution was filtered
through Whatman filter paper No. 42 and volume
of the filtrate was adjusted to 100 ml with double
distilled water. The concentration of arsenic in the
filtrates was determined by the Inductively Coupled
Plasma spectrometer (ICP-AES, JOBIN YVON,
France) using arsenic standard (MERCK, ICP
standard, product no 1.70303.0100) at concentra-
tions of 0, 1, 5 and 10 mg arsenic L' and blank.

Statistical method. The results of effect of soil
arsenic (50 to 1000 mg arsenic kg 'of soil) on
plant growth at different durations (2—10 weeks),
and arsenic accumulation in the plant biomass
under control and treated conditions were statisti-
cally analyzed. The significance of the differences
in values of arsenic, estimated in plant biomass,
was determined by Pearson Bivariate Correlation
Coefficient and Students #-test, using statistical
software Statistica version 5.1 (Texas, USA).
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Results and discussion. Affect of arsenic on
growth and morphology of the sporophytes. Field
grown fern sporophytes (4 months old, with 4—
6 numbers of fronds and about 10 cm height) were
transplanted on control and arsenic amended soil,
with 50, 100, 200, 500 and 1000 mg arsenic kg™ of
soil. After two weeks, new frond primordia appeared
in control and treated plants (with 50—100 mg
arsenic) whereas, the fronds turned brown in soil
amended with 200 mg arsenic. The fronds of
sporophytes planted in soil >200 mg arsenic kg of
soil dried by two weeks. The symptoms of arsenic
toxicity were first visible in older and larger fronds,
the leaflets in the apical part of fronds started
browning from its tip, and it further extended to
other leaflets and rachis of the affected frond. The
toxic effect began with browning of the leaflets fol-
lowed by drying, and fronds turned black. The
sporophytes transplanted in soil amended with
>500 mg of arsenic kg'soil dried and turned black
by 5" week. The results of growth performance
indicated a dose dependent cumulative effect of
arsenic toxicity in the plants in comparison to the
control plants (Table 1). Growth and increase in
size of the sporophytes was not affected up to
100 mg arsenic kg! soil, and growth response was
similar to the sporophytes raised in control soil
(Fig. 2). New frond primordia appeared after the
second week of transplantation in control as well as
treated soil and the fronds remained partly brown
up to two weeks, but afterwards they enlarged and
turned green like the normal fronds. The height of
the control and treated plants was increased
6—8 cm by the 10" week and the rate of increase in
height was maximum at the 4™ week. Whereas, in
case of the plants treated with >200 mg arsenic
kg 1of soil the increase in plant height was margin-
al, maximum up to lcm within the same duration
(Fig. 2). It is presumed that the partial browning of
the sporophytes, in control and treated with
100 mg arsenic kg1soil, up to the 2™ week could
be due to the transplantation shock to plants in the
soil during acclimatization.

Our findings are comparable with the findings
of Tu and Ma [39], who studied the effect of soil
arsenic on biomass production, arsenic uptake and
accumulation in Preris vittata identified in
California. In their study, young plants were grown
on arsenic amended soil (950—1500 mg arsenic
Kgsoil) in green house, and the highest plant
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Table 1

Morphological changes of Pteris vittata plants grown in control (soil without arsenic) and treated (soil amended
with different concentrations of arsenic) soil

Culture Treated (Arsenic in soil mg kg-1)
duration Control
(in weks) 50 100 | 200 | 500 | 1000
1 No visible change
2 A few leaflets of A few leaflets of A few leaflets of Tips and parts of Peripheral parts of Many fronds
larger fronds tur- larger fronds large fronds large, and lower large fronds turned turned brown
ned brown turned brown  turned brown  fronds turned brown brown
3 New frond pri-  New frond pri- New frond pri- As above Venation of the Brown fronds
mordia appeared mordia appe-  mordia appe- fronds were visibly dried
ared ared brown
4 New primordia  New primordia New primordia Browning of fronds As above, new More fronds
developed to developed to developed to increased frond primordia  turned brown
fronds fronds fronds initiated
5 More new pri-  More new pri- As above, brown One new primordia Brown fronds died Browning of
mordia appeared mordia appe-  fronds dried initiated fronds increa-
ared sed
6 No visible chan- Initiation of mo- More new frond Majority of fronds  More fronds tur-  More fronds
ges re primordia  primordia initi- (75 %) started brow- ned brown turned com-
ated and devel- ning pletely brown
oped
7 More primordia  Primordia deve- No visible chan- Browning increased All fronds turned B.rown fronds
appeared and de- loped to fronds ges brown died. All fronds
veloped to fronds started brow-
ning
8 No visible chan  No visible chan- Upper part of  Browning of old Plant turned brown Plant turned
ges, plants were  ges, plants were fronds (10 %)  fronds increased and dried brown and dri-
green green browned ed
9 More new pri-  More new pri- No change. Old fronds dried.
mordia develo- mordia develo- Plants were gre- New fronds were
ped ped en green - -
10 Plant height in-  Plant height in- Plant height in- Plants were alive as
creased by 6— creased by 6—  creased by 6—  above
8 cm 8 cm 8 cm — -

growth and biomass accumulation (3.9 g plant 1)
were reported with 50 mg arsenic kg-'soil. They
reported arsenic toxicity three days after trans-
planting, the fronds turned dark brown followed by
necrosis in the leaf tips and margins, and plants
died after one week. They reported 64 to 107 %
increase in the fern biomass than control up to
100 mg arsenic kg of soil, and it did not increase
at 200 mg arsenic, whereas at 500 mg arsenic the
above ground biomass was reduced by 64 %. The
reduction in biomass is a common phenomenon of
arsenic phytotoxicity [35]. Tu et al. [38] also
reported slow growth of plants for 6—8 weeks after
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transplantation in arsenic soil, though subsequently,
the biomass increased rapidly and nearly quadru-
pled every 4—week.

Arsenic accumulation in aerial biomass of field
plants. The alive and dead fronds of plants, raised
under different concentrations of soil arsenic were
colleted after the 2™, 4", 6™ and 10" weeks from the
date of plantation from four different sets of plants,
and analyzed to estimate the quantity of arsenic
accumulated in the biomass. The results are pre-
sented in Tables 2 through 5.

The trends of arsenic accumulation in the plant
biomass under different concentrations of soil
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Fig. 2. Growth performance of field grown sporophytes of P. vittata in control and As spiked soil after 8 weeks (A — control,
B — 50 mg As, C — 100 mg As, D — 200 mg As Kg-'soil) and 10 weeks (E — control, F — 50 mg As, G — 100 mg As, H — 200 mg
As Kg-1s0il). Bar represents 10 cm

arsenic after 2,4,6 and 10 weeks of growth were
analyzed (Fig. 3). The arsenic accumulation in the
plant biomass indicates that accumulation was more
at higher levels of soil arsenic, and when duration of
plant growth was more. Thus, arsenic accumulation
in this ecotype of brake fern varied in accordance to
the level of arsenic in the soil and duration of plant
growth. The amount of arsenic accumulated in
plant biomass (mg of arsenic kg-! dry weight) grown
in the soil amended with 100 and 200 mg arsenic
kg1 soil was comparable to that with 500 and
1000 mg arsenic kg-1soil (Fig. 3). Whereas, in case
of the plants grown with similar concentration of
soil arsenic, arsenic accumulation in plant biomass
was quantitatively more after ten weeks than the
plants grown for less duration (Fig. 4).

The analyses indicate that, the rate of arsenic
transportation to the shoot in arsenic amended soil
was less in all concentrations of arsenic up to 4 weeks
of plant growth, which, however, increased sharply
between 6 and 10 weeks (Fig. 5). This ecotype of
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Fig. 3. Correlation of quantity of arsenic accumulated in bio-

mass (dry weight) of the Preris vittata ecotype with respect to

different levels of soil arsenic; 50, 100, 200, 500 and 1000 mg
arsenic kg-! of soil after 2, 4, 6 and 10 weeks of growth
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Table 2

Plant height, biomass and quantity of arsenic accumulated

in plant biomass of the Preris vittata ecotype after 2 weeks
of arsenic treatment

Concentration Fresh weight Quantity of
Wi ..

soil (mg kg-1)| (cm, £SD) (€ £SD) | jecks (mg ke—1)
Control 19.5+£2.5 447 +1.2 14
50 14.5+£2.0 4861 1.0 54
100 22+2.1 3.64£0.5 164
200 1515 4.54 +£0.8 216.46
500 26.5+ 3.5 2.25+0.9 874
1000 175+ 1.1 446+ 1.5 2274

Table 3

Plant height, biomass and quantity of arsenic accumulated
in plant biomass of the Preris vittata ecotype after 4 weeks
of arsenic treatment

Concentration Fresh weight Quantity of
soil (mg kg1 | - (¢ £SD) (@ £8D)  |weeks (mg ke-1)
Control 17 £ 0.5 5.728 £0.5 27
50 21 £1.5 1494 £ 4.5 46.54
100 19,5+£2.5 8.94 2.1 165.08
200 15£19 6.26 £ 0.5 206.25
500 12+0.5 7.84+25 720
1000 145+1.3 39+£0.5 3308
Table 4

Plant height, biomass and quantity of arsenic accumulated
in plant biomass of the Preris vittata ecotype after 6 weeks
of arsenic treatment

Concentration Fresh weight ngnt.ity of

of arsenic in | Height of plant of plant ftt)r.semc mn frt) lan()t
soil (me ke~ | €M 25D) | (g, 5D) | A0S

Control 21 +1.5 12.05+ 0.5 30.00

50 9+0.5 1.09 £0.5 198.29

100 24+ 1.5 15.79 £ 3.5 191.35

200 125+ 0.5 2.39+0.9 637.89

500 11.5£2.5 1.46 £ 0.7 2573.67

1000 12+ 3.5 1.23 £0.9 4106.41

brake fern accumulated 1908 mg arsenic kg1 of dry
biomass when grown in arsenic amended soil for a
period of 10 weeks with lower concentrations of
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arsenic (50—100 mg arsenic kg-! soil). Whereas, at
higher concentrations of arsenic (500—1000 mg
arsenic kg-!soil), in the same growth period, more
quantity of arsenic (4700 mg arsenic kg-! of dry plant
biomass) was accumulated in the plant biomass.
Moreover, under high concentrations of soil arsenic
(1000 mg arsenic kg-! soil), very high quantity of
arsenic was accumulated in the plant biomass as
early as after 2 weeks (Fig. 4). However, under 1000
mg As the increase in plant biomass was negligible
and aerial parts of the plants gradually turned black
and subsequently the plants died. The variances in
arsenic concentrations in the plant biomass at differ-
ent soil arsenic concentrations (control vs1000 mg,
50 vs1000 mg, 100 vs1000 mg, 200 vs100 mg,
200 vs500 mg and 500 vs1000 mg arsenic kg-! soil),
and at different duration of growth (2™ vs10™, 4" vs
10" and 6™ vs10™ week) were statistically analyzed.
The differences were significant at 95 % confidence
level ('p < 0.05).

Arsenic accumulated in dead and live fronds of
this fern ecotype was estimated to determine the
rate of arsenic accumulation in old and young aer-
ial parts. The concentrations of arsenic in the aer-
ial biomass after 2 weeks and 4 weeks of growth in
arsenic amended soil are presented in Table 6. The
results show that the rate of arsenic accumulation
was almost similar between live and dead fronds
after 2 and 4 weeks of growth at all concentrations
of soil arsenic, indicating that the rate of arsenic
translocation to the aerial parts was almost similar
in all fronds. The comparative rate of arsenic accu-
mulation after the 2™ and the 4™ weeks of growth
with relation to all concentrations of soil arsenic
was analyzed (Fig. 6). It was found that larger
amount of arsenic was deposited in dead biomass
of plants than that of live biomass in case of plants
grown up to 4 weeks. This could be because the
plants grown for 4 weeks in arsenic amended soil
were exposed to arsenic for more duration, which
led to accumulation of more amount of arsenic in
plant biomass in comparison to the plants grown in
the arsenic amended soil for 2 weeks.

The study indicates that this ecotype of brake
fern is efficient in extracting arsenic form the soil
up to 100 mg arsenic kg-!soil, and can tolerate up
to 200 mg arsenic kg-!soil. This genotype of the
brake fern accumulated 1908 mg arsenic kg-!' dry
biomass in lower concentrations of soil arsenic
(100 mg arsenic kg-'soil) after 10 weeks of growth.
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Under high soil arsenic (1000 mg kg-! soil), the
plant biomass accumulated as high as 4700 mg
arsenic kg-'dry weight, in the same 10 weeks growth
period. Further, under high concentration of soil
arsenic (1000 mg kg-1soil) after 2 weeks of growth,
this genotype also accumulated high amount of
arsenic (2300 to 2428 mg kg-! dry weight) in the
plant biomass.

Our findings on arsenic accumulation by this
ecotype of Pferis vittata are comparable to the Pteris
vittata ecotype reported by Tu and Ma [39]. The
brake fern was reported to be a hyperaccumulator of
arsenic by Ma et al. [36]. This species was identified
at California, which accumulated up to 15,861 mg
arsenic kg-! plant biomass in the aerial shoots after
2to 6 weeks and arsenic toxicity was severe
>500 mg arsenic Kg-!in soil. However, in the same
species of brake fern (ladder brake) Tu and Ma [39]
reported that arsenic accumulation was maximum
in the young plants under 50 mg arsenic Kg-!soil,
based on the results after 12 to 18 weeks of growth
of the plants with 50—1500 mg arsenic Kg-!soil in
green house conditions. Under low concentrations
of soil arsenic, the younger fronds accumulated high
concentration of arsenic, whereas, at high arsenic
concentration in soil accumulation was more in the
older fronds, presumably, due to older fronds
receiving arsenic for a longer time in comparison to
the younger fronds. Further study on Preris vittata
indicated that arsenic accumulation in the fronds
increased with duration of growth [38]. The mature
and young fronds had 6610 and 5570 mg arsenic
Kg' biomass respectively and arsenic concentra-
tions were highest in old fronds (13 800 mg Kg-!in
dry biomass). In the same ecotype of Preris vittata
Zhang et al. [40] reported that arsenic accumula-
tion was 4893 mg Kg-tand 7575 mg Kg-! plant bio-
mass in young and old parts of the plants respective-
ly, after 20 weeks of growth. Concentration of
arsenic was lowest in the roots of plants, substantial-
ly high in fronds, and old fronds had highest con-
centrations of arsenic. Arsenic accumulation by this
ecotype of Pteris vittata from the Indian subconti-
nent is less in comparison to the Pteris vittata eco-
type identified at California [36], but our results
with this ecotype are similar to the findings report-
ed for Pteris vittata by other workers [38—40].

Ma et al. [36] estimated that the bioaccumula-
tion factor (BF) for arsenic by brake fern was as
high as 193 as an indicator of efficient arsenic accu-
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mulation in plant biomass from soil. While, Tu et al.
[38] reported that the BF for arsenic accumulation
in the fronds of Prteris vittata based on water-solu-
ble arsenic was increased to >1000 in the fronds
after 8 week of transplanting. In this ecotype of
brake fern studied by us, the difference in arsenic
accumulation between live and dead fronds was
marginal after two weeks of growth in arsenic
amended soil (100 and 200 mg arsenic kg-!soil).
However, after 4 weeks of growth in arsenic
amended soil, the difference in arsenic accumula-
tion was significant between dead and live fronds
(Table 6). Tu and Ma [39] have also reported that
Preris vittata had highest BF value for arsenic with
50 mg arsenic Kg-!soil. In this ecotype of brake
fern, the bio-concentration factor of arsenic in the

Table 5
Plant height, biomass and quantity of arsenic accumulated
in plant biomass of Preris vittata ecotype after 10 weeks
of arsenic treatment

Concentration Q‘“f‘m.“y of
of arsenic in | Height of plant | Fresh weight ir.semc m glang
. iomass after
soil (mg kg-1) (cm) of plant (g) weoks (mg ke-1)
Control 17+ 3.5 572£0.5 48.89

50 21+ 1.5 1494 £ 1 347.54
100 19,5+ 0.5 8945+ 1.5 1908.53
200 1515 6.26 + 0.3 1827
500 12+ 3.5 7.84£2.5 3593

1000 14,5+ 3.0 3.9+0.7 4700
Table 6

Quantity of arsenic accumulated in the live and dead
biomass of control and arsenic treated Preris vittata
ecotype after 2 weeks and 4 weeks, mg kg-!

After the 2nd week After the 4t week
Concentration
of arsenic Arsenic Arsenic Arsenic Arsenic
in soil in live in dead in live in dead
biomass biomass biomass biomass
Control 14 Dead 27 Dead
fronds fronds
absent absent
50 54 620 39 386
100 190 122 158 296
200 242 309 199 404
500 900 516 713 477
1000 2300 2428 3301 4736
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plant biomass was up to 19 at 100 mg arsenic Kg-!
soil after 10™ week (Table 5). The BF for arsenic
varied with respect to different concentrations of
soil arsenic and duration of growth.

Growth performance of the sporophytes developed
Jfrom spores on arsenic supplemented MS medium in
vitro and arsenic amended soil. Spores of the Pteris
vittata plant were aseptically cultured on full, half
and quarter strength Murashige and Skoog and
Knudson hormone free medium supplemented
with various concentrations of arsenic to assess tol-
erance to arsenic toxicity. The spores germinated
gametophyte prothalli in all media, but development
of sporophytes from the gametophytes was better
supported in full strength MS medium (Fig. 7,
B—D). The gametophyte prothalli were cultured in
arsenic amended MS medium with different con-
centrations of arsenic to assess arsenic tolerance at
organ level. After 2—3 months, the gametophytic-
prothalli generated fern sporophytes on control MS
medium, as well as arsenic treated medium supple-
mented with 20—100 mg arsenic L-! of medium
(Fig. 8, C—F). The tender sporophytes were mor-
phologically normal, and did not show visible
symptoms of arsenic toxicity. These prothallic
gametophytes and sporophytes were further cul-
tured on higher concentrations of arsenic (Fig. 9
and 10), up to 300 mg arsenic L-! of medium.

These tissue culture derived sporophytes were
separated from the gametophytic-prothalli after 2—
4 c¢cm height and transplanted on fresh growth medi-
um amended with 100, 200 and 300 mg arsenic L-!
of medium (Fig. 10). They were subcultured to the
same medium at an interval of one month and
maintained under in vitro conditions for 6—8
months. These plants developed intricate root sys-
tems, height and the above ground biomass of the
plants increased to more than double after ten we-
eks. Under in vitro conditions with 200 mg arsenic
L-1of growth medium, sporophytes were similar to
control plants. The sporophytes treated with
300 mg arsenic L-! MS medium had less biomass in
comparison to the plants treated with 200 mg ar-
senic L-1 of medium (Fig. 10); however, the plants
were green and alive after repeated subculture to ar
senic supplemented medium with 300 mg arsenic
L-!of medium. Observations of growth response of
these sporophytes in arsenic amended growth
medium up to 8 months are presented in Table 7.
Subsequently, these in vitro raised sporophytes
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were transplanted on arsenic amended soil and
raised under glass house.

Performances of in vitro raised Pteris vittata
sporophytes after transplantation to arsenic amended
soil. The Pteris vittata sporophytes; 8—10 cm in
height, with 10—20 fronds and six to eight months
old, which were developed in vitro on arsenic (150,
200 and 300 mg L-1) amended MS media, were
transplanted on arsenic amended soil (150, 200,
300 and 500 mg kg-! soil) and grown in glass
house. The sporophytes selected with150 and 200
mg arsenic L-!' MS media were transplanted to soil
amended with the same and higher (300 and 500
mg arsenic kg-!soil) concentrations of arsenic. It
was observed that after transplantation to arsenic
amended soil these sporophytes established in less
time, in comparison to the sporophytes developed
ex vitro in soil. A few fronds started browning in
control (soil not amended with arsenic) as well as
in treated plants (soil amended with different con-
centrations of arsenic), probably due to the trans-
plantation shock. However, both in control and
treated plants new frond primordia emerged
quickly by the 4™ week, and enlarged to normal
sized fronds. The length of new fronds increased to
>10 cm after 6 weeks, the leaflets were long, and
all plants were green and healthy. In case of the
plants treated with 300 mg arsenic kg-! of soil, the
new fronds looked brown up to the 4™ week, but,
subsequently the fronds in control and treated
plants looked alike. The growth rate of sporophyte
plants in 100 and 200 mg arsenic kg~! soil was nor-
mal (Fig. 11), whereas the growth rate was slow in
300 mg arsenic kg-! soil. All fronds of control
plants and treated with 100, 200 and 300 mg
arsenic kg-! of soil were enlarged in length to
>20 cm by the 9" week and the numbers of fronds
were >20. In case of the plants treated with 300 mg
arsenic kg-!soil, the lower 2—3 fronds of the plant
developed black patches on the peripheral parts of
leaflets and adjoining the venation of the frond,
but growth performances of the treated plants were
similar to control plants. Whereas, the height of
the sporophytes and size of the fronds did not
increase in soil treated with 500 mg arsenic kg-! of
soil, the fronds turned black and the sporophytes
degenerated.

The in vitro generated Pteris vittata sporophytes
grew better with 200 and 300 mg arsenic kg-! soil
after transplantation to arsenic amended soil
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Fig. 7. Spore culture: development of gametophytes (A —
Knudson medium, B — MS medium), and sporophytes (C,
D — microscopic view of nascent sporophytes) on arsenic fee

agar-gelled media after 4—6 weeks. Bar represents 13 mm
(A, B, C),1.0 mm (D)

Fig. 8. Growth responses of gametophyte prothalli of Pteris
vittata in MS agar-gelled media: without arsenic (A — single
gametophyte prothalli microscopic view; B — clump of
gametophyte), and supplemented with different concentra-
tions of arsenic (C — 20 mg, D — 60 mg, E — 100 mgand F —
200 mg As L!) after 6—9 weeks. Shows development of spo-
rophytes. Bar represents 0.25 mm (A), 13 mm (B—F)
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Fig. 9. Profuse growth of
gametophytes (A) and
emergence of sporophytes
from the gametophytes (B,
C) in MS medium supple-
mented with 50 mg (A),
100 mg (B) and 150 mg
(C) As L-! medium. Bar
represents 11.6 mm

Fig. 10. Growth perform-
ances of in vitro developed
sporophytes in MS medium
supplemented with 100 mg
(A), 200 mg (B) and 300 mg
(C) arsenic L-! of medium.
Bar represents 11.6 mm

(Table 8), as compared to the sporophytes raised in
soil and treated with similar concentrations of
arsenic amended soil (Table 1). It was also observed
that the size of plants, number of fronds and gener-
ation of biomass were more in case of the in vitro
raised plants (Fig. 11) in comparison to plants gen-
erated in ex vitro condition and transplanted in
arsenic amended soil (Fig. 2). This could be
because the in vitro raised plants were treated with
arsenic from the very early stage of growth, and the
plants were adapted to tolerate higher concentra-
tions of arsenic when transplanted to arsenic
amended soil under field conditions. Presumably,
as a result of arsenic induced enhanced expression
of genetic traits and physiological adaptations of
the in vitro raised plants due to prolonged arsenic
treatment from early stage of growth and develop-
ment in vitro. Further biochemical characteriza-
tion of in vitro raised and field raised arsenic treat-
ed plants and investigations with genetic markers
specific for arsenic tolerance would justify for this
difference in their nature.

Arsenic accumulation in the biomass of in vitro
raised sporophytes after 12 months growth on arsenic
amended soil. The in vitro developed plants grew
luxuriantly in 100, 200 and 300 mg arsenic kg-! of
soil, and generated normal biomass by twelve
months (Table 8 and Fig. 11). The average num-
bers of live and dead fronds in twelve months old
plants didnrt show significant difference between
control and arsenic treated plants. The concentra-
tions of arsenic accumulated in the live and dead
fronds of these plants were estimated using
Inductively Coupled Plasma (ICP) Spectrophoto-
meter as described earlier under the Materials and
Methods. The amounts of arsenic, in live and dead
fronds of plants (mg of arsenic kg-! of dry weight,
Table 8) indicated greater accumulation of arsenic
in the live fronds in comparison to the dead fronds
in all concentrations of arsenic (100, 200, 300 and
500 mg arsenic kg-! of soil). It would seem that
arsenic was actively transported to the live fronds
that were in a physiologically active state of growth
in comparison to the dead fronds. The maximum
concentration of arsenic in live frond of plants was
3232 mg kg-! dry weight, which were grown under
300 mg arsenic kg-! of soil for duration of
12 months. The plants grown under 500 mg
arsenic kg-! of soil had a very few fronds, but some
of them were still green. The live and dead fronds
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of these plants treated with 500 mg arsenic had
3732 mg and 3237 mg arsenic kg-' dry biomass
respectively. The observations indicated that the
estimated concentration of arsenic in the live
fronds of this ecotype of Pferis vittata induced toxic
effect and could be the threshold concentrations
within the accumulated plant biomass.

The Pteris vittata plants collected by Ma et al.
[36] accumulated 11.8—64 mg arsenic kg-! above
ground biomass in uncontaminated soil (arsenic le-
vel: 0.47—7.56 mg arsenic kg-'soil), and up to 1400—
7500 mg arsenic kg-1biomass in arsenic contaminat-
ed soil (arsenic level: 18.8—1603 mg arsenic kg-!
soil). Our investigations with this Indian ecotype of
brake-fern also indicate similar observations within
the study period of 10 weeks. The growth character-
istics and biomass accretion of that plant in arsenic
contaminated soil indicated that biomass increase
took place after a slow growth for 6—8 weeks [38],
arsenic accumulation in the fronds increased with

Fig. 11. Growth performance of in vitro developed sporo-
phytes of P. vittata in As spiked treated soil (A—100 mg K-1,
B—200 mg Kg-!) after 12 months. Bar represents 10.2 cm

growth of the plant that was a function of time, and
highest concentrations of arsenic was in old fronds.
Gumaelius et al. [43] reported that gametophytes of
P. vittata grow normally in the medium containing
20 mM arsenate, and accumulate >2.5 % of their
dry weight asarsenic in a manner similar to that the

Table 7
In vitro growth response of the Pteris vittata sporophytes in arsenic amended MS media supplemented
with 50, 100 and 200 mg arsenic L-! medium
Growth response, weeks
Type of Culture
2 5 7 10 32

MS medium Ht—2, Fnd — 7, Ht — 4, Fnd — 10,

Ht -5, Fnd — 10,

Ht -8, Fnd — Ht — >15, Fnd —

Control 2-3, Lft — 1, green- 4—5, Lft — 1-2, 4-5, Lft — 2, green, 12—14, 6—7, Lft — 30, 12, Lft — 2—4,
ish brown, Rt — green, Rt —2-3 Rt — Several, 3-5, green, Rt —  green, Rt — Profuse,
Short brownish Numerous intricate, brown to
black, + —50 times
MSAs150 Ht—1.5,Fnd —4, Ht—15,Fnd -5, Ht—-2, Fnd—6,2, Ht—2, Fnd — 8,3, Ht— >15, Fnd —
1-2, Lft — Small, 2, Lft — Small, Lft — Small, Rt — Lft — Small, Rt — 28, 10, Lft — 2—
brownish, Rt — Not brownish, Rt — Few Scarce 4 cm, green, Rt —
seen Slender Profuse, intricate,
brown to black,
MSAs200 Ht—3,Fnd—5, ~ Ht—45 Fnd—  Ht—4.5 Fnd — 7— Ht—7.3, Fnd — 10, + —50 times
2-3, Lft —Small, 7-8,4,Lft— 8, 6.5, Lft — Large 7, Lft — Largeand Ht — >15, Fnd —
green, Rt — Short ~ Enlarged, green,  and green, Rt — green, Rt — 30, 10, Lft — 2—4
Rt — Several, elon- Numerous, intricate Elongated, blackish green, Rt — Profuse,
gated, brown intricate, brown to
black, + —50 times
MSAs300 Ht—3cm,Fnd— Ht—3cm,Fnd— Ht—-3cm,Fnd— Ht—3cm,Fnd— Ht—8cm, Fnd — 8,
4, 3cm, Lft — 4,3 cm, Lft — 4,3 cm, Lft — 5,4 cm, Lft — Scm, Lft — 1-2,
Small, green, Rt — Small, green, Rt —  Small, green, Rt — Small, green, Rt — green, Rt — Scarce,
Not seen Diminutive Meager Scarce + —15 times

Note. As — mg arsenic L-! MS medium; Ht — height of plants in cm; > — to the size of culture container; Fnd — no of
fronds and length in cm; Lft — size of leaflets in cm, and color; Rt — number of roots, size and color; + — increase in plant

size from initial size.
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Table 8

Morphological features and quantity of arsenic accumulated in the aerial biomass of in vitro developed Pteris vittata
sporophytes after growth in arsenic amended soil for 12 months

Concentration of arsenic Height Average length

Concentration of arsenic in plant

Average number of fronds biomass (mg ke—! of dry weight)

mg kg—! soil of plant (cm) | of fronds (cm) Live Dead Live Dead

Control (without arsenic) 34+t5 32+7 263 7-dry 24.5 17
3-partly dry

As150 34+5 302 25+ 2 7-dry 1751 951.5
3-partly dry

As200 32+3 32+£5 28 %5 8-dry 2046.5 1326.5
4-partly dry

As300 32+5 30£5 28 %5 8-dry 3232 2132
4-partly dry

As500 8§35 9+5 2 8-dry 3731.5 3236.5

Note. As — mg arsenic kg—! of soil.

sporophytes. Whereas, the gametophytes of the
related non-accumulating fern Ceratopteris richardii
die at even low (0.1 mM) arsenic concentrations,
and the gametophytes of the related arsenic accumu-
lator Pityrogramma calomelanos tolerate and accu-
mulate arsenic to intermediate levels compared to P.
vittataand C. richardii. Their study also revealed nat-
ural variability in arsenic tolerance in the gameto-
phyte populations from 40 different P. viftata sporo-
phyte plants collected at different sites in Florida.
The spores and prothallic-gametophyte of this eco-
type of Preris vittata grow in MS culture medium in
vitro with 20—100 mg/L and up to 300 mg/L arsenic
respectively. Germination of spores, growth per-
formance of prothallic-gametophytes as well as
development of saprophytes from the gametophytes
was normal under arsenic supplemented growth
medium in vitro.

Conclusion. Arsenic tolerance in plants may
result from arsenic exclusion through avoidance or
restriction of arsenic uptake and transport to the
shoots [31, 47] or accumulation of higher concen-
tration of arsenic within plant tissue in comparison
to the surroundings [15,18, 31]. The molecular
analysis of arsenic metabolism in terrestrial plant
species have shown that arsenate-induced
hytochelatins (PC) accumulation and PC-based
arsenic sequestration are responsible for both nor-
mal and enhanced arsenate tolerance [30, 48—50].

The results of arsenic tolerance and accumula-
tion by this ecotype of Pteris vittata used in this

28

study show that arsenic accumulation in the plant
biomass was statistically significant (*p < 0.05) at
all concentrations of soil arsenic (50, 100, 200,
500 and 1000 mg kg-'soil), and at different dura-
tions (2™ —10" week, 4"—10" week and 6"—10"
week). The in vitro raised Preris vittata plants were
tolerant to higher concentrations of arsenic
(300 mg arsenic kg-! of soil) in comparison to the
plants raised in ex vitro conditions (field grown
plants) using NaH;AsO4 - 7H,0 as the source of
arsenic, which is more toxic to plants in compari-
son to its potassium salt. The growth performanc-
es of field grown plants were similar to control
plants at 100 mg arsenic Kg-!soil. But, the field
grown plants generated poor biomass under
>200 mg arsenic kg-!soil and the fronds turned
brown between 3—6 weeks (Table 1). However, at
this concentration of soil arsenic, the field plants
accumulated 216 and 1827 mg arsenic kg-! dry
biomass of fronds after 2 and 10 weeks of treat-
ment respectively (Table 2 and 5). On the contrary,
the in vitro raised plants showed normal growth
performance and biomass accumulation in 100,
200 and 300 mg arsenic kg-1soil, which was better
than the field plants (Table 7 and 8). Under high
concentrations of soil arsenic (300 mg arsenic kg-!
soil), the in vitro selected plants accumulated
3232 mg arsenic and 2132 mg arsenic kg-!live and
dead frond biomass respectively (Table 8). Arsenic
accumulation was more in live as well as dead
fronds in case of in vitro raised plants (Table 8) in
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comparison to the field raised plants (Table 6). The
in vitro raised Pteris vittata plants were more toler-
ant to arsenic stress and accumulated more arsenic
in the biomass. The mechanism of arsenic hyper
accumulation in the plant biomass of Pteris vittata
could be through compartmentalization or by
molecular chaperons such as phytochelatins,
which is being investigated.

This ecotype of brake-fern identified is hardy,
perennial and survives under high temperature at
40—45 °C (data not presented), and adapt to new
environment easily. It could be useful for phytoex-
traction of arsenic from contaminated soil. Further
studies are carried out to assess genetic variations
between the ecotypes of Pferis vittata plants for
arsenic uptake and metabolism, and find out the
reason for better survival and tolerance of in vitro
plants in comparison to the field plants under high-
er concentrations of arsenic. This could help in
selection of brake fern species and clones showing
better arsenic hyper accumulation and suited for
remediation of arsenic contaminated soils.

The authors gratefully acknowledge the assis-
tances provided by trainee students for bench works,
the instrumentation division of NEERI for arsenic
estimation through ICP and Mr. A. Kulkarni, E. B.
Division for statistical analysis. The authors are
thankful to Director NEERI for providing facility for
the work.

b.K. Capaneu, T. Yaxpabapmu

N3YYEHUNE BKOTUIIA TAITOPOTHUKA
PTERIS VITTATA HA YCTOMYMUBOCTH K
MbIIbAKY U HAKOTIVIEHUE
PACTUTEJIBbHOW BUOMACCHI

DKOTHUII IITepuca JIeHTouHoro (Prteris vittata) 61 UC-
CJIeIoBaH Ha YCTOMYMBOCTD K MBIIIBbSIKY U €r0 HAaKOIJICHUE
B OMoMacce B YCJIOBUSIX in Vivo W in Vitro ¢ UCIIOJb30Ba-
HUEeM TI0YBBI M arapuszoBaHHOI cpenbl Mypacure-Ckyra
(MS), comepxallux MbILIbSIK B pa3HbIX KOHLEHTPALIUSIX.
PacreHus BbIpalmiMBasiv B TouBe, coaepxkarteit 100—
1000 Mr MbllIbsiKa Ha 1 KT TOYBBI, WM B cpeae Mypacure-
Ckyra, B Kotopyto no6apistan 10—300 mr/m NayHAsO4 x
x TH70. Cropbl M rarmjouaHbie raMeTo(pUTHbIE ITPO-
POCTKHU POCIHU in vitro Ha cpeae MS ¢ Mmbiibsgkom. Pac-
TEeHUsI, KOTOPbIE POCIU B TOYBE, COMAEpPKAIIE MBIIIBSIK,
XapaKTepU30BaJMCh HOPMaJbHBIM POCTOM M HaKOILIe-
HueM Ouomacchl U yepe3 10 Hemesb BbIpalllMBaHUS Ha-
karumuBanu 1908—4700 Mr Mblbsaka Ha 1 Kr cyxoi
Han3eMHOI OumoMacchl. TOKCMYHOCTb MBIIIbSIKA MPOSIB-
JIsIach TP €ro KOHIIEHTpalK B mouyBe cBbiie 200 MI/KT.
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KoHIleHTpaliuy MbllIbsiKa, KOTOpble HaKaruIMBaJIUCh B
pacTUTENIbHOK OuoMacce, ObLIM CTaTUCTUYECKU 3HA4Yu-
MbIMU (p < 0.5). M3 ciop 1 raMmeToGUTHBIX TPOPOCTKOB,
KOTOpbie BblpaluuBaiu Ha cpeae MS ¢ 50—200 mr/a Mbi-
LIbsIKA, Pa3BUBAJIMCh HOpMaJlbHBIC pacTeHust. [1oydeHHbIe
in Vvitro pacTeHusi ObUIM YCTOMYMBBI K MbIIIbBIKY B KOH-
ueHTpanuy 300 Mr/KT ITOYBBI M HAKATIJIMBAIW MBILIBSIK 10
3232 Mr/Kr cyxoil Hama3eMHON GMOMAacChl, YTO O3HAYaeT
YJIy4IIEHHbIE POCTOBBIC XapaKTePUCTUKU, (HOPMUPOBa-
HUe 6MOMAaCChl M HAKOTICHUE MBILIbsSIKA IO CPAaBHEHUIO C
pacTeHUSIMU, BBIPAILIEHHBIMU B ITOJIC.

b.K. Capanei, T. Yaxpabapmi

BMBYEHHSA EKOTUITY TTAITOPOTI
PTERIS VITTATA HA CTIMKICTh
0 MUII’AKY TA HAKOITMYEHHA
POCJIMHHOI BIOMACHU

Exorun nirepuca crpiukoBoro (Preris vittata) O0yB no-
CJI/DKEHUI Ha CTiMKIiCTh JO MUUI'SIKY Ta KMOro HaKOMU-
YyeHHs1 B OioMaci B yMOBax in Vvivo i in Vvitro 3 BUKOpHUC-
TaHHSM TPYHTY Ta arapu3oBaHOro cepenosuila Mypacire-
Ckyra (MS), 1110 MiCTSITb MULLI’SIK B Pi3HUX KOHLICHTpPALIisIX.
PociavHu BupoliyBaay Ha rpyHTi, 1o Mictuth 100—1000 mr
MUII’SIKY Ha 1 KT rpyHTY, uM B rpyHTi Mypacire-Ckyra, B
kotpuit nonasanu 10—300 mr/nm NaaHAsO4 * 7H20. Criopu
Ta TaruloigHi reMaTodiTHI APOCTKU POCIU in Viftro Ha ce-
penoBuii MS 3 Mumr’skoM. PocimHu, sIKi pocTyTh Ha
TPYHTi, 11O MiCTUTh MUUI'SIK, XapaKTepU3yBalUCh HOP-
MaJIbHUM POCTOM i HaKOMUYeHHSIM Giomacu Ta yepe3 10
TUKHIB BUpOIILyBaHHsT HakonnuyBaiu 1908—4700 mumr’si-
Ky Ha 1 KT cyxoi Han3emMHoOi 6iomacu. TOKCUYHICTh MM-
LI’SIKY TIpOSIBJISIIach TIPU MOro KOHIEHTpallii B TPYHTI
oinbire 200 mr/kr. KoHueHTpanii Muir’siky, KOTpi Ha-
KOIMUYYBaJIMCsl B POCIMHHIl 6ioMaci, OyIu CTaTUCTUYHO
3HauyuMumu (p < 0.5). 3i cmop Ta raMeToiTHUX MapocT-
KiB, KOTpi BUpollyBaJd Ha rpyHTi MS 3 50—200 wmr/n
MUII’SIKY, PO3BUBaJIMCh HOpMaJIbHi pociuHu. OTpuMaHi in
Vitro pOCJIMHU OYJIU CTIMKUMU 10 MU’ IKY B KOHLIEHTpaLii
300 MI/Kr rpyHTY Ta HAKOTTUYYBaJIM MUIII SIK 10 3232 Mr/KT
cyxoi HaJi3eMHO1 6ioMacHu, 1110 03Havya€ MoKpallaHHs poc-
TOBMX XapaKTepUCTUK, (hOpMYBaHHs GioMacu Ta HAKOMu-
YEeHHSI MU’ SIKY B MOPiBHSIHHI 3 POCJIMHAMU, BUPOLLEHU -
MM Ha TIOJIi.
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9OOEKTbI MEXXTEHHOIO
B3AMMOJECTBUS FEHA
MOBbILLEHHOW NMUIMEHTALIMM
hp-2% (HIGH PIGMENT-2
DARK GREEN) C FEHOM
B (BETA-CAROTENE) Y TOMATA

Tlokaszarno, umo npu medxuceeHHOM 83aUMOOCHUCMBUL 2eHO8
hp-2% u B 6 dueomosueome evisgasiemcs dpdexm ceepxakc-
NpeccusHoOCMU, AKMuUGU3UPYIOWULl Ouo2eHe3 [-KapomuHa 6
naodax momama. Y eenomuna B/B//hp-2°/hp-2€ coxpans-
emcst noaodcumenvHoe eausHue eena hp-29 na codepicanue
ACKOPOUHOBOL KUCAOMbL U OMPULAMeNnbHoe — Ha codepica-
Hue mumpyemuix Kucaom. Ilpu smom nabarodaemces cmabdu-
Ausauua eenemuuecikoi denpeccuu 2ena hp-2, umo nposg-
assemes & 6oaee @bicokoil npodykmuerocmu B/B// hp-2% /
hp-2%-2enomunos.
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Benenue. Y Tomata (Lycopersicon esculentum)
OIMCAaHO HECKOJbKO (pOoTOMOPEHOTreHEeTUIECKMUX
MYTaHTOB, CpeIu KOTOPBIX 3aCIy>KMBAeT BHUMA-
HUSI cepusi MOHOT€HHO-PEILECCUBHBIX MYTallMit
high pigment (hp-1, hp-1Y, hp-2, hp-27, hp-2%), xa-
PaKTEepU3YIOIIUXCS YCUJIEHHOI CBETOOT3bIBYMBOC-
ThiO [1]. DTU MyTaHTHI MMEIOT OOJiee KOPOTKMIA
TUITOKOTUJIb, BBICOKUI YPOBEHb COACPKAaHMS aH-
TOLIMaHa 1 XJIopodusuia B cesiHIIax, 00Jiee TEeMHYIO
MMUTMEHTAIIUIO JINCThEB U TUIONOB B CPAaBHEHUU C
M30T€HHBIMU JIMHUSIMU IUKOro tuma [2—4]. 3pe-
JIbIE TITIOIBI Ap-MyTallii XapaKTepU3yIOTCsI CBEPX-
MPOIYKITIMEH MHOTMX METa0OJMTOB, HEKOTOPBIE 13
KOTOpBIX (JIMKOMMWH, [-KapoTWH, acCKOpPOWHOBAas
KHCJI0Ta, TOKO(MEepoJibl) 00anal0T aHTUOKCUAAH-
THBIM WU (POTOIIPOTEKTOPHLIM AeiicTBUeM [4, 5].
OTU METabOJIUTHI MOTYT AaKTUBHO UCITOJb30BaThCS
KakK JOMOJHUTEIbHbIE PECYPChI, CHHTE3UPYEMbIE B
pacTeHusx, Bciaeactsue 0Oosee 3PPpeKTUBHOTO
CBETOTIOTJIOIIEHUST Yepe3 aJIbTepHATUBHOE pETy-
JIMPOBaHUE CUTHAIIBHOTO TPAHCIYKIIMOHHOTO ITy-
T (pUTOXpOMA, IMIPUCYTCTBYIOLLIETO Y MyTallUii /p
[6, 7].

IIpoucxoxaeHue Ap-MyTaHTOB TOMaTa HelaB-
HO B5KCTEHCHUBHO IepecMoTpeHo [7—9]. M3na-
YJaJIbHO CUWTANIOCh, YTO Ap-MyTallMd BBI3BIBAIOT
TTOBPEXXIEHUS B CTPYKTYPHBIX TeHaX OMOCHMHTEe3a
kaporuHouaoB [10]. OgHako B IIOCAEOIHUX KC-
CJIeOBaHMSIX YCTAaHOBJIEHO: 1) TeHbl Ap-2, hp-2 n
hp-2" 1IpencTaBIsgIoT COOO0I pasIMYHbIE MyTALUU
B Ie€He, KOJUPYIOIIeM y ToMaTa FOMOJIOT SIIEPHOTO
npoterHa DEETIOLATEDI1 (DET1) Arabidopsis
thaliana, HeraTUBHO peryaupyiouero ¢GoToMop-
(¢orenesuc [1, 7]; 2) hp-1 n hp- 1" ipeacTaBisiioT
c0001i pa3IMYHbIe MyTallMd TOMAaTa, TOMOJIOTUY -
HbIe TeHY YeyioBeka U A. thaliana, KOTOpPBI KOIU-
pyer UV-nospexneHHblii DNA-CBsI3bIBaOLINIA
nporenH 1 (DDB1) [8, 9].

Myranus hp-2% nepBoHayaabHO OOHAPYXEHA
B MIPOM3BOACTBEHHBIX MOCEBaX MHICTEPMUHAHT-
Horo copra Manapal 1 u3HayajJbHO ObLIa 0003-
HayeHa Kak dark green (dg) [11]. B uccienoBanu-
sax Levin et al. [1] mokazaHo, 4TO I'eH dg — 3TO
MYTaHTHBII ajliejib TeHa Hp-2, KOTOpPHI 110 CO-
rnacoBaHuio ¢ R.T. Chetelat (Tomato Genetics
Cooperative, UC Davis, CA, USA) noayuun
06o03HaueHue hp-2%.

HccnenoBaHus, OMMCHIBAIOIINE COIEPXKAHUE
METabOJUTOB Y /p-MyTaHTOB, CBUIAETEIbCTBYIOT O
TOM, UTO 3a CYET UX UHTPOTPECCHUM B TEHOM COP-
TOB KYJBTYPHOTO TOMaTa MOXKHO CYIIECTBEHHO
TTOBBICUTh YPOBEHb COINEPXKAHUS B 3PENIBIX ILIO-
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| Dhpexmot mesxnceennozo e3aumodeiicmeus 2ena nogviutennol nuemenmavuu hp-29 (high pigment-2 dark green) |

JlaX KapOTMHOMIOB (JIMKOMMWH U KapOTHUHBI) U ac-
KopOuHOBOI KucjoThl (ButamuH C) [2—4, 12]. B
HaIllMX MCCJAEIOBAHMSX BBISIBJICHO, YTO 3a CUET
MEXT€HHOIO B3aMMOJACHCTBUSI TEHOB CepUU /p ¢
reHoM B ynaeTcs eliie 0oJiee aKTUBU3UPOBAaTh OMO-
reHe3 f-kapotuHa [13, 14].

Llens HacTosIEro MCClIeIoBaHUs COCTOsIa B
M3yYEHUU OMOXUMIYECKIX 3(P(HEKTOB MEXKTEHHOTO
B3aMMOJIECUCTBUSI MyTaLlMi TTOBBILLIEHHOMN IMTUTMEH -
Tauuu Ap-2% ¢ reHoM B 111 pa3paboTKy CIIoco00B
MOBBIIICHMST KaueCTBa IUIONOB TOMaTa 3a CYET MUC-
MOJIb30BaHUsI MYTAaHTHBIX TE€HOB 1 CO3IaHMSI Ha UX
OCHOBE HOBOT'O CEJIEKIIMOHHOTO MaTepuaa.

Marepuan u metoauka. CemeHa KOHTPOJbHBIX
pacTeHuit copta Manapal M ero M30reHHO#N -
Hun Dark Green ¢ roMo3UroToii reHa Ap-2% 6pun
mobe3Ho npengoctaniaeHbl R.T. Chetelat. B kauec-
TBE€ MCTOYHMKOB TIeHa B HCII0JIb30BaHbI COpTa
Hpyx6a (B/B), OuapoBanue (B/B) u bapoH (B/B).
11 u3ydeHus1 0COOEHHOCTE MEXXTeHHOro B3au-
MoOIecTBUSA TeHa hp-2% ¢ TeHOM B IpoBeneHb
napHble ckpemuBaHus: Dark Green x [pyxo0a,
Ouaposanue X Dark Green, bapon x Dark Green.

B paciuernisiiolnyxcst MOIMyJISILUSIX BTOPOTO U
TpeThero nokojeHus (F,_3) oTOMpanyd reHOTUIIbI,
COUETAMIIME TIPU3HAK OPaHKEBOIUIOMHOCTU (TeH
B) ¢ 1IOBBIIIIEHHO! MTUTMEHTALMEN HE3PEIOoro ILI0-
Ja ¥ JIUCTheB (TeH Ap-2%). B mocienyrommx moKo-
JICHUSIX OTOMpaiM HanOoJiee MPOAYKTUBHbBIC pacTe-
HUSI, TUIOAbI C KOTOPBIX MCIOJb30BAIM AJisT OMO-
XUMUYECKOM OLIEHKH, a BbIAEJCHHBIC CeMeHa — IS
JalbHEHIIel ceNeKIIMOHHOM padoTHI.

IIpu npoBeneHUN MCCAEIOBAHUI PYKOBOICT-
BOBAJIMCh METOAWUYECKUMU PEeKOMEHAALUSIMU
BACXHMII [15]. buoxuMudyeckne aHaau3bl Ha
cojiepxXaHue B IJI0Jax TOMaTa CyXoro BelllecTBa,
caxapoB, aCKOPOMHOBOI KHUCJOTHI, TUTPYEMBbIX
KUCJIOT U -KapoOTHWHA MPOBOJAMJN COTJIACHO 00-
LIETTPUHSITHIM METOAMKAM B aKKPEAUTOBAHHOM
JJabopaTopuM aHaJIUTUYeCKUX u3mepeHuii MOb
YAAH 1non pykKoBOACTBOM KaHMI. C.-X. HaykK
B.E. bapcykoBoii. PesyabraThl HccieqoBaHUMN
o0pabarsiBasi 110 MeToauke Jocmexosa [16].

Pe3yasrarsel HcclieIOBaHUIA W WX 00CYXKIEHHE.
Ol1ieHKa OMOXMMMWYECKUX TTOKa3aTeIeil TMTOMO31-
TOTHBIX B/B//hp-2%/hp-2%-reHOTUIIOB, OTOOpaH-

Tabauua 1
D ekl B3aMoI€iiCTBUSA TeHoB hp-24s u B
T — Bereratmonnsbiii| [TpoyKTHBHOCTD, Macca Kucnornoctsb, | AckopOuHOBast B-kapoTuH,
[EPUOJL, JHU r/pacteHue miona, T % Kuciaora, Mr/% Mmr/%
2003 .
B/B 122+ 1,2 3780 + 240 84 +£2.7 0,46 + 0,02 19,85 + 0,34 0,97 £0,03
hp-248/hp-2ds 139 £ 1,6 1620 £+ 120 8126 0,42 £ 0,01 28,24 + 0,27 0,57 £ 0,02
B/B//hp-2ds/hp-2ds 133+ 1,4 2370 + 180 79 £ 3,1 0,33 £0,02 25,50 +£ 0,41 3,74 £ 0,06
2004 .
B/B 118 £0,9 3612 £ 320 84 £ 2.8 0,50 £ 0,02 16,63 £0,25 0,90 £ 0,03
hp-248/hp-2dg 134 £ 1,5 1320 £ 170 110 = 4,1 0,42 £ 0,02 34,18+ 0,47 0,53+ 0,02
B/B//hp-24/hp-2ds 128 £1,2 2484 + 210 92 + 3,1 0,38 £ 0,01 34,24 + 0,36 1,87 £ 0,04
2005
B/B 122+ 0,8 4000 £ 365 80+ 2,5 0,46 + 0,01 21,40 £0,26 1,06 £ 0,05
hp-248/hp-2dg 140 + 1,7 1624 + 135 114 £ 4,5 0,45 £ 0,02 33,35+ 0,42 0,55 +0,03
B/B//hp-2ds/hp-2ds 134+ 1,3 2880 + 215 96+ 3,2 0,36 = 0,02 41,15+ 0,50 1,67 £ 0,08
2006 .
B/B 121+ 0,9 3198 + 295 82+2.0 0,47 £0,01 18,50 + 0,25 1,38 £ 0,03
hp-248/hp-2dg 137 £ 2,1 1500 + 145 75+ 1,7 0,43 £0,01 33,39+ 0,42 0,73 £0,02
B/B//hp-2ds/hp-2ds 130+ 1,8 2736 + 187 76 £ 2,3 0,40 £ 0,02 35,02+ 0,43 2,38 £ 0,04
2003—2006 rT.
B/B 121 £1,0 3648 £ 305 83t2,5 0,47 £ 0,02 19,10 = 0,28 1,08 £ 0,04
hp-24/hp-2ds 138 £ 1,7 1516 £ 145 95 £3,2 0,43 £ 0,02 32,29 + 0,40 0,59 £ 0,02
B/B//hp-24/hp-2ds 131 £ 1,4 2618 £ 198 86+2,9 0,37 £ 0,02 33,98 £ 0,43 2,42 £ 0,05
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HBIX B rTuOpuaHbIX KoMOnHanusax Dark Green X
x JIpyx0a, bapon x Dark Green, OyapoBaHue X
x Dark Green, mo3Bojiiia yCTAHOBUTh, YTO OHU
XapaKTepU3YIOTCS TTOBBILIEHHBIM COAEpPKaHUEM
B-KapoTrHa KaK B CPaBHEHUM C TEHOTUIIAMU /p-

2%/hp-2%, Tak u B/B. CpenHnii ypoBeHb -Kapo-
TUHA Y TAKMX TEHOTUIIOB 3a YETBIPE TOA UCCIIEN0-
BaHUT coctaBui 2,42 Mr % (Tabm. 1). BeisiBneno,
4YTO B JBOMHON romosurore B/B//hp-2%/hp-2%
COXpaHSIETCS MTOJIOXKUTEILHOE BIMSHIE reHa fip-2%

Ta6auua 2
Buoxumuyeckue addexTsl B3aumoneiicTsus reHos hp-24s u B (2005 r.)
AckopOuHOBast p-xapotun
Coprt, tubpuI, TUHUS Tenorum KHUCI0Ta
mr/%
[u6punnag komouHauus (Dark Green X JIpyxo6a)

Hpyx6a B/B 22,70 £ 0,35 1,21 £ 0,08
Dark Green hp-2ds/hp-2ds 33,35+ 0,42 0,55+ 0,03
Fi B+/B//hp-2ds+/hp-2ds 25,67 £0,31 0,76 + 0,04
Fs Ne 11622 B/B//hp-24/hp-2ds 32,21 £ 0,41 —
Fs Ne 11720 B/B//hp-2ds/hp-2ds 31,96 £ 0,19 2,81+ 0,10
FsNe 1171 B/B//hp-2ds/hp-2ds 41,87 £0,56 0,85+ 0,06
Fs Ne 1181 B/B//hp-2ds/hp-2ds 31,45 £ 0,36 1,80 = 0,09
Fs Ne 11912 B/B//hp-248/hp-2ds 30,76 £ 0,28 1,56 + 0,07
Fs Ne 120,/ B/B//hp-248/hp-2ds 35,88 + 0,37 1,52 £ 0,06
Fs Ne 1201/ B/B//hp-248/hp-2ds 37,02 + 0,42 0,93 + 0,04
Fs Ne 1214 B/B//hp-2ds/hp-2ds 31,91 £ 0,67 1,50 + 0,05
CpenHee B/B//hp-248/hp-2ds 34,13 £ 0,41 1,57 £ 0,07

u6punnas xomobuHanus (bapon X Dark Green)
bapon B/B 23,21 £ 0,25 1,36 £ 0,05
Dark Green hp-2d2/hp-2d 33,35 £0,42 0,55 £ 0,03
Fi B+/B//hp-2de+/hp-2de 26,42 £ 0,32 0,82 + 0,04
F4 Ne 27621 B/B//hp-24/hp- 2 36,74 £ 0,51 1,81 £ 0,07
F4 Ne 27751 B/B//hp-242/hp- 2 44,43 + 0,67 2,62 +0,12
F4 No 2784 B/B//hp-242/hp- 2 31,04 £ 0,23 1,92 £ 0,11
F4 Ne 2781 B/B//hp-242/hp- 2 44,86 + 0,61 2,60 £0,13
F4 No 278/4 B/B//hp-24/hp- 2 37,02 £ 0,43 1,19 £ 0,08
F4 Ne 27912 B/B//hp-242/hp- 2 40,72 £ 0,51 2,23 £ 0,09
F4 Ne 2801/1 B/B//hp-24/hp- 2 42,01 £ 0,39 2,62 £0,11
F4 Ne 28112 B/B//hp-24/hp- 2 38,45 + 0,32 1,41 £ 0,06
CpenHee B/B//hp-27/hp- 2 39,41 £ 0,46 2,05 £ 0,10

Iu6punnas komouHaus (OuapoBanue X Dark Green)

OuapoBaHue B/B 18,28 £ 0,19 0,61 £ 0,04
Dark Green hp-2ds/hp-2ds 33,35+ 0,42 0,55+ 0,03
Fi B+/B//hp-2ds+/hp- 25 19,27 £ 0,21 0,48 £ 0,03
F3 Ne 40611 B/B//hp-24s/hp-2ds 56,39 £ 0,81 0,84 + 0,06
F3 Ne 40651 B/B//hp-2ds/hp- 2 43,43 £ 0,46 1,95 £ 0,09
F3 Ne 424, B/B 16,38 £ 0,24 0,44 £ 0,02
CpenHee B/B//hp-24s/hp-2ds 49,91 + 0,39 1,40 + 0,08
Oo01ee cpenHee B/B 21,40 £ 0,26 1,06 + 0,05

hp-2ds/hp-2ds 33,35+ 0,42 0,55+ 0,03

B+/B//hp-2ds+/hp- 25 23,77 £ 0,28 0,69 £ 0,04

B/B//hp-2ds/hp- 2 41,15 £ 0,50 1,67 £ 0,08
JInmuTeL B/B 16,38—23,21 0,4—1,36

hp-2ds/hp-2ds — -

B/B//hp-2ds/hp- 2 30,76—56,39 0,84—2,81

34

ISSN 0564—3783. Llumonoeus u eenemura. 2008. Ne 5



| Dhpexmot mesxnceennozo e3aumodeiicmeus 2ena nogviutennol nuemenmavuu hp-29 (high pigment-2 dark green) |

Ha cofiepkaHne acCKOPOWHOBOI KUCIOTBHI M OTPHU-
LIaTeJIbHOE TI0 YPOBHIO TUTPYEMBIX KUCIIOT. CpemHuin
YPOBEHb aCKOPOMHOBOW KUCJIOTHI B IJI0AAX TMHUA
¢ TeHOTUTIOM cocTaBwi 33,97 Mr/%, 4To 3Ha4YU-
TEJIBHO TIpEeBHIIIaeT ypoBeHb (19,95 mr/ %) 00ObIU-
HBIX KPACHOITJIOAHBIX COPTOB, T.¢ HEe COIepKaIINX
TreHOB TOBBIIIEHHOW TMIrMeHTannu. Kucior-
HOCTb JUTOMO3UTOTHBIX TEHOTHUITOB ObLTa OoJee
BBIpAXEHA, YEM Yy TOMO3UIOT hp-2%/hp-2%. Tlo
COIEP>KaHUIO CYXOTO BEIIECTBAa U caXapoB HE BBI-
SIBJICHO PA3IMINil MEXIY aHAJTM3UPYeMbIMH T€HO-
TUTIAMH, TTO3TOMY YITOMSIHYTBbIe TIOKa3aTeld B
3TOM M MOCIEAYIONINX TaOIUIIaX He TTPUBOISTCS.

AHanu3upyemMble OMOXMMUYECKUE MOKa3aTean
VIMeJTN 3HAUYNTEIBbHYIO BapruadeTbHOCTh KaK I10 TO-
JIaM, TaK ¥ B TIpeneitax JUHUM OXHOTo TeHOTHIIA.
DTO CBUAETEIBCTBYET O TOM, YTO OMOCHMHTE3 KaXK-
JIOTO M3 TUX TPU3HAKOB MPEACTABISACT COOOI pe-
3yJIBTAT JIEUCTBUS CIIOXHOUN FEHETUYECKOM CUCTE-
MBI, CJIaTaloNINiics U3 B3aUMOIEUCTBYIOIINX B OH-
TOTeHE3e aJUTETbHBIX M HeallJIeTbHBIX TeHOB, KOTO-
pbIe TECHO CBSI3aHbI B pealM3alliy C OKPYyKaIoIIeit
Cpeioit, T.e. 9KoJIorMueckuMu akropamu. B maH-
HOM CJTy9ae SKCIepUMEHTATBLHO CO3MaHHasT ajlb-
TepHaTUBHAs (Ka4yeCTBEHHAsT) MOJIE]Tb TEHOB, ITpe/I-
CTaBJICHHAst JAUTOMO3UroToii B/B//hp-2%/hp-2%,
MpU3BaHa JINIIh MOAW(MUIIMPOBATL ITPOSBIICHME
TeX VI WHBIX OMOXUMWIECKUX TIOKa3aTelieii B OIT-
peleIeHHOM HarpaBIeHUN.

AHaIM3MPYys KoJeOaHUsT 3HAYSHUI TTPU3HAKOB
10 rOJaM, BBISIBMJIM, 4TO B ycinoBuax 2006 r. ce-
JIEKIIMOHHBIE JIMHUM C TeHOTUroM B/B//hp-2%/
hp-2% obecrieunin Gojiee BBHICOKOE CONEpPKAHME
B-xapoTuHa B cpenHeM Ha ypoBHe 2,38 mi/% 1o
cpaBHenmio 1,67 mr/% B 2005 1., MMesT, TAaKUM 00-
pa3oM, cpeaHee mpeBbilieHre B 42 % (tabi. 2 u
3). AHajloruuHasi TeHJeHIMsl HabJoaanach U 'y
TeHOTUTIOB B/B W hp-2%/hp-2% — ¢ mpeBBIIIIEHAEM
Ha 36 1 34 % COOTBETCTBEHHO. AHAIM3HUPYS Me-
Teoposiornueckue gaHHble 2006 I, BBISIBUIN, YTO
3TOT TOJl XapaKTepH30BaJCs 6oyiee MPOXTaTHBIM
BEreTallMOHHBIM TTEPUOIOM C CYMMOM aKTUBHBIX
temrieparyp 1830 °C u oOMIBLHBIM BbINAJACHUEM
0CaJIKOB B IEPUOJ MacCOBOTO CO3peBaHUsl ILIO-
noB. B 2005 . cymMMa aKTUBHBIX TeMmIiepaTyp Obl-
Jia cymiecTBeHHO Bbilie — 2050 °C. B nepuon Ha-
JIBa 1 CO3peBaHus TJI0J0B Habtonanuch dojee
BBICOKME THEBHBIC TeMIlepaTypbl. B aToM oTHO-
IIEHUW HaIlM JaHHBbIE COIIACYIOTCS C JaHHBIMU
BripogoBoii [17], koTopasi moka3aia, 4To B Kpac-
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HOIUTOAHBIX (hOpMax TOMaTa, CO3PEBIINX B IIPOX-
JnagHoe jgeto 1973 . (cymMMa aKTUBHBIX TeMIlepa-
Typ — 2266 °C), comepkaHWe JHUKOIMHA OBLIO
BBIIIIE, YeM B XXapkoe jeTo 1974 . (cymMMa akTuB-
HBIX TemItepatyp — 2490 °C).

YauteiBast TOT (PakT, YTO JTUKOTUH SBIISICTCS
TPEeNIIeCTBEHHUKOM B 1IeNu OnoreHesa [-kapo-
THHA C yJ4acTHEM TreHa B, BIIOJHE OYeBUIHA WX
TeCHasl 3aBUCHMOCTb. DTO TOJTHOCTBIO TTOATBEP-
KaaroT ucciaenoBanus Tomes [ 18], KOTOPbIit Bbisi-
BWI MHTMOMpOBaHUE OMOCUHTE3a [-KapoTHWHA B
IJ101aX pacTeHuid ¢ TeHoTurioM B/B mpu cospe-
BaHWU TUIOJOB B YCIOBUSIX ITOBBITIICHUS TEMITepa-
Typhl oT 23,5 1o 32,0 °C.

[MonoxwuTeabHbBIE 0OCOOEHHOCTA MEXTEHHOTO
B3aIMOJIEINCTBUSI TeHOB B 1 hp-2% B OTHOLIEHUN
TTOBBIIIIEHHOTO CoAepXaHusl [-KapoTWHA U ac-
KOPOWHOBOM KHCIIOTHI TTO3BOJISTIOT PEKOMEHIO-
BaTh IUTOMO3UTOTY B/B//hp-2%/hp-2% B KauecT-
BE aJIbTePHATUBHOMN TeHETUIECKOM CHCTEMBI JIJIsS
CEJIEKITMOHHBIX TTPOEKTOB IO CO3MaHUI0 HOBBIX
COPTOB M TMOPUIOB TOMAaTa C MOBBIIIIEHHBIM Ka-
YECTBOM TUIO/IOB.

Hawnboiee Boicokast 3¢ (peKTUBHOCTD JIJIsSI CO3-
JaHWS [EHHBIX CEeJIEKIIMOHHBIX (POPM BBISIBIICHA
y TuObpuHbIX KomOrMHauuii bapon x Dark Green
u OuapoBaHue x Dark Green. Ha ux ocHoBe co3-
IaHbl cenekionabie yuHUM Ne 206 /3 Fs (ba-
poH x Dark Green) ¢ conepxaHueMm f-KapoTuHa
4,33 Mr/%, ackop6buHOBOI KUCIOTHI 44,29 Mr/%,
u Ne 211 1/; F4 (OuapoBanue x Dark Green) —
4,79 u 36,44 mr/% cootBeTcTBeHHO (Tab. 3). [Tpu
3TOM BBISIBJIEHO, YTO MEXIY ColepkaHueM S-Ka-
pOTHHA B IUIOAAX UCXOAHBIX (hOopM U 3(PPeKTUB-
HOCTBIO OTOOpa, T.€. IPOSBIICHUEM ITIpU3HAKa y
CO3TAHHBIX CEJIEKIIMOHHBIX JIMHWI, TEeCHON 3aBHU-
CUMOCTH He CyIIecTByeT. Tak, B HAIlIMX MCCIIEH0-
BaHMSX HanboJIee BEICOKOKAPOTHHOBBIC IMHUU CO
CpeqHUM copiepxaHueMm f-kapotuHa 3,16 mMr/%
co3IaHbl Ha OCHOBe copTa O4apoBaHKe, KOTOPBIIA
XapaKTepHU30BaJICsI CAMBIM HU3KHMM €TO COIepKa-
Huem (0,93 Mr/%) mO CpaBHEHHIO C COpPTaAMU
Hpyx6a (1,81 mr/%) n bapon (1,41 mr/%) [19].
DTO BIOJIHE 3aKOHOMEPHBINM (DAKT, TTOCKOIBKY
OMoCHHTE3 [-KapoTWHA PperyupyeTcsl TeHaMu-
Moaupukaropamu tura Mopg

Ananu3 xapakrepa (opmoobpa3oBaHusT (Pe-
HOTHIIA TUTOMO3UTOTEI B/B//hp-2%/hp-2% moka-
3aJ1 BaXKHOCTb TOTO (DaKTa, 4To conepkaHue B-Ka-
pPOTHHA B €€ TJI0JaxX CYIIECTBEHHO ITPEBBIIIACT
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| A.B. Kyszémenckuil |
Tabnuua 3
Buoxumuyeckue sgdekTnl B3aumoeicTsus renos hp-24¢ u B (2006 r.)
sortmenst | cporan
Copr, THOpU, TUHWS Tenorun Kucnornocts, %
mr/%
Tubpunnas komouHanus (Dark Green X [Ipyxo0a)
Hpyxoa B/B 0,48 £ 0,01 21,98 £ 0,31 1,81 £ 0,03
Dark Green hp-2ds/hp-2ds 0,45 £ 0,01 30,87 £ 0,45 0,72 £ 0,02
Fe Ne 19512 B/B//hp-24/hp-2dg 0,47 £ 0,02 31,15+ 0,51 1,03 £ 0,02
Fes N 1961/n B/B//hp-24/hp-2dg 0,40 £ 0,01 30,86 + 0,37 1,42 £ 0,02
Cpennee B/B//hp-24/hp-2dg 0,44 £ 0,01 31,01 £ 0,44 1,23 £ 0,02
In6punnas komonHauus (bapon X Dark Green)

Bapon B/B 0,48 £ 0,02 16,41 + 0,24 1,41 £ 0,03
Dark Green hp-24s/hp-2de 0,45 £ 0,01 30,87 + 0,34 0,72 £ 0,02
Fs Ne 20312 B/B//hp-27/hp- 2 0,37 £ 0,01 46,63 + 0,55 1,31 £ 0,03
Fs Ne 20343 hp-2ds/hp-2ds 0,35 £ 0,01 44,88 + 0,61 0,95 £ 0,03
Fs Ne 2044/, B/B//hp-27/hp- 23 0,49 £ 0,02 33,79 £ 0,28 1,54 £ 0,04
Fs Ne 204/, B/B//hp-27/hp- 23 0,40 £ 0,02 25,04 £ 0,23 3,851 0,06
Fs Ne 20513 B/B//hp-27/hp- 23 0,40 £ 0,01 50,79 + 0,51 3,16 £ 0,04
Fs Ne 20553 B/B//hp-27/hp- 23 0,56 + 0,03 29,74 £ 0,32 2,45+ 0,05
Fs Ne 2057/ B/B//hp-27/hp- 23 0,40 £ 0,01 36,17 £ 0,38 2,36 £ 0,03
Fs Ne 20514 B/B//hp-27/hp- 23 0,46 + 0,02 38,73 £ 0,46 2,32+ 0,02
Fs Ne 20511 B/B//hp-27/hp- 23 0,40 £ 0,01 40,53 +£ 0,51 3,05+ 0,04
Fs Ne 20522 hp-2ds/hp-2ds 0,39 £ 0,01 39,57 £ 0,41 0,83 £ 0,02
Fs N 2062/n B/B//hp-27/hp- 23 0,40 £ 0,01 38,11 £ 0,43 3,20 £ 0,06
Fs Ne 206133 B/B//hp-27/hp- 2 0,36 = 0,01 44,29 £ 0,57 4,33 £ 0,06
Fs Ne 2063 hp-2ds/hp-2ds 0,37 £ 0,01 38,43 + 0,50 0,45 £ 0,01
Cpennee B/B//hp-24/hp-2dg 0,42 £ 0,02 38,38 + 0,37 2,76 £ 0,04

hp-2ds/hp-2ds 0,39 £ 0,01 38,44 £ 0,46 0,74 £ 0,02

Inopunnas komouHauus (Ogaposanue X Dark Green)

OuapoBaHue B/B 0,45 £ 0,01 17,10 £ 0,21 0,93 £0,03
Dark Green hp-248/hp-2dg 0,45+ 0,01 30,87 £ 0,36 0,72 £ 0,02
F4 Ne 20811 B/B//hp-29¢/hp-2dg 0,36 = 0,01 40,16 £ 0,53 3,32+ 0,05
F4 Ne 20912 B/B//hp-2ds/hp-2dg 0,33 £ 0,01 37,00 £ 0,61 2,33+0,04
Fa Ne 21111 B/B//hp-2¢/hp- 2 0,29 + 0,01 36,44 + 0,44 4,79 + 0,06
Fa Ne 213y B/B//hp-248/hp- 2% 0,39 + 0,01 29,02 £ 0,38 2,19 £0,03
Cpennee B/B//hp-2ds/hp-2ds 0,34 + 0,01 35,66 £ 0,49 3,16 £ 0,05
OG1ee cpenHee B/B 0,47 £ 0,01 18,50 £ 0,25 1,38 £0,03

hp-2ds/hp-2ds 0,43 + 0,01 33,39 £ 0,42 0,73 £0,02

B/B//hp-2ds/hp-2ds 0,40 £ 0,02 35,02 £ 0,43 2,38 £ 0,04
JInmuter B/B 0,45—0,48 16,41-21,98 0,93—-1,81

hp-2ds/hp-2ds 0,35-0,39 30,87—44,88 0,45-0,95

B/B//hp-2ds/hp-2ds 0,29-0,56 25,04-50,79 1,03-4,79

CyMMapHBIi1 3PPEKT MIPOCTHIX TOMO3UTOT B/B 1
hp-2%/hp-2%. Dro yKasbIBaeT Ha alTUTHUBHBIN
TUIT HeaJUIeJIbHOTO UX B3auMoaecTus (3¢ dekt
YCUJIEHUSI) ¢ TMposiBjieHUeM 3ddeKra CBepXdKCII-
peccuBHOCTU. Takue reHbl He SIBJISIIOTCS TTOJIUMeEp-
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HBIMU (MHOKECTBEHHBIMHU ), OHAKO, BO3IECHCTBYSI
Ha peHOTUIIMUYECKOE MPOSIBJIEHUE OJJHOTO U TOTO
>Ke MpU3HaKa (copepkaHue S-KapoThHa), OHU B3a-
UMOJEHCTBYIOT MOJUMEPHO, T.€. alIMTUBHO C
MposiBJieHueM 0oJiee BbIPaXXEHHOTO CYMMapHOIO
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| Dhpexmot mesxnceennozo e3aumodeiicmeus 2ena nogviutennol nuemenmavuu hp-29 (high pigment-2 dark green) |

addexTa. [eH B criocoOCTBYET MOBBIIIEHUIO YPOB-
Hs fB-KapoThHa B cpegHeM 1o ypoBHs 0,97 mr/%,
red hp-2% — 100,59 Mr/%, a ux QJUTOMO3UTOTa
B/B//hp-2%/hp-2% — 1o 2,42 mr/%, 4TO BBILLIE CyM-
MapHoro 3¢ dekra Ha 0,86 mr/%, wm 55 % (Tadu.
1). Ha ¢hoHe HE3HAUUTENLHOTO COAepXKaHUs f-Ka-
poruHa (0,12 mr/% [19]) B TUI0maX OOBIYHBIX Kpac-
HOIUTOIHBIX COPTOB TOMara, KOTOpBIe He colepKar
TeHbI, aKTMBU3UpYIOIUe OuoreHe3 [B-KapoTHHA,
pasuuia B 0,86 Mr/% sIBISIETCST JOCTATOYHO CYILIEC-
TBEHHOI W TIpe/IIiojiaraeT orpe/eleHHbIe IyTH 00-
pa3oBaHUsI, KOTOPBIE OYIyT PACCMOTPEHBI TaJiee.
DKcrepuMeHTaIlbHbIe TaHHBIE ITOKA3bIBAIOT,
YTO MHANBUIYaIbHBIC TIPEBBIIICHHS MEXIY ITOKa-

3aTeJISIMU TOMO3UTOT U JUTOMO3UTOT JOCTATOUHO
BapuaOesibHbI (Tabj. 2 u 3), U yCpeIHEHHbIN T10-
Kazaresb B 3TOM OTHOLLIEHUU BeCbMa YCJIOBEH Jlaxke
B IpeleaXx OJHOM KOMOMHALIMK CKpellvMBaHUsI.
OnHako OIHO3HAYHBIM SIBJSIETCS TOT (haKT, YTO
reHbl B v hp-2% nipy B3aMMOIENCTBUN aKTUBU3H -
PYIOT OMOCHHTE3 S-KapOTUHA U B 3TOM OTHOLIEHUU
MPEACTABISIIOT BaXKHBIM TMPAKTUYECKUI MHTEepec
JUIST CEJIEKIIM.

B npoliecce uzyuyeHusi MophoOHUOIOrMIeCKUX
rnoxasaresieil U MPOAYKTUBHOCTU CO3IaHHbBIX JIU-
HUI1 BBISIBIGHO, UTO AUTOMO3UTOTHBIE TEHOTUITbBI
B/B//hp-2%/hp-2% XapaKTepu3yIOTC MEHEE BhI-
pakeHHOI TeHeTUYeCKOU aernpeccueit, o0ycaoB-

Tabnuus 4

BuoxnMuyeckne noKasarejan 30reHHbIX JUHHIE ruopuaHoii komounanuu Fs (Bapon X Dark Green)

Cyxoe BelIeCTBO Caxap KucnorHocTs AckopOuHOBas B-xapoTuH
JInaus Ten rmerora
% Mr/%
20312 B, hp-2 4,23£0,05 3,18 £ 0,03 0,37 £ 0,01 46,63 £ 0,51 1,31£0,04
20313 hp-2dg 4,23+ 0,04 3,21+ 0,02 0,35 £ 0,01 44,88 + 0,46 0,95+0,02
20511 B, hp-2 4,23 £ 0,06 3,25+ 0,03 0,40 £ 0,02 40,53 £0,32 3,05£0,06
20522 hp-2dg 4,28 + 0,06 3,28 £ 0,04 0,39 + 0,01 39,57 £ 0,56 0,83%0,03
20613 B, hp-24 3,93£0,05 3,33 +£0,02 0,36 + 0,01 44,29 + 0,36 4,3340,06
2062/3 hp-2dg 4,08 + 0,06 3,44 + 0,04 0,38 £ 0,01 38,43 £ 0,28 0,4540,01
Cpennee g B, hp-24 4,13+0,05 3,25+ 0,03 0,38 + 0,01 43,82 £ 0,39 2,90 £ 0,05
Cpennee ajist hp-292 4,2010,05 3,31 £0,03 0,37 £0,01 40,96 + 0,43 0,74 £ 0,02
Tabnauua 5
BuoxumuyecKne mokasaTesm pa3IMIHbIX TeHOTUTIOB THOPHAHOI KomOuHamu F3
{[F5 (Dark Green x IIpyx6a) ( F4 [(Kunspkua X Liberator) X Ma 638]}
Cyxoe Caxap Kucrotrocrs |/ACKOPOMHOBA p-xapotuH
JluHust Ten BELECTBO Kuesora
% Mmr/%
32012 B/B//gs/gs 4,11+0,06 2,38+0,04 0,41+0,01 20,57+0,30 1,33+0,03
32013 B/B//gs/gs 481+0,07 3,52+0,04 0,34+0,01 28,11+0,41 1,18+0,03
3251 B+/B//gs/gs 481+£0,05 275+0,03 0,46%+0,02 23,18%0,19 0,60%0,02
37714 B/B//hp-242/hp-2%2//gs/gs 4,46 +0,06 295+0,03 0,38%+0,1 43,47+0,44 6,00%0,07
3775 B/B//hp-2d¢/hp-2ds//gs/gs 3,83+0,04 3,23+£0,02 0,38+£0,2 39,39+0,51 4,09 +£0,05
37823 B/B//hp-2d/hp-2ds//gs/gs 4,87+0,09 2,77+0,06 0,36 0,01 37,66%0,33 5,85%0,04
37713 B/B//hp-242/hp-2dg 4,03+0,06 3,28+0,03 0,28+0,01 37,03+0,45 3,48+0,04
3761/n hp-24¢/hp-248//g5/gs 487+0,05 2,75+0,04 0,50%+0,02 27,85+0,36 —
3761/3 hp-24¢/hp-248//g5/gs 487+0,07 2,75+0,02 0,32+0,01 24,72+0,31 2,58+0,03
CpenHee B/B//hp-242/hp-2%2//gs/gs 4,39+0,06 298+0,04 0,37+0,01 40,17+0,43 5,31+0,0
B/B//hp-24s/hp- 22 4,03+0,06 3,28+0,03 0,28+0,01 37,03+0,45 3,48+0,05
B/B//gs/gs 4,46 £ 0,07 2,95+0,04 0,38+0,01 24,34+0,36 1,26 +0,03
hp-24s/hp- 248/ /g5/gs 487+0,06 2,75+0,03 0,41+0,01 26,28+0,34 2,58+0,03
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3000 20|

203'/,B, 203'/, 205'/,B, 205°/, 206'/,B, 2067/,
hp-2%  hp-2% hp-2%  hp-2%  pp-2%  hp-2%
Puc. 1. YpoBeHb MPOIYKTUBHOCTU U30T€HHBIX JTUHUI (110
BEepTUKAaJIH, T/pacTeHue)

Puc. 2. Ceneximonnast muaust Ne 533-05 F4 (bapon x Dark
Green) (B, hp-2%)

Puc. 3. Ceneximmonnast muaust Ne 277-05 F4 (bapon x Dark
Green) (B, hp-2d)

JIEHHOW TIPUCYTCTBUEM TeHa Ap-2%, 110 CpaBHEHMIO
C €r0 TIPOCTBEIMU roMosuroramu (hp-2%/hp-2%).
DTO ¢cnocoOCTBOBAIO TOBBIIIEHUIO YPOBHS MPO-
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Puc. 4. OpaHxeBO-KpacHasi MSIKOTb TUI0/IA CETIEKIIMOHHON
smnun Ne 279-05 Fy (Bapon x Dark Green) (B, hp-2%)

Puc. 5. KpacHo-opaHxeBast MSIKOTb Iiofa JuHun Ne 377-
1/1 06 F3 {[F3 (Dark Green x Ipyx6a) x F4 [(Kuspkuy X Li-
berator) X Mn-638]} (B, hp-2%, gs, u)

JOYKTUBHOCTHM TaKMUX PACTEHMIT U UX CKOPOCIIEIOC-
TH (TTPOJAOIKUTETbHOCTh BereTallMOHHOIO Mepuo-
Jla OT MacCOBBIX BCXOJIOB IO Hauaja co3peBaHusl)
(tabn. 1). DddekT ocnabiaeHuss AeNpPecCUBHOIO
BJIMSIHUS TeHa hp-2% MPUCYTCTBUEM TeHa B ABIsI-
€TCs1 TOCTATOUHO BECKUM (haKTOM, TTOATBEPKAAKO-
IIMM BO3MOXHOCTb 3(h(PeKTUBHOIO MCMOJIb30Ba-
HUSI TEHOB TIOBBIIIIEHHON MUTMEHTALIMM TUTOIA B
CO3JaHNU BBICOKOKAPOTUHOBBIX (hOpM TOMaTa.
Bo3MoHO BbIsIBIIEHHAsI 0COOEHHOCTh UMEET CBSI3b
U ¢ apdexTom Gosiee OBICTPOro COpaKUBaHUSI ce-
MSIH B MyJIbII€ OPaHKEBOIUIOAHBIX (C TeHOM B) cop-
toB. Tak, B mucciemoBanusx Cwmarmmii u ap. [20]
BBISIBJICHO, YTO TpU COpaKMBAaHUM CEMEHA OpaH-
JKEBOILJIOJHBIX COPTOB TOMaTa HaYMHAIOT Mpopac-
TaTh yXe uepe3 8 4, TOorma Kak y KpacHOIUIOAHBIX
(hopM npopacTaHue HaAUMHAETCS JUIIb Yepes 25 U.
B oboux ciyyasix UMeeT MeCTO CXOOHBIN 3hdeKT
(bepMEeHTATUBHOM CTUMYJISILIMKA POCTOBBIX ITPOIIEC-
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| Dhpexmot mesxnceennozo e3aumodeiicmeus 2ena nogviutennol nuemenmavuu hp-29 (high pigment-2 dark green) |

COB, TIPUPO/IA KOTOPOTO HE pacKphITa, OMHAKO OJI-
HO3HAYHO CBsI3aHa C AKCITpeccreli TeHa B.

B mporrecce ceneKIMoHHOM paboThI Cpeau Te-
HETUYIeCKHN BBIPAaBHEHHBIX (TOMO3UTOTHBIX) CelleK-
IIMOHHBIX TMHUM Fs—F¢ pa3TMaHBIX TeHOTHUTIOB Ha-
MM HEOTHOKPATHO OBLIM BBIIEIEHBI SMUMHIYHEIC
M30TeHHBIC PACTEHMS, XapaKTepU3YIOIIHUecs pas-
JIMYMEM TI0 KAKOMY-JIM00 MOHOTeHHOMY (D (heKTY,
C TIOJTHOCTBIO MACHTHYHBIM TIPOSIBIICHUEM KOMIT-
JIleKca Ipyrux MOphOoOHOIOTMIeCKIX ITOKa3aTelIei.
Tak, cpenn rudpunos Fs (bapon x Dark Green) y
TpeX pa3INYHbIX JIMHUI C reHoturnoM B/B//hp-
2% /hp-2% BpIaeeHbl eAMHUYHBIE pACTEHUS C Kpac-
HbIMM TUIOAaMHU, T.e. 0e3 reHa B. buoxumuueckasi
OIIeHKA BBIIEJICHHBIX M30TCHHBIX JIMHUIA TIOATBEP-
WA WX BBICOKYIO BBIPAaBHEHHOCTBH ITO COmepsKa-
HMIO CyXOTO BEIeCTBa, CaXapoB, TUTPYEMBIX KHC-
JIOT, aCKOPOMHOBOI KHMCIIOTHI, Ha KOTOpbIe TeH B
He oKa3bIBaeT BausiHUs (Tad. 4). [To conepxxaHuto
B-KapoTuHa JIVMHWK ¢ TeHOTUIIoM B/B//hp-2%/hp-
2% yiMeny MpeBBILIEHNE B cpeaHeM Ha 392 %, npu
5TOM BKJIaj TeHa hp-2% cocrasisan 75 %.

Y M30TeHHBIX JIMHUM 60JTee BHICOKYIO TTPOIYK-
TUBHOCTb MMEJIU pacTeHUsI ¢ reHoTuriom B/B//
hp-2%/hp-2% (puc. 1), 4TO CBUIETEILCTBYET O GoOJIEE
CTaOMIIBHOM YpPOBHE WX MOITHOCTH U XXW3HECTIO-
COOHOCTH. DTO TTOATBEPKIACT PaHee BBISIBICHHBIN
daxT MeHee BBIPAKEHHOTO NIEIPECCUBHOTO BO3-
NENCTBUA TeHa Ap-2% B IPUCYTCTBUU TeHa B.

HemnpenckasyeMo BBICOKHIT YPOBEHD [-KapOTH-
Ha BBISIBJIEH Y celeKIMOoHHBIX hopM Fs {[F3 (Dark
Green x [pyxo6a) (Fs [(Kusoxma X Liberator) x
Mn-638]}, conepsxamux Tpuromo3urory B/B//hp-
2dz/hp-24s//gs/gs. HecMOTpsT Ha YCTAaHOBJIEHHYIO B
HammMx wucciaegoBaHusax [13] OmoxmMuYecKyio
«ITaCCUBHOCTB» TeHA g5 OTHOCUTEIIEHO M3ydaeMBbIX
OMOXMMHUYECKNX KOMITOHEHTOB, B KOMOMHAIIUU
¢ TeHaMH B 1 dg OH TIPOSBIIAET 3KCIPECCUBHOCTD
Ha aKTMBU3allMi0 OMocuHTe3a B-KapoTuHa. Tpoii-
Has TOMO3WTOTa BBHIIBMJIA HamOoJiee BBICOKMUIA
ypoBeHb (-KapoTtuHa 5,31 Mr/% Kaxk TIo cpaBHe-
HUIO ¢ TUTOMO3UTOTOM dg/dg//gs/gs — 2,58 mr/%,
TaK u ¢ B/B//hp-24s/hp-24 — 3,48 mr/% (Tadam. 5).

buoxumuueckue 3¢p@GEKTbl IUTOMO3UTOTHI
B/B//gs/gs ruopunHoii nonyasunun Fs {Fs [(KHsi-
sxumg X Liberator) x Mn-638] x CLN 2070B} oka3za-
JCch MeHee (P DEeKTUBHBIMU, YeM TUTOMO3UTOTHI
hp-2%/hp-2%//gs/gs (Taba. 5). DTO CBUIETEIHCT-
BYeT O TOM, YTO OCHOBHOM 3(P(EKT CyIIecTBeH-
HOTO YBEJIMYEHUS COMEPKaHUsT S-KapoTHHA BILIO-
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JIaxX TPUTOMOSUTOTEL B/B//hp-2%/hp-2%//gs/gs obecrie-
YMBaeT He B3aMOIEVICTBIE TeHOB B 11 gs, a hip-2% u gs.
JaHHOoe TIpEAITOTOKEeHNEe TTONTBEPKICHO M BHICOKMM
(2,58 Mr/%) comepkaHneM [-KapoTWHA B IUIONAX M-
TOMOBUTOTEI /ip-2%/hp-2%//as/gs.

BusyanbHO peKOMOWHAHTHBIE TEHOTHUIIBI
B/B//hp-2%/hp-2ds OTANYATNCH OT OOBIYHBIX BbI-
COKOKApOTUHOBBIX (DOpM ¢ reHoTuriom B/B 06o-
Jiee HACBIIIEHHOW OPaHXEBOW OKpacKoW Iuioaa
(puc. 2—4). Tenorunsl B/B//hp-2%/hp-2% 6e3 Ha-
JIMYUS TeHA U XapaKTepU30BAINCh MPOSBICHUEM
TEMHO-KOPWYHEBATOTO TISITHA BO3JIEe TIIOJOHOX-
K4 (puc. 2), 4TO OOYCJIOBJIEHO MPOSIBJIEHUEM T10-
BBIIIIEHHOTO COJCPKAHMUS XJIOpoduiia W aHTO-
uana. [TpucyTcTBUe reHa gs y TpuroMo3urot B/
B//hp-2%/hp-2%//gs/gs 06HAPYKUBAIOCH TIO CJIa-
OBIM 30JIOTHCTBIM ITOJIOCAM Ha STMHUACPMICE TUTOa
(puc. 5). Tenorunst B/B//hp-2%/hp-2%// gs/gs 60-
Jlee YeTKO MACHTU(HUITUPYIOTCS B (dDa3e MOJIOUHOM
CITEJIOCTH TIIOMOB, TIPH 3TOM OHU XapaKTepru30Ba-
JIACH OoJice BRIPAXKEHHBIM KPACHBIM OTTEHKOM.

BoiBoapl. [1pu B3aumoneiictBuu reHoB B u hp-
2% B TUTOMO3WUTOTE ComepKaHne S-KapoTHHA CY-
IIECTBEHHO TTPEBBIIIACT CYMMapPHBIN 3(h(EKT ITHX
TeHOB, YTO YKa3bIBaeT Ha alIUTUBHBIN TUTI Heall-
JIeTBHOTO B3aMMOIEUCTBUS C TIPOSIBICHUEM CBEPX-
SKCIPEeCCUBHOCTU. [IpM 3TOM B IUTOMO3WUTOTE
yIAeTCsT COUeTaTh MOBBIIIEHHOE COep KaHMs 3-Ka-
poTtuHa (Ha ypoBHe 2,42 MT %) 1 acCKOpOMHOBOI
KUcaoTH (33,97 Mr/%), 9TO TIO3BOJISIET pEKOMEH-
TOBaTh €€ B KaUeCTBE aJIbTEPHATUBHOI TeHeTHIeC-
KO CHCTEMBI IUIST TIPAaKTUIECKOTO WMCITOIh30Ba-
HUS B CENIEKIIMOHHBIX TTPOEKTaX, HallpaBIeHHBIX
Ha cO3IaHue COPTOB/THOPUIOB C BEICOKMMU JTHC-
THICCKUMU ¥ Je9eOHO-TTPOMMIaKTUIECKUMU
CBOMCTBaMU.

A.V. Kuzemenskyi

EFFECTS OF INTERGENIC INTERACTION

OF THE HIGH PIGMENTATION hp-24s (HIGH

PIGMENT-2 DARK GREEN) WITH THE GENE
B (BETA-CAROTENE) IN TOMATO

It was shown that during intergenic interaction of genes
hp-24s and B in dihomozygote an additive factor is formed
activating biogenesis of f3-carotene in tomato fruits. In the
genotype B/B//hp-2¢/hp-24 there is preserved the positive
effects of the gene Ap-24¢ on the content of ascorbic acid
and the negative one on the content of titrated acids. With
this stabilization of the gene Ap-2d genetic depression is
observed, which is manifested in the increased productivi-
ty of B/B//hp-2ds/hp-2ds-genotypes.
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A.B. Kyszémenckuii u

O.B. Ky3vomencokuii

E®EKTU MIXTEHHOI B3AEMO/I1i TEHA
MIABULIEHOI MITMEHTALIT hp-24 (HIGH
PIGMENT-2 DARK GREEN) 3 TEHOM
B (BETA-CAROTENE) Y TOMATA

[TokazaHo, 1110 MpU MiXTeHHill B3aEMOii TeHiB Ap-24s

i B y nuromo3urori (GopMyeTbcsl agUTUBHUI (hakTop,
SIKMIA aKTUBi3ye GioreHe3 B-KapoTHUHY B TUI0JaX TomMara. Y
reHotuny B/B//hp-24s/hp-2ds 30epira€Tbcsl MO3UTUBHUI
BIUIMB TeHa hp-29 Ha BMICT acKOpOiHOBOI KMCJIOTH i
HeraTMBHUI BIUIMB Ha BMICT KHUCJIOT, IIIO TUTPYIOTHCS.
IIpu LbOMY criocTepira€Tbcsi  cTadijizalisi TeHEeTUYHOL
nernpecii reHa Ap-24s, 1m0 MPOSIBJASETbCS y MiABUILEHHI
NpOoAYKTUBHOCTI B/B//hp-248/hp-24s-re HOTUTTiB.
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FTEHETUMECKWUE OCOBEHHOCTU
YCTOMN4YMBOMN K KOPHEBOW NYBKE
COCHbl OBbIKHOBEHHOW
B UCKYCCTBEHHbIX HACAXAEHUAX
CTENHOW 30Hbl YKPAWHbI

IIposeden cpasrnumenvblii AHAAU3 ANN03UMHOO 8APLU-
posanus no 18 aokycam mpex cmennvix RPUPOOHbIX NONYAS-
yuti Pinus sylvestris L. u évibopxu 36 ycmotiuusvix oepegves
U3 UCKYCCMBEHHbIX HACANCOCHUL 8 04A2ax NOPAjCeHUsl Kop-
Hesoli eyokoil (Heterobasidion annosum (Fr.) Bref.). Ycmoii-
yugble depesobsi XapaKmepusyomes HaumeHvuiei 00aetl noau-
MOPHBIX ANN03UMHBIX NOKYCO8, MEHbUIUM KOAUHECTNEOM
anneneil U eeHOMUNO8, a MaKice OAU3KUM K CDeOHenonyas-
YUOHHOMY YPOBHEeM HA0A00aeMoil U 0acudaemoll eemeposi-
eomuocmu. Ilo cocmagy u wacmomam MyabmMuAOKYCHbIX 2e-
nomunog (Dia-1, Lap-1, Acp), enocawux naubosvuiuil
6KAA0 8 NOOPA30eNeHHOCIYb UCCAeOYeMbIX OPe8OCMOes, 6bl-
OopKa ycmoiiuusbix 0epeaves 3aMemHo OMAUYANaAch Om npu-
DPOOHBIX NONYAAYUIL.

© WU.1. KOPIIMKOB, A.E. ITEMKOBH1Y, 2008
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Beenenue. MckyccTBeHHbIE HacaxKI€HUsI COCHbI
00bIKHOBEeHHOM (Pinus sylvestris 1..) yacTo mopaxa-
I0TCSI KOpHEBOi1 TyoKkoii (Heterobasidion annosum
(Fr.) Bref.), ocoOeHHO B CTEITHOI U JIECOCTEITHOM
30HaX YKpauHbl. B TOKaJIbHBIX o4arax pa3BUTHSI
9TOro TaToreHa HabJiojaeTcss MaccoBasi rmOenb
pacTeHUit, XOTs OTAebHbIE 0COOU BbIKMBAIOT. ITO
MOXHO OOBSICHUTb TEM, UTO PACTEHUSI B MOMYJIS-
LIUSIX Y HaCaXKIEHUSIX o0aaloT pa3iMuyHoOM cTe-
MEeHbI0O UMMYHUTETA. DTU TOJIEPAHTHbIE WHIUBU-
JNIyYMbl LI€HHbI KaK [Ji BbISICHEHUSI T€HETUKU
WUMMYHUTETa, TaK W JUISl CEeJIeKIIMM Ha YyCTONYM-
BOCTb K MartoreHHbIM (akropam. CruenyeT oTMme-
TUTb, YTO TEHETUUYECKHE aCMEeKTbl UMMYHUTETA U
MEXaHM3MbI TOAJIEPXKAHUS YCTOMUMBOCTHU JIECHBIX
9KOCUCTEM OCTAlOTCSl HEOCTATOYHO pa3paboTaH-
HbIMU, HECMOTPSI Ha JUTUTEIbHYIO UCTOPUIO U3Yyue-
HUSI MEXaHU3MOB IaTOTeHe3a JAPEBECHbIX pacTe-
Huii. B psne nyOauvKaiiuii mokaszaHa orpeje/eHHast
B3aMMOCBSI3b MEXIYy a/UIO3UMHBIM TOJIMMOPGhU3-
MOM M YCTOMUYMBOCTBIO PAacTeHUI K OO0JIE3HSIM U
Bpenutessim [ 1—3].

KopHeBas ryoka, nopaxas pacrenus P. sylves-
tris, JEMCTBYET KaK OYEHb XKECTKUI (paKTOp eCTeCT-
BEHHOTO O0TOOpa HauboJiee YCTOMUMUBBIX T€HOTU-
noB. JI1060ii 0TOOP OOBIYHO MPUBOIUT K CHIKE-
HUIO YPOBHSI T'€HETUUYECKOTO pa3HOooOpasusl B
MPUPOJHBIX UM UCKYCCTBEHHBIX PYIIUPOBKAX
pactenuii [4]. C monmyassLMOHHO-T€HETUYECKUX
MO3ULIMI MHTEPECHBIM MPEICTABISETCS BbISICHE-
HUe OCOOEHHOCTEel TeHETUUYECKOU CTPYKTYpbl
pacteHuil P. sylvestris, BBLKMUBIINUX B oYarax ropa-
JKeHUSI 9TUM TlaToreHoMm. BaXHO yCTaHOBUTD,
COXpaHSIeTCS JIM Y 9TOM COBOKYITHOCTU YCTOMYM-
BbIX JIEPEBbEB YPOBEHb MOJIUMOpP(dU3Ma, CBOUCT-
BEHHBII NPUPOIHBIM MOMYJISLMSAM, UJIU OH CMe-
11aeTcsl B KaKy-TO OIpPeAeJeHHYIO CTOPOHY.

Ilenb Hallieit pabOThl — CpaBHEHUE TeHETUYEC-
KOM CTPYKTYPhI BHIOOPKM YCTOMYMBBIX K KOPHEBOI
ryoke nepeBbeB P. sylvestris ©3 ouara TopakeHUsI
C BbIOOpKAMM PAaCTEHUI U3 TMIPUPOIHBIX MOMYJISI-
LU ATOTO BU/IA MO BApbUPOBAHUIO aJJIO3UMOB.

MarepuaJisl  MeTOAbI. 3TOPOBBIE IIIUIITKY € 36
YCTOMYMBBIX K KOPHEBOI ryoke nepesbeB P. sylves-
tris ObLTM cOOpaHbl HAMU B o4yarax MmopaxeHus B
KBapTajlax MICKYCCTBEHHBIX COCHOBBIX JiecoB Kpac-
HOJIMMAHCKOTO rocjecxo3a Ha ceBepe [loHeukoi
obmacti. COOpHI MIUIIEK TPOBOAWIN B 26-M 1
60-M kBapTanax SmMmonasckoro 1 TopcKoro JecHM-
YECTB COOTBETCTBEHHO. B cpaBHUTENbHBIX HCCIIe-
JIOBaHUSIX OBbLIM 3a/l1€MCTBOBAHbI €1lle TPU CTell-
Hble TpUPOJHBbIE Tonyiasuuu P. sylvestris, He
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Tabnuua 1

AJieNIbHAS reTeporeHHOCTh NpUpPoaHbIX nomyasuuii (B, T,

UX) u Boi0opku ycroituusbix (V) K Heterobasidion annosum
JlepeBbeB UCKYCCTBEHHDbIX HAcaxneHuil Pinus sylvestris

Jlokyce, annenb B-I'-1UX V-B-T'-1UX
Lap-1
0.95 n.s. 11,69 (3) **
0.97 n.s. n.s.
1.00 n.s. n.s.
1.05 — n.s.
7151 mokyca n.s 18,82 (9) *
Dia-1
1.00 n.s. n.s.
0.85 7,82 (2) * 10,59 (3) *
0.90 n.s. n.s.
1.00 n.s. n.s.
1.15 12,99 (2) ** 20,03 (3) ***
Jlns nokyca 24,64 (8) ** 35,71 (12) ***
Dia-2
0.90 n.s. n.s.
1.00 7,28 (2) * 9,04 (3) *
1.10 n.s. 10,39 (3) *
Jtst okyca n.s. 12,84 (6) *
Dia-4
0.89 n.s. n.s.
1.00 n.s. 8,09 (3) *
1.10 6,54 (2) * 11,73 (3) **
Jist ToKyca 10,44 (4) * 15,92 (6) *
Acp
0.94 n.s. 8,62 (3) *
0.97 n.s. n.s.
1.00 8,89 (2) * 9,98 (3) *
1.02 32,50 (2) *** 52,13 (3) ***
715t mokyca 40,04 (6) *** 60,45 (9) ***

TTpumeuanue. 3aech 1 BTa0I. 2 B CKOOKAxX yKazaHbI yMcia
creneHei cBooobl. Paznuuus noctosepHsl npu: * P < 0,05,
¥ P < 0,01, ** P < 0,001, n.s. — pa3auuyus Hecy-
LIECTBEHHBI.

MOpaXkeHHbIE KOPHEBOM I'yOKOIi: OIHA Ha TEppHU-
topuu M3romckoro jecHudecTBa B XapbKOBCKOM
obnactu (MX 46 nepesBneB) u nBe B JIyraHckKoii
obnactu B paiioHe CeepomoHenka (B —54 u I' —
25 nepeBbEB).

s onpeneneHusi reHOTUIIA MATEPUHCKOTO Je-
peBa B 2J1eKTpohOpeTUIECKOM aHaIM3€e UCTIOb30-
Bam 7—8 ceMsiH. DnekTpodope3 hepMEHTOB, IKC-
TparvpyembIX M3 dHIOCIEpMa KaXI0ro CEeMEHHU,
MPOBOAWJIM B BEPTUKAJIbHBIX TUIACTUHKAX 7,5%-
HOTO IMOJIMaKpUJIaMHUIHOTO redis [5]. YenoBus ak-
CTpaKLMHU, 1eKTPOPOPETUUECKOTO pa3ieeHus u
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TUCTOXMMHWYECKOTO OKpalluBaHMUS (hepMEHTOB,
WIeHTUDUKALNS ajjieiell W WX HOMEHKJIaTypa
MoApOOHO oImMcaHbl HaMM paHee [6]. B uccieno-
BaHUM OBUIM 3aleiiCTBOBaHBI BOCeMb (DepMEHT-
HBIX cucTeM: riyTaMmataeruaporeHasza (GDH,
K.®. 1.4.1.2), rnyramatokcajoalerarTpaHCcaMu-
Haza (GOT, K.d. 2.6.1.1), ankoronabaeruaporeHa-
3a (ADH, K.®. 1.1.1.1), nmadopaza (DIA, K.O.
1.6.4.3), cymepokcugaucmyrtaza (SOD, K.D.
1.15.1.1), xucnast dpocdarasza (ACP, K.dD. 3.1.3.2),
nevimmHamMuHonentuaaza (LAP, K.d. 3.4.11.1)
u ManataeruaporeHaza (MDH, K.®. 1.1.1.37).
Hns onpenefeHus: BHYTPUITONYISILMOHHOMN auc-
(bepeHIIMAIINY TIPUMEHSITN TPaTULIMOHHEIE TTOITY-
JISILIMOHHO-TeHeTUYeCKue TTokas3arenu [7, 8]. Aj-
JIETBHYI0 W TEHOTUIIMYECKYIO0 TeTepOreHHOCTh
oleHUBaIU € nomolbto x2-tecta [9]. [lpu cra-
TUCTUYECKON 00paboTKe 3JeKTpodopeTuIecKux
JAHHBIX WCITOJIb30BaIN TaKeT KOMIThIOTEPHBIX
rporpamm BIOSYS-1 [10], GenAIEX 6 [11].

PesynbraTel MccienoBaHHii W MX 00CYXKIEHHE.
B 06beamHeHHOM BIOOpKE U3 161 uccaexyeMoro
pacTeHus BBISIBJIEHO 54 ajulebHBIX BapuaHTa 18
AHAJTM3UPYEMBIX JIOKYCOB. Y 36 YyCTOMYMBBIX Iie-
peBbEB YCTaHOBJICHO 37 ajUlesieil, 9YTO COCTaBHIIO
68,5 % nx yucia, U TOJBKO OIVH ajijieiab — Lap!0s
BCTpEYaJICs UCKITIOUUTETLHO B 3TOM BbIOOpKE. J1JTst
BCEX MCCJIEAYeMBbIX pacTeHMII ontrucaHo 70 TeHOTH-
TIOB, a JUTsI BEIOOPKM yeToMunBbIX — 40, v 57,1 %,
M3 HUX 3 TCHOTWITA BCTPEYAJMCh TOJBKO B 3TOMU
BbIOOpPKeE pacTeHnii. Habionaemoe cooTHollIeHHE
TeHOTUIIOB B BEIOOPKE YCTOMYMBBIX JEPEBHEB TIO
oxHoMy u3 JiokycoB (Mdh-3) cyiiecTBeHHO OTIn-
4aJioch OT OXXMJAEMOTO paBHOBecUs1 Xapau-BaiiH-
Oepra. Y aHaIM3UPYeMbIX PACTEHUU MPUPOIHBIX
TTONYJISILIMIA JIOKYCOB C JIOCTOBEPHBIMU OTKJIIOHEHW -
SIMU B pacIipelieJIeHU TeHOTHUIIOB OBUIO TIO TPH,
TIpUYeM He BCerla OHM OBLTM OMHUMU W TEMHU 3Ke
B pa3HBIX TOMYJISLIMIX.

Yactotsl npeobanatoiiero amiens (1.00) mo
BCEeM MOJMMOPMOHBIM JIOKYcaM BO BCEX MCCITEye-
MbIX BbIOOpKax pacteHuii ObutM Bhilie 0,500. B
Tpex nonynsitusx P. sylvestris cCTaTUCTUUECKU J10-
CTOBEPHBIC PAa3IMUMs B YaCTOTaX ajuIesIeil 1Mo y2-
KPUTEPUIO YCTAHOBJIEHBI B LIEJIOM JUIST TPEX JIOKY-
coB — Dia-1, Dia-4 u Acp (ta6xa. 1). 3Haunmas
reTepOreHHOCTh OblJla CBOMCTBEHHA TISITU aJjlie-
JISTM YITOMSTHYTBIX JIOKYCOB, a TaKXKe eIlle OTHOMY
ayemo jJokyca Dia-2. M3 stux mectu amieneit
JBa ObL1M TpefoMuHaHTHBIMU (1.00). Mexxny Bbl-
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OOpKOI yCTOMUYMBBIX JIEPEBHEB U MPUPOIHBIMU
nonyasiuusiMu P, sylvestris orMeueHa OoJiee Cy-
1IeCTBEHHAsi HEOJJHOPOJIHOCTb B aJJIEJIbHBIX Yac-
totax. OHa ObL1a BbISBIEHA B LIEJOM ISl MSATU
nokycoB — Lap-1, Dia-2 u Dia-1, Dia-4 u Acp.
Bcero aneneit, mo yactoram KOTOPbIX B 9TOM Ba-
pUaHTe CpaBHEHMUS YCTAaHOBJIEHA 3HAUMMasl reTe-
POT€HHOCTb, ObLIIO AECATh, U3 KOTOPBIX TPU ObLIU
MpeIOMUHAHTHBIMMU.

CylecTBEHHbIE pa3iMums B 4aCTOTax TeHOTU -
OB MPU CPaBHEHWU TOJIbKO MPUPOIHbBIX TTOITYJISI -
L1l 1 UX C BIOOPKOM YCTOMYMBHIX JIE€PEBHEB B
11eJIOM YCTaHOBJIeHA JIsl TIATU JJoKycoB — Got-2,
Dia-1, Dia-4, Adh-1 u Acp (ta6m. 2). IlpuponHrie
MOMNyJSIMU 3HAUMMO pasnJyairch B yactorax 14
TeHOTUIIOB, a MPU CPAaBHEHUU C BBIOOPKOU yCTOM -
YUBBIX JEPEBbEB — I10 3TUM Xe 14 reHOTuIam u
ellle YeTbipeM, TPU U3 KOTOPBIX OTHOCSTCS K JIO-
kycy Dia-4 un oguH K 10Kycy Acp.

Bri6opKa ycTOMYUBBIX IEPEBbEB XapaKTepU3yeT-
Csl HAMMEHBILIUM KOJIMYECTBOM aljiejielt U TeHOTH -
OB B pacueTe Ha OJIMH JIOKYC U HAaUMEHbIIEN /10-
Jiell ToJuMOp(HBIX JOKYCOB IO CpPaBHEHHUIO C
IPUPOAHBIMU IOy IsIusIMU (Tad. 3). ITo ypoBHIO
HabJo1aeMOi TeTepO3UTOTHOCTU 3HAYMMBIX OT-
JIMYUA MEXTY U3ydaeMbIMU JAPEBOCTOSIMU HE BbI-
SIBJIEHO, XOTSI HAaMMEHbII1asl OXuaaeMasi reTepo3u-
TOTHOCTb ObLIa OTMEUYEHAa B BEIOOPKE YCTOMUYMBBIX
nepeBbeB (Hg = 0,201). Uunexc doukcauuu Paiita
¥ K03(pDuimeHT UHOPUAMHTA 0COON OTHOCUTEIIb-
HO TonyJIsiLiMK (BbIOOPKM) YKa3bIBaeT Ha TO, YTO
IUJISE TPYMIIbl YCTOMYMBBIX J1€PEeBbEB CBOMCTBEH
6ol U36bITOK Trerepo3uror (Fis = —0,066),
yeM B ueoM i nomysiuuii (Fis = —0,004).

I1o renetnueckoit nudpdepeHIaLNM, CoTac-
HO 3HAYeHMSIM TeHeTuyeckKoil aucrtaHuuu Heu
(Dn) [8], BeIOOpKA YCTOMYMBBIX OEPEBLEB COOT-
BETCTBOBaJIa YPOBHIO MOMYJISALIMOHHOK. Tak, s
TpeX MCCJIEJOBAHHBIX MOMYJSIUUN 3HAYUeHUs D
cocrasisun 0,006—0,015, a m1sg BEIOOPKU yCTOM -
YMBBIX AepeBbeB U norryasuuii — 0,008—0,012.

C MOMOILIbIO pacUeTHBIX 3HAUEHUI Koa(huiim-
€HTa MHOpUIMHTA MOMYJISILIMU OTHOCUTEIbHO BCe-
ro Buna (Fsr), a Takske 1011 MeXKIOMy/ISILIMOHHOTO
pasHooOpa3us (Gsr) ObLT TIPpOBeIeH aHAJIM3 TOMI-
pa3feeHHOCTH MOMYJISILMI 1 BBIOOPKU yCTOMYU-
BBIX JepeBbeB (Taoi. 4). CommacHO cpemHUM 3Hade-
HusM Fst u Gst Ha MeXIOMNy/IsILIMOHHOE TeHETH -
YecKoe pazHooOpas3ue, a TakXke Mojipa3ie/eHHOCTh
€CTEeCTBEHHbIX TMOIMYJISIMIA U BBIOOPKU YCTOMUMBBIX
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Tabnuua 2

TeHoTMNMYeCKast reTepOreHHOCTb MPUPOTHBIX
nonyasiii (B, T, UX) n Be160opKH ycToitunBbIX (YY)
K Heterobasidion annosum nepeBbeB HCKYCCTBEHHBIX
Hacaxnaenmii Pinus sylvestris

Jlokyc, amenb B-I'-UX V-B-I'-UX
Got-20010 n.s. n.s.
Got-200112 12,3 (2) ** 16,63 (3) ***
Got-2"01 7,38 (2) * 8,87.(3) *
Got-2"0112 n.s. n.s.
Got-2"1!12 n.s. n.s.
Got-2"2/10 n.s. n.s.
Got-2!12/120 n.s. n.s.

Jlns mokyca 22,96 (12) * 31,11 (18) *
Dia-100/0%0 n.s. n.s.
Dia-1°85/085 n.s. n.s.

Dia- 185090 n.s. n.s.
Dia-1%90/0:90 n.s. n.s.

Dia- 1010 744 * 12,26 (3) **
Dia-"01:0 n.s. n.s.
Dia-1"00/115 9,04 (2) * 14,40 (3) **
Dia-1"15/13 8,84 (2) * 13,23 (3) **
Dia-1"0/115 8,84 (2) * 13,23 (3) **
JUnst ToKyca 34,52 (16) ** 51,47 (24) ***
Dia-4"8/10 n.s. 8,90 (3) *
Dia-4"0/1:0 n.s. 8,38 (3) *
Dia-4%89/089 n.s. n.s.
Dia-4"8/1.0 — 10,20 (3) *
Dia-4!0/110 7,30 (2) * 13,21 (3) **
Jly1s1 ToKyca 16,16 (6) * 37,18 (12) ***
Lap-1 0.95/0.95 n.s. n.s.
Lap_10.95/1.00 9,28 (2) sk 21’33 (3) skeksk
Lap_10.97/1.00 n.s. n.s.
Lap_l 1.00/1.00 9749 (2) sk 13,43 (3) skek
Lap— 11:05/1.05 — n.s.

Jly1s1 ToKyca 12,696 (6) * 32,002 (12) **
Adh-10%8%/1:00 n.s. n.s.
Adh-1"0710 n.s. n.s.
Adh-1100/1.02 7,11 (2) * 8,2(3)*
Adh-1"0/108 n.s. n.s.
Adh-1"0510 13,92 (2) *** 20,44 (3) ***
Jly1s1 ToKyca 25,71 (8) ** 35,78 (12) ***
Acp?¥/10 7,66 (2) * 13,60 (3) **
Acp'™ 13,36 (2) ** 13,43 (3) **
Acp! /12 11,70 (2) ** 18,17 (3) ***
Acpo,94/o,94 n.s. n.s.
Acp’70 n.s. 7,94 (3) *
Acpo,97/1.oo — n.s.

Jly1s1 ToKyca 28,57 (8) *** 45,84 (12) ***
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nepeBbeB P. sylvestris IpUXOOUTCS TONbKO 1,4—
1,8 % ero reHeTUYECKOrO BapbUPOBAHMSI.
Haubonpimmii BKaa B MoJapa3aeieHHOCTb Kak
MOITYJISILIVIA, TaK W TI0 OTHOLLIEHUIO K HUM BBIOOPKU
YCTOMYMBBIX IEPEBbEB BHOCAT TPU JIOKyca — Acp,
Lap-1 u Dia-1. 3nauenuss Fst u Gst mo 3tum
TpeM JIOKycaM, KakK IpaBWIO, B 2 pa3a U OoJjee
BBbIIIIE, YeM CpeJHUEe 3HAYeHUS BTUX Koapdu-
LIEHTOB MO COBOKYITHOCTHU BceX 18 nmokycos. Ilo
MHeHUI0 ANITyxoBa [4], Takue JTOKYChl HAaXOISITCS
o[ BJAUSIHUEM JIOKAJTbHOTO OU3PYNTUBHOTO OT-
o6opa Fst 1 Gsr. JIOKychl, UMEOILIMe CpeIHUE 3Ha-
YEHMST 3TUX KOA(PUIIMEHTOB, — HEUTPaJIbHBEI, a C
HU3KUMU 3HAYEHUSIMU — MOABEPKEHbI OaTaHCH-
pytouiemy otoopy. ITo Bceit BUIMMOCTU, TEHETU -

YyecKHe OTJINYMSI MEXK Ty YCTOMUMBBIMU PACTCHUSIMU
W TIPUPOJHBIMU TIOMYJISILIUSIMUA MOTYT B IEPBYIO
ouepellb OIpPENEAThCS KaK OTAENIbHBIMU JIOKYyCa-
MM, IOJABEPKEHHBIMU IU3PYITUBHOMY OTOOPY, TaK
U X MYJIBTUIOKYCHBIMU COYETAHUSIMMU.

7151 BBISICHEHUSI CITPaBEUIMBOCTH 3TOTO TIPe/I-
MOJIOXKEHUST ObLT TIPOBEACH aHAJIM3 COCTaBa U yac-
TOT MYJBTUJIOKYCHBIX reHoturoB Dia-1, Lap-1,
Acp. CBeneHMIi O CLIETIZICHUM 3TUX JJOKYCOB B JIU-
Tepatype Mbl He Hauuii [12]. B oObenuHeHHOM
COBOKYITHOCTH M3 161 pacTeHus] yCTaHOBJIEHBI
33 MYJBTUIOKYCHBIX TEeHOTHUIIA 3TUX TPEX JIOKY-
COB (pUCYHOK). B BbIOOpKE YCTOMUMBBIX 1€PEBbEB
MX OBUTO 3aMETHO MeHblie — Bcero 13, wm 39,4 %
obiero konmuecta. Ot 11 no 20 TakuX reHOTUTIOB

Ta6bnauna 3

3HayeHHs: OCHOBHBIX MOKa3aTeJieii reHeTHIecKoro noaumopdusma npupoausix nomymsiuii (B, I, 1X) u BbIGOpKu
yeroituuBbix (Y) K Heterobasidion annosum nepeBbeB UCKYCCTBEHHbIX HACAXKIeHUil Pinus sylvestris

Bri6opka ycroii-
YUBBIX IEPEBbEB

Jonst moaumopd-
HBIX JIOKYCOB

CpenHee KOJMYECTBO Ha JIOKYC

Terepo3urorHocTh

ajuteneit (A)

reHotunos (Pg)

CpeaHsisl OXuaa-

cpelHsisl Habona-

WMunekc dukca-
unu Paiita (F)

U MOMYAALUI (P99) emas (HE) emas (Ho)
y 0,778 2,056 2,222 0,201 £0,014  0,225+0,014 —0,119
B 0,833 2,389 2,778 0,231+0,013 0,216 0,012 0,065
r 0,833 2,222 2,667 0,221 + 0,017 0,225+ 0,016 —0,018
nx 0,833 2,667 2,944 0,221+0,013  0,228+0,013 —0,032
Tabnuua 4

IToka3arean F-cratuctuku Paiita u G-craructukun Hen nyis npupoansix nomynsuuii (B, I', UX) 1 BBIOOPKH yCTONYMBBIX

(Y) Kk Heterobasidion annosum nepeBbeB HCKYCCTBEHHBIX HacaxaeHuii Pinus sylvestris

Fis Fst Gst
Jlokyc
v B r nx B-I-UX V-B-I'-UX B-I-UX | V-B-T-UX
Gdh —0,287 —0,067 0,107 0,003 0,013 0,013 0,010 0,010
Got-1 —0,006 —-0,014 —0,020 0,001 0,005 0,004 0,005 0,004
Got-2 —0,046 —0,013 —0,206 —0,037 0,016 0,008 0,018 0,010
Got-3 0,071 0,170 —0,250 —0,159 0,009 0,009 0,010 0,010
Sod-4 0,000 —0,039 —0,064 —0,022 0,003 0,003 0,012 0,012
Mdh-2 —0,051 —0,020 -0,073 —0,069 0,009 0,009 0,009 0,009
Mdh-3 -0,333 —0,126 —0,422 —0,160 0,016 0,025 0,017 0,025
Dia-1 —0,165 0,340 0,057 0,009 0,040 0,030 0,045 0,031
Dia-2 —0,034 0,057 0,106 —0,944 0,017 0,020 0,021 0,023
Dia-4 -0,122 —0,053 —0,776 1,000 0,015 0,012 0,027 0,029
Lap-1 —0,039 —0,125 —0,042 —0,083 0,023 0,042 0,038 0,056
Lap-2 0,156 —0,059 0,273 —0,083 0,009 0,006 0,019 0,016
Adh-1 —-0,111 —0,132 —0,042 —0,039 0,011 0,014 0,011 0,012
Adh-2 —0,051 0,332 0,069 0,160 0,013 0,015 0,015 0,018
Acp —0,168 0,271 0,454 0,058 0,057 0,062 0,063 0,062
CpenHee —0,066 0,029 —0,046 —-0,020 0,014 0,015 0,018 0,018
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YacToTbl MyJIBTUIOKYCHBIX TEHOTHUITOB (110 BEPTUKAJIM) 1O couyeTaHuto JJokycoB Dia-1, Lap-1, Acp mpupoaHbIX TOMYJIs-

uuit (B, I, UX) u BeiOOpKU ycToituuBbix (Y) K Heterobasidion annosum nepeBbeB UCKYCCTBEHHBIX HacaxneHuit Pinus

sylvestris. T1o ropu3oHTaIM — MYJIBTHJIOKYCHBII T€HOTHUIT; TIepBast U BTOpasi LU(pbI B Ha3BAHMU F€HOTUIIA COOTBETCTBYIOT

sokycy Dia-1, TpeTbst u ueTBepTasi — Jokycy Lap-1, nsitas u mectast — Acp. [ amieneil UCIoib30BaHbl YMCIOBbIE

0603HaueHud: Dia®= 1, Dia'""= 2, Dia®”’= 3, Dia"®=4; Lap"®= 1, Lap"®= 2, Lap"®= 3, Lap"”"=4; Acp'®= 1, Acp" "=
=2, Acp™*= 3, Acp”’=4

OTMEUEHO B MPUPOAHBIX TTonyssiuusx. [TpencraBu-
TEJIbCTBO MYJIBTMJIOKYCHBIX T€HOTUIIOB B M3yvae-
MBbIX JPEBOCTOSIX ObUIO 3aMETHO TeTE€pPOTeHHbIM,
KaK M UX 4acToThbl. J10Jis 4eTbIpex FTeHOTUIIOB B BbI-
0OpKe YCTOMYMBBIX IEPeBbeB cocTaBistia 69,4 %,
TpeX TeHOTUIoB B ronyssiin X — 46,2 %, tpex
B ronyssiiuu I' — 56,0 % v aByx B monysrsaiyu B —
32 %. V3 5TX NpeAcTaBUTEIbHBIX TEeHOTUIIOB HET
HU OHOTO, KOTOPBII ObI C ITOBBIIIEHHO YaCTOTOM
BCTpeyasicsl BO BCeX YEThbIpeX APEBOCTOsX. Tpu U3
33 yCTaHOBJIEHHBIX TE€HOTUIIOB MPUCYTCTBOBAIU
TOJIbKO B BBIOOpPKE YCTOMUMBBIX nepeBbeB. [lo 3—
6 peIKHUX TCHOTUIIOB, BCTPEYAIOIIMXCS C YaCTOTOM
0,026—0,080, obHapykeHO B KaXKHOW W3 TIOITYJIs-
uuit. Beicokoe npeacTaBUTEILCTBO YEThIPEX MYJIb-
TUJIOKYCHBIX TEHOTUIIOB B BBIOOPKE YCTOWUYMBBIX
pacTeHuit MOXeT yKa3bIBaTh, YTO UMEHHO B TTOJIb3Y
9TUX TEHOTUIIOB HampaBJieH OTOOpP, CBSI3aHHBIN C
MOPaKaeMOCTbIO paCTeHUII KOPHEBOM I'YOKOI.
Cynsi 110 MoJlydeHHbIM HaMU JIaHHBIM, TOBbI-
IIEHHAsl TeTePO3UTOTHOCTh pacTeHuil P. sylvestris
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10 BCEli COBOKYMHOCTU JIOKYCOB HE SIBJISIETCSI pe-
MAIOIIMM (DaKTOPOM B MX YCTOMYMBOCTU K KOpHE-
Boli ryoke. K npumepy, nepeBbst Oyka (Fagus sylvat-
ica L.), ycToiuMBBIE K ITapa3uTy-HACEKOMOMY
(Cryptococcus jagisuga), UMeIN MEHbIIIYIO TeTepo-
3UTOTHOCTh MO 11 a/UIO3UMHBIM JIOKycaM, 4eM
CUJIBHO TIOpakeHHbIE [2].

ITo Bceit BUIMMOCTH, B HOPMAJIbHBIX YCJIOBUSIX
pocTa M pa3BUTHSI W MPU TTOPAKEHUU PACTCHUN B
TIPEBOCTOE KOPHEBOI T'yOKOI aIalTUBHOE TTPENMY-
LIECTBO TEHOTUIIOB C Pa3HbIM COUETaHUEM aJljielieit
OJIHUX U TeX e MOJUMOP(HBIX JIOKYCOB U3MEHSI-
eTcd. B aTOM ciydae reTepo3UTrOTHOCTh YCTONYM-
BbIX PAaCTEHHU MOXET MaJIo OTJIMYATHLCS OT CPeaHe-
TTOITYJISTIIUOHHOM, OTHAKO TeHEeTUIeCKast CTPYKTY-
pa Mo MyJBTUJIOKYCHBIM TE€HOTHIIAM CMellaeTcs
U3-3a r’MOesIM HEYCTOMUYMBBIX 0CO0Ei U, COOTBETCT-
BEHHO, MPUBOAMT K IMOTEPEe YaCTU FeHETUYECKOTO
pa3HOoO0pa3usl.

B reHeTtnko-ceneKIMOHHbBIX paboTax Ha ToJie-
paHTHOCTb P. sylvestris K KOpHEBOIi TyOKe B Kauec-
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TBE MapKepoB, OYEBUIHO, MOXHO MCIIOJb30BaTh
BbISIBJIEHHbIE HAMUW YeTbIpe MYJIbTUJIOKYCHbIE
koMOuHauuu Acp, Lap-1, Dia-1, Han0boJiiee yacto
BCTpeUYaBIIMECsS B BHIOOPKE YCTOMYUBBIX jepe-
BbeB. OIHAKO 3Ta MPEANOChLIKA HYKIAeTCsl B 10-
MOJHUTEIbHON 3KCMEePUMEHTAJbHON TPOBEpPKeE
JUJ1S1 TOJITBEPKIEHMSI TTOBBILLIEHHOW YCTOMUYMBOCTU
MMEHHO 3TuX reHoTurioB P. sylvestris. Ee BrojHe
MOHO OCYIIECTBUTH B YCJIOBUSIX JIAOOPATOPHOTO
OIbITa Ha MPOPOCTKAX, MpeABapUTEIbLHO MPOBE/Is
WX TEHOTUMWYECKYIO TaCIOPTU3aIMI0, C TIOCIe-
JYIOIIMM 3apakeHUEM IMaTOreHOM.

Takum o6pa3oM, yCTOMUMBBIE K KOPHEBOM T'y0-
Ke nepeBbsi P. sylvestris 13 oyara nopaxeHus 3TUM
MaTOreHOM XapaKTepU30BAIMCh MEHbBIIIMM TeHETU-
YECKUM pa3HOOOpa3reM, YeM ITPUPOIHbIE TTOITYJIsI-
LIMY, HO UMeJU OJIM3KKe K HUM 3HAUeHUsI CpeaHel
reTepo3uroTHOCTU. MaeHTu(uUMpoBaHbl JOKYCHI
Acp, Lap-1, Dia-1, koTopble BHOCSIT HAUOOJIbILINIA
BKJIaJl B MOpa3Ae/IeHHOCTb YCTOMUYMBBIX JePEBbEB
B CPaBHEHUU C MPUPOJHBIMU TIOMYISILIUSIMU, a
Takke HanOoJiee YacTO BCTpEYaloIIMecsl Y YCTOM-
YUBBIX IEPEBLEB UX MYJIBTUJIOKYCHBIE T€HOTUITHI.

1.1. Korshikov, A.E. Demkovich

GENOTYPIC PECULIARITIES OF RESISTANT TO
ROOT FUNGUS SCOTCH PINE PLANTS IN
ARTIFICIAL STANDS OF THE UKRAINIAN

STEPPE-ZONE

Comparative analysis of allozyme variability was car-
ried out by 18 loci from such tree-groups as 3 Pinus
sylvestris L. natural steppe populations and a sample of
36 resistant trees from artificial stands in root fungus
(Heterobasidion annosum (Fr.) Bref.) damage centres.
Resistant trees are characterized by the least portion of
polymorphic allozyme loci, by allele and genotype number,
and by similar to midpopulational level observed and
expected heterozigosity. Resistant tree sample differed
from natural populations on composition and frequencies
of multi-locus genotypes Dia-1, Lap-1, Acp, which are
making the most contribution to researched tree-stands
subdivision.

1.1. Kopwuxos, A.€. Jlemxosuu

TEHETUYHI OCOBJIMBOCTI CTIMKOI
J10 KOPEHEBOI T'YBKW COCHU 3BUYAMHOI
B LITYYHUX HACAIKEHHAX CTEITOBOT
30HU YKPATHU

[TpoBeneHO MOPIBHSUIbHUI aHaIi3 aJJO3MMHOIO Bapi-
0BaHHS 3a 18 J0KycaMu TpbOX CTEMOBUX ITPUPOIHUX 1O~
nyJsiiii Pinus sylvestris L. i Bubipku 36 CTiiKMX IepeB B
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MiCIISIX YpakeHHsI KOpeHeBolo ryokoro (Heterobasidion
annosum (Fr.) Bref.). Criiiki nepeBa XapaKTepu3yIOThCs
HAMMEHIIIO YacTKOIO MOJIiIMOP(MHUX JIOKYCIB, MEHILOIO
KIJIBKICTIO aJIeJliB i TeHOTMIIIB, a TAKOX OJM3bKUM IO Ce-
PEIHBOMONYJISILIITHOTO PiBHEM HasIBHOI Ta OYiKyBaHOI re-
TEPO3UTOTHOCTI. 3a CKJIAJOM i YacTOTaMu MYJBTUIOKYC-
Hux reHoruniB (Dia-1, Lap-1, Acp), fKi 3miliCHIOIOTH
HalBaromilmii BHECOK Y MiAPO3AiEHICTh MOCTiIKyBa-
HUX JI€PEBOCTaHIB, BUOIpKa CTIMKMX JepeB MOMITHO Bil-
pi3HsIacs Bill MPUPOIHMX MOMYJISIIIIiA.
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W3YYEHWUE HACJIEAOBAHUA
MOP®O0JIOFTMYECKUX MPU3HAKOB
NOACOJIHEYHUKA.

1. TEHETUMECKNIA KOHTPOJ1b
OKPACKHW JTOXKHOS13bIHKOBbIX
LLBETKOB, BETBUCTOCTHU
N BOCCTAHOBJIEHUS
®EPTUJIbHOCTU NbJ1bLibl

(]

H3zywanu nacaedosanue OKpaAcKU AONCHOAZLIMKOBHIX
UBEMK08 NOOCONHEHHUKA HA KOANCKUUOHHOM Mamepuane
Hnemumyma pacmenuesoocmea um. B.A. Opvesa. B nep-
60M NOKONCHUU BbIABUAU MOALKO HCEAMYIO OKPACKY, HAUbO-
J1ee pacnpocmpaHerHyio cpeou 6cex Munoe OKPAcoK Yeemios.
Bo emopom nokonenuu 6 pazauuHviX KOMOUHAUUSX CKpeuju-
8anusi HAOAI00aNU pacuenienus Ha heHomunu4eckKue Kaac-
cbl 6 coomHowenusax 3: 1u 9 : 3 : 4, ceudemenscmeyroujue o
PA3AUMUL UZYHAEMBIX POPM NO 00HOMY U OBYM 2eHAM COOM -
eemcmeenno. H3yuenue nacaedosanus 6emeucmocmu u 60c-
CMAHOBACHUSL (DepMUNLHOCIU NbLAbUbL Y UCCACO08AHHBIX UH-
OpeonbIX AUHULL NOOCOAHEHHUKA GbIAGUAO MOHO2EHHDLIL
KOHMPONb Pa3AuMuil N0 SMum NPU3HAKam. Yemanosuau, 4mo
6ce 2eHbl, KOHMPOAUPYIOWUe UzyHaemMvle NPU3HAKU, HacAeoy-
10MCs He3a8UCUMO.

© 51.10. HIAPBITIMHA, B.H. TIOITIOB, TA. JOJITOBA,
B.B. KHPMYEHKO, 2008
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BBenenue. BHyTpuBUI0BOE pazHOoOOpa3ue Ka-
YeCTBEHHBIX TPU3HAKOB Y MOACOJHEYHHUKA IO-
BOJILHO BeJiuKo [ 1, 2]. B mocieaHee BpeMs uccie-
JIoBaTesielt MpUBJIeKaeT MPU3HAK OKPACKH JIOXKHO-
s3bIYKOBBIX 11BeTKOB (OJIII), KoTOphlii MMeeT
BakHOE 3HAUYEHUE B CEJEKIIMU MOJCOJHEUYHMKA.
BoBieueHune B CEIEKIIMOHHBIN TPOIIECC TEHOB,
KOHTPOJUPYIOIINX pa3HOEe MPOSIBICHUE 3TOTO
TpY3HAaKa, MO3BOJIIET CO3daBaTh NEKOPATHUBHBIC
¢opMbl 3TOM KyJIBTYpHI [3—5]. CeromaHs Ha MUPO-
BOM pBIHKE MpejacTaBieHo 6osee 60 qeKopaTuB-
HBIX COPTOB M TMOPUJIOB IIOJACOJHEeYHUKa |[3].
Kpowme Toro, paznuunsie Tunbl OJIL MmoryT ObITH
MCTIOJIb30BaHbI KaK MOP(MOIOTHYECKIE MapKEePhI
IUTSL OTIpeieSIeHUsT TIOMIMHHOCTH, YUCTOTHI U OfI-
HOPOJHOCTU CEJIEKIIMOHHOTO MaTepuaja 3TOW
KYJIBTYpBl. B COOTBETCTBMUM € 3TUM BO MHOTHX
YUPEXIEHUSIX BeleTcsl paboTa Mo CO3AaHruI0 MOp-
(bomornmyeckux MpU3HAKOBBIX KOJUTEKIINI TTOACOI-
HeyHMKa. Takve Mpu3HaKOBbIe KOJIEKIIMHU, Nal0-
1IMe TIPeACTaBIeHNEe O pa3HOOOPa3UK N3y4aeMOTo
Buaa, ccopmupoBaHbl Ha CeBepoaMepUKaHCKOM
onbiTHOI cranumu (CLLA) [6], Bo Beepoccuitckom
MHCTUTYTE pacTeHueBoacTsa uM. H.M. BaBuiosa
(Poccus) [2], MHCTUTYTE MAaCIMYHBIX KYJIBTYP
(Yxpauna) [7] u op. ITpu BoBjie4eHUM B CKpelLMBa-
HUS KOJIEKIIMOHHBIX (DOPM Pa3TMIHOTO MPOMC-
XOKIEHUST MOKHO OIPEIEIUTh O0IIIee KOMUMISCTBO
T€HOB, KOHTPOJIMPYIOILIMX OTIPeAeTeHHBIN MPU3HAK,
B ToM umcie u OJIL noaconHeunuka. B MHcTUTY-
Te pacreHueBoiacTBa uM. B.JI. IOpbeBa cozmaHa
KOJIJIEKIISI MHOPETHBIX JIMHUM MOJACOJHEUYHUKA,
y kKoTopbix OJILI BapbupyeT OT XKeaTOoU 10 adpu-
KocoBoii. [1py 3TOM OocTaeTcsl HEM3BECTHBIM KO-
JmyectBo reHoB OJILI, mo KOTOphIM pa3anyaroT-
Cs YIIOMSTHYTBIE 00pa3Ilbl MTOACOTHEYHMKA.

B cBS3M € 3TUM 1Ie/bl0 HACTOSIIENH PabOThI
OBLJIO M3yYeHHE M3MEHUYMBOCTH M HACJEIOBAHUS
OJILI, a Takke yCTaHOBJIEHUE JIOKAJIM3ALMU OT-
HOcUTeIbHO ApyT Apyra reHoB OJIL, BeTBucTOC-
TH ¥ BOCCTAHOBJICHUS (DEPTUIBHOCTH TIBLIBIIBI
KOJIIEKIIUYA MHOPEMHBIX JIMHUI TOACOTHEUYHNKA
HMHucrutyra pacrenueBoactBa uMm. B.f. FOpbepa.

Marepuajbsl 1 MeToabl. B KauecTBe MCXOMHOTO
Marepuasia ObLIM UCIIOIb30BaHbl 8 MHOPETHBIX JIU-
Huii noaconHeyHuka (Helianthus annuus 1.) my-
TAHTHOTO TIPOVICXOXXIEHMSI, CO3MaHHBbIE B OTHEJIe
CeJIEKLIMM MaCIUYHBIX KyJabTyp MHcTUTyTa pac-
teHueBoacTtBa uM. B.fJ. FOppeBa. Mcnonb3oBa-
HUE XUMHUYECKUX MYyTareHOB ITO3BOJIMJIO OTOO-
paTh MyTaHTHBIE (DOPMBI 1 Ha X OCHOBE IyTeM
MHOTOKPATHOTO WHITYXTa TOJyYUTb WHOpPETHBIC
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JIMHUHU co ciaenytomumuy Bapuantamu OJIL: xen-
Tast (CK.), IMMOHHasI (J1.), opaHxkeBas (0p.), CBETIO-
KenTast (CB.-X.) U abpukocoBasi (abp.). DTu u-
HUU Pa3IMYaJIUCh U TI0 TIPU3HAKY «BETBUCTOCTb».
B ckpelirBaHus ObLIM BOBJIEU€HbI UHOPEIHBIE JIN-
HUH CO CJIEAYIOIIMHA XapaKTepUCTUKaMHi MOpdo-
JIOTUYECKUX ITpU3HaKoB: Mx1829B (abp., BeTBUC-
Tas); Mx1823B (i., BerBUCTasi); Mx4B (1.,
BeTBUcCTas); Mx217/8 (cB.-X., 0e3 BETBJIEHMUS),
Mx168 (cB.-x., 6e3 BeTBIeHUs ); Mx215 (op., 6e3
BeTBIeHM); Mx42 (K., 6e3 BeTBIeHUs); Mx262B
(X., 6e3 BeTBJIeHUSI).

151 u3ydeHust reHeTMYeCKOTro KOHTPOJIS Tiepe-
YUCJICHHBIX ITPU3HAKOB MW IPOBEICHUS TecTa
Ha HaJIMuMe CLETUIeHUsI MeXy TeHaM1, OTBevaro-
IIMMU 32 UX KOHTPOJIb, ObLIN MPOBEIEHbI PELIUII-
POKHBIE CKPEIIIMBAHUS IO CXeMe, TIPEICTaBICHHOM
B Tabx1. 1. Bcero monmydeHo 36 pelMIpOKHBIX THO-
PUIHBIX KOMOWHAIMIA, a 2 KomOonHaunu (Mx168 x
X Mx42 u Mx217 x Mx215) ynamoch OCyIlIeCTBUTh
TOJIbKO B OJTHOM HaIlpaBJIeHUU.

TuGpuaM3alMio OCyECTBISUIN Ha (PepTUILHOM
OCHOBE TIO ciemyroleit cxeme. Jlo Hauasa 1iBeTe-
HUs 00ecTieunBaIn U300 KOP3UHOK TMOACOJI-
HEYHMKa, TToMelas MX MO IepraMeHTHBIe M30-
Jsaropel. C HaYaJloM 3alBETaHUsI MEPBOTO sIpyca
TPYOUATHIX 1IBETKOB MPOBOMIIIN UX KaCTpaInio B
yrpeHHue yachl (¢ 6.00 mo 8.00). YmameHue Thau-
HOK BBITIOJTHSUTM Ha 3—4 sipycax KOp3WHKM TIOJI-
costHeuHuKa. Bo uzbexxaHue moraaaHus MbLUIbLIbI
Ha pbUIbLIa C 1IBETKOB, PACMOJIOKEHHbIX B LIEHT-
pajbHOM YacTU KOP3WHKU, UX YAAISUIU CKaJlbIle-
Jem. KactpupoBaHHbIE LIBETKU OMBUISUIU MbLIb-

101 OTHOBCKOM (popMbl 3—4 paza. Paciierisroniy-
ecs monyJsiunu F, mosydanu myteM camooTibuie-
HUS WHAWBHMIYATbLHBIX KOP3WHOK F; mom mepra-
MEHTHBIMU U30JIITOPaMMU.

IIpoBepKy Hy/IEBOIT TUTIOTE3BI O COOTBETCTBUU
(bakTIECKOTO pacIIeTICHS TEOPETUIESCKU 0K -
JaeMOMY, a TaK3Ke TECT Ha CIIeTUIEHHe MEXXITy TeHa-
MU BBITIOJIHSUIU C IPUMEHEHUEM KpuTepust 2 [8].

PesynbraTtbl mccienoBaHHii W WX 00CYXKIeHHE.
W3 NCTOYHHUKOB TUTEPATYPHl M3BECTHO, UTO CPEIU
00pa3IIoB MOICOTHEUHNKA BEISIBICHO CYIIECTBEH-
Hoe pazHooOpa3ue o OJIL, KoTopyio MOXHO pa3-
TPaHWYUTD Ha ABE TPYIIITBI — AaHTOITMAHOBOM 1 He-
a"TonraHoBoi npupoabl. OJIL HeaHTOIIMAaHOBOI
MIPUPOBI BCTPEeUYaeTCsT B pa3HbIX BapHaHTaX, Ha-
yurHasl OT OJeTHO-XKeJTOU U 3aKaHUMBasi aOpPUKO-
COBOIA, C pa3TMIHBIMU TTPOMEKYTOTYHBIMU TUTIAMU
OKpacok 11BeTKoB. Cpenu 00pa31ioB NOJACOTHEYHU -
Ka HauOoJiee pacrnpoCTpaHEHHON SIBJISIETCS XKeJi-
tast OJILI, koTopast KOHTPOJIUPYETCS] KOMILIEMEH-
TapHO B3aMMOMAEUCTBYIOIIMMU TOMUHAHTHBIMU
aJuieSIsIMU pa3HBIX FeHOB [4]. DTU TeHbl B TOMO3U-
TOTHOM PeLIECCUBHOM COCTOSIHUU KOHTPOJIUPYIOT
JIpyTHe TUIIBI OKpacoK, HaIllpuMep, TeH o o0yc-
JIOBJIUBAET OPaHXEBYIO OKpacky, / — JUMOHHYIO,
TeHbl [y M ap — CBETJIO-XKEeJTYI0 U aDpUKOCOBYIO
COOTBETCTBEHHO [9—12].

M3zyueHue KoJIeKIMU UHOpEeIHbIX TUHUA MO/ -
COJIHEUHMKA T10Ka3aJlo, YTO MccleayeMble 00pas-
1Ibl XapaKTepU30BaInCh BbICOKOW aBTO(GEPTUIb-
HOCTbIO, KOTOpasi MO3BOJIWJIA MOJy4YUTh JOCTa-
TOYHOE KOJMYECTBO CEMSIH, BHYTPUJIMHEHHOI
CTaOMJIBHOCTBIO (KOHCTAHTHOCTb) U YETKUM IPO-

Ta6auua 1
CxeMa CKpemiBaHHil MEXKITYy MHOPEIHbIMM JTHHHSMH NO/ICOTHEYHNKA
Jd

¢ Mx262B, x. | Mxd2,x. | MXI829. | npap no | Mxis2s,n. | Mx2is,op. | MX217, Mx168,

abp. CB.-X. CB.-X.
Mx262B, x. — - + + — + + —
Mx42, x. - — + + + + — —_
Mx1829, abp. + + — + + + + _
Mx4B, 1. + + + — + + + _
Mx1823, n. - + + + — + — +
Mx215, op. + + + + + — — _
Mx217, ¢B.-X. + — + + _ 4 _ +
Mx168, cB.-X. — 4 — — + _ + _

I[IpuMeyaHue. «+» — npsgMoe M 0OpaTHOE CKpEIIMBaHue; «t+*» — CKpelllMBaHNEe peaJli30BaHO TOJBKO B OJHOM Ha-
MpaBJEeHUU; «—» — CKpPElLIMBaHWE He MPOBOAWIOCH WU HE YAAIOCh OCYIIIECTBUTD.
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] H3yuenue nacaedosanus mopoaocuneckux npusnarxos noocoaneunuxa. 1. Ienemuueckuii Konmpoav oKkpacku u

Tabnuua 2
Pacmensienue no pa3HsiM THIIAM OKPACKH JIOXKHOS3bIYKOBBIX BETKOB MOACOJIHeYHUKA B F
J
? Mx262B, x. | Mxd2,x. | MxXI829, 1 nivap n | Mx1823, x| Mx215, 0p. | MX217, Mx168,
abp. CB.-X. CB.-X.
Mx262B, x. - — 100:351 125:36 1 — 110:371 79:28 1 —
X.:a0p. XK. K.:0p. XK.:CB.-XK.
(0,07) (0,6) (0,0) (0,08)
Mx42, x. - — 66:17 1 118:36 ! 74:27 1 91:20! — —
X.:a0p. K. K. K.:0p.
(0,91) (0,22) (0,16) (2,83)
Mx1829, a6p. 75:251 93:36 ! - 54:12:142  61:21:232  91:25:282  63:19:252 —
XK.:a0p. XK.:a0p. K.:a0p.:J1.  XK.:a0p.u1.  >K.:op:a0p. K.:CB.-
(0,0) (0,59) (4,2) (0,56) (3,17) X.:a6p.
(0,31)
Mx4B, . 109:26 ! 114:40 1 91:32:342 — — 76:27:342  80:20:312 -
KT KL XK.:a0p.:JI. K.0p.JI. XK.ICB.-3K..JI
(2,37) (0,08) (1,01) (0,09) (0,31)
Mx1823, . - 101:29 1 108:39:40 2 — — 39:6:122 — 98:26:332
KL XK.:a0p.JI. K.:0p..JL. JK.:CB.-3K.:I.
(0,51) (1,5) (3,91) (2,46)
Mx215, op. 118:271 25:131 59:24:332  81:24:362  50:9:152 - - -
K.:0p. X..0p. XK..0p:abp.  XK.Op.JI.  XK..op..l.
(3,15) 1,72) (1,28) (0,28) (4,06)
Mx217, cB.-xk. 126:29 1 - 84:29:322  67:20:342 — 82:33:352 — —
K.:CB.-XK. K.ICB.-  3K.ICB.-XK..JT K.:CB.-
(3,27) X.:abp. (0,81) XK..0D.
(0,7 (1,08)
Mx168, cB.-X. - 69:28 1 — - 55:14:28 2 - - -
K.:CB.-XK. K.ICB.-K. I
0,77) (1,55)
I[Mpumevanue. | — paciernieHue cooTBeTcTByeT 3 : 1, 2 — pacmierieHrue cooTBeTcTByeT 9 : 3 : 4. B ckoOKax mpuBeneHbI

dakTryeckre 3HaYEHUS Y2 .

SIBJICHMEM 10 U3yyaeMbIM Tpu3HakaM. Bce me-
peuuciaeHHble (aKTOpbl SIBISIOTCS HEOOXOMu-
MBIM YCJIOBUEM JJIsI TIPOBEACHUSI TeHETUYECKOIO
aHaju3a.

B F, BeigBunu equHoo6pasue o OJIL, T.e. y
BCEX TMOPUIHBIX PACTEHUH MOACOJTHEYHUKA Ha0-
JiloJ1ajiach TOJbKO KeJTasi OKpacka 1IBETKOB. DTU
pe3yabTaThl CBUAETEICTBYIOT O TOMUHUPOBAHUN
JKeJNTON OKpacKu Haja ocTajibHbIMU TUamu OJIL]
B TOM CJIy4ae, eCjii B CKpelllMBaHMsI BOBJIEKaINCh
POAUTENbCKUE JIMHUM, KOTOpble 00JagatoT yIo-
MSIHYTOU OKpackoit (imHMm Mx262B m Mx42).
[Nossnenue xenroit okpacku y rudpunos F;, mmo-
JIYIEHHBIX B CKPEIIMBAHUSIX C YYaCTHUEM JIUHUIM,
KOTOpble MMEIOT anbTepHaTuBHBbIE TUIThI OJIL]
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(abpukocoBast, TMMOHHAasI, OpaHXeBasi U CBETJIO-
JKeJTast), CBUIETEIbCTBYET O HealIeJIbHOCTU 00-
CYXIaeMbIX T€HOB, UTO ObLIO MOATBEPXKAECHO MPU
aHanu3e pacTteHui F,.

B peuunpokHbiXx ckpeluBaHusix Mx4B x
x Mx1823 (JIUMOHHBIE X JIUMOHHbIE) Y THOPUIOB
Fi Bce pacrteHusi ObLIM MAEHTUYHBI POAUTEbC-
KUM JIMHUSM, T. €. uMesn tuMoHHyo OJIL, uto
yKa3blBaeT Ha ajUleJIbHOCTb 3TUX FeHOB. B To Xke
BpeMsl BC€ TMOPHUIbI MEPBOTO IMOKOJEHUSI OT
CKpelLIMBaHUsI MEXIy COOON HEKOTOPBIX JUHUMA,
uMmeromux cseryo-xenryro OJIL (Mx217 u
Mx168), B mipssMOM U 0OpaTHOM HaIIpaBIeHUN
UMEJIM XKeNTYI0 OKpacKy. DTO MOATBEPXKIAAeT He-
aJUIeJIbHOCTh TE€HOB, KOHTPOJUPYIOIIUX pPasjiv-
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YU TI0 JAHHOM OKpacKe IIBETKOB IMOACOTHEYHNKA.
[1pu mpoBemeHNN CaMOOTBUICHUS TI0 3TUM THO-
PUIHBIM KOMOMHAIIMSIM HaM, K COXaJICHUIO, He
yIaJI0Ch MOJYYUTb 10CTATOYHOTO KOJIMYECTBA Ce-
MsH F,, 4TOOBI yCTaHOBUTH XapaKTep paclieruie-
Husa o OJILL.

Pesynpratel pacmierieHuii TuopunoB F, or
CKpeIIMBAaHUI JIMHUIN, KOTOPbIE MMEIOT KEJTYIO
OJIL, TMIIMYHYIO AJIs TIOACOJIHEUHUKA, C JIMHUSIMU
JIPYTUX BApMAHTOB OKPACKHU MOKa3aiu, YTo (pakTu-
YECKOoe pacllieryIeHUe MO BCeM TMOPUAHBIM KOM-
OMHALIMSIM COOTBETCTBYET TEOPETUUYECKM OXUIae-
MoMmy 3 : 1, XapaKTepHOMY IIJIsI MOHOTEHHOTO THTIa
HacsienoBaHusl (Ta0. 2). PeunnpokHbiX 3¢ GheKToB
B YKa3aHHBIX KOMOWHAIIMSIX CKPEITMBaHMUsS OOHa-
PYX€eHO He ObLIO.

ITomyyeHHbIE HAMU JAHHbBIE COTJIACYIOTCS C pe-
3yJibTaTaMu Apyrux aBropos [3, 12—14]. Cnenyet
OTMETUTD, uTO abpukocoBas OJILI siBnasieTcs Mano
pacTIpocTpaHeHHOI TT0 CPaBHEHUIO C IPYTUMU TH-
ITaMM OKPacOK IIBETKOB, HO BOCTPeOOBAHHOM B Ce-
JIEKLIUM JeKOpPaTUBHBIX (hOPM MOACOTHEYHUKA [4,
12]. B nuteparype uMeeTcsl TOJbKO OjfHa paboTa
10 U3YYEHUIO HaC/IeJ0BaHUsI OKPAacKW, B KOTOPOW
rnokasaHo, yto abpukocosast OJILL koHTpompyeT-
csl omHUM reHoM ap [12]. Takoii xe xapakTep Hac-
JiefIoBaHUsT ObLT MOATBEPXKAEH M HAMU, HO IO CUX
MOp OCTAeTCsl OTKPBITHIM BOIMPOC 00 ajlieIbHOCTH
TreHOB aOpHMKOCOBOI OKPAacKH, BbISIBJIEHHOU Yy 00-
pa3loB MOICOJHEUYHUKA, KOTOPbIE NMEIOT pa3Hoe
ITPOVCXOXICHHE.

B F,, momydyeHHOM OT CKpeluBaHUiT MTHOpe/I-
HBIX JIMHUMA TTOICOTHEYHUKA C pa3TMYHBIMU Ba-
puaHTamMu oKpacku (abpukKocoBasi, JMMOHHasl,
CBETJIO-XKeJITasi, OpaHxXeBas), (pakTuyeckoe pac-
LIerUieHWe cooTBeTcTBOBaO 9 : 3 : 4, xapakrep-
HOMY T B3aMMOJEICTBUSA TE€HOB II0 TUITYy pe-
LIeCCMBHOTIO 3mnucTasa (Tabj. 2). OgHako cieayet
OTMETUTh, YTO TOJBKO B HEKOTOPBIX TMOPUIHBIX
KOMOMHALIMAX, TTOJYYeHHbBIX MPU CKpPELIMBAHUN
pacTeHMi1 ¢ pa3HBIMU TUITAMU OKPAaCOK IIBETKOB,
MOXHO YETKO OIpeJeUTh KaKOW TeH 3MUCcTaTu-
YeH 10 OTHOILIEHMIO K IPYruM reHaM. Tak, Ha-
MIpUMep, B PELIMITPOKHBIX CKPEIIMBAHUIX pacTe-
HUI C JMMOHHBIMU 1IBETKAMM U PACTEHUU C
OPaHXEBBIMU U CBETJIO-KEJITHIMU JIOXKHOSI3bIUKO-
BbIMU LIBETKaMU ObUT BbISIBJIEH DPELIECCUBHBIN
9MHUCTa3 TeHa JUMOHHON OKpacKu MO OTHOIIE-
HUIO K T€HaM, KOHTPOJUPYIOIIUM OPaHXEBYIO 1
cBeTio-xenatyo OJIL. DTu naHHbIe COBIAAAIOT C
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pesynbratramu @uka |13], KOTOpHIi ToKa3ax aHa-
JIOTUYHOE B3aMMOJECTBUE 3TUX reHOB. B pabo-
Tax TonmaueBa [4] BBISIBIIEH 3IMCTa3 TOJBKO reHa
JIMMOHHOI OKpacKM HaJl TeHOM CBETJIO-XKEITOM, a
B IPYIUX CKPEIIMBaHUSIX TUIIA JUMOHHbIE X OpaH-
XKeBble ObLIO YCTAHOBJEHO KOMILIeMEHTapHOe
B3aMMOJIEICTBUE TEHOB.

B ocTanbHBIX THOPUAHBIX KOMOMHALIMSIX He3a-
BUCHMO OT HarpaBJieHUs PELIMTTPOKHbBIX CKPEIIU-
BaHMI (A0pUKOCOBEIE X CBETJI0-XEJIThIe, a0pUKO-
COBBI€ X JINMOHHbBIE, A0PUKOCOBBIE X OpaHXKeBbIE,
CBETJIO-3KEJIThIE X OpaHKEBBIC) NOJSI PACTCHUI B
F> c anprepHaTUBHBIMUM OKpacKaMU 1IBETKOB Oblia
MpakTUYECKU OJMHAKOBA, YTO HE MO3BOJISIET Cle-
JIaTb OKOHYATEIbHbIN BBIBOI O TOM, KaKOU 13 re-
HOB BMUCTAaTUYEH 10 OTHOIIEHUIO K Apyromy. [To-
JIydeHHbIE HAMU JaHHbIE HE COBMANalOT C PE3yJib-
tatamu Tonmauesa [4] u [lepiunHoii [3], B uccie-
JIOBaHUSIX KOTOPBIX OBbLIO MOKAa3aHO OTHOILIEHUE
¢eHoTUnMUecKrx kinaccoB 9 : 3 : 3 : 1 ¢ mosiBie-
HUEM B OINpeJeeHHbIX CKPEelIMBaHUSIX HOBOIO
otteHka OJILI: cBeT10-aOpUKOCOBOTO, TMMOHHO-
aOpUKOCOBOIO WJIM CBETJIO-XKEJITO-OPaHXeBOTO,
KOTOpbI€ He ObUIM BBISIBJIEHBI B MOJYYEHHbBIX Ha-
MU TMOPUIHBIX KOMOMHALIUSX.

CiienoBaTesibHO, 32 MPOSIBIIEHUE PA3HBIX TUTIOB
OJILI, xpome KeATOi, OTBEYaIOT PEeLIECCUBHBIC all-
JIeJIW pa3uyHbIX TeHOB. JIJIsi TOro 4trooOnl ¢ yBe-
PEHHOCTbIO cKa3aTh 00 MAEHTUYHOCTY WM pa3/iu-
yuu reHoB OJILI, a Takke yCTaHOBUTH KOJIMUYECTBO
T€HOB, KOHTPOJIMPYIOIIUX YIIOMSIHYTBIU MpU3HAK,
HeoOX0AMMO MNPUBJIEYb B MCCIEAOBAHUE JUHUU
MOJICOJTHEYHUKA U3 pa3HbIX KOJIJIEKIIWK C 00s13a-
TeJbHBIM TPOBEJEHUEM OMOXMMUYECKMX aHaJu-
30B MTUTMEHTOB.

YuureiBasi xapakTep pacuiernjieHui B CKpeum-
BaHUSX MHOpeaHbIX TuHuii xkenroi OJIL ¢ nuHusi-
MM JIPYTUX OKPACOK (MOHOT€HHOE paclleryieHue)
U B CEPUU CKpELIMBAHUN JTUHUK MeXITy co00il C
aJIbTepHATUBHBIMU TUMAMM OKPACOK (JUTeHHOE
paciienjeHue), TeHOTUITbl UCXOAHbBIX POJIUTEbC-
KX (hOpM MOXKHO 3aIucaTh CleIyllM odpa-
30M: JIMHUM C XEJTOH OKpacKoil 1LBETKOB —
LLOOLyLyApAp; numonHoit — [IOOLyLyApAp;
opaHxeBoit — LLooLylyApAp, abpukocoBoir —
LLOOLyLyapap w onHa W3 JUHUU CO CBETJIO-
xentoir — LLOOlylyApAp, reHOTHN Ke ApYrou
JIMHUW C HeaJlJIeJbHbIM T€HOM 3TOW OKpacKoi
OJIII no mpoBeneHUs! NOMOJHUTEBHOIO TecTa
Ha ajuieJiu3M 0003HAYUTh MTOKa HEBO3MOXHO.
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[IpencraBisiio MHTEpeC BbISIBIEHUE CBSI3U
Mexay npusHakamu OJILI, a Tak:ke BETBUCTOCTHIO
1 BOCCTaHOBJIEHHUEM (hepPTUIbHOCTU MOJyYEHHbIX
rUOpUIO0B, B CBSI3Y C UeM JOMOJIHUTEIbHO ITPOBO-
I U3ydyeHue HaclieJOBaHUsl 3TUX MPU3HAKOB
y UHOpeJHbIX JUHUKM ToacofHeuyHuKka. M3 naH-
HbIX JIMTEpaTypbl M3BECTHO, UTO BETBUCTOCTh
y MOJACOJHEYHUKA MOXET MMETb Pas3JIuyHYIOo
NpUPONLY: NOMMHAHTHYIO WJIW PELEeCCUBHYIO;
rnepBasi KOHTPOJUPYETCS CUCTeMO TeHOB Br,
Bropast — b [1]. Ilpu ckpemmBaHNM OTHOKOP3U-
HOYHBIX 00pa3loB C BETBUCTbHIMU (opMaMu
y tubpunos F; HaGmonanu noMMHUpOBaHUE MpU-
3HaKa OJHOKOP3MHOYHOCTU BO BCEX TMOPUIHBIX
KOMOMHAIIMSIX, a HaJluuue BETBJECHUS TPOSIBIIS-
JIOCh TOJIBKO B Cjyyae, eclii 00e poaUTeSbCKUe
(bopmbl ObUTM BeTBUCTBIMU. Bo Beex ncciienoBaH-
HbIX THUOPUAHBIX KOMOMWHALIMSIX pacllereHne
M0 BETBUCTOCTU ObUIO MOHOT€HHBIM, T.€. COOT-
HolleHUe (PeHOTUTTUUECKUX KJIACCOB OTHOKOP3U -
HOYHBIX U BETBUCTBIX PACTEHUI COOTBETCTBOBAJIO
3 : 1. [NonyyeHHbIe TaHHbBIE CBUIETEIBCTBYIOT O
KOHTpPOJIE 3TOTO MPpH3HaKa MO PeLeCCUBHOMY TH-
ny. Ilo nutepaTypHbIM JaHHBIM CYILIECTBYIOT
TPY TaKMX PELeCCUBHBIX reHa (b;—bs), KOTOpPbIE
HUMEIOT Pa3IMuHOE AeHCTBUE Ha MPOSIBJIEHUE BET-
BUCTOCTM TMOJCOJHEUHMKA, 3aKjroyarolieecs B
pa3IMYHOM TUIIe BETBJIEHUS] — HUXKHEe, BEpXHee
wiu no BceMmy crebnto [1]. VMHOpenHble auHUU
MOJCOIHEYHMKA, BOBJIEUEHHbIE HAMU B CKpPEIIU-
BaHUSI, UMEJIM BETBJICHUE 1O BceMy cTeOmo. Ta-
Koe TIpOsIBJIEeHWE BETBJEHMSI, Mo naHHbIM [lyta
[14], KoHTpoJupyeTcsi TeHOM b, MO3TOMY MbI
npearnojaraeM Hajauyude 3TOro reHa B MCCielye-
MoOM Matepuasie. Takoii TUII BETBJIeHUS (110 BCEMY
CTe0JI10) MOXeT ObITh TAKXK€ BbI3BaH COBMECTHbBIM
JIEeCTBUEM NIBYX I'eHOB — by 1 b3 [15], mpu aTOM
M0 OTAENbHOCTU 3TU T€Hbl KOHTPOJIUPYIOT HUXK-
Hee U BepXHee BeTBJIeHWe COOTBETCTBEHHO. B 1o-
JIy4EHHBbIX TMOPUIHBIX KoMOuHauusax F> Mbl He
HaOJIIoaJIM PACTEHUI C HUXKHUM U BEPXHUM TH-
TOM BETBJIEHUSI CTeOJIsI, YTO MOATBEPKAAET Hallle
MNPEaNnojoXKeHUe O MOHOTEHHOM KOHTpPOJIe Mpu-
3HaKa «BETBUCTOCTb CTEOJISI».

ITpu aHanu3e PeUUMPOKHBIX CKpelIdBaHUIA
MeXIy UHOPETHBIMU JIMHUSMU B HEKOTOPBIX TO-
TOMCTBaxX cpeau pacteHuii F, Obl1v BbISIBJIEHBI HE
TOJIbKO (DePTUSIbHBIE, HO U CTEPUIbHbIE pACTEHUS
MOJCOJIHEYHMKA, T.€. UMeJla MeCTO LIMTOIlIa3Ma-
ThYecKas Myxckast crepuiibHocTh (LIMC). IIMC

ISSN 0564—3783. Llumonoeus u eenemurxa. 2008. Ne 5

y TIOJICOJTHEYHMKA, KaK Uy OOJIbIIIMHCTBA BUIOB
pacTeHuId, MPOSIBJISIETCS] TOIBKO B C/Tyyae CTepUib-
HOM LMTOTIIa3Mbl Y FTOMO3UTOTHOCTU PaCTEHMUSI
M0 pelieCCUBHOMY aJljieNiio reHa Rf, ciaenoBaresib-
HO TE€HOTMIN TakKuX pactenuii oymetr LIUTSrfirf.
Hpyrue coueTaHus Mjia3MareHoB U SIEPHbBIX TeHOB
MNPUBOASIT K HOPMAJIbHOMY Pa3BUTUIO aHAPOLIEs
nojacosiHeyHuka. [IpuHuMas Bo BHUMaHUE BbIllIe-
MnepevrciieHHOe U XapaKTep HacienoBaHus B Fi—
F,, yctaHOBWwIM TeHOTUNBI MCXOIHBIX ¢hopMm. B
MepBOM MOKOJIEHUHU BCE PaCTeHUSs TTOJCOJHEUHUKA
ObUIM (DepTUJIBHBIMU, W 3TU Pe3yJbTaThl CBUIE-
TEJIbCTBYIOT O TOMO3UTOTHOCTU MCXOIHBIX (DOPM
o uzydyaemomy npusHaky. Paciienienue B F> Ha
JBa (heHOTUMMYeCKUX Kiacca ((hepTUIbHbIE U CTe-

Tabnuua 3
Pacmenienue mo npusHakam «BeTBJIEHHE» H «BOCCTAHOB-
Jienne (PepTHILHOCTH NMbLIbIBI» MOACOJHEYHUKA B F2

BersnieHue (0HOKOP- | BoccraHoBieHue dep-
3MHOYHOCTb : BETBUC- | TUIBHOCTH ((hepTUIIb-
Kombunanus TOCTb) HOCTb : CTEPUIILHOCTB)
CKpELIMBAHUS
aktnueckoe | x2 | ¢akrmueckoe | X2
Mx1829B x
x Mx42 99 : 30 0,21 102 :27 1,15
Mx1829B x
x Mx215 112:32 0,59 113:31 0,92
Mx1823B x
x Mx168 122:35 0,61 121:36 0,36
Mx1823B x
x Mx42 97 :28 0,45 87 :38 1,95
Mx4B x
x Mx42 101:26 1,39 95:32 0,003
Mx42 x
x Mx4B 123:31 1,95 — —
Mx4B x
x Mx215 102 : 39 0,53 104 : 37 0,12
Mx1829B x
x Mx262B 71:29 0,85 - -
Mx262B x
x Mx1829B 92:43 3,76 - -
Mx1829B x
X Mx217/8 80 : 27 0,003 79 :28 0,08
Mx262B x
x Mx4B 95:40 1,55 - -
Mx262B x
X Mx217/8 - — 79 :28 0,08
Mx262B x
x Mx215 - — 120 : 27 3,48
Mx4B x
X Mx217/8 88:34 0,54 98 :24 1,85
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pWIbHBIC) B COOTHOILIIEHNH 3 : 1 yKa3bIBaeT Ha TO,
YTO POAUTETBCKHUE TMHUH Pa3TNIaioTCs 10 OTHO-
My TeHY, ¥ 3aBUCUT OHO OT HaITpaBJICHUSI CKPEIIH-
BaHus (Tads. 3). Tak, paciieruieHue HaOaaaIn
TOJBKO B MPSIMBIX CKPELIMBAHUSIX, YTO YKA3bIBAET
Ha MPUCYTCTBUE LIUTOIIa3MaTuYecKoro adgdexra.
B HEKOTOPBIX TIPSAMBIX 11 OOPATHBIX CKPEITUBAHMSIX
He TIPOMCXOMUJIO pacUIETJIEHUs] MO0 U3ydaeMOMY
TIPU3HAKY, YTO CBUICTEIBCTBYET O CKPEIIMBAHUH
JIMHUM, UMEIOLIMX HOPMaJbHYIO LUTOILIazmMy. B
CBSI3U C 3TUM IO pe3yjibTaTaM paclleruIeHUs TMHU -
SIMM, UMEIOIIIMMM CTEPUJIbHYIO LIUTOIIa3MYy, SIB-
qsoress Mx1829B, Mx1823B, Mx4B u Mx262B,
a ymHI Mx217/8, Mx215, Mx168 u Mx42 co3na-
Hbl Ha OCHOBE HOPMaJIbHOI LIMTOIIa3Mbl. Takum
00pa3oM, yUuThiBasi TOT (hakT, UTO HACJIeOBaHUE
TU1a3MareHoB MPOUCXOIUT TOJbKO MO MaTepUHC-
KOMY THITY, a TaKXKe COCTOSTHUE TeHa Rf 1 ero B3a-
UMOJIEHICTBUE C TIJla3MareHaMu, MOXHO clielaTh
BBIBOJI, UTO TEHOTUITBI MUHOPEIHBIX JIMHWM, BOBJIE-
KaeMbIX B CKPELIMBAHUS C YYETOM LIMTOIIA3MBbl,
oynyt HUTSRfRf x LU T Nrfif (mokazaHo HampaB-
JIEHWe CKPeIMBaHUs, TP KOTOPOM TIPOUCXOIUT
paclierieHue).

PesynbraThl aHaIM3a COBMECTHOTO Hacie0Ba-
HUS U3y9aeMBbIX TIPU3HAKOB BO BCEX UCCIIEIOBAH-
HBIX THOPUIHBIX KOMOMHALMAX (Bcero 15) moka-
3aJIM TIOATBEPXKIEHUE TUIOTE3bl 00 UX He3aBU-
CUMOM HacjaemoBaHUM ojigd Moneneit 9 :3:3:1u
27:9:12:9:3 :4 (u3-3a 60Jb1I0T0 00OBEMA TAO-
JIMYHBIN MaTepuall o pe3yJibTaTaM COOTHOILIEHUS
(eHOTUTTMYEeCKUX KJIaCCOB IMPU COBMECTHOM Hac-
JIeTOBaHWM U3y4aeMbIX TTPM3HAKOB HE TTPUBOINT-
cs1). s Bcex KOMOMHALIMIA CKpelIMBaHUSI pac-
CUMTAHHBIN KPUTEPUIA )2 HE TPEBBIIIAT TEOPETH-
YEeCKOTO.

Takum o6pazom, yctaHosaeHo, yto OJIL B uzy-
YEHHOU KOJUIEeKIUU WHOPETHbIX JIMHWUI KOHTpPO-
JINPYETCSl pa3HbIMU TeHaAMU, U TIPU CKpellIMBaHUM
KOHTPAacCTHbIX (OPM TPOUCXOAUT pacllierieHne
J10O 10 OJHOMY, JTMOO Mo AByM TeHaM. [lonyueH-
Hble JaHHbIE MO3BOJISIIOT CAEaTh BHIBOJL O TOM, YTO
3a MPOsIBJIEHUE aOpPUKOCOBOU, CBETJIO-XKENTOMH,
opanxkeBoit 1 iumoHHou OJILI oTBevaroT perec-
CUBHBIE aJUIeJIi TeHOB ap, ly, 0 U [ COOTBETCTBEHHO.
Boisisneno, yro nummonHas OJIL nacnemyercs
IT0 TIPUHIIMITY PELIECCUBHOTO 3IMCTa3a IO OTHO-
LIEHUIO K OPaHXXEBOI M CBETIO-XKEJTOU OKpacke.
IIpu mzyyennu cueruienus redos OJILI, BeTBuC-
TOCTU U (PEPTUIBHOCTU TMbLIbLIBI MHOPEAHBIX JIW-
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HUI TIONCOTHEYHUKA YCTAaHOBUJIM HE3aBUCHUMOE
WX HaclleJIOBaHUE, T.€. 9TM TeHBI, O-BUINMOMY,
PACITOJIOXKEHBI B pa3IMYHBIX TPYITITAX CIETUICHMS.
MzyuyeHHBIe B paboTe TEHBI IIPU YCTAHOBJICHUH UX
XPOMOCOMHOI JIOKAJIM3aIIMA MOTYT CIIY>KUTh Map-
KepaMu COOTBETCTBYIOIIE XPOMOCOMBI U OBITh
BKJTIOYCHBI B aHAJIM3 IT0 MApKUPOBAHUIO TEHOB,
OTBETCTBEHHBIX 3a MPOSIBIICHUE XO3STUCTBEHHO
IIEHHBIX IIPU3HAKOB.

Ya.Yu. Sharypina, V.N. Popov, V.V. Kirichenko

STUDY OF INHERITANCE OF MORPHOLOGICAL

TRAITS IN SUNFLOWER. 1. GENETIC CONTROL

OF SUNFLOWER FLOWERS, BRANCHINESS AND
RESTORATION OF POLLEN FERTILITY

The inheritance of sunflower flowers color has been
investigated in inbred lines collection of Yurjev Plant
Production Institute. It has been shown, that in F; occurs
yellow color only being most found among all the types of
flowers' coloration. The 3:1 and 9 : 3 : 4 types of segregation
ratios have been revealed in F» that is indicative of differ-
ence parents by one and two genes, respectively. Studies of
the inheritance of branching and male fertility restoration
have indicated a monogenic control of these traits in inves-
tigated inbred lines. It is established that all genes control-
ling the studied traits were independently inherited.

A.10. llapunina, B.M. Ilonos,
T.A. /loaeosa, B.B. Kupuuenko

BMBYEHHA YCIIAAKOBYBAHH
MOP®OJIOITYHMUX O3HAK COHAITHUKA.
1. TEHETUYHUU KOHTPOJIb KOJILOPY
HECHPABXHbOA3ZMYKOBHUX KBITOK,
I'UIACTOCTI TA BIJHOBJIEHHA
OEPTUIBHOCTI MUJIKY

BuBuanu ycriankyBaHHsI KOJTbOPY HECIIPAaBXKHbBOSI3MY -
KOBUX KBITOK COHSIIIHMKA B KOJEKLiiHOMY Martepiati
Inctutyty pociuaHuursa im. B.S. KOp’eBa. byio nmokaza-
HO, 1110 B TEePILIOMY IMOKOJIiHHI BUSIBJISIETbCS TIJIbKU 3KOB-
TUI KOJIip, SIKUM € HalOiIbII PO3MOBCIONKEHUM Ccepel
YCiX TUITIB KOJIbOPiB KBITOK. ¥ IIpyromMy MOKOJIiHHI B pi3-
HUX KOMOIHALIiSIX CXpELIyBaHHSI CITOCTEPIraloThCsl pPo3-
LLIETUTIOBaHHST Ha (DEHOTUIIOBI KJIACH Y CITiBBiIHOILIEHHSIX
3:1T1a9:3:4, 1o cBigyarh Npo BiIMiHHOCTI MixX (popma-
MM 32 OJHUM Ta JABOMa I'€HaMH BiANoBiaHO. BuBUYeHHS
yCcraaKyBaHHSI TJUISICTOCTI Ta BiIHOBJIEHHST (DEPTUIHLHOC-
Ti TUJIKY Y ZOCHITHUX iHOpPEIHUX JIiHil COHSIIHUKA BU-
SIBUJIO MOHOT€HHWI KOHTPOJIb BiIMiHHOCTEW 3a UMM
0o3HaKaMu. BctaHOBIIEHO, 110 BCi TeHU, SIKi KOHTPOJTIOIOTh
JTOCJTIIKYBaHi 03HAKM, YCITAIKOBYIOThCSI HE3aIeKHO.
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IOUHAMUKA XPOMOCOMHOM
HECTABUIbHOCTU BATYHA
(ALLIUM FISTULOSUML.): BAUSIHUE
TEMMNEPATYPbl XPAHEHUS CEMSH

Hccaedosana 6o3pacmuas OuHamuxa XpoMOCOMHOU He-
CMAadUAbHOCMU 8 KAEMKAX KOPHEBOU Mepucmembl NPOPOCMKO8
u ecxoncecms ceman 6amyna (Allium fistulosum L.) npu deyx
memMnepamypHbIX PelCUMAax XPaHeHus 6 meueHue wecmu Nem
nocae coopa cemsn. Cemena, Xpanuguuecs npu KOMHAMHOU
memnepamype (14—28 °C), uepes uiecmv aem Xpanenus nome-
psnu écxodcecms. Yacmoma abeppanmubix anaghas 6 smux ce-
Mmenax eo3pocaa om 2 % Ha nepeom Mecsaue XpameHusi cemsH
0o 80 % na 75-m mecsue. Bcexooicecmo ceMsiH, XpaHUBUIUXCS
npu nonuxcenroi memnepamype (4—9 °C), na wiecmom 2ody
Xpauerus cocmasuna 73—77 %, auacmoma abeppaHmHbIxX
anagaz 6 smux cemenax ocmasanrace e npederax 2—4 %
Ha npomsjceHuu wiecmu aem. Takum obpazom, Xpanerue ce-
MAH OAMYHa 6 mevenue wecmu Aem npu NOHUICEHHOL memne-
pamype cnoco6cmayem COXPaHeHUo 8CX0NCecmu CeMsIH U npe-
nAamcmeyem pazeumur0 XpoMOCOMHOU HecmabuabHoCmu
6 KAemKax KOpHegoil Mepucmemvl NPOPOCHKO8 8 meveHue
2mMoeo nepuooad.
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BBenenne. CeMeHa pacTeHMId — YIOOHBIN
OOBEKT ISl U3YYEHMS] BO3PACTHBIX U3MEHEHUI Te-
HoMa. XpaHEHUE CEMSIH HE COMTPOBOXKIIAETCS Jeie-
HUEM KJIeToK. B To ke Bpemsi ceMeHa MeTabo 1131~
PYIOT, >XM3HECHOCOOHOCTh WX YMEHbIIIAeTcs, a
4yacToTa XpOMOCOMHBIX abeppaluii 1 Apyrux mpo-
SIBJIECHMIA HECTaOWUJIbHOCTU IreHoMa Bo3pacTtaer |1,
2]. DT” U3MeHEeHUs YIOBIETBOPSIOT YEThIPpEM KpU-
TEPUSIM, OTIPENEICHHDBIM [IJIs1 CTAPEHUS, TAKUM KaK
Pa3pyLIUTEBHOCTb, YHUBEPCAIBHOCTD, MOCTEIEH-
HOCTb 1 3HAOreHHOCTh [3]. TloaToMy craperoline
CceMeHa MOXKHO paccMaTpyBaTh Kak MOJIENb 1S UC-
CJIeIOBAaHUS MEXaHU3MOB CTapeHUsl, B KOTOPOM
BJIUSIHUE HECTAOMJbHOCTM T€HOMa Ha Ipoliecc
CTapeHusl CBEJIEHO K MUHMMYMY, a HaOJt0JaeMblii
POCT 4aCTOThI XpPOMOCOMHBIX abeppaliuii 00yCJI0B-
JIEH BO3PaCTHbIMU U3MEHEHUSMU MeTadojiM3Ma B
yrctoM Buie. Ilpu aToM BpeMmsi (BO3pacT CEeMsiH)
MOXHO paccMmaTpuBaTh Kak MyTareH, Marepuaib-
HOIl OCHOBOIA KOTOPOIO SIBJISIIOTCS OCOOEHHOCTH
MeTabo/M3Ma, 3aBUCSIIIMEe OT COCTaBa BEIEeCTB, 3a-
MAaCeHHBIX B 3HJOCIEPME MATEPUHCKHUM pPACTEHU-
eM (BJIMSIHUE YCJIOBUM BereTaluun), U yCJIOBUMA Xpa-
HEHUs CEMSIH.

ONTUMaIbHBIMU YCJIIOBUSIMU XPAHEHMSI CEMSIH
U151 OOJIBLLIMHCTBA BUIOB SIBJISIIOTCS HU3Kas TEMIIe-
paTypa U OTHOCUTEJIbHAS BJIAXXHOCTb, COIepXKaHue
BOJIbI B CEMEHaX OKOJIO 2—5 %, a TaKKe OTCYTCTBUE
CBETa, HU3KUI YPOBEHb KHUCJIOPOIA U BBICOKUIA
YPOBEHb YIJIEKUCIOTHI [2, 4, 5]. Tak, cemeHa pacTe-
HUIA, TEPSIIOIINE BCXOKECTh IIPU OOBIYHOI TeMIle-
parype U OTKPBITOM XpaHEHUU B TeueHue 2—4 Jier,
npu —4 °C COXpaHsIIOT BCXOXECTb B TeUeHUE 8§ JIeT
(myk — Allium cepa), 12 ner (tomatbl) u gaxe 20 et
(canat-naryk, niepen) [4]. Cemena syka (A. cepa),
BBICYILLIEHHBIE [0 BIaXHOCTH '/, OT UCXOJHOM, B
3areyaTaHHOM BUJE TPU OOBIYHOM TemepaTrype
XpaHEeHHUsT COXpaHsIN BexoxecThb (32 %) B TeueHue
12 net, a mpu —4 °C — B Teuenne 20 et (93 %) [4].
HccnenoBaHus XKU3HECIIOCOOHOCTU CEMSIH APYTO-
ro Buja Jyka — 0artyHa (A. fistulosum) mokaszanu,
YTO B TEUEHUE JIBYX JIET MPU KOMHATHBIX YCIOBUSIX
u jaxe 1npu 6 °C MPOUCXOAMT PEe3KOE CHIDKEHUE
TaKuX ToKa3aTesieil XKU3HECITOCOOHOCTH, KaK Je-
rUIporeHa3Hasi aKTMBHOCTb, dHEpPrusi mpopacra-
HUSI M BCXOXKECTh, TOrna Kak 1mpu —6 °C XKu3HecIo-
COOHOCTH ceMsTH ObLa Beiiie 90 % naxe mocie Tpex
JIeT XpaHeHus [6].

IIpeobaanaromiass yacTb pabOT MO U3YYEHMIO
YCJIOBUI XpaHEHUs CEMSH IOCBSIlEHA aHaIUu3y
BCXOXECTU, IHEPTUU MPOpPaCTaHUS U APYTUM XO-
39MCTBEHHBIM ITOKa3aTeNsIM KayecTBa CEMSH.
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MmeroTcst Takke OTIOENBHBIC pabOTHI TTO aHATIN3Y
HapylIeHW TeHOMa CeMsH TIpU WX XpaHCeHUU
B YCITOBUSIX HU3KOM TeMITepaTyphl. Tak, B ceMeHax
03MMOI p3ku, XpaHUBIIMXCS TIpr —3 °C B TeUeHMe
6 Mec, POCT YacCTOTBI XPOMOCOMHBIX aOeppallnii
He Habmonaics [7]. Xpanenue cemstH Crepis capil-
laris mpu —5 °C B TeyeHue 98 cyT TakxkKe He cKasza-
JIOCh Ha M3BMEHEHNH YaCTOTH XpPOMOCOMHBIX abep-
pauuii [8]. CTpyKTypHBIE MepECTPONKU XPOMOCOM
¥ BCXOXECTh CEMSH PXM C pa3sHON CTeTeHBIO
BJIQXKHOCTH M3YJajIu Tocie 14-JeTHero XpaHeHUsI
B JIabopaTtopHbIX ycioBux [9]. Yacrora abeppaHT-
HBIX aHa(da3 B KJIeTKaX KOPHEBOI MEPUCTEMEI TTPO-
POCTKOB M3 TePMETUIECKH 3aKPBITBIX C MCXOTHOM
BJIAXXHOCTBIO ceMsH cocTaBmiia 8,87 % Tpu BCXo-
xectrt 14 %, B TO BpeMs KaK TIpH OTKPBITOM Xpa-
HeHUU (OOBIYHBIM JIADOPATOPHBIM CITOCOOOM) Ce-
MeHa He B30ILIM. BcxoXecTh repMeTMyecKd 3a-
KPBITBIX CEMSIH PXKU € BJIaXHOCTbIO 0,5 OT Ucxo/-
Holi uepe3 14 et coctasisina 83 %, a yactora abep-
paHTHBIX aHada3 ocTaBajlach Ha YpOBHE MOJIOIBIX
ceMstH oTKphIToro xpanenust — 0,35 u 0,17 % coot-
BETCTBEHHO [9].

CemeHa niyka 6aryHa (Allium fistulosum L.) xa-
paKkTepU3yloTCs BHICOKOM XpPOMOCOMHOI HecTa-
OuabHOCTBHIO. Ha BTopoMm romy xpaHeHUsI CeMsIH
yacToTa abeppaHTHBIX aHada3 B MEPUCTEME TIPO-
POCTKOB MOXET COCTaBUTh 3,5 % [10] u naxe 14 %
[11], 9yTO, OUEBMIHO, 3aBUCUT HE TOJILKO OT COP-
Ta, HO M OT MapTUM (MecTa 1 ToAa ypoKast) CeMsTH
[11]. Ha TpeTbeM roay XpaHeHusl yactoTa abep-
paHTHBIX aHada3 B KJIeTKaX KOPHEBOM MepHcTe-
MBI TIPOPOCTKOB B 3aBUCHMOCTHU OT CTEIICH! aHT-
POTIOTEHHOTO 3arpsiI3HEHMS MECT TTPOM3pacTaHMUsI
MaTepUHCKUX pacTeHUi MoxeT gocturath 10, 20
u 35 % [12]. Peakuust reHOMa ceMsTH 6aTyHa pa3-
HOTO CpoKa XpaHEeHWs Ha TaMMa-O0JydeHHe IT0-
Kazajia, 9To HanboJiee ySI3BUMBIM IT0 BCXOXKECTH
¥ YacToTe abeppaHTHBIX aHada3 OKa3aucs TPeTHit
ron xpaHeHust ceMsiH [13]. Tlepuon >ku3Hu ceMsiH
GaTyHa TT0 JTaHHBIM Pa3HBIX aBTOPOB COCTABIISICT
3—6 yieT, MeHblle 5 JeT, 7 JeT KpalHuii mpenen
(umt. mo [11]), 5 net (60—65 mec) [14], u He Bcer-
Jla TIaJIeH1e BCXOXECTH CeMsTH OaTyHa COOTBETCT-
BYeT MOBBIIIEHNIO YaCTOTHI abeppaHTHBIX aHada3
[14], yTO Takke IMOKazaHO W IJII APYTMX BUIIOB
pactenwmii [15, 16].

BospacTHast IMHAMWKA BCXOXECTU CeMSTH Oa-
TYHa B TIpe/ieJiaX MPOAODKUTETEHOCTH XXKI3HU Ce-
MSTH, KOTOPBIE XpaHSTCs B JTaOOPAaTOPHBIX YCIIOBY-
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SIX, UMEEeT JOCTATOYHO XapaKTEepHYIO, TOBTOPSIIO-
LIyIOCSI M3 rojia B roj KapTuHy. B TeueHue mep-
BBIX MECSILIEB Mocje cOopa CeMsIH BCXOXKECTh He-
BBICOKA, MU JaJIbHEIIIeM XpaHeHU U Ha0Ir01aeTCsl
HapacTaHWe BCXOXECTU CEMSIH — OYEBUAHO, TMPO-
UCXOJUT A03pEBaHUE CEMSITH MPU CYXOM XpaHEHUM.
Ha BTOpoM-TpeTbeM TOAy XpaHEHHUsI BCXOXECTh
CeMsIH yIepXuBaeTcss Ha KaKOM-TO OMpeleeH-
HOM YpOBHE, Ha TPeTbeM-UYeTBEPTOM TrOAy OHa
HauyMHaeT MajaTh, Ha MSITOM TOAY MaaeHue BCXO-
KEeCTU YCKopsieTcsl. DTO ycpelHeHHasl oOlas
KapTUHa 11 HECKOJIbKUX MapTUil ceMsiH OaTyHa
pa3HBIX JeT ypoxkas, HaunHag ¢ 1994 mo 2001 1T
[14]. Ilepuoa, B TeueHME KOTOPOTO BCXOXECTh
CEMSIH ellle coxpaHsieTcs (HO yXe He Ha 3-u, a Ha
4-e U 5-e CyTKH TOC/Ie Havyaa nMpopaliuBaHus)
U elle MOXHO MPOBECTU LIMTOTEHETUYECKUIA aHa-
JIN3, COCTABSIET B cpeaHeM 5 et (60—65 Mec).
3aBUCUMOCTh BO3pacTHON AMHAMUKU XPOMO-
COMHOI HEeCTaOMJIbHOCTU OT TeMIIepaTyphl XpaHe-
HUSI CEeMSIH B TEUEHME BCEro IMepuoja >XKU3HECIOo-
COOHOCTHU M3yuyeHa BecbMa HernoJiHO. B HacTostier
paboTe M3JI0XKEHbI TOJYyYeHHbIE HAMU BKCIEepH-
MEHTaJIbHbIe JaHHBIC 0 BO3PACTHOM JMHAMMKE
BCXOXECTU M LMTOTEHETUYECKMX IToKa3aTesei
XPOMOCOMHOI HecTaOMIIbHOCTY ceMsiH Allium fistu-
losum L. c omHOI M TOI K€ UCXOMHOM BIIAXKHOC-
THIO, KOTOPbIE XpAaHWINCh B TEUEHUE ILIECTU JIET
MpU ABYX TeMIlepaTypHbIX pexumax. Lllects et —
3TO TIEPUOJ, B TCUEHUE KOTOPOTO CeMEHa 3TOM
MapTUU, XpaHUBILMECS MPU KOMHATHOI TeMriepa-
Type, MOJHOCTbIO MOTEPSIIN BCXOXKECTh.
Marepuansl 1 MeToabl. Mcronb3oBanu ceMeHa
nyka 6atyHa (Allium fistulosum 1..) copra Maiickuii,
ypoxkaii 1997 . Yepes 1 Mec 1tocse coopa JacTh ce-
MSIH TIOMECTUJIM B XOJIONUIBHUK, TJie TeMIlepaTypa
COMIACHO MEePUOIUYECKUM H3MEPEHUSIM M3MEHSI-
Jack oT 4 10 9 °C. KOHTpoJibHbIE ceMeHa, MoMe-
LLIEHHbIE B CTEKJITHHYIO HErepMETHUECKU 3aKpbl-
TYIO TIOCY/Y, XpPaHWJIM B TEMHOM LKAy Mpu KoM-
HATHOM TeMrepaType, KOoTopasi M3MEeHsach OT
14 1o 29 °C B 3aBUCUMOCTU OT BpeMeHHU roaa. Xpa-
HMBIIMECS] TIPM KOMHATHOI TeMmIlepaType ceMeHa
MpopallrBajIv, HAYMHasl C IEPBOTro Mecsilia XpaHe-
Husi. CeMeHa, XpaHUBILIMECS B XOJOAWIbHUKE, Ha-
yaJi rpopaiuath ¢ 30-ro Mecsilia XxpaHeHMUsI.
CeMeHa TnpopallyBaiyd B IMCTUUIMPOBAHHOM
BoJie B repmoctare npu 24 + 1,5 °C u pukcupo-
BaJIM B CMECH 3TAHOJIA U JICISTHOM YKCYCHOM KHC-
70T (3 : 1). ®uKcano TPON3BOININ OTHOMO-
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Puc. 1. IluHamMurKa BCXOXeCTH CeMsTH OaTyHa ITPU IBYyX TEM-
MepaTypHbIX pexxumax xpaHeHusl. Homvkamu ormeuyeHb
3HAYEeHUsI IS KOMHATHOW TeMIepaTypbl, KPECTUKAMU —
3HAYEHMsI U1 TOHXKEHHOU TeMIiepaTypbl XpaHeHUsI (B XO-
JIONUIBHUKE): TIO BEPTUKATU — BCXOXECThb, %; MO ropu-

30HTaJIM — BO3PAcCT, MeC

MEHTHO, KOTZIa He MEHBIIIE TTOJIOBUHBI IIPOPOCT-
KoB gocturanu 4—9 mia. OxpallluBaHue aleTop-
CEMHOM, TIPUTOTOBJICHWE MABJICHBIX IpEeIrapaToB
¥ aHaga3HbIid aHA/IN3 KJIETOK KOPHEBOII MEpHUC-
TEMBI TIPOPOCTKOB MTPOM3BOIMIN CTaHAAPTHBIMU
meTomamu [17].

K13HecrnocoOHOCTh CeMSIH OLEHUBaIU T10
BCXOXECTH Ha 3-1 CyTKM mocie 3amauuBaHus. O0
W3MEHEHUN CTa0MIBLHOCTM TE€HOMAa CYIWIM IO
yacToTe abeppaHTHBIX aHada3z — mosne aHadas ¢
abeppanusIMu OT O0IIEero KOJIMYecTBa mpoaHaar-
3MPOBaHHBIX aHa(a3, ITIOBPEKICHHOCTA adeppaHT-
HOI KJIETKM — KOJIMYECTBY abeppaluii, IIPpUXOIs-
IIMXCS Ha OMHY aOeppaHTHYIO KIIETKY, U 9acTOTe
MYJIBTHa0eppPaHTHBIX aHata3 — AoJie MyJIBTHA0ep-
pPaHTHBIX aHada3 OT OOIIEero KOJMYecTBa U3ydeH-
HbIX aHa(a3 B poleHTax. AHagasbl ¢ ISAThIO U 00-
Jiee abepparmsiMi, a Takke C MHOXKECTBEHHBIMU
abeppalsiMu HEOTTpeIeICHHOTO BUAa OTHOCHIIN K
MyJIsTHAOeppaHTHBIM. YacTOTy MOCTOB OITpeesi-
JIM KaK J0JII0 MOCTOB (B IIPOLIEHTAX) OT OOIIIETO KO-
JIT9ecTBa BCeX BUIOB abepparmii. YacToTy mBoii-
HBIX MOCTOB BBIUMCIISUTM KaK OO (B TIPOIIEHTAX)
OT OOIIIETO KOJTMYECTBA MOCTOB.

CratucTU4ecKyio 0o0pabOTKy OCYIIECTBIISIIN
O0IIEeTPUHATHIMU MeTogamu [18].

PesynbraTtel mccienoBaHuii W MX 00CYXKIEHHE.
[MonyyenHsle maHHbIe (CpeqHUe 3HAYCHUS U UX
TTOTPEITHOCTH) 00 M3MEHEHUN BCEX M3YUYEHHBIX
TTapaMeTPOB CBeJEeHBI B TAOJIMITY, KOTOPast TTO3BO-
JISeT TIPOCIEINTh TapaylIeIbHOCTh BO3PACTHOM
TWHAMWKU 3THUX ITapaMeTpOB.
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Bexoxcecms — rnaBHBIN mapameTp KU3HECTIO-
COOHOCTHU CeMSIH — OMpeaeNsiii B TeueHue Bcel
MPOIOKUTETBHOCTH JKU3HU CEMSTH, XpaHUBIITNX-
Cs TPU KOMHATHBIX TEMITEPAaTypHBIX YCJIOBUSIX,
T.€. B TeueHue 0osee mectu jeT (75 mec). Bo3pac-
THas1 IMHAMJKA BCXOXKECTU CEMSIH TaHHOM NapTuu
B LIEJIOM HE OTJIMYaeTcsl OT O0lIeil KApTUHbBI IUHA-
MMKU BCXOXECTU CEMSIH 0aTyHa, 3a UCKJIIOUeHUEM
TISITOTO U 111€CTOT0 rojia XpaHeHUsI: MaJeHUe BCXO-
JKECTU B BTOT TEpUOJ TMPOUCXOAUT MeJIeHHee,
XOTsI 00lllee CHUXKEHUE BCXOXECTH CEMSIH Hauyu-
HaeTcsl Tocjie TPEeThero roja XpaHeHus (Tabauua
u puc. 1). Ha miecroM roay xpaHeHust ceMmeHa Ha-
YUHAJIM MpopacTaTh TOJbKO Ha 4—5-€ CYTKH.
BcxokecTh ceMsTH, XpaHUBIIMXCS B TEUEHUE TOTO
Ke Tepuoja Mpy MOHMXKEHHOM TeMIiepaType, coc-
TaBJISIET Ha IIIeCTOM Tomy XpaHeHus 74 %.

VYpaBHeHue perpeccuu (y = bx + a) oTpaxaer
JIMHEIHYI0O KOMITOHEHTY IMHAMUKM BCXOXECTH,
rae KodhGULMEHT perpeccuy b COOTBETCTBYET
cpelHeil CKOpOCTH U3MeHeHUsT Bexoxectu. Obpa-
111aeT Ha ce0s1 BHUMaHKe pa3Inuue B CpeaHel CKO-
POCTH BO3PACTHBIX UBMEHEHUI BCXOKECTU Pa3HBIX
10 YCIIOBUSIM XpaHeHUs ceMsiH. [t ceMsiH, Xpa-
HYBILMXCSI TP KOMHATHOM 1 TTOHVDKEHHOM TEMIIe-
paType, YpaBHEHUSI PErpeccuu Clenylolue: y =
= —0,86x + 80,31 my = 0,24x + 52,13 cooTBeTCT-
BeHHO. Eciu cpaBHUTbH BCXOXECTh CEMSIH Ha Tpe-
TheM rofay xpaHeHus (27—38 mec, Tabau1Ia), MOX-
HO 3aMETUTb, YTO BCXOXKECTb XPaHUBIIMXCS IPU
TMOHMXEHHOM TeMIlepaType CeMsIH AaXe HeCKOJIb-
KO HIKE, YeM CeMsIH, XpaHUBILINXCS IIPU KOMHAT-
Hoit Temniepatype. OJHAKO K MSITOMY U IIECTOMY
rojIy XpaHEeHMs BCXOXKECTh 3TUX K€ CEMSIH ITOBBI-
IIaeTcst, Kak OBl IIOBTOPSIS KapTUHY HapacTaHUsI
BCXOXeCcTU Mouoabix cemsiH (1—1,5 roga), xpa-
HUBILMXCS TIPY KOMHATHOM TemriepaType (puc. 1).
Ecnu nocie cobopa ceMsiH 6aTyHa B TEUEHUE HEKO-
TOPOro BpeMEeHU MPOUCXOIUT UX J03peBaHue (Cy-
IS TIO BCXOKECTU MOJIOABIX CEeMSIH, TaK OHO W
€CTbh), MOXHO MPEATNOJI0XUTh, YTO TTOHUKEHHAs
TeMreparypa He TOJbKO OTHAISIET CPOKU CHIKE-
HUSI XU3HECITOCOOHOCTU CeMSTH, HO U 3aMeJIsieT
HX I03peBaHKe Mociie coopa.

OrpaHUyeHHOE KOJMYECTBO MOMEIIEHHBIX B
XOJIONWJIBHUK CEMSIH HE MO3BOJIMJIO TTPOCIEAUTh
JajlbHEeUIIYI0 JIMHAMUKY BCXOXECTU, MO3TOMY
KpaiiHUI CPOK COXpaHEHUSI BCXOXECTU CEMSIH,
XPaHUBIIMXCSI MOCJIE YOOPKU IIPU TTOHVXKEHHOM
TeMIepaType, OCTajcsl HeBbISICHEHHBIM. OIHAKO,
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Puc. 2. BospacTHble M3MEHEHUST 4acTOTHl abeppaHTHBIX

aHada3 (a) ¥ OBPEXICHHOCTH abeppaHTHON KIETKU (0)

NP KOMHATHON (HOJMKM) W MOHWXKEHHOMN (KPEeCTUKM)

TeMIIepatype XxpaHeHusI: 1o Beptukamm — YAA (a) u [TAK
(0), %; O TOPU3OHTAIN — BO3PACT, MEC
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Puc. 3. UameHeHMsT 4acTOTHI MOCTOB (@) M YaCTOTHI IBO¥-
HBIX MOCTOB (0) BO BpeMsl XpaHEHUU ceMsIH OaTyHa Tpu
pasHoii remrieparype. Honmkamu oTMeueHbl 3HaU€HUS 151
KOMHATHOW TeMITepaTypbl, KPeCTUKaAMW — 3HAYCHUS JIIST
TTIOHVXXEHHOU TeMTIepaTyphl XpaHEHUS (B XOJIOAUITbHUKE);
10 BEPTUKAINU — MOCTHI (@) U IBO¥HbIe MOCTHI (0), %
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VICXOAS W3 TTOJIyYeHHBIX TaHHBIX, MOXHO TIpel-
MTOJIOKUTD, YTO XPaHSIIUECS MPU MOHWKEHHOM
TeMITepaType ceMeHa 6aTyHa CITIOCOOHBI TTpopac-
TaTh 1 TTOCJIE IIECTH JIET XPaHCHHSI.

Yacmoma abeppanmubix anagaz (YAA) mnipu
CTapeHWN CEeMSH TPU KOMHATHOW TeMIIepaType
yBenuuuBaetcs oT 1,9 % y omMHOMECSTIHBIX CEMSTH
1o 75—80 % y crapbIx (6osee TISITH JIET XpaHEHWST)
(Tabnuua). YBeluueHUE 4YacTOThl abeppaHTHBIX
aHada3 MMeeT XapaKTep HapacTarollnxX Kojebda-
HUI; ¢ BO3pacToM, IO Mepe ToBbIlIeHUS YAA,
aMIUIUTYyJa KoJlebaHUI yBeInuuBaeTcs (puc. 2, a).
B cemeHax 6aTyHa, XpaHWBIITUXCS TIPUA TTOHIKEH-
HoIi TeMmepaType, Ha TpeTbeM roay (30 Mec) yacto-
Ta abeppaHTHBIX aHada3 coctaBuia 2,20 = 0,45 %,
B TO BpeMsI KaK TIpM KOMHATHOM TeMIlepaTtype y
CeMSTH 3TOro Bo3pacTa oHa ObLia paBHa 20,54 +
+ 0,97 % (tabnuia). B TedyeHme MmocCiemyOIIero
XpaHEHWST B XOJIOIMIbHUKE YacTOTa abeppaHTHBIX
aHaca3 octaBajach B Tipeneiax 2—4 % (puc. 2, a,
TabINIIA).

st ceMsTH, XpaHUBIINXCS ITPU KOMHATHOM 1
MTOHIDKEHHOW TeMIlepaType, YpaBHEHHSI perpec-
cuu caenyromue: y =1,05x — 7,78 u y =0,002x +
+ 2,87 COOTBETCTBEHHO, XOTSI pa3IMuMsl B CKO-
poctu Hapactauust YAA (%/mec) 1 6e3 TOro oue-
BH/IHBI.

Tospescoennocms abeppanmuoii knemku (ITAK)
B CEMEHaX, XpaHUBIIUXCS MMPU KOMHATHOM TeM-
repaType, TakKKe BBIIIE, 4eM B CEMEHax, KOTOphIe
xpaHuauch npu 4—9 °C, gaxe ¢ yuyeToM TOro, 4To
TIPY BBIYUCIIEHUU MTOBPEKIEHHOCTH MYJIETHAOED-
paHTHbIe aHada3bl He YIUTHIBaIU. [1oaTOMY pe-
ajlbHasl TIOBPEXIEHHOCTh abeppaHTHOM KJIETKU
ropasno Bbiie. CkopocTb HapacTanust [TAK B ce-
MEeHaxX, XpaHWBIINXCS ITPU KOMHATHOM TeMIiepa-
Type, B 4 pa3a Bbillie (0e3 yueTa MyJbTUabeppaHT-
HBIX aHada3), 4eM B ceMeHaX, XpaHUBIIUXCS ITPU
MTOHVDKEHHOM TeMIlepaType, O YeM CBMIETEIbCT-
BYIOT KO((MULIMEHTHI PErpeccu M3 ypaBHEHUIA
vy =0,009x+ 1,11 uy =0,002x + 1,14 cooTBeTCT-
BEHHO.

Myavmuabeppanmuoie anagpazvt TPy KOMHATHOM
TeMIepaType XpaHEHUsI CEMSIH CTaJIM TOSIBASTbCS
Ha BTOPOM Toay XxpaHeHus (puc. 2, Tabnauua). B
CeMEHaxX, XpaHUBIIUXCS MPU MOHWXKEHHON TeM-
rneparype, MyJbsThadeppaHTHbIC aHada3bl He Ha0-
JIIOJQJIMCh B TEUECHUE BCEro CPOKa XpaHEeHUs1. DTo,
BIPOYEM, U HEYAUBUTEIBHO C YIETOM TEX HUBKUX
3HAYEHMIT YaCTOThI abeppaHTHBIX aHada3 (2—4 %)
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U TIOBPEXIEHHOCTHU a0eppaHTHOM KJIETKH (He 00-
nee 1,4 abeppanum Ha KJIETKY), KOTOpBIE IIPH I10-
HIDKEHHOU TeMIiepaType XpaHeHHsT HaOJIIoJaInCh
B T€YEHME ILIEeCTH JieT (Tadau1a).

IloBbimeHre 4yacToThl abeppaHTHBIX aHadas
YacTO COMPOBOXIACTCS CHIDKEHUEM TTOBPEXKICH-
HOCTU abeppaHTHOM KJIeTK! 1 Hao0opoT. BmomHe
BEpPOSITHO, YTO 3TO €CTECTBEHHOE SIBIICHHUE IS
ceMsIH OaTyHa U He TOJIbKO it 6atyHa. [1pu xpa-
HEHUM CeMSH TTOBPEXICHNE HOBBIX (HETTOBPEXK-
MEHHBIX) KJIETOK W JOTIOJIHUTEIIEHOE TTOBPEXIC-
HHUE KJIETOK YXe ITOBPEKICHHBIX pPealm3yeTcs
COTJIaCHO pa3HBIM MeXaHM3MaM. JImHaMUKH Jac-
TOTBI abeppaHTHBIX aHada3 U MOBPEKICHHOCTU
abeppaHTHON KJIETKHM DPa3BUBAIOTCS HECKOJIBKO
HE3aBHCUMO.

Cnexkmp abeppauuii xpomocom. Bo3pacTHbIE 13-
MEHEHHUsI XpOMOCOMHON HecTaOWJILHOCTU Kaca-
I0TCSl HE TOJIbKO KOJIMUECTBEHHBIX MOoKa3aTesei,
HO U KaueCTBEHHBIX Pa3JIMUMM, OTpaXKaloLIMXCsl Ha
cIrekTpe abeppanmii xpomocoM. M3BecTHO, 9TO TIO
Mmepe crtapeHMs ceMsiH A. fistulosum B KiieTkax
KOpPHEBOI MepHCTeMbl MPOPOCTKOB Bce 0O0JIbliie
MosIBJsIETCSl (pparMeHTOB, YTO CHMXAeT MO0
MOCTOB B 0011IeM crieKTpe adeppauuii. Kpome To-
ro, KOJMYECTBO abeppaliiii XxpOMOCOMHOTIO TUIIa
(MOCTOB 1 (hparMeHTOB) TaKXKe YBEIMUMUBAECTCS —
TTOBBIIIIAETCST YaCTOTA IBOMHBIX MOCTOB OT OOIIIETO
kosiuyectna [11, 19].

Kak MoXHO BUIeTh U3 MPeICTaBIeHHbIX B Ta0-
JILIE JaHHBIX, B KJIETKaX MPOPOCTKOB U3 MOJIOJbIX
cemsaH (mo 10 Mec XpaHeHMsI) MOCThI HeE BCErua
SIBJISTFOTCSl €IMHCTBEHHBIM TUIIOM abeppaliuii Xpo-
MOCOM, HO B IpeobJiafaronieM OOJIbIIIMHCTBE 3TO
MOCTBI XpOMaTUJIHOTO TUMA.

ITo Mepe nanbHeero XpaHeHusl CeMsIH Jyac-
TOTa MOCTOB CHUKAeTCsl, TIOSIBJISIETCS BCe OOJIbIle
¢dparMeHTOB.

Ha puc. 3 npencraBieHbl rpaduku Bo3pacT-
HOM IMHAMMKU YaCTOThl MOCTOB U IBOMHBIX MOC-
TOB TPU XpaHEHUU CeMsIH TIpU pa3HOl TemIiepa-
Type. B ceMeHax, XxpaHUBILMXCS MPU KOMHATHOM
TeMmIiepatype, HaOJ0JaeTcss HEKOTOPOe CHUXe-
HUe 4acToTbl MOCTOB. [Ipu MOHMXKEHHOU TeMrie-
paTtype XpaHeHHUs BO3pacTHbIE U3BMEHEHHUS YacTo-
Thl MOCTOB UMeJIM BBIPAXKEHHO HEPaBHOMEPHDIM
XapakTep, OJHAaKO B 1IeJIOM 3TOT MoKaszaTelb He
TOJbKO HE CHMXAJICSI, HO U MMeJl TEHIEHIUIO K
HapacTaHWIO, O YeM CBUAETEIbCTBYIOT KO3(Dhu-
LIMEHTBI PErpeccMM ypaBHEHUI 4acTOThl MOCTOB
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JUJISI CeMSTH, XpaHUBIIUXCS TTPU KOMHATHOM U TO-
HIKeHHOU TeMmepaType: y = —0,22x + 67,03 n
y =0,31x + 51,42 coOTBETCTBEHHO.

YacroTa ABOMHBIX MOCTOB B CEMEHaXx, XpaHUB-
LIMXCS MPU TTOHUXEHHOIN TeMmIieparype, 3Hauu-
TeJIbHO HUXXE, YeM B ceMeHax IMpu MOHUXKXEHHOM
TeMmIiepaType B TEUeHHUE BCEro CpoKa XpaHEeHWSI.
O0 3TOM CBMIETEJILCTBYIOT HE TOJIbKO K03(hbhu-
LIMEHTBI PErpeccuu M3 ypaBHEHUN (1711 KOMHAT-
HOI M MOHUWXEHHON TemriepaTypbl y = 0,55x +
+21,49 my =0,11x + 19,97 cOOTBETCTBEHHO), HO
1 aOCOJIIOTHBIE 3HAUEHUSI TOTO TToKazaTeJis (Tad-
mua, puc. 3, ).

TemnepaTypa — OJMH M3 caMbIX BaxXHbIX (hak-
TOPOB BO3JEWCTBUSI Ha CKOPOCTh OMOXUMUYEC-
KUX peakiiuii. B 60JblIMHCTBE cllyyaeB TeMIepa-
TYpHBIN KO3 dULMEHT (Yucio, moKa3blBalollee,
BO CKOJIBKO Pa3 MEHSIETCS KOHCTaHTa CKOPOCTHU
peakiuy mpu u3MeHeHuu Temriepatypsl Ha 10 °C)
JIEXXUT B Tpejesax oT 2 10 4, 0JiHaKO BCTpevaroT-
Csl M peakliMu C OYeHb HeOOJbIIUM TeMIlepaTyp-
HBIM KO3 hULMEHTOM ((POoTOXUMHUECKUE TIpe-
BpallleHUsI, (hepMEHTATUBHbIC MPOLIECCHl U T.J.)
[20]. K Takum peakLMsIM MOXHO OTHECTU U CY-
LIECTBEHHYIO YacTb MeTabOJIMUECKUX MpeBpalle-
HU MpU XpaHEHUU CEMSIH.

[1pu MOHMXEHHOM TeMIlepaType CKOPOCTh Me-
TabOJIMYECKUX peakliii CHUXaeTcsl, 00pa3oBaHUe
TOKCUYECKUX U MyTareHHbIX METabOJIUTOB 3aMe/l-
JISIETCSI, YTO TIPEISITCTBYeT 00pa30BaHUIO MOTEH-
LIMAJTbHBIX M3MEHEHUII XpOMOCOM U peaju3aluu
X B abeppanuu.

BroiBonpl. XpaHeHMe 1ociie yOOpKu ceMsiH 0Oa-
TyHa B TeYEHHUE IIECTU JIeT ITPU MOHMKEHHOM TeM-
rnepaTtype CIocOOCTBYET HE TOJbKO COXPaHEHUIO
BCXOXXECTU CEMSIH, HO U TOJIAePKaHUIO CTaOW/Ib-
HOCTU XpOMOCOM B KJIETKaxX KOPHEBOI MEPUCTEMbI
MPOPOCTKOB Ha YPOBHE MOJIOJBIX CEMSIH, UTO OT-
paxkaeTcs He TOJbKO Ha KoJIMYecTBe abeppaluii
XpPOMOCOM, HO M Ha CIEKTPe XPOMOCOMHBIX abep-
pamuii. DTo MpEeACTaBIsIeTCS OCOOEHHO BasKHBIM,
MOCKOJIbKY ceMeHa 6aTyHa, Kak ObLIO CKa3aHo, Xa-
PaKTEepU3YIOTCSl BBICOKOI XpPOMOCOMHOI HecTa-
OMJIBHOCTBIO, a IIUTOTeHEeTUYEeCKHe IToKa3aTean
XPOMOCOMHOM HeCTaOWUJIbHOCTU TIPUBBIYHO pac-
CMaTpUBAIOTCSl KaK MoKaszaTe/ly CTapeHUsl CeMsH.
AHalli3 3aKOHOMEPHOCTEel TaKOro BJWSIHUSI TO-
HWXXEHHOM TeMmIlepaTypbl MpeacTaBisieTcsl 10CTa-
TOYHO MHTEPECHBIM 1 Oy/leT MpeACTaBleH B MOC-
JIEIYIOIIMX COOOIEHUSIX.

59



L.M. Lazarenko, V.F. Bezrukov

THE DYNAMICS OF CHROMOSOMAL
INSTABILITY OF WELSH ONION
(ALLIUM FISTULOSUM L.): THE INFLUENCE
OF SEED STORAGE TEMPERATURE

The age-related dynamics of chromosomal instability
and germination capacity of welsh onion (Allium fistulosum
L.) seeds have been studied under two different storage
temperatures during six years after harvesting. Seeds that
were kept at the room temperature (14—28 °C) during
6 years of storage have lost their germination capacity. The
frequencies of aberrant anaphases grew from 2 % on the
first month of storage up to 80 % on the 75th month of
storage. The germination capacity of seeds kept at the
lower temperature (4—9 °C) was 73—77 % on the 6" year of
storage and the frequency of aberrant anaphases remained
within the limits of 2—4 %. Thus, storage of welsh onion
seeds during 6 years at the lower temperature allows to
retain germination capacity and restrains the augmentation
of chromosomal instability in root meristem cells of
seedlings during this period.
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AUCKPUMUHALUE MEXBUAOBBIX
’M6PUAOB B MPUPOAHbIX
nonynauuax OCETPOBbIX Pblb
AMYPA C NMOMOLLbIO
MVYJIbTUIOKYCHbIX RAPD-PCR
MAPKEPOB

(]

IIposeden RAPD-PCR ananu3z evibopku amypckux euoog
ocempoguix poib (46 ocobeii). Jlana oyenka cenemuuecko2o
cocmosnus abopueeHHbIX NONYAAUUL aMYPCKO20 0cempa
Acipenser schrenckii Brandt, 1869 u kanyeu Huso dauricus
(Georgi, 1775). [loayuensr eenemuueckue ceudemenbcmea
2UOPUOHORO NPOUCX0NCOeHUs: 08YX heHOmMUNU1ECKUX eUubpu-
006. Ouenku eeHemuuecKux OUCMAHUUL Medcdy eudamu
u eubpudamu oKazasucy Ha yposHe mexnceudossix. Iloxasa-
HO, 4mo 0451 OUCKPUMUHAUUU U008 Haubonree hghekmusen
mounvili mecm Ha dugpgepenyuayuto nonyaayuii (Exact
test), a eubpudos — mHoeomepHoe wikaaruposanue (MDS).
Jlenaemcs 661600, umo nonyasayuu ocempoguix puio p. Amyp
COXPAHUAU CYUICCMBEHHDIL YPOBEHb 2eHEMUUeCK020 PA3HO-
obpasus; Haauuue eubpUd08 8 HUX PACUCHUBAEMCSl KAK 00UH
u3 pakmopos pucka. Myasmunoxycnvie RAPD-PCR mapke-
Dbl NPUBHAOMCsL YOOOHBIM U HAOCHCHbIM UHCIMPYMEHMOM O
npogedenus eeHemu4ecK0e0 MOHUMOPUH2a NONYASUUL AMYP-
CKUX 0CempOoBbiX pblb ¢ Ueablo COXPaHeHUs Ux 2eHooHOa.
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Brenenne. Mnpopmaius o cTpykrype U QyH-
KIMSX pa3IMYHbIX KOMIIOHEHTOB OMOILIEHO3a Ha
BCEX YPOBHSIX €r0 OpraHu3alliM, BKJIIOYas IeHe-
TUYECKUIA, UMEET OIPOMHOE 3HAYECHUE JIJISI MOHM -
TOpPUHIA M3y4aeMON CHUCTEMbI, IIPOTrHO3MpPOBa-
HUS IIyTei ee pa3BUTUS, pa3padOTKU MpPOoTrpaMM
pa3yMHOTO MCHOJb30BaHUs OuopecypcoB. Bri-
>KMBaHUE aOOPUTEHHbBIX BUIOB,/TIOIYJISILIUI 3aBU-
CUT OT COXpaHEHUS UCTOPUYECKHU CIIOKMBILIETOCS
XapakTepa MX FeHETHUYEeCKOIro pa3HooOpasus, B
3HAYUTEJbHOM Mepe YyBCTBUTEIHLHOIO K MHTPO-
JIYKIMY B MECTaX OOUTaHUSI THOPUIOB POACTBEH-
HBIX (hOpM, a TakKe KOHCHeUM(pUIHBIX BUIOB U3
MCKYCCTBEHHO Pa3BOJIMMBbIX TTOIYJISIIIAIA.

BaxxHbIM KOMIIOHEHTOM OMOpecypcoB dacceii-
Ha p. AMYp SIBJISIFOTCSI OCETPOBbI€ PHIOBI — TpaIU-
LIMOHHBIA OOBEKT IPOMBIC/IA M aKBaKyJIbTYpPHI.
CeMeicTBO OCETPOBBIX PhIO BKIIIOUAECT BUABI BbI-
COKOT'0 3KOJOIMYECKOro M 3KOHOMMYECKOIO MH-
Tepeca, OOJILIIMHCTBO U3 KOTOPBIX IMMOJBEPTaroTCs
PUCKY COKpallleHUs YMCIACHHOCTU WU UCYE3HO-
BeHusl. IToaTomy B amnpesie 1998 1. Bce npeacraBu-
TEJIN OCETPOBBIX PHIO OBLTM BKJIIOUEHBI B KOHBEH-
i MeXayHapoaHOW TOProBJIM PeAKUMU
Bugamu (CITES, npunoxenue II) [1-3]. IIpuun-
HbI yI'pOXaeMmMoro craryca pa3HOOOpa3Hbl, OHU
MOTYT 3aKJII0YaThCsl B YPE3MEPHOI PHIOHOM JIOB-
Jie, 3arpsI3HEHUU OKPY2KaIoIIei cpeibl, MEXBUIO-
BOI TMOpUAM3ALIMU U T. I1., IPUYEM €CTeCTBEHHasI
MEXBUIOBasl TMOpuAM3alusg Y TPECHOBOIHBIX
pbIO sABJIsIETCS 00Jiee OOBIYHBIM COOBITHEM, YEM
IUI. APYTUX MO3BOHOYHBIX [4], a ppIObI U3 pbIOO-
BOJIHBIX XO3SIMICTB 4acTO MOIAaAaloT B IIPUPOIHbIE
BOJIOEMHI [5].

Kak 1 y OosibLIMHCTBA APYTUX MPEACTABUTENEH
ceMeicTBa, y aMypCcKHUX OCETPOBBIX PHIO, aMyp-
CcKoro ocetpa Acipencer schrenckii u Xanyru Huso
dauricus, HaOIIOJACTCS CHIDKEHUE YUCIICHHOCTH, 1
OHU TOABEPraroTCs pUCKY Ucue3HOBeHUsI. OCHOB-
HOM TIPUYMHONM, OIIPEAESIONIel COBPEMEHHOE
COCTOSIHME TIOMYJISLMIA 2TUX BUAOB, SIBJSETCS
Ype3MEpHBI BBUIOB; HEraTUBHOE BIMSIHUE TaKXKe
OKa3bIBaeT aHTPOIIOI€HHOE 3arpsi3HeHuE p. AMYp.
K unciay BO3MOXHBIX IIPUYUH CJIEAYeT OTHECTHU
€CTECTBEHHYIO MEXBHUIOBYIO rubdpuaunsainuio. B
MocJjeaHee BpeMsl BO3pacTaeT yrpo3a «pa3daBiie-
HUSI» aMyPCKUX MOMYJSILMI OCETPOBBIX PBIO UX
MEXBUAOBBIMU TUOpuaaMu (OTJAMYAIOIIUMUCS
BBICOKMM KO3(h(GUIIMEHTOM BbIKMBAEMOCTH), HC-
KYCCTBEHHO I10JIy4aeMbIMU B PhIOOBOIHBIX XO3511i-
ctBax KHP, koTopbie BBIITycKalOT UX B pP. AMyp.
IIpu oTCYyTCTBMU HOJKHOIO KOHTPOJISL HAll STUMU
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MEpOIPUSITUSIMU YIpo3a JUIsl TIPUPOIAHBIX TOIMY-
JISIUMI MOKET 0Ka3aTbCsl (paTaibHOM.

MoJiekyJISIpHO-TeHeTUUYECK1Ee HCCIIeOBaHMS
aMypCKUX OCETPOBBIX PbIO, CopepKalluXxcsl B pbl-
0oBoHOM X03s1iicTBe Jlyueropckoil Hay4yHO-MC-
CJIeIoBaTeIbCKOM pei0oBomHOM cTani TUHPO-
LenTtpa (1. Jlyueropck IIpumMopckoro kpas),
nokasauu, uto RAPD-nipodwim nmeror nocratou-
HO BbIPAXEHHYIO BUAOCMELU(PUUHOCTb, MPUYEM
MPY CTaTUCTUYECKOM aHAJIM3E XOPOIIO UACHTUDU-
LUPYIOTCST MEXBHIOBBEIE THOpUAbLl [6]. Merton
RAPD-PCR aHanmm3a mojoxXuTebHO 3apeKOMEH -
JoBajl ceOsl B MOMYJSIUMOHHBIX HCCIEI0BaHUSIX
pPEeNKUX M MaccoBbIX BUIOB [7—11], a Takxke npu
U3YyYeHUU eCTECTBEHHBIX 30H TUOpMAM3ALMU BO
MHOTHX TPYIINax >XWBOTHBIX, BKJtoYyasi prio [12—
17]. OnHO 13 OCHOBHBIX ITPEUMYIIECTB METOAA 3a-
KJII04aeTcsl B TOM, UYTO OH MO3BOJISIET OTHOBPEMEH -
HO aHaJIM3MPOBATh MHOXECTBO HE3aBUCUMBIX JIO-
KYCOB U He TpeOyeT TpenBapuTebHON MHpopMa-
LM O HYKJIEOTUIHBIX TTocsieaoBarebHOCTsIX JTHK
[18—20]. IToaToMy B HacTosieit padoTe AJIsd TeHe-
TUYECKOW XapaKTEPUCTUKU MPUPOAHBIX TTOITYJIsI-
LU OCETPOBBIX PHIO OacceitHa p. AMYp U TUCKPU-
MUWHAIMA WX MEXBUIOBBIX TMOPUIOB MbI COUIN
11eJIeCOO0pa3HbIM UCITOJIb30BAHUE MYJIBTUIOKYC-
HbeiXx RAPD-PCR mapkepos.

OcHOBHasl LIeJIb UCCIEIOBAHUST — AaTh OLIEHKY
TeHeTUUYECKOro TMOTeHIIMala aODOPUTeHHBIX TOIMy-
JISILIMI OCETPOBBIX PBIO OacceitHa p. AMyp, He00X0-
JMYIO JJ1s1 pa3pabOTKU MPOTrpaMM Mo UX COXpaHe-
HUIO U pallMOHAJTbHOMY MPUPOIONOJIb30BAHUIO.
KoHKpeTHbIMU 3ajayaMu ObLTA OLIEHKA T'eHEeTH-
YeCcKOro paszHooOpasus MOMYJSILiUui aMypCKOTo
oceTpa U KajJyru, a TakxKe ITUCKPUMMHALIUST MeX-
BUJOBBIX (DEeHOTUMUYECKUX THOPUIOB C IMOMO-
b0 MyasTUI0KYCHBIX RAPD-PCR mapkepos.

Marepuan u metoabl. MaTepuaaoM JUIsl Ucclie-
JOBaHUS CITYKWITA 46 0CeTpOB M3 TIPUPOTHOM TTO-
MyJsiyy, BKIro4dast 37 ocobeil aMypcKoro ocerpa
Acipenser schrenckii, 7 ocobeit kanyru Huso dauricus
U 2 peHoTUNMUYeCKUX rudpuaa. deHoTUNMYECKU
«9UCThIe» 0COOW OBLIM OTJIOBJIEHBI B XOIE IPOBE-
JIEHUSI HAyYHO-MCCJIEI0BaTEIbCKOrO JIOBa B aBryC-
Te—ceHTsi0pe 2005 . B HU30BBSIX p. AMYp (BOIM3U
. Hukonaesck-Ha-Amype). [MOpuabl (mo Mopdo-
METPUYECKUM JAaHHBIM MEXIYy KaJlyroil U amyp-
CKMM OCETpPOM) MoMiMaHbI B KOHILIe OKTS0pst 2005 .
B p. AMyp B paifoHe XabapoBcka. s cpaBHEHUSI
B aHAJIM3 ObLIM TakKxKe BKIIIOYEHBI TTO OJHOMY 3K-
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3eMIUISIPY aMypcKOro oceTpa 1 Kamyru u3 Jlyde-
ropckoii peiooBogHoi ctaHumu THUHPO-LlenTpa
(1. JIygeropck ITpuMopckoro Kpas).

Ienomuyro JHK nonyyanu us ¢pukcupoBaH-
HOW 3TaHOJIOM TeYeHU CTaHAAPTHBIM (DeHOJIbHO-
JIETEPreHTHBIM METOJOM C Tocjeaytoleil oopa-
o0otkoil mporenHazoir K [21]. KoHueHTpaluio
JHK mnst PCR onpenenstim aaexTpodopeTnieck
B 1%-HoM araposHoM reje B TAE-6ydepe (0,04 M
Tpuc-anerar, 0,002 M B/ITA), pH 7,8.

[ToarmepasHyIo LIETTHYIO peaKnio MPOBOANIN
C JECSITUWIEHHBIMU OJIMTOHYKJICOTUAHBIMU TTpaii-
Mepamu TipousBoicTBa «CubsH3MM», Poccus
(tabn. 1), maOIMMU YeTKUE, XOPOIIO WACHTU(hU-
LMpyeMble M BocIipou3BoauMble pparmeHTsl JJHK.
Peakuuio amrmdukanyu ocyecTBiasuiv B 20 MK
peakiMoHHoM cmecu, coaepxkarieit 100 MM Tpuc-
HCI, pH 8,3, 500 MM KCI, 2—3,5 MM MgCl,,
0,2 MM dNTPs, 0,5 MM mnpaiimepa, 1 ex. Taq mmo-
ymmMepasbl (TocHUUWrenetuka, Mocksa) u 30 Hr
Matpuiisl JJHK. 115t MUHMMM3a1MK OLIMOKY peak-
LIMIO ONTUMUM3UPOBAIN IyTeM ITOAOOPKU HEO0OXO-
JMMBIX KOHLIEHTpalMil KaXKA0ro KOMIIOHEHTa U
MPUTOTOBJIEHUEM OOIIeI CMeCH 17151 BCeii BHIOOPKM.

Peakimto PCR BBITIONHSIM Ha TepMOLIMKIIEpE
UNOII (IepmaHus) B cienyiolieM TeMIlepaTyp-
HOM pexXuMe: riepBoHavalbHasl IeHaTypalus pu
94 °C 2 muH, 40 UMKIOB, COCTOSIIIIUX 13 YEThIPEX
cryneHeit, Bkiwoydass 45 c npu 92 °C, 30 ¢ nipu
37 °C, 15 c ipu 45 °C u 2 muH npu 72 °C. Peak-
uto 3aBepiiana 10-MUHyTHas cTaausi JIOHTAlluU
npu 72 °C. HeraTuBHBINi KOHTPOJb peakUUU
(TecT Ha KOHTaMMHALIUIO) colepKal peaKlMOH-
HYIO cMech 0e3 nodasieHus JJHK.

Onexrpodope3 aMIIMpUIUPOBAaHHBIX (par-
meHToB IHK mpoBommmu B 1,5%-HOM arapos-
HoMm resie B TBE-Oydepe (0,89 M Tpuc, 0,089 M
o6opnoit kucnotel, 0,05 M B/ITA), pH 7,8 ¢ 6po-
MUCTBIM 3TUAMEM (5 MKT/MJ) 1 (poTorpacdupona-
71 B TIpoxomsieM Y®. Pazmep Kaxkmoro hparmMmeH-
Ta OTpeNesIsUIu MyTeM CPaBHEHUSI ¢ MapKEePHBIMU
dparmentamu JIHK ¢ara A, ruaponn3oBaHHOIM
sHaoHyKaea3zoil Pstl. B manmpHeiimmem anamuze
HCIOJB30BaIM TOJBKO Te (DparMeHThbI, KOTOpPbIE
JIETKO BU3YaJIM3UPOBAINCh U BOCIIPOU3BOIUINUCH
B MOBTOPHBIX PEaKIIMSIX.

Cratuctuyeckuit aHaau3 RAPD-narrepHoB
OCHOBBIBAJICSI  Ha CJHEAYIOIIUX JAOMYLICHUSX:
RAPD-¢parMeHThl SIBASIOTCS TUTUIOUAHBIMU J10-
MMHAHTHBIMU MapKepaMu (TIPUCYTCTBYIOIIUE ajl-
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JIeny aMIUTM(UIIMPOBaHbl, OTCYTCTBYIOILIME — HE
aMIUTHUIIMPOBAHbI); KOMUTPUpPYIOIINe (hparMeH-
Thl TIPEACTABJISIIOT COOO TOMOJIOTMUHBIE JIOKYChI
C WICHTUYHON HYKJICOTUIHON MOCea0BaTeIbHOC-
TBIO; JIOKYChI HACJIEIYIOTCs TI0 3aKoHaM MeHens;
MOIYJISILIMSL HAXOAUTCSl B paBHOBECUM IO Xapau-
Baiin6epry [20]. g Kaxaoii ocoou IIpUCyTCTBUE
(pparmeHTa 0003HaYAIOCH KakK 1, oTcyrcTBUE — 0.

BHyTpunmonyasiiiMoOHHYI0 T€HETUYECKYIO W3-
MEHYMBOCTb BBIUMCIISIA TIO PSIIy TapaMeTpoB.
PaccuuTbiBanu MHAEKCHl BHYTPUBBIOOPOUHOI! Te-
HETUYECKON M3MEHYMBOCTU — JOJSI MOJUMOPd-
HBIX JIOKYCOB 0e3 kpurepus (P) uc 95%-HbIM
KputepureM noaumopdusma (Pos), cpeaHee 0Xu-
naemoe (na) v 3¢ dekTUBHOE (ne) YMCo aiesnei
Ha JOKYC, KO3((UILMEHT reTepOreHHOCTU BbI-
oopku IllenHoHa-Bupepa (/) u TeopeTuyecku
oXxugaeMass TreTepO3UTrOTHOCTh ¢ MOMpPaBKOt
Ha BEJIMYMHY BHIOOPKU (Heun) [22].

[eHetnueckyo nuddepeHIMAINIO BUIOBBIX
BBIOOPOK MeXay co00il U ¢ (heHOTUIMUYECKUMU
ruopuaaMu OLIEHUBAIU MO HECMEILIEHHbIM TeHe-
TUYECKUM AUCTaHUIUSAM (Dun), MEXIOMYISILIMOH-
HOMY TeHHOMY pa3Hoo0pa3uio (Dst), Koahbuiu-
€HTY TeHHbIX (pukcanuii (Gsf), YUCITy MUTPAHTOB
Ha nokojeHue (Nm), 1 1O TOYHOMY TeCTy Ha
muddepenumnanuio momyasuuii (Exact test) —
annpokcuMmaiiuss TouHoro tecta (RxC) Monte-
Kapno Ha nuddepenumanuto. Tect 6a3zupyercs
Ha JaHHBIX YaCTOT KaXIOTo JIOKyca, BKJItoJas 2,
dfwu p [23]. [IpuHuMast, YTO KaxKIbIi JTOKYC SBJISI-
eTcs He3aBUCUMBbIM, TecT Duiepa mpUMEHSIN
Kak m1o0abHbIi TecT Ha auddepeHInalnio Mo-
MYJISLIMIA 10 BCeM JoKycaMm [24].

IlepBuyHyt0o 00pabOTKY 3JeKTpodopeThIeC-
KMX TIaTTepHOB (TTOJIyYeHre OMHApPHBIX MaTPUIL)
MPOBOIUIN € UCIOJb30BAaHUEM MPOrpPaMMbl
RFLPScan 3.12. PacyeT reHeTUYECKUX ITapaMeT-
POB  OCYILIECTBJICH C IIOMOIIbLIO MpOrpaMm
PopGen 32 [25], NTSYS [26] u TFPGA [27].

PexoHcTpykiinu (puaoreHeTUYECKUX CBSA3CH
BBITIOJIHEHBI TTIOCPEACTBOM KJIACTEPHOIO aHaan3a
HEB3BEILIEHHBIM MOMAPHO-TPYMHIIOBbIM METOI0M
¢ apupmetuueckum ycpeanHeHuemM (UPGMA),
MeToaoM Osvxkaiiiiero cBa3biBaHust (NJ) u mo-
CTPOCHUEM MUWHUMAJBHOTO CIIEHHUHT-ApEBa
(MST) Ha ocHOBe MOIApPHBIX TeHETUYECKUX M-
craHuuii Heu c ncnonab3oBaHUEM MPOTpaMM
TreeConw [28], TFPGA [27] u NTSYS [26].
MHoroMepHoe 1KanupoBanue (MDS) Bbimos-
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Tabnuua 1
IIpaiimepsl, ucnosb3oBannbie 1151 RAPD-PCR
aHAJIM3a 0CEeTPOB

Ipaiimep 5'—3'

OPA-02 TGCCGAGCTG
OPA-09 GGGTAACGCC
OPA-10 GTGATCGCAG
OPA-11 CAATCGCCGT
OPA-12 TCGGCGATAG
OPA-13 CAGCACCCAC
OPA-17 GACCGCTTGT
OPC-09 CTCACCGTCC
OPC-10 TGTCTGGGTG
OPD-05 TGAGCGGACA
OPF-06 GGGAATTCGG
OPF-08 GGGATATCGG
OPF-15 CCAGTACTCC

Hsm B riporpamme NTSYS [26] mis ycraHOBIE-
HUST OCHOBHBIX JUBEPTEHTHBIX TPYIIII.
PesyasraTel uccaenoBaHuii. Hzmenuusocms
RAPD-cnexmpos. B o611ieit BbIGOpKe 13 46 ocobeit
BBISIBIIEHO 173 (pparMeHTa, KOTOpBIE paccMaTpu-
BaJIMCh HaMM Kak ajuienu 173 nokycoB. Konuyec-
T80 (pparmentoB JAHK mns xaxkmoro mpaiimepa
BapbupoBajio oT 4 (OPA-11) no 22 (OPA-12), a
nx pasMep — B aranasone 380— 1600 map Hykieo-
TuaoB (11.H.). [Ipu BusyajbHOM aHalM3€e MmaTTep-
Hbl, TIOJIyYEHHbBIE JUISI BUJOBBIX BBIOOPOK, UMEU
BBICOKYIO CTeIeHb cXoAcTBa. Hawyunivwe kaptu-
HbI MEXBUAOBOI muddepeHIany ObUIM MOy~
YyeHbI ¢ ToMolbio mpaiimepoB OPA-09, OPA-10,
OPA-11 u OPA-17. Hanmpumep, mokyc OPA-1032
SIBJISIETCST crieuUIHBIM 1151 A. schrenckii, y H.
dauricus oH oTcyTCTBYET, a TI0KYC OPA-10460 UMe-
€T YaCTOTHBIE OTJIUYMS MEXIy CpaBHUBACMbIMU
Bugamu (puc. 1). HagexHbix MapkepoB (ruOpu-
cneunduuHbix pparmeHToB JIHK) mist uneHtu-
(ukauuy (GpeHOTUNUYECKUX TUOPUIOB OCETPO-
BBIX PbIO p. AMYp BBISIBIIEHO He ObLIO.
Tenemuueckas uzmenuusocms 6udos. Beidopku
amypckoro ocetrpa A. schrenckii u xanyru H. dau-
ricus 0Ka3aJIuChb BBICOKOIIOJUMOPGHBIMU (P =
= 71,1 u P = 58,4 % cooTBETCTBEHHO), a BBEJIE-
Hue 95%-HOro KpuUTepusl CYIIECTBEHHO He II0-
BIMSJIO Ha MOKasaTesib MoJuMopdusMa amyp-
ckoro ocerpa (Tabja. 2), UTO CBUAETEIbCTBYET O
MaJO4YMCIeHHOCTU peakux amieiein y RAPD-o-
KycoB. YacToTHoe pacmpeneaeHue IoJuMopd-
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Puc. 1. RAPD-nonumopdu3mM oceTpoB, BbISIBIEHHBII ¢ ToMolibio npaiimepoB OPA-10 (a) u OPA-17 (6): S, 1-24, 28,
29, 36—46 — Acipenser schrenckii; 25—27, 30—33, D — Huso dauricus; 34, 35 — rubpunsl. CTpeaKkaMy yKa3aHbl Map-
KepHbie ¢pparmeHThl JTHK

Ta6nuua 2
ITapameTpbl reHeTHYECKOiT H3MEHYHBOCTH aMyPCKOTO
oceTpa M KajJyru

Bri6opka N | na | ne I | P,% |Pos, %| Hum

165 1,71 1,58 0,38 71,1 65,9 0,26
167 1,44 1,38 0,32 58,4 0,23

A. schrenckii
H. dauricus

IIpumeyanue. N — 4yucio MASHTU(ULIUPOBAHHBIX JIO-
KYCOB; na — Ha0JoaaeMoe YUC/Io ajuiesieid Ha JIOKYC; ne —
3(hGEKTUBHOE YUCIIO ajllesieil Ha Jokyc; I — uHpopma-
LIMOHHBIM WHIEKC TeTepOreHHOCTH BbhIOOpKHM IlleHHO-
Ha—Busepa; P — 10Jis1 MOJTMMOP(MHBIX JIOKYCOB; Pos — N0JIs
MTOJIMMOPGHBIX JIOKYCOB ¢ 95%-HBIM KpHUTEpUEM ITOJIU-
Mopdusma; Hun — HecMellleHHast FTeTepPO3UTOTHOCTD.

HBIX JIOKYCOB Y CPaBHMBAaEeMbIX BUIOB UMEET CBOU
OCOOEHHOCTH. Y aMypCKOro oceTrpa OojbIIas
yacth (0Kojio 60 %) mMoIMMOpP(MHBIX JIOKYCOB
nmMmeroT cpeaHioro yacroty (0,2—0,7), okomno 30 %
Mpea- CTaBJIEHO HU3KOYACTOTHBIMM JIOKyCaMU
(gacrora Hrxe 0,2), a HAMMEHBIIYIO JOJIIO (IIPH-
MepHO 10 %) COCTaBIISIIOT BBICOKOYACTOTHBIE JIO-
Kychl (4a- crora Oojee 0,7). Y Kallyrm J10KYyCOB
C BBICOKOM YacTOTOM He 0OHApyXeHO (BO3MOXK-
HO, 13-3a MaJIOYUCJIEHHOCTU BBIOOPKM), CpeaHE-
YaCTOTHBIE JIOKYChI COCTaBisIioT okojo 70 %,
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a HU3KOYacTOTHhle — oKoysio 30 %. 3HadyeHUs
JPYrux mapaMeTpoB TeHEeTUYECKON M3MEHUMBOC-
TH JUISI KQXI0W U3 BUAOBBIX BHIOOPOK TaKXKe OKa-
3aJIMCh JOCTATOYHO BBICOKMMMU, Hampumep, Hun
=0,23u 0,26, /=0,32 1 0,38 (Tabm. 2).
Lughepenyuayus eudosuvix evibopok. Bee nud-
(bepeHIIMpYIOIIME TTOKA3ATENIU, 32 UCKITIOUEHUEM
TOYHOIO TeCTa, UMeJIu 0ojiee BBICOKUE 3HAUCHMUS
NPy CpaBHEHUU BUAOB ¢ TMOpuaaMu (taodu. 3). 3Ha-
YEHMSI TTIOKA3aTeJIsl MEXITOMYJISIIMOHHOTO TeHHOTO
pasHooOpa3us (Dsf) B IPOBEACHHBIX CPABHEHMSIX
Haxoauauch B npeaenax 0,04—0,06, ciegoBaTenb-
HO, OCHOBHAsI YaCTh T€HETUYECKOTO Pa3HOO0Opa3usl
MPUXOIUTCSI HA BHYTPUMONYJISIIMOHHYIO KOMITO-
HeHTy. [ToaToMy MmokaszaTean reHHBIX (PUKcaluii
oKazanuch HeBbicokuMM (Gst = 0,15—0,28), a ko-
JINYEeCTBO MUTPAHTOB Ha TTOKOJICHUE MEXKIY CpaB-
HUBaeMbIMU TTOMY/ISILIMOHHBIMU BEIOOPKAMU ObLIO
cinabo orpaHuvyeHHbIM (Nm = 1,3—-2,9). UnHTep-
npeTtanusi 3HayeHWid Nm, BBIYHUCICHHBIX II0O
RAPD-paHHbBIM (T.€. HEIPSIMBIM ITyTeM), 0a3Upy-
eTcs Ha Tpex Kareropusix: Nm < 1 (IIOTOK IreHOB
CJIMILIKOM MaJl, YTOOBI MPEAOTBPATUTH TEHETUYEC-
Kyto auddepeHInalN0, BHI3BBAHHYIO TeHETUYeC-
KuUM apeiicpom), Nm = 1—5 (reHHBI TIOTOK B 3a-
BUCHMOCTH OT KOHKPETHBIX YCIIOBUI MOXET ObITh
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JIOCTAaTOYHBIM WJIM HET, YTOOKI IIPEIOTBPATUTH 3(-
dexr npeitda), Nm > 5 (reHHBII TIOTOK IOCTaTO-
YeH, YTOObI MTPeIOTBPATUTH TeHETUYECKYI0 nr-
(epeHLMaLIo, 00yCIOBIEHHYIO IpeiipoM reHOB)
[29]. TeHeTMYecKre NUCTAHIIUM MEXIY Pa3HbIMU
BBIOOpPKaMU BapbUPOBAJIU B Y3KUX npenaenax (Dun =
= 0,10—0,13). TouHslit TecT Ha auddepeHIna-
uuto nonyasiunii (Exact test) mpu3Hai TeHETU-
YEeCKM €IUHBIMU OObeIVMHEHHbIE BHIOOPKU TMO-
PUIOB € KaXIbIM U3 POAUTENBCKUX BUIOB (p = 1)
U yKazaJl Ha OTCYTCTBUE T€HETUYECKOTO eIUHCT-
Ba OObEAMHEHHOI BHIOOPKM POAUTETbCKUX BU-
noB (p = 0) (tabx. 3).

[Tpu aHanMM3e aMypcKUX OCETPOBBIX PHIO METO-
JIOM MHOTOMEpPHOTO IIKaJUpoBaHUs (puUC. 2) BCe
0cobM, 3a UCKITIoYeHneM (DeHOTUITMYECKMX THOpU-
JIOB, YETKO pacripeae/IUIvCh B IBe TPyIbl. B ogHy
TPYIIITY BOIIUIA BCE 9K3EMITISIPHI KAJTYTH, B IPYTYIO —
aMmypckoro ocetpa. DeHOTHIIMYECKHE TUOPHIBI
PaCTONIOXUINCh MEXAY Kalyro | aMypCKUM
OCETPOM.

Qunoeenemuueckue pexoncmpykyuu. JlaHHBIE
KJTaCTEpHOTO aHaJIu3a, MOJy4eHHbIe MeTogaMu NJ
u UPGMA, B 11eJIOM COIJIacyroTcs ¢ JaHHBIMU MHO-
romepHoro mkanuposanusi. Ha NJ-npese (puc.
3, a) BbIACISIIOTCS ABa KjacTepa. B nepBbiii Bolll-
JIM Bce 0COOU aMypCKOTO OceTpa, BO BTOPOIi — BCce
SK3eMIUISIPBI Kanyru. @eHOoTUInYecKe ruopuabl
PpAacmoJIOXKUINCh B OCHOBaHUU MEPBOTO KJacTepa.
W cknounuB M3 aHajaM3a Kallyry, Mbl IMOJYYUIN
NIpeBo, rae (heHOTUMUYECKHE TMOPUIbI 3aHUMAIOT
0azabHOE MOJIOXKEHNE (aHHbIE HE TTPUBEICHBDI).

Hennporpamma UPGMA (puc. 3, 6) oTinyaeT-
cs1 oT NJ-apeBa TeM, UTO Ha Hell (heHOTUMUYEeCKHe
TMOPUIBI KJIACTEPU3YIOTCSI B BUAE CAMOCTOSITE/b-
HOI1 BeTBU KJ1acTepa, C(pOpMUPOBAHHOTO KaJTyTOM.

0,6
0,4
0,2

A. schrenckii

H. dauricus
0,0

V4
-0,2
—-0,4

~0.6
—0,4

Tu6puIB ;

_1.5-2,072.5
L0705 0.0 —0,5710 L5=%
X
Puc. 2. MHOTOMEPHBII aHATN3 TEHETUYECKOTO Pa3HO00-

pasusi OCETPOB

MST pemoHcTpUpyeT 4eTKylo auddepeHima-
LIUIO0 BUJIOB, KOTOPbIE COSAUHSIOT (DEHOTUITUYEC-
Kue rudpuasbl (puc. 3, ¢). [IpumeyarenbHO, YTO 3Ta
PEKOHCTPYKILIMS yKa3bIBaeT Ha reTepOreHHOCTh
nonyiassuuu A. schrenckii, ipeamosaras y Hero Ha-
JIA4YMe T10 KpailHe Mepe ABYX T'€HETUYECKU JUC-
KPETHBIX TPYIL.

Bo Bcex puytoreHeTHUECKMX PEKOHCTPYKIIMSIX
0Cco0M aMypCKOTO OCeTpa M KaJlyI'l U3 PhIOOBO/I-
Horo xossiictBa JIyueropckuit HUPC nokanusy-
IOTCSI B COOTBETCTBUM C UX BUIOBOM MPUHAIJIEK-
HOCTbIO (JaHHBIEC HE MPUBEACHDI).

O0cyKaeHne MoJaydeHHbIX JaHHbIX. MccnemoBa-
Hue m3MeHunBocTM RAPD-MapkepoB mo3BossieT
cliesaTh BBIBOJ, YTO OCETPOBBIE BUIIbI PHIO Oacceii-
Ha p. AMyp MMEIOT JOCTATOUYHO BbICOKUII YPOBEHb

Ta6numa 3
Tenernyeckas muddrepeHnmanus MeKIy BUAAMA U THOPHIAME OCETPOB
Exact test
Brr6opka Ht Hs Gst Nm Dun Xz dr »
A. schrenckii / H. dauricus 0,28 0,24 0,15 2,9 0,10 630,9 346 0,00
A. schrenckii / TmOpuIbI 0,23 0,17 0,26 1,4 0,13 168,1 346 1,00
H. dauricus / Tubpust 0,21 0,15 0,28 1,3 0,12 99,9 346 1,00

[Mpumeuyanue. Ht — oblee TeHeTUIECKOe pa3HOOOpa3ue TOMyISIK; Hs — TeHeTnIecKoe pa3HooOpasue CyOrormyIisi-
1, Gst — Ko PULMEHT reHHbIX (PUKcaLmii; Nm — 41CI0 MUTPAHTOB Ha ITOKOJIEHKE; Dun — HECMEILEHHbBIE TEHETUYEC-
kue nucranuuyu Heu; Exact test — TOUHBII TecT Ha nudbepeHIINAIMIO TTOMYJISLNNI, e X2 — CpeIHEeKBAIPATUIHOE OTK-
JIOHEHUE, df — YUCIIO CTETeHEe CBOOOI, p — BEPOSITHOCTh TEHETUYECKOM OMHOPOIHOCTH.
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Puc. 3. @unoreneTnyeckre peKOHCTPYK-
LMW OCeTPOB AMypa: @ — IeHIporpaMMa
TeHeTUYECKNX B3aMMOOTHOIIICHUN, TO-
crpoeHHast MetonoM UPGMA; 6 — cxema
(uoreHeTHUIECKOTO POACTBA, TOCTPOEH-
Hag metonoM NJ; 6 — MUHUMaJIbHOE
cITleHHUHT-IpeBo MST unoreHeTHUECKUX
cBs3eil. D — reHetnueckue aucraniuu. B
y37ax BETBJIEHUSI yKa3aHbl OyTCTper-
uHaekcs Bbimie 50 % (B pamkax 1000
peruKanuii)
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TEeHETUYECKOTO pa3HooOpa3us. PacxoxmeHus B
3HAUEHMSIX OCHOBHBIX TOITYJISIIIMOHHBIX TTapaMeT-
POB Yy aMypCKOTO OceTpa U KaJyTu (B TTOJIB3Y TIep-
BOT0) TPEXIE BCEro OOYCIOBICHBI pa3HBIM pa3Me-
poMm BBIOOpPOK. [loKazaTem reHeTUIeCKOTo pa3Ho-
00pa3usl OCETPOBBIX PHIO AMypa COIIOCTaBUMBI C
aHAJIOTMYHBIMU TTOKa3aTeIsIMI ¥ MACCOBBIX BUIOB
no3BoHOYHBIX [30, 31]. MaTouHOe CTamo aMypCKIX
oceTpoBbIx prI0 JIygeropckoit HUPC renetmuecku
3HAUUTENIHO YCTYIIAeT B pa3HOOOpa3Wu IIPUPOJI-
HBIM TIOIYJISILUSIM 3TUX 3Ke BUIOB [6]. CHIKeHMe
TeHETUIEeCKOTO pa3HOO00pasns B aKBaKyJIBType OT-
MeYeHO U JIIST APYTUX BUIOB PHIO, HAIIpUMEpP CeM-
i Salmo salar [32]. B HEKOTOPHIX ClIydasix, TaK1X
KaK ¢ KyMxXoit Salmo trutta, HaripoTuB, HAOIIOIA-
JTOCh YBEIMYEHHE TTOKa3aTe el TeHeTUIECKOTO pa3-
HOOOpa3us B MCKYCCTBEHHBIX IOMystuusax [33].
OueBUIHO, YTO pa3HbIM 3(P@PEKT IIPU UCKYCCTBEH-
HOM BOCITPOM3BOJICTBE 3aBUCHUT OT YCIIOBHUIT CKpe-
IIMBAaHMS, KOTOPHIE MOTYT BBI3BIBATh JIMOO MHOPH-
IVHT (KakK B IIEPBOM IIpuMepe), JIMOO ayTopu-
JIMHT (KaK BO BTOpoM) [34].

Bricokme Tmokazarenn TeHeTUIeCKOTO pa3Ho-
00pa3us TIOIMYIAIIMOHHBIX BEIOOPOK OCETPOBBIX
pBIO p. AMyp MOTYT OBITh OOYCIIOBIEHBI HEKOTO-
PBIMU OMOJIOTMYECKUMU 0COOEHHOCTIMU Acipen-
seriformes: 60JbIII0#1 cpoK ku3HM (10 60—80 11eT),
pa3MHOXEHNE He eXXeTOMHOe, a C IIPOMEKYTKaMu
IO TIATU JIeT, mo3aHee co3peBaHue (mocie 10—
15 neT) uHoOTrAA ¢ CylIECTBEHHOM BpeMeHHO pa3-
HULIEH MeXTy mojaMi (B HEKOTOPBIX PEYHBIX
CHCTEMaX CaMIIbl CO3PeBalOT ObICTpee caMoK) [35—
39]. Takue 0cCOOEHHOCTH BEeIYT K TEHETUYECKOMY
«¢h@EeKTy COXpaHEHUsI», KOTOPBII 3aKIIOYAETCS
B COXpaHEHUU CTaOMJILHOTO COCYIIECTBOBAHMUS
BUJOB B IIOCTOSIHHO MeHsIomelicss cpene [40].
JleiicTBUTENIbHO, TaHHbIE MATEMAaTUYECKOTO MOJIe-
JIMPOBAHUS TTOKAa3aJIk, YTO 3HAUUTEJIbHOE TMepeK-
pbiBaHME TIOKOJIEHWU Cpenu MOJTOXUBYIIUX BU-
IIOB MOXET YMEHBIINUTh 3(p(PeKT npeiicha reHoB B
MOMYJSILMSIX TTPU TTPOUYUX PaBHBIX ycioBusx [41].
DTO MOXeT 0Ka3aThCsl MOJIE3HBIM [IJIs1 TOCIeTYI0-
LIMX MOMBbITOK BOCCTAHOBJIEHUSI YMCJIEHHOCTU Pe/I-
KHUX BUJOB, B OCOOEHHOCTH, €CJIM UCKYCCTBEHHOE
pa3BeJieHUe CTaHEeT JOMUHUPYIOIIUM [42].

WHTepecHo, 4YTO HaMU He BbISIBJIEHO HU OTHOTO
JIOKyca, KOTOPbIi OT/inya Obl TMOPUAOB OCETPO-
BBIX PbIO U3 p. AMYp OT POAUTENbCKUX BUIOB. [11-
Opu-crieliu@puyuHbIe JOKYChl (Ha3blBaeMble «pei-
KUMU aJlIeISIMU», WIU «TUOpU3UMaMu») — 00-
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Ui (heHOMEH ISl pa3IMYHbIX 30H TMOpUIM3a-
LIMY paCTeHUI 1 XUBOTHBIX [43], XOTSI HEKOTOPbIE
KCCIIe0BaTEIM CUMTAIOT UX MOSIBJIeHUE apTedak-
ToM [44]. Y oceTpoBbIX pbIO, comepKalluXcsl Ha
Jlygeropckoit HUPC, namu BeIstBiieHo >10 % Ta-
KHUX JIOKYCOB B TeHepaluu F; rubpunos amypckoro
oceTpa Kak ¢ CMOMPCKUM OCETPOM, TaK 1 CO CTep-
naabio [6]. TOpua-cnennduaHbie J0KYChl OOHa-
PYXEHbI TaKXe Yy THOPUIOB KapIIOBEIX pHIO [45],
o3epHoii dopenu [46], eBpONECKOro U aMepu-
KaHCKOTO BUJIOB 0CceTpoB (Acipenser naccarii X A.
transmontanus) [47]. Bo3MOXHO, OTCyTCTBHE THO-
PUI-CTIeTN(PUIHBIX JIOKYCOB Y THOPUIOB OCETPO-
BBIX PBIO p. AMYp OOBSCHSIETCSI HEAOCTaTOUYHBIM
KOJIMYECTBOM MCCIICIOBAaHHBIX THOPMIHBIX OCOOCHA.

KyatTpo ¢ coaBrT. [42] oTMeTwiii TOT (haKT, 4TO
IUTST BUJIOB C OTpaHMYEHHBIM PACIIpOCTpaHEeHUEM
u/umm dusndeckumu OapbepaMu (YTO 4YacCTO
BCTpevaeTcs y IPEeCHOBOAHBIX BUIOB) CYIIIECTBEH-
Has JTOJIsI TEHETUYEeCKOTo pa3sHOoOOpasws MOXKET
OBITH pacripeneieHa MeXXITy OTAeTbHBIMU JIOKAIT! -
SIMH B 3aBUCUMOCTH OT BPEMEHH, TIPOIIECIIIETO
C MOMEHTa KOJOHM3alluu | m3omsaimn. K takoit
KaTeTOpUH BUIOB TIPMHAIJIEKAT M OCETPOBBIC PBI-
651. CpeIr MXTHOJIOTOB CYIIIeCTBYeT MHEHHE, UTO B
p. AMyp UMEIOTCS YeThIpe TTOMYJISIIUN aMypPCKOTO
oceTpa, OOMTAOIIME Ha OMpeaeeHHBIX yJacTKax
peku [36, 48]. U xoTs uccienoBaHHBIE HAMU 00-
pasiupbl (32 UCKIIOUEHUEM TMOPUIIOB) BbLIOBIEHBI
Ha OMHOM M TOM K€ yJacTKe p. AMyp, TeHeTnJec-
K1 OHM, Kak nokazamu MST pekoHcTpykimu (puc.
3, 6), cTpyKTypupoBaHbl. Helb3st UCKITIOUUTD, YTO
B BBIOOPKY TIOTIAJIA TIPEACTABUTEIM Pa3HBIX TIPO-
CTPAHCTBEHHBIX TPYMIITMPOBOK, COBEPINAIONINX B
9TOT TIEPHUOMA Ha TaHHOM YJacTKe PEeKU HEepecTo-
Byl0 Murpauuio. B oboM ciyyae reHeThuyeckasi
MoJpa3iesieHHOCTb BUAa BOOOIIE W aMypCKOTo
oceTpa B YaCTHOCTH TTOBHIIIIAET €T0 ITAHCHI Ha BBI-
>xuBaHue. JlokabHbIe aganTaldu YHUKaJbHbI U
KOHCEpPBAaTUBHBI, X (DOPMUPOBAHKUE TTIPOUCXOIUT
B psily MHOTHUX TTOKOJIEHU I T10/1 IEICTBHEM ecTec-
TBEHHOTO 0TOOpA 1 CPeIbl, C KOTOPOIA CBsSI3aHa ec-
TECTBEHHAsl MCTOpUSI MOMYJSILIMIA, TO3TOMY HX
coxpaHeHHe HeOOXOAMMO JUTS BBKMBAaHUS BUIA
1 COXpaHEeHUs ero TeHo(OoHIa BO BCEM MHOT000-
pasuu [49].

TMosiBneHue (peHOTUNMYUECKUX TMOPUIOB (TTpeI-
MOJIOXKUTESIbHO MexXy A. schrenckii v H. dauricus)
B IPUPOIHOI MOMYJISILIMM aMypPCKUX OCETPOB, Be-
posiTHee BCEro, SIBJISIETCS CJIEACTBUEM UCKYCCTBEH-
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HOT'O BOCIIPOMU3BOACTBA, OCYIIECTBISIEMOIO PhIOO-
BogHbiMU 3aBogamu KHP. B akBakynwsrype aToit
CTpaHBI OTHAETCS MPEANOYTeHNe THOPUIaM BBU-
JIy UX BBICOKOI MO CPAaBHEHUIO C POAUTEIbCKU-
MM BHIAMH MPOAYKTUBHOCTHU. CrieliaaicTaMu
THUHPO-Lentpa B 2005 n 2006 rT. 3adUKCcHpoBa-
HbI (DaKThI BbIITyCKa B P. AMYp C pbIOOBOIHOTO 3a-
Bona B T. ®yroanb (KHP) ocobeit rubprmHoro mpo-
HCXOKIEHUSI BMECTO «4MCTBIX» BUAOB. B ycioBusx
OYE€Hb HU3KOW YMCIEHHOCTH MOJIOJN €CTECTBEH-
HOTO MPOUCXOXIEHUsI Ha TaHHOM yJacTKe AMypa
BBIMYCK T'MOPUAHON MOJIOIM KPYITHOTO pa3Mepa 1
OTJIMYAIOLIEICSI BBICOKOW BBbIXKMBAaeMOCTbIO, Ha
Hall B3IJIsII, CJeAyeT paccMaTpuBaTh Kak (hakTop
pUCKa IJIST TIPUPOMHBIX TOIYJISIINI OCETPOBBIX
po10. Tak, B 2005 1. cpenu 1802 pa3HOBO3paCTHBIX
BK3EMIUISIPOB aMypPCKUX OCETPOBBIX PbIO, OTIOB-
JIEHHBIX B X0JIe HAyYHO-HUCCJIEI0BATEIbCKOTO JIOBA,
1o MOP(MOJOTMYECKUM TpHU3HaKaM ObLIUM WACH-
TUGULMPOBAHbI Kak ruopuabl 12 ocobeit (B ToM
yucie 10 1moj1oBo3pesiblx), 4TO B LIEJIOM JJIs1 Oac-
ceitHa AMypa coctasisieT 0,66 % ocobeii. B 1o xe
BpeMsI 10 pe3yJibraTaM ydeTa YMCJIEHHOCTH MOJIO-
I Ha 60-KUJIOMETPOBOM y4yacTKe AMypa BO3Je
XabapoBcka ponst TMOpuUIoB B oKTsI0pe 2005 T
coctaBuia 66,6 % (2 sk3eMruisipa U3 3 moitMaH-
HbIX). MI3BECTHO, YTO €XETrogHO PhIObI M3 PhI0O-
BOJIHBIX XO3SMICTB TPOHUKAIOT B HATUBHBIE TTOITY-
TSI KOHCTIEHMU(UIHBIX WA OJIM3KOPOICT-
BEHHBIX BUAOB. Hampumep, B HEKOTOPBIX peKax
HopBeruu uncio peio hepMepcKOro mpoucxox-
JIEHMS TIPEBBIIIAET YUCICHHOCTD PHIO 13 IIPUPOI-
HBIX OMyJISIuid [S]. [eHeTudecKre mociIeICTBUS
MTOIOOHBIX MHBA3WIA MOTYT OBITh CAMBIMM Pa3HO-
0o0pa3HbIMU. MIcCKycCTBEHHOE pa3BeAeHUE TTIPUBO-
JUAT K HAKOIUJICHUIO PEIKUX aJuiesieil, KOTopble
Hen30eKHO OyIyT BHECEHBI B TeHO(MOH IIPUPOJI-
HBIX TTOMYJISIIINIA, CHU3UB TeM CaMbIM OOIIee Te-
HeTUYeCcKoe pa3HooOpa3ue (Tak Ha3bIBaeMbIii 2~
(et Paitmana-Jlaiikpe) [50]. K HeraTUBHBIM re-
HeTu4yecKUM 3¢hdeKTaM MOXHO OTHECTU TaKXKe
rUOpUAM3aLMIO CO CAYyYallHO MHTPOAYLMPOBaH-
HBIMU OCOOSIMU, TIPUBOISIIYI0O K pa3pylISHUIO
JIOKAJTBHO aTalITHPOBAHHBIX TeHHBIX KOMIIEKCOB
u3-3a ayTOpeaHoi nernpeccuu. B pesynbrare Ha-
pylliaeTcsi BOCIPOU3BOACTBO BUIAOBBIX T€HOMOH-
JIOB, YCWJIMBAIOTCSI JECTPYKTHUBHBIE TMPOLIECCHl B
MOMYJSIUSIX C HApylIeHUEM HMCTOPUYECKU CJIO-
SKUBIIETOCS! OMTUMAJIBHOTO ISl BUa COOTHOIIE-
HUS BHYTPU- U MEXITOYJISIIIMOHHON KOMIIOHEHT
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TEHHOTO pa3HooOpasusi, HEOOXOAUMBIX JIsI MO -
JepXKaHUsl CTPYKTypupoBaHHOCTU Buaa [34, 51].
XOoTs1 HAMU UAEHTU(PUIIMPOBAHO Bcero 2 Tndpuaa
u3 46 rccaenoBaHHBIX MPUPOIHBIX 0cO0ei oceT-
POB, YTO COCTaBIISIET OKOJO 4 % BBIOOPKM, MBI
oKa He MOXeM AaTh KOPPEKTHYIO OLIEHKY YPOB-
Hs1 pa3OaBieHUs TeHO(GOHIA TPUPOIHBIX MOIMY-
JISIUUI OCETPOBBIX PhIO AMypa UX MEXBUIOBBIMU
rudpugamMu. st 3Toro (4To SICHO CIeayeT U3 UX-
TUOJIOTUYECKUX HAOMIOACHUI, CM. BBIIIE) HEOO-
XOJAMMO HCCJIeAOBaHNE TOMYJISIIMOHHBIX BbIOO-
POK M3 pa3HbIX yuacTKOB peku. OgHaKo caM pakT
oOHapyXeHUsI TUOPUIHBIX 0COOE B YCIOBUSIX
pocta Ha Tepputopun KHP xonmdectBa pbioo-
BOJHBIX XO3SIMCTB HEJIb3sl HEAOOLICHUBATh, TaKasl
CUTyalMsl MPEICTaBIsIET peajbHYI Yrpo3y s
peanusaluy CTpaTeruu BbKMBAHUSI a0OPUTEHHBIX
MOMYJISIMIA OCEeTPOBBIX BUAOB pbIO. B MupoBoii
MpakTUKe 3TOM MpobjieMe yaeaseTcs OoblIoe
BHMMaHue. Tak, yxke HEOJHOKPAaTHO 00CYKIaajcs
BOIPOC O PEUHTPOAYKLMU UCKYCCTBEHHO TOJY-
YEHHBIX 0cOo0eli B MPUPOJHYIO Cpeay B CBSI3U C
HEO0OXOAMMOCTBIO BOCCTAHOBJIEHUST YMCIEHHOCTU
penakux BuaoB [52, 53], HO, K COXaJIeHUIO, eAu-
HOro MHEHUS TaK U He HaliaeHo [54—56]. BMmecte
C TeM TMOJyYeHbl AOCTOBEPHBIE NaHHBIE O TOM,
YTO BUIBI-MHTPOAYLIEHTHI (B TOM YHUC/e Claydai-
Hbl€) B HEKOTOPBIX CJIydyasiX MOTYT TMOJHOCTBIO
BBITECHUTH a0OpUTeHHbIe onyJsauuu [5, 57, 58].
Hamu naHHble 0 reHHBIX nmoTtokax (Nm = 1-5)
CBUJIETEJbCTBYIOT O TOM, YTO B 3aBUCUMOCTHU OT
00CTOSITETLCTB MEXK/1y CPaBHMBAEMbIMU TAKCOHA-
MM ¥ THOpHMIaMU MOTYT ITpeodJiagath guddepeH-
uupytoiue (apeiid reHoB) WJIM UHTETPUPYIOLITE
(TTOTOK T'€HOB) MPOLIECCHI, U 3TO OOCTOSITETLCTBO
MOXHO paccMaTpuBaTh Kak MoBbIIatollee (ak-
TOp pUCKa TMPUPOIHBIX MOMYJSILIAI OCETPOBBIX
pbIO AMypa.

Cyl1ecTByeT HeKoTopasi (Mo HailleMy MHEHUIO
BecbMa HebOJIbIIIas) BEPOSITHOCTh TOTO, YTO OOHA-
PYXEHHbIE HAMU TUOPUAbLI UMEIOT €CTECTBEHHOE
MPOMCXOXACHUE; MEXXBUAOBASI U AaXKe MEXPOI0-
Basi TMOPUAM3ALIMSI MEXAY OCETPOBBIMU phIOaMU
MPOUCXOIUT JIeTKo [2, 4]. MHOrojleTHUE UXTUO-
JIorM4yecKue HaboeHUs Ha P. AMYp CBUIETE/b-
CTBYIOT O MOCTOSIHHOM TPUCYTCTBUU TMOPUAHBIX
ocobelf B aDOPUT€HHOU MOMYJISIIUU aMypPCKHUX
oceTpoBbIX pbi0. Hanmpumep, B padote CosngaToBa
[59] mpuBOAMTCS OnMcaHMe IIECTH PK3EMILISIPOB
TMOPUIIHBIX 0CO0EN aMypCKOIrO OCeTpa U Kalyru,
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omioBieHHbIX B 1911—1913 rr. [TockosibKy B Ha-
yaje XX BeKa NCKYCCTBEHHOTO pa3BEIECHUST ITUX
pHBIO ellie He CYIeCTBOBAJIO, TaHHbBIN (haKT SBIISACT-
¢S I0Ka3aTeIhCTBOM ITOCTOSTHHOTO HAIMUYMS HEKO-
TOPOTO KOJIMYECTBA TMOPUIOB €CTECTBEHHOTO ITPO-
HCXOXICHUS B TIOMYJISILIMSIX aMypPCKUX OCETPOBBIX
pbi6. Ecim 3T0 sBIIsieTcs 6MOIOrnIecKoii HopMoit
TMAHHOM TTOMYJISIIINH, TO HEOOXOINM €€ TeHeTHIeC-
KWIf MOHUTOPHHT, TaK KaK M3BECTHO, YTO HapyIIIe-
HUe cpeibl oOuTaHusI (a 6acceiiH p. AMyp HaXOIUT-
¢S TIOI TIOCTOSTHHBIM aHTPOITOTeHHBIM TIPECCOM)
MOXET TIPUBECTU K PE3KOMY YBEJTMICHHUIO MEKBH-
TOBOM TMOpHIM3aLNK (CM., Harpumep, [60]).

DDDEKTUBHOCTb CTATUCTUYECKUX METOJIOB B
TUCKPUMHWHAIINY MEXXBUIOBBIX THOPUIOB TIPOIC-
MOHCTPUpOBaHa B psiae ucciemnoBaHuii [14, 45,
47, 61 u np.|. AHanmmM3 TmorydeHHBIX HamMu RAPD-
JNIaHHBIX C MOMOIIbIO Pa3HbIX CTATUCTUYECKMUX
MporpamMM Mokasajl, 4YTo JJisl pa3iuyeHusl BUIOB
aMYPCKUX OCETPOBbIX PblO, A. schrenckiiu H. dau-
ricus, HauooJee 3(PHEeKTUBHBIM SIBISIETCS] TOUHbII
TecT Ha nuddepeHimanuo nonyasauuii (Exact
test), a nxX GEeHOTUITNIYECKUX TUOPUIOB — METOJ,
MHOTroMepHoro ImkaaupoBanuss MDS. [lns Bbi-
SIBJIEHUSI MEXBUJIOBBIX TMOPMAOB aMypCKOIo
oceTpa ¢ CUOMPCKUM OCETPOM U CTepJIsiiblo, T0-
JIyUeHHBIX UCKYCCTBEHHBIM IyTeM, ObLTU 3 hek-
TUBHBI 3TH ke noaxonbl, a Takxke UPGMA u NJ
peKOHCTpyKILMK [6]. B HacTos1LIEel paGoTe BhICOKast
cTaTUCTUYeCKas TMojiepkKKa BUIOBBIX KJIaCTepOB
nosydeHa TojibKo mist NJ npesa; B UPGMA pe-
KOHCTPYKIIMSIX OHA 3HAUUTEJIbHO HUKE, OCOOEHHO
st A. schrenckii. Bo3MOXHO# IPUYNHONW 3TOMY
MOXET ObITh HAJIMUME B UCCIIEAYeMOI TTOMYJISILIU -
OHHOI BBIOOPKE OTHAJEHHBIX TMOPUIOB MEXIY
oceTpoBbIMM BuaaMu puid. [ToaTomy njs nposic-
HEHUs CUTYalluW B JaJbHEHUIIeM MbI TUTAHUPYEM
KUCIIOJIb30BaHUE TaKXe APYTUX MOJEKYJISIPHBIX
MapKepoB.

Takum oOpa3om, HalllM JaHHbIE YKa3bIBalOT Ha
JIOCTaTOYHO BbICOKMI YpPOBEHb TI'€HETUUYECKOTO
pa3HooOpa3ust MPUPOIHbBIX MOMYISLIUNA aMypCKO-
ro ocetpa A. schrenckii v xanyru H. dauricus, 4to
MOXET ObITb CBUIETEJbCTBOM CTAOUJIBHOTO COC-
TostHUST BUIOB. [lomynsiiius aMypcKoro ocetpa,
BEPOSITHO, T€HETMYECKM CTPYKTypUpOBaHa, 4TO
MOBBILLIACT €€ 1aHChl Ha BbKUBaHUe. OQHAKO I10-
MyJISIIMST UMeeT OMOJIOTUYECKUIA (DaKTOp pUcKa —
MEXBUIOBbIe THOpUALI. MHTEHCUBHBIN BBHUIOB
pBIObI, MEXBUIOBasI TMOpPUAM3ALMS, SKOJOTU-
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yecKkMe 3arpsi3BHeHHUsl, a Takxke WHBa3usl UCKYC-
CTBEHHO Pa3BOJAMMBIX PbIO TPEOYeT MOCTOSIHHOIO
TeHEeTUYEeCKOro MOHUTOPUHIA [JisI COXpaHEHMSI
reHo¢oHIa a0OPUTeHHbBIX TMOMYJSILUI OCceTpo-
BBIX pbIO OacceitHa p. AMyp (TeM 0oJjiee YTO BUIBI,
SIBJISIIOLLIMECST 0ObeKTaMU MPOMbICJIa, UMEIOT OCO-
OYI0 ySI3BUMOCTb M BBICOKME IIaHChI PE3KO Mepeii-
TU B KaTErOpH1IO Mcue3aronx). MynbsTUI0KYCHbIE
RAPD-PCR mapkepsl B coueTaHUU CO CTaTUCTH -
YEeCKMMU METOJIaMU MOTYT OBITh JIJIsSI 3TOTO YA00-
HBIM 1 HaJIeXKHBIM UHCTPYMEHTOM.

Paboma evinoanena npu uacmuunoii noodepicke
epanma JIBO PAH «Amypckas sxcneduuus» .

G.N. Chelomina, K.V. Rozhkovan,
S.A. Ivanov

DISCRIMINATION OF INTERSPECIFIC HYBRIDS
IN NATURAL POPULATIONS OF AMUR
STURGEON FISHES USING MULTILOCUS
RAPD-PCR MARKERS

RAPD-PCR analysis of 46 individuals of sturgeons from
Amur River has been carried out. Genetic status of Amur
sturgeon Acipenser schrenckii Brandt, 1869 and kaluga Huso
dauricus Georgi, 1775 native populations has been estimat-
ed. Genetic evidences of hybrid origin for two phenotypical
hybrids were obtained; estimations of genetic distances
between species and hybrids appeared to be at interspecific
level. The exact test for differentiation of populations (Exact
test) and multidimensional scaling (MDS) analysis were
estimated to be the most effective for species and hybrid dis-
crimination, respectively. According to data obtained popu-
lations of sturgeon fishes which inhabit Amur River main-
tained an essential level of genetic variability; the presence of
hybrids is regarded as one of risk factors. Multilocus RAPD-
PCR markers admit as the convenient and reliable tool for
genetic monitoring of Amur River sturgeons to preserve their
gene pool.
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NEPECTPOMKW XPOMOCOMbI 9
NMPU PA3JINYHbIX
FEMATOJIOTMMECKUX
HEOMJIASUAX

Yacmoma anomanuii xpomocomel 9y demeii ¢ eemamono-
euyeckumu Heonaasuamu cocmasuna 25/ 112 npu ocmpoii aum-
ghobaacmuoii aetikemuu (O, 10/83 — npu ocmpoii mueno-
udHoii aetikemuu (OMJI), 3/20 — npu muenoducnaacmuueckom
cundpome (MJIIC). Ilpu OJLJI deneyuu 6cmpeuanucsy uauje, uem
mpancrokayuu. Jleneyuu 8bIS6AAAUCy KAK 00UHOUHbIE AHOMA-
AUU, MAK U 8 COCMage CA0NCHbIX Kapuomunos. Yaue 6 nepe-
cmpoiikax npurnumanu yuacmue oucku 9q34 u 9q22. Tpancao-
kayus t (9;,22)(q34; q11) ecmpeuanacs 6 7,1 % cayuaes OJLII.
Ilpu OMJI mpanciokayuii 6vi10 Ooabute, uem Odeneyuil.
B cmpykmypHble nepecmpoiiku yauie 6064eKan0ch OAUHHOE
naeuo — ducku 9922 u 9q34. [lpu MJIC peeucmpupoeanucs de-
Aeyus, oynaukayus u mpauncaokayus. He eviseunru e3aumo-
C6A3U ¢ UHUYUANBHBIMU 2eMAMON0UMECKUMU NOKA3AMeNIMU,
eKarouas 6aacmos. [lposedennvie uccredosanus ceudemens-
CMEYHm 0 Pa3HOil HANPABACHHOCMU KAUHUYECK020 NPOCHO3A
6 meuenuu ocmpuix aeiikemuil npu deaeyusix. Ipu t (9;22)(q34;
q11) ommeuanu myabmumeOuKameHmo3Hy pe3ucmeHmHOCMb
u npopeccuio 3a601e6aHUS HA (POHE XUMUOMEPANULL.
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Beenenue. Heomnasnm KpoBeTBOPEHUSI OTHO-
cATCs K 3a00J1eBaHUSIM, AJIsl KOTOPBIX XapaKTepHa
KJIOHa/IbHAsl Tiposuepalius 3710KaueCTBEHHbBIX
KJIETOK CO 3HAYMTEJIbHOM MoTepeit CHOCOOHOCTH K
nuddepeHuupoke. [1posBiaeHne Kaxaoro 3abo-
JIeBaHMST 0OYCJIOBJIEHO CITIOCOOHOCTBIO JIEKEeMU-
YeCKUX KJIETOK 3aMelllaTh HOpMaibHble FeéMOITO-
3TUYECKUE KJIETKU KOCTHOTo Mo3ra. [lepecTpoiiku
JeBITOM mapbl xpoMocoMm (Xp9) omucaHbl MpU
pasHbIx TuMax octpoit nelikemun (OJI) u npu
XPOHUYECKUX MUeJonpoaudepaTuBHBIX 3a00J1e-
BaHMsIX. COBpeMEHHbIE IIMTOreHETUYECKHUe UC-
CJIEIOBaHMSI OITYyXOJIEBBIX KJIETOK MPU pa3TuUHbIX
HeoIIa3usIX KpOBETBOPEHUSI PeTUCTPUPYIOT pas3-
HOOOpa3HBIe TUITHI CTPYKTYPHBIX aHOMAJIHMi, KO-
TOpbIE 3aTParuBalOT Kak KOPOTKOE, TaK U JUIMHHOE
ieyo Xp9Y yenoBeka. K takum abeppaiysiM ot-
HOCSITCSI IeIelIy, MHBEPCUH, TpaHCIOKALUU, U30-
XpoMOcoMa JUIMHHOTO Tijieda. ToYku MojJIoOMOK Au-
CTaJIbHBIX JeJeii KOPOTKOTro Ijieya pacroJiara-
0TCcsl B nMarasoHe ot 9pll mo 9p24 u 3aperucrt-
PUPOBaHbI B OCHOBHOM ITpU OCTpoii Tumdobac-
tHoI iefikemuu (OJ1JT) [1, 2], a B [yIMHHOM IUTeue — B
muanasoHe oT 9921 10 9q34 1 BBISIBIISIFOTCS, Yallie Bee-
ro, TIpu OCTpoit MuesonaHoi Jeiikemuu (OMJI) B
4,5 % Kak caMOCTOSITEJIbHAsI aHOMAaIUs WM KaK
JIOTIOJTHUTEIbHAsT K TpaHcjaokauuu t(8;21)(q22;
q22), a TakKe TIpU MUCJIOAUCIUIACTUYECKOM CHHII-
pome (MJIC) [3, 4]. UnTepcTrLiMaabHEIC AeIeLINN
Mexay nuckamu 9q12q22 3aperucTpupoBaHbl pU
OMJI 1 6UpEeHOTUTTMIECKUX OCTPHIX JIEUKEMHUSIX
[5]. B nutepaTtype Takke OonmyOIMKOBaHbI €AMHNY-
HbIe HAOJIIOJIEHUS TOTEPU FEHETUYECKOTO MaTepU-
ana B jyiHHOM Tutede Xp9 rpu OJIJ1 [6] 1 KopoT-
koM Tiede nipu OMIJI [7]. TlepuueHTpuyeckue
WHBEPCUU U M30XPOMOCOMA IO JUIMHHOMY TLIevy
1(9)(q10) onucanbl Tonbko mipu OJIUJ [1], a Hanu-
yye JOMOJHUTEILHOTO Marepuajla HEeU3BECTHOTO
npoucxoxaeHust (add) sacdukcupoBaHO TIpu arn-
Jlactuyeckoit anemuu [8] 1 OMJI [9].

CoriacHO 0030py JIUTepaTypbl YACTOTA BbISIBJIE-
Hus aHoManuii ¢ ygdactueM Xp9 npu OJIJI cocraB-
nser 7—12 % [10]. Haubonee yacto BCTpedaroTcst
TPM TpaHCJIOKalMU ¢ BoBjeueHueM Xp9. [lepBas —
t(9;22)(q34; ql1) — BriepBbIe ObLIA OMKcaHa MPU
XpOHUYeCcKO muenouaHon jaeiikemuun (XMJI)
[11]. AHOMaMsI BOBHMKAET Ha YPOBHE IIJIIOPUIIO-
TEHTHOI CTBOJIOBOW KJIETKU U BBISIBJISIETCSI B 00-
nee 90 % cirydaeB 3TOM HEOIIa3WH IPHU OOBIMHOM
aHajm3e M hepeHIaTbHO OKpaIlIeHHBIX XPOMO-
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com [1]. B nerckom Bo3pacte nipu OJIJT u MJIC
3Ta MepecTpoiika BCTpeyaeTcsl MPUOIU3UTEIbHO
B 2—5 % caydaeB [12], a mpu OMJI — He npeBbI-
maet 1 % [13]. Crenyroleit ©3BeCTHOM TpaHCIO-
Kaumeit sBisietcs t(6;9)(p23; q34), KoTopast BbI-
sBsiercss ipy M2-, M4-OMIJI, u nposiBasieTcst
XapaKTepHbIMU OCOOEHHOCTSIMU MaTOJIOTMYECKOTO
TeMOor1033a, CBSI3aHHBIMU C JAU33PUTPONO330M U
Oazoduiueii. Abeppalivsi BOSHUKAeT Ha YPOBHE
MYJBTUIIOTEHTHOM CTBOJIOBOM KJIETKM, PErUCT-
pupyetcs puban3nTeabHo B 1 % meamatpudec-
kux OMJI, a takxke ommcanHa npu MJIC [1]. B
TpeTbeii TpaHcnokanuu t(9;11)(p22; q23) npuHuU-
MaeT yJacTue AUCK KOPOTKoro Iieda 9p22. AHo-
MaJIusl BOBHUKAET TakKKe Ha YpOBHE MYJIBTUIIO-
TEHTHOW CTBOJIOBOI KJIETKW W BBISIBISIETCSI MPU
pasmmuHbiXx THnax OMJI B 6—8 %, pexe — mpu
OJIJI n Bropmunbix OMJI [13, 14]. Bce aTi TpaHc-
JIOKAllUM MMEIOT OJHO3HAYHO HEeOJAromnpusiTHOE
MPOrHOCTUYECKOE 3HAaUeHNe, 00YCIOBIEHHOE BbI-
COKHUM PUCKOM pepaKTepHOCTU K XMMUOTEpanun
(XT) u nporpeccueit pouecca. Kpome oxapak-
TepU30BAaHHBIX TPAHCJIOKAIMIA, OMMCAHO HEMaJo
JIPYTUX, HO OHU BCTpevaroTcs oueHb peako. K unc-
JIOBBIM aHOMAJIUSIM MOXKHO OTHECTH TPHUCOMMIO
Xp9, kotopas onucana npu OMIJI [9], monuuure-
muu rubra vera [1], XxpoHUUECKUX MUeTONpoande-
paTUBHBIX 3a00eBaHusIX [15].

ITpun OMJI Bce XpOMOCOMHbIE aHOMAaJIMU 110
BPEMEHU BO3HUKHOBEHMSI TTOAPA3ACISIIOT Ha TIep-
BUYHbBIC U BTOpUYHBIE. [TepBUYHBIC XPOMOCOMHBIE
abeppalliM 4YacTO BBISIBJISIIOTCS KaK OJWHOYHbBIC
KapUOTUITUYECKUE aHOMAaJUU, KOTOpPbIe CIELU-
(GUYHO acCOLMUPOBAHBI ¢ OTHUM 13 TUIIoB OMJI
U, TPEANOI0XUTEIbHO, UTPAIOT CYIIECTBEHHYIO
POJIb HA paHHUX CTaAusIX Jieliko3oreHesa. [lepBuy-
HbIe abeppallii YacTo BBISIBJISIIOTCS KaK cOalaHCH -
pPOBaHHBIE TIEPECTPOMKU B BUIE PELUITPOKHBIX
TpaHCJIOKALMi, UHBEpCU U MHcepLuuii. Bropuy-
HbIe XPOMOCOMHBIE aHOMAJIMU OYEHb PEIKO WU
HUKOTIJA He BCTPEYAIOTCS] CaMOCTOSITEJIbHO U, Be-
POSITHO, UTPAIOT BAXKHYIO POJIb B MPOIrpeccuu 3a00-
neBaHusl. OHU MeHee crieUM(PUUHBI, YeM TIepBUY-
HbIE IepecTpoiiku [ 16]. BropuuHbie XxpoOMOCOMHBIE
aHOMAJIMM BBISIBJISIIOTCS B BUAE TPUCOMMI, MO-
HOCOMM, Aenenuii, nzoxpomocoM [17]. K takum
BTOPUYHBIM aHOMAJUSIM OTHOCSTCS OeJielnu
nHHOoro 1ieda Xp9 [18].

CoBpeMeHHbIE MOJIEKYJISIPHO-TeHETUUECKUE
KCCJIeIOBAaHMS JISMKO30TeHe3a IToKa3aiu, 4YTo MPU-
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YUHOW BO3HMKHOBEHUSI HEOIUIa3uu TpU IoTepe
TeHEeTUYECKOTo MaTepyrasia B BUIE A1l 1 MOHO-
COMMUI1 BO3MOXHa MOTePsi FTeHOB, KOTOPbIE MOAaB-
JISTIOT POCT OITYXOJIW, a B pe3y/IkTaTe TpaHCIOKaIMi
o0pazyroTcst XxumepHsble reHsl [ 13, 19]. Tak, B nucke
9p11 xkaptupoBano RAX5 [20], B aucke 9p21 — ren
pl6 (omyxonecymnpeccupymoiiuit) [21], B mucke
9p22 — ren AF9 [22], B miuHHOM Iuteue 9q34 —
CAN, BCR u TAL2 [12,13].

OTHOCUTEBLHO IPOTHOCTUYECKOTO 3HAUCHMS
JeJelMii IJIMHHOTO Tieya Xp9 CylIecTBYIOT pas-
Hble MHTEPIIPETallMU, HO OOJIBIITMHCTBO OHKOJIO-
TMYECKUX UCCIEI0BATEIBCKIX TPYIIIT OTHOCST UX K
muToreHeTnyeckoi rpyrme OJIJI BEICOKOTo pucka
[23—26]. lemeunn Kak caMOCTOSITeTbHbIE aHOMa-
Jun ipu OMUJI Takzke CUMTaroT HeOJIarornpusITHbIM
npu3HakoM [3, 27].

MarepuaJjisl 1 MeToabl. McciienoBaHus IpoBO-
TIAJTU B OTACJIEHUM TTPOOJIEM TeMaTOIOTUU IETCKO-
ro Bo3pacta MHCTUTYTa reMaTojIoTuu 1 TpaHcdy-
3uojorun AMH YkpauHsl Ha npotskeHun 1993—
1996 1 2003—2007 rr. Kaprotnn aHaaIu3upoBaIn
B JeIKEMMUYECKHUX KJIEeTKaX TelmapuHU3UPOBaAaHHO-
ro KOCTHOTO MO3Tra J0 Hayajia MporpaMMHOI Xu-
MMOTEpATUY I BO BpeMs peruanBa. [larmeHTo
MPOXOINUJIN JIUEHUE Ha KIIMHWYeCKOU 0a3e LleHT-
pa AeTCKO OHKOTEMAaTOJIOTUHY U TPAHCTUIAHTALIUU
koctHoro mo3ra YICb «OXMAT JUT», a Takke
B JETCKOM OHKOTI'€MAaTOJOTUYECKOM OTIEICHUM
KueBckoro ob1actHoro onkonucrancepa. Oocie-
noBaHo 195 maumentoB ¢ OJI u 20 — ¢ MIC.

AHanM3 KapuoTuna JeHKeMHUECKHUX KJIETOK
okasajl CTpYKTYypHble aHOMaJIuK Xp9 y 25 nauu-
€HTOB C pa3HBIMU 110 UMMYHHBIM MapKepaM IO/~
tunnamu OJIJI (I rpynma), y 10 mauuenToB ¢ OMJI
(II rpynma), y 3 nanmentoB ¢ MJIC (111 rpynma).
Cpenn obcnenoBanHbIX B | rpymme 6buto 16 1eBo-
yek 1 9 MajapbuukoB, Bo II — 5 geBouek u 5 mMaib-
yrkoB, B III — 1 neBouka u 2 manburka. Bo3pact
MaleHTOB BO BCEX IPYyIIaxX MMeJ OOJIbIION aua-
na3oH u coctaBu misd I rpynnsl ot 2,2 mo 18 e,
st 1 rpynimier — ot 1,3 mo 16,4 net, as 111 rpyn-
el — ot 11,9 no 15,7 ner.

7151 TUTOTeHeTUIECKUX MCCIIEIOBAHMI POBO-
AN KyJIBTUBUPOBAHNE CYCIIEH3UU JeKeMMUUec-
KHUX KJIETOK KOCTHOTO MO3Ta Ha MPOTSKEHUUN
24 vnu 48 u B utarenbHOM cpene RPMI-1640 ¢
nobasiaeHueM 20%-Hoit S5MOPUOHAIBHOM TeJsI-
YbEH CBIBOPOTKHU, NIEHULMJUIMHA U CTPENITOMULIM -
Ha. [IpenapaTbl MeTaa3HbIX XpOMOCOM IT'OTOBUIN
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o o0uIenpuHITON MeTonuke [1] u okpaluuBanu
Ha G-pucku (GTG-meton). BoisiBieHHBIE XpO-
MOCOMHBIE aHOMAaJIUM OIMCHIBAIM B COOTBETCT-
Buu ¢ HomeHkJatypoit ISCN 1995 [28]. Hanuuue
XPOMOCOMHBIX aHOMaJIMii B JIEHKEeMUYECKOM
KJIOHE TIOATBEPXKIAJIW TIPU YCJIOBWU, KOTHA IIBE
uu 6osee MeTadasHbIX KJIETOK UMEIN UIEHTUY-
HBIe aHOMAJIMW WJIN JOTTOJIHUTEIBHBIE XPOMOCO-
MBI, a TaKKe KOTha TpU WM 6osiee MeTadasHbIX
KJIETOK MMETN WACHTUIHbIe MoHocomuu. Hop-
MaJbHBIM KJIOH CYWTaJIM B TOM ciydae, Koraa
He MeHee 4yeM B 20 MpoaHaJIuM3UPOBaHHBLIX U B
10 XKapMOTUITMPOBAHHBIX KJIETKAX HE OBLIO BBISIB-
JIEHO XPOMOCOMHBIX aHOMAJIMIA.

Pesynbratbl uccienoBaHuii u ux o0CyxIeHue.
B I rpynmy 06Ut oTHeceHs! 25 (22,3 %) n3 112
MaIMeHTOB, Y KOTOPBIX OBUT YCTAaHOBJICH IMArHO3
OJIJI. Cnenyet mOg4epKHYTh, YTO B HAIIIMX MCCIIC-
JOBAHUSIX YaCTOTA BBISIBIICHUST aHOMAIMiA Xp9 ObLTa
TOYTH B IBa pasa BHIIIE 0 CPaBHEHUIO C JaHHBI-
MM, KOTOpBIC TIPUBOAATCS B IUTepaType. B aToit
TpyIITe THALIMATbHBIE TeMaTOIOTMIeCKIe TIOKa3a-
TEJIM COCTABUJIN: KOJTMIECTBO JICMKOIIUTOB B TICPH-
deprueckoit kposu — ot 0,4:10° go 290,0-10°/m,
conmepxxaHue remorsioonHa — ot 36 jgo 100 r/n1 u
sputporutoB — ot 1,510 10 3,810/, comep-
KaHue TpombouutoB — ot 3,0-10° 10 189,0-10°/11.
OTHOCUTEIbHOE KOJTMYECTBO OJJACTHBIX KJIETOK B
nepudepuueckoil KpoBu koJiedbanoch ot 0 10
100,0 %, B koctHOM MO3Te — OT 49,0 1o 100,0 %.
DKcTpaMeayIsIpHbIC JISHKeMUIeCKIe TTOPaKeHUS
TIeYeHU 1 CeJIe3¢HKH BBISIBJICHBI Y IBYX TTAIIMCHTOB.

B I rpynme y 13 naiueHTOB ObLT yCTaHOBJIEH
Comm-umMmyHodeHoTUn aumdobdaactoB (1 ciay-
yaii — ¢ koakcrpeccueit CD33, 1 ciyyaii — ¢ Ko-
akcnpeccueit CD33 u CD13), y nBoux — proB-
(1 cayvait — ¢ koskcnpeccueit CD7), y yeTbipex —
preB-, y omnoro — B-OJIJI, y nBoux — preT-, y
tpoux — T-OJIJI (Tabnuia).

Pe3ymbraThl IUTOTEHETUYECKIX UCCITETOBAHIIA
TOKa3aJIy, YTo HanboJIee YacToi aHOMaJnelt Oblia
notepsl TeHeTmdyeckoro marepuana (14 ciaydaes).
JWcKu, TI0 KOTOPBIM PErrCcTprpoBaiach MOTEpS,
pacCITOJIOXKEHBI B KOPOTKOM U IJTMHHOM TLTeYax
Xp9, B 4aCTHOCTH IO AUCKY 9q22 oT™Meuanu 6 ciy-
yaeB. MIHTepeceH (hbakT, YTO B JIUTEPATYPHBIX UC-
TOYHHMKAX MHTePCTUITNATBHAS IeJIeIINsT ObLIa OTH-
caHa Tosibko ripu OMIJI. Tlo nucky 9q34 nenenuu
3a(bMKCHUPOBaHBI B 3 ciiydasix. B KopoTkoM Tieue
Jenenuu 3aTparuBaid aucku 9p21 u 9p22 (2 u 3
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cJlydasi COOTBeTCTBeHHO). [IpeacTasisieT HaydHbII
WHTEpeC 3aperucCTPUPOBAHHOE HAaMM TOSIBICHUE
Jefelluu B JUIMHHOM Iuiedye 9q22 B pesyibraTe
BBOJIIOLIMU OIYyXOJIEBOIO KJIOHA €llle Ha MOMEHT
rnocraHoBKu auarHo3a (Ne 10).

Crienyronieit mo yacToTe aHOMaJlieil OTMEUEHbI
peLUnpoKHbIe TpaHciaokauuu — 10 ciaydyaeB, u3
Hux t(9;22)(q34; ql1) — 8 HabnOACHUIA, B UKUCIIE
KOTOPBIX mpeobiagany OJacTHbIe KJAETKU u3 B-
JIMHEWHBIX TIPEIIICCTBEHHUKOB, YTO COCTABHWIIO
7,1 % Bcex TIpoaHAIN3NPOBAHHBIX UCCIIEIOBaHWIA
OJIJI. Hanuuue B kapuotune t(9;22) onpenensieTcst
KaK KPUTUYHO HeOIaroNpUsITHBIN POTHOCTIYEC-
KWl MPU3HAK C BBICOKOM 4YacTOTOil pedpakrTep-
HOCTHU K XUMHUOTEpAIINH 1, KaK pe3yJbTaT, TaKUM
MalyeHTaM IoKa3aHa TpaHCIUIaHTalUsI KOCTHOTO
mo3ra [3]. B Hamux ucciaenoBaHusX 3apUKCUPO-
BaHO TaKXXe IO OMHOMY CJIyyar TpaHCJIOKaluii
t(1;9)(q23; p13) mpu Comm-OJIJT u t(9;11)(p22;
q23) nipu proB-OJIJI. Takum o6pa3zom, Haubosee
AKTUBHO B TIEPECTPOUKH B BUJIE IEJICIII U TpaH-
cloKalluii BoBiekajics AucK 9q34. AHomanuu
Xp9 BBISIBJSIMCH B 9 Cllydasix CIOXHBIX Kapuo-
tunoB (Ne 4, 7, 8, 10, 14, 20, 23-25).

AHaU3 MpeACTaBICHHBIX Pe3ybTaToOB MOKa-
3aJ1, YTO AEBOYEK ObLIO MOYTH BABOE OOJIbIIIE, YEM
manbuukoB (1 : 1,8), cpenu moarumnor OJIJI mipe-
obnananu B-1uHelHbIe U3 paHHUX TTPEIIIEeCTBEH-
HukoB (20 u3 25 ciyyaeB), a t(9;22) vaie BcTpe-
yajach B ImyOepTaTHOM Bo3pacte. B pesysbrare
craHgapTuzoBaHHo# Teparmy OJIJI u3 25 GoJIbHBIX
JOCTUINIM KOMIUTEKCHOM pemuccuu 11 manmeH-
TOB, TIpUYeM Yy 6 OTMETUJIM HaJIM4YWe ITOJITOCPOY-
HBIX pemuccuii 0osee Ty JeT. B 12 ciryyasix 3ape-
THCTPUPOBAHBI JIETATbHBIE UCXOIbI, B YACTHOCTH,
BCJIEJICTBUE MTPOrpeccru 3a0ojieBaHus — 7 Cllydyaes,
a TaKXKe OT TOKCUYECKUX M MHMEKIIMOHHBIX OC-
JIOXXHeHU# (cericuc, OakTepualbHO-MUKOTUYEC-
Kue TopaXkeHUsl, HapylIeHUSI MO3TOBOTO KPOBO-
oOpallieHus, OCTpasi cepAeyHasi HeI0CTaTOYHOCTb,
renaTuThbl) Ha (POHE XMMUOTEPAIINHU.

11 rpyrimy nipencrapisum 10 mampenTtos (12,0 %)
u3 83 3a00J1eBIINX, Y KOTOPBIX ObLIa AUarHOCTU-
poBana OMJI. B sToii rpyniie MHULIMAJbHBIE T'e-
MaToJIOTUYeCKUE TOoKa3aTeIM COCTABUJIN: KOJIM-
YeCTBO JICMKOLMTOB B IIMPOKUX Mpeaeaax —
ot 8,8:10° mo 92,0-10°/1, KOJIMYECTBO SPUTPOIIN-
ToB — oT 1,34:10" n03,61-10"*/11, ypoBeHb TeMO-
riobuHa B mpeaenax 44—121 r/n, comepxkaHue
TPOMOOLIMTOB Takke ¢ OOJBIINM pacripeneeHu-
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KapﬂOTﬂl'lbl JieiiKeMHYeCKHX KJIeTOK KOCTHOr0 MO3ra IPHA PA3TIUYHBIX FeMATOJIOTHYECCKUX HEOIIA3uAX

BapuaHt 3a00s1eBaHMsT Bospacr/mon Kapuorumn PesysbTar JieueHust
OJI1
Comm /L2 5,1/m 46,XY,t(9;22)(q34;q11)[5]/4n%,t(9;22) 1-51 KOMITJIEKCHAsT pEMUCCUST
(q34;q11)x2[5]/46,XY[8] 8 Mec, 1ol HabJTIoIeHEM
Comm /L1 14,5/m 46,XY,1(9;22)(q34;q11)[12] 1-51 KOMIUIEKCHAS PEMUCCHS
3 roaa, moj HabJIOAeHUEM
Comm 18,0/m 46,XY,1(9;22)(q34;q11)[17]/4nt[4] IMepBuyHbIi «non-responder,
JIETAJIbHBINA UCXO[T
Comm /L2 4,9/x 46,XX,del(6)(q21)[2]/46,XX,t(9;22) [MepBuyHbIi «non-responder,
(q34;q11),t(16;17)(p11;q11),+mar[2] JeTAIbHbII HCXO/L
Comm 6,1/% 45,XX,der(1)t(1;9)(q23;p13)[12] JleTanbHblii ncxon B 1-it
KOMILJIEKCHOI peMUCCUU Ha
MOAEeP>KUBAIOIIEH Teparuu oT
MHGEKIIMOHHBIX OCIOXKHEHUI
Comm 14,6/x 46,XX,del(9)(p21),del(12)(p12-13)[5] OTKa3 oT Tepanuu
Comm 3,7/m 50,XY,+5,del(9)(p22),+11,+del(11) 1-51 KOMITJIEKCHas pEMUCCUST
(q23),del(17)(p13),+21[12]/4n=%[2] 9 Mec, moJ HabIIOIEHEM
Comm 11,7/x 51-54,XX,+X,del(1)(q31),+4,+5,+8, 1-5s1 KOMIIJIEKCHasl peMucCcus
del(9)(p22),+der(11),+13,+13,+14, 7 Mec, 1O/l HAOIIOIEHUEM
+16,+17,+21,+22(cp6)/46,XX[12]
Comm 15,0/x 46,XX,del(9)(q22),t(10;11)(p13; JleTanbHbIil UCXOJ OT IPOrpec-
ql4),inv(16)(p13g22),+mar[16] cuu Ha XT
Comm/ L1 4,5/% 59,XX,+4,+5,+6,+7,+13,+13,+14, JletanpHblit MCXO[ OT IIpOrpec-
+14,+15,+15,+17,+22,+mar[23]/59, cuu Ha XT
idem,del(9)(q22)[3]
Comm 2,2/% 46,XX,del(9)(q34)[2] 1-1 KOMILJIEKCHAsI PEMUCCUS
4 mec, o HaOIIOAEHUEM
Comm CD33+ 15,2/x 46,XX,1(9;22)(q34;q11)[4] JleTanbHblii ucxon B 1-i
KOMILIEKCHOI peMUCCUU OT
KapAUOTOKCUYECKUX OCIOXK-
HEHMI1 B TeYeHHME OTHOIO roja
Comm CD33+, CD13+ 12,1/m 46,XY,del(9)(q22)[8] JleTanbHblii ucxon B 1-i
KOMILIEKCHOI peMUCCUU OT
rernatuTa B TeYeHUEe OTHOTO
rozma
ProB L1/L2 18,0/x  46-48,XX,+5,del(9)(q12922),del(11) Jleranbhblii ncxon B 1-it
(q21),-18,+21(cp6)/4n= [3] KOMILJIEKCHOM PEMUCCUU Ha
XT oT MHEKIMOHHBIX
OCJIOXKHEHUI
ProB CD7+ 0,3/x 46,XX,1(9;11)(p22;q23)[3]/46,XX [26] JletanbHblii ucxon B 1-ii
KOMILJIEKCHOI peMUCCUU Ha
XT oT MHMEKIMOHHBIX
OCJIOXKHEHUI
PreB 10,4/x 46,XX,t(9;22)(q34;q11)[11]/4n= [4] IMepBuuHbIii «non-responder»,
JIETAJIbHBINA UCXO[T
PreB 12,8/% 46,XX,1(9;22)(q34:q11)[20] IMepBuuHkbIii «non-responder»,
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IIpodonscenue mabauybl

BapuaHnt 3aboneBaHus Bospacr/mon Kapuorun PesynbTar neyeHus
PreB 2,2/m 46,XY,del(9)(q34),i(14)(q10)[3]/46,XY[14] 1-51 KOMITTIEKCHAsT peMUCCUST
10 ner
PreB 2,9/x% 46,XX,del(9)(q34)[5]/4n%[4]/46,XX [9] 1-51 KOMIIJIEKCHAsT peMUCCHs
9 ner
B 5,4/m 46,XY,t(6;11)(q27;q23),del(9)(p22) 1-51 KOMIIJIEKCHAst peMUCCHst
[15]/4n% [2] 10 et
PreT 14,0/x 46,XX,del(9)(p21) 1-51 KOMITJIEKCHAsI pEMUCCUS
11 net
PreT 7,5/x 46,XY,del(9)(q22) [To3nHMiT KOCTHO-MO3roBOM
peruauB yepes 3 rojia
T 15,0/m 46,XY,i(9)(q10)[3]/45,XY,idem,del(6) 1-51 KOMITTIEKCHAsT peMUCCUST
(q24),-17[3]/45,XY,idem,del(6)(q24), 11 ner
t(11;19)(q23;p13),-17[2]
T 6,1/m 46,XY,del(7)(q35),t(9;22)(q34;q11)[9]/4nt [3] JleranbHbrii ucxon B 1-it
KOMITJIEKCHOW PEMUCCHM Ha
XT oT nH(pEKIMOHHBIX
OCJIOXKHEHUN
T 5,5/x 46,XX,del(9)(q22),t(11;14)(p13;q11) [11] 1-51 KOMITJIEKCHASI pEMUCCHST
11 ner
OMJI
M1 13,2/x 46,XX,t(9;22)(q34;q11) [8] JleranbHbiit cxon B 1-it
KOMIUTEKCHOM peMUCCUr
nocsie ano-TKM ot
MHGEKIIMOHHBIX OCIIOXXKHEHUI
M2 16,4/x 46,XX,t(9;14)(q34;q11)[4]/4n=£[3]/46,XX [21] JleTaabHBI UCXOI B KOCTHO-
mo3roBoii pemuccuun Ha XT or
MHGEKIIMOHHO-TeMOpparu-
YECKUX OCIOXHEHUN
M2 15,1/m 44-47,XY,del(9)(q22),+14,+15,+16, +18,- TTepBUYHEBII «non-respon
21(cp9) der», JIeTaIbHBIN UCXOIT
M2 1 1,0/)1( 46,)O(,t(8,21)(q22,q1 1),del(9)(q22)[9] JleTaabHBIU MCXOJI Ha XT ot
MHGEKIIMOHHBIX OCIIOXKHEHUI
M2 1L,9/m  47,XY,+9[2]/47,idem,del(11)(q21923)[3]/46,X | -4 kommnekcHas pemuccust
Y[6] 10 ner
M4 8,8/m 46,XY,dup(3)(q21926)[6]/46,idem, 1 -5 KOMIIZIEKCHAST PEMUCCHST
del(9)(q22)[3]/4n%[5]/46,XY[8] 2 rona 2 Mec
M6 6,8, 46,XX,del(9)(q22)[9] 1-51 KOMITJIEKCHA peMUCCHUSs
3 rona 6 mec
M7 2,2/M 46,XY,t(9;13)(p11;q11),del(12)(p12) JleTabHbIA UCXO[ B TTPO-
[12]/46,idem,del(11)(p14),del(21) rpeccun
(a22)[2]/4n=£[4]
M7 1,3/x 48-56,XX,+2,+4,+5,+6,+8,+10, PanHuit KOCTHO-MO3roBOM
t(9;11)(p22;923),+18,+19,+21,+mar pELMANB, JIETAJIbHBINA UCXOI B
(cp9)/4nt[5] MPOrpeccun
M7pelr 46,XX,t(9;11)(p22;q23)[4]/4nx][7]/46,XX][13]
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| Ilepecmpoiixu xpomocomut 9 npu pazausHbIX 2eMAMOA02UHECKUX HEONAAUSX L
Oxonuanue mabauubl
Bapuant 3a601eBaHus Bospacr/mion Kapuotun PesysibTar JieueHus
oIl 13,7/m 46,XY,t(9;22)(q34;q11)[19]/4n%,t(9;22)(q34;  2-51 KOCTHO-MO3roBast
ql1)x2 [4] pemuccust iociie I TKM,
JIETAJIbHBIN UCXOM OT TOKCUKO-
MHMEKIMOHHBIX OCIOKHEHUI
MJIC
PA 11,9/x 46,XX,t(9;22)(q34;q11)[4] JletanbHbIi ucxom OT MH(MEK-
LIMOHHBIX OCJIOXKHEHMI Ha
UMMYHOCYIIPECCUBHOM Te-
panuu
PA 12,5/m 46,XY,del(9)(p22)[3]/ 46,XY[6] Bri6bLT M3-110A HAOMIOACHUS
PA 15,7/m 46,XY,der(9)dup(9)(q33q34)[6]/46,XY,del(12) BbiObLT U3-1101 HAGTIOACHUS

(p12)[5]/4n£[2]/46,XY[7]

eM — ot 3,2:10° no 154,0-10°/1. biacro3 B nepe-
depuueckoii KpoBu Kosebdasncs ot 25 1o 78 %, B
KOCTHOM Mo3re — ot 45,0 1o 90,0 %. Bce nuar-
HO3b1 OMJI ObLIM TIpeACTaBICHBI CIIEAYIOIIMMU
DAB-Tunamu: ogud — M1,4 - M2,1 - M4, 1 —
M6, 2 — M7, 1 — rubpuanas neitkemust (OIJT).

HauGosnee 4acThIM THIIOM TIEpeCTpOeK TeHe-
TYecKoro mMarepuaia Bo Il rpynme Obuiy penumn-
POKHBIE TpaHCIIOKaIKM — 6 cirydaeB. B TpaHcio-
KausxX yYalle TpUHUMAaN ydJacThe aucK 9q34
(3 ciygast), mpu 3TOM mapTHepaMu oOMeHa ObLIN
mucku 11923, 14qll, 22qll. IToreps reHeTnyec-
KOTO MaTepuaja BCTpedayiach B 4 clydasx, MCK-
JIIOYUTETBHO MO Aucky 9922. B onHOM KapuoTu-
TIe YIIOMSTHYTasI aHOMAaJIHS TIOSIBJISITIaCh BO BpeMst
SBOJTIONNY JIefiKeMudecKoro KioHa (Ne 6).

BHumaHme nipuBneKaeT GhakT yABOSHUS TPaHC-
Jiokauuu t(9;22) B OKOJIOTETPArUIONAHOM KJIOHE B
IIBYX CIy4Jastx ¢ MO3anmYHbBIM KaprotutioM (Comm-
OJUUI u M1-OMJI). B nutepatype UMEIOTCSI eau-
HUYHBIE CCbLIKM 0 TakuX Haxoakax mpu OMJI [29].
Ha namr B3, BO3MOXHO, 3TO CBSI3aHO C SHIO-
penyTIMKAIIME YIJIM TTOTTBITKOM KOMITEHCHPOBATh
ITOBPEKIEHHBIE TEHBI.

Bo Il rpyniie B pe3yJibTare cTaHIapTU30BaHHOM
XUMMOTEPAITNH KOMIUTEKCHAsI peMUccrs Oblia 10-
CTUTHYTa y 3 TIAIIMEHTOB, JIETAJIbHbIE MCXOABI Ha
¢oHe xuMmoTepanuu — B 7 Clydasix, IIpU 3TOM
OT TIPOTPECCUU TpoIiecca — 6 CIydJaes.

B rpynny nmauuentos ¢ MJIC Obl1M BKIIOYE-
HBl 3 manmedTa B coorBeTcTBrn ¢ PAB-Kkiaccu-
duxauueit — pedpaxrepHast anemus (PA). Tema-

ISSN 0564—3783. Llumonoeus u eenemurxa. 2008. Ne 5

TOJIOTUUECKME MOoKa3aTeJu y 3TUX MallMEHTOB Ha
BpeMsI TTIOCTAHOBKY JMArHO3a COCTaBUJIN: KOJMYEC-
TBO JieikouuToB — oT 2,2-10° mo 5,3-10°/71, conep-
SKaHKe DPUTPOLIUTOB — OT 2,25-10" o 3,18:10'%/n,
YPOBEHb TeMOTJIO0MHA ObLT CHUXKEH B Ipeaenax
45—85 /1, comepxxaHue TPOMOOLMUTOB KoJjeba-
nock ot 16,0-10° mo 300,0-10°/1. Heobxommumo
MOTYEPKHYTh, YTO OCOOEHHOCTHIO IrpyIiIbl PA ObI-
JIO pa3HOOOPAa3ue TUTIOB MEePeCTPOEK FeHETUYECKO-
ro MaTepuasa: coaJaHCUpOBaHHAs TPAHCIOKALIUS
1(9;22)(q34; q11), nucranabHas AeJaeuusi KOPOTKOTO
mieva del (9q22—qter) u psiMasi IyTJIMKALUST B
nmuHHOM Tutede dup (9)(q33q34).

BoiBogpl. O000IIas NpUBEACHHBIE TaHHEBIE,
MOHO 3aKJIFOUUTh, UTO aHOMAJIUU XpY B HACTO-
SIIUX MCCIEIOBAHUSIX BBISBISIMCH 4Yalle, 4yeM
CBUIIETEJILCTBYIOT JIMTEpATypHbIE CChLIKU. OTMe-
YeH 1IeNbII psi CTPYKTYPHBIX MEPECTpoOeK B BUAC
Jieneluii, TpaHCIOKauii, N30XpOMOCOMBI JIJTMH-
HOTO I1eya, JyTJIMKAYs U KOJTUYeCTBEHHAsT aHO-
manusg — tpucomus. Ilpu OJIJI HanbGojee 4acTo
B XPOMOCOMHBIE TIEPECTPOIKI BOBJIEKAIOCH JUTMH-
Hoe Ttuieyo: aucku 9q34 (11 caywaeB) u 9q22
(6 ciygaeB). [loTepst TeHeTMYECKOrO MaTepuayia B
KOPOTKOM U JUIMHHOM TIjIeuax BBISIBJISLIACH Yallle,
yeM TpaHcjaokauu (14 npotus 10 ciyuaeB). Ha-
JINYKE CAMOCTOSITEJIbHBIX ACJCLUI B TIATU HAOJI0-
JIEHUSIX, TI0 HallleMy MHEHUIO, MOXKET CBUACTC/Ib-
CTBOBaTh O TOTEpPE OIyXOJeCYPEeCCUPYIOLINX Te-
HOB B npouecce Jeiiko3zoreHeza OJIJI. B ciayyasix
MNOSIBJIEHUSI JIeJIEUMIA M TpaHCJOKALUUM OJIHOBpPE-
MEHHO 1IeJIECO00pa3HO paccMaTpUBaTh MOTEPIO Te-
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HETUYECKOr0 MaTepHrala KaK BTOPUIHOE M3MEHe-
HMe B Kapuotuire. Heo6xoammo mom4epKHyTh, 9TO
yacToTa BbisiBieHus t(9;22)(q34; q11) B Hamumx vc-
CJIeIOBaHMSIX ObLIA BBIIIE TI0 CPaBHEHWIO TaHHBIMU
apyrux uccaenosateneir (7,1 % npotus 2—5 %).
Kpome Toro, t(9;22) Habato1a1ach HAMU B BO3pac-
THOM acIieKTe B OOJBIIMHCTBE CIyJ4acB MMCHHO B
mmyoepratHoM Boapacte. [Ipu OMIJI B cTpyKTyp-
HBIC TICPECTPOIKHM Yallle BOBJIEKAIOCh TAKKE JTHH-
Hoe T1e4o Xp9, a uMeHHO: 4 ciydast ¢ 9q22 u 3 —
¢ 9934, 4TO XapaKTepHO IS MUECJIOMIHBIX JICHKe-
muii. [Tpu MJIC aHoMannu HOCWIM pa3HOOOpa3-
HBIN XapakTep — AeJIelus, AyTUTAKAINST U TpaHC-
Jokamus. Pe3ynbratel, KOTOpBIE MBI TTOJNYYIIIIH,
COBITANAIOT C JINTEPATYPHBIMM WCTOYHUKAMHU B
TOM, YTO TI€PECTPOMKN B KOPOTKOM U TMHHOM
mwiedax Xp9 ABISTIOTCA KPUTUISCKUMHU C TOYKH
3peHUs] X YUaCTHs B ITATOreHe3e HeoIIa3uii Kpo-
BETBOPEHUSI, HEKOTOPbIE U3 HIUX BOCITPOM3BOASITCS
Ha YPOBHE TITIOPUIIOTCHTHOM CTBOJIOBOM KIICTKM.
Kak 0coGeHHOCTD cJIeyeT OTMETHUTh JBa CIIydasi ¢
OKOJIOTETPAITIONTHBIMU KIIOHAMU, B KOTOPBIX yIa-
Joch muddepeHIMPoBaTh YIBOCHUE TpaHCIOKa-
mun t (9;22)(q34; ql1). Takas nHpopmaLms 0O4eHb
PEIKO TIPUCYTCTBYET B ITyOJTMKAITUSIX.

OTHOCUTEIBHO MTPOTHOCTUYECKOTO 3HAYCHUSI
CaMOCTOSITCIBHBIX Jeielinii Xp9 moiroe BpeMs
BeleTCs HaydHasl JAUCKyccusi. B GonbImMHCTBe
MCCIIeIOBATETbCKIX KITMHUYECKUX TPYITI UX CUM-
TalOT NIPU3HAKaMU He0IaronpusTHOTO IMPOTrHO3a.
[ToyyeHHBIE B Halllelt paboTe pe3yIBTaThl Kapho-
TUMUPOBAHUSI CBUICTEIBCTBYIOT O JOCTATOYHO
Pa3HOTUTAHOBBIX 3HAYCHMSX JEJICINii KOPOTKOTO
Y JUIMHHOTO TIied Xp9 B OlLIEHKE IMPOTHO3a OCT-
phix Jeiikemuii. B ciyuasx ¢ t1(9;22)(q34; ql1) or-
MeYaJl MYJIBTHIIEKaPCTBEHHYIO PE3UCTEHTHOCTh
U Mporpeccuio Ha (DOHE XMMUOTEePAITUH.

S.V. Andreyeva, V.D. Drozdova,
E.V. Ponochevna, N.V. Kavardakova

REARRANGEMENTS OF CHROMOSOMA 9
IN DIFFERENT HEMATOLOGICAL NEOPLASIA

The frequencies of chromosome 9 abnormalities in
children with hematological neoplasia have constituted:
25/112 in acute lymphoblastic leukemia (ALL), 10/83 — in
acute myeloid leukemia (AML), 3/20 — in refractory ane-
mia (RA). The frequency of deletions was higher than of
translocations in ALL. Deletions were found as sole abnor-
malities as in complexity karyotypes. More often the rear-
rangements affected bands 9q34 and 9q22. Translocation t
(9;22)(q34; q11) occured in 7,1 % cases ALL. In AML the
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translocations were detected with greater frequency than
deletions. The long arm bands 9q22 and 9q34 were more
often involved in structural rearrangements. Deletions,
translocations and duplications were registered in MDS.
Comparison with clinical features showed no correlation
with age and the main hematological indexes including the
amount of blast cells in initial period. Multidrug resistance
and disease progression during chemotherapy were noted
int (9;22).

C.B. Andpecsa, B.JI. Jlpo3dosa,
O.B. Ilonoyeena, H.B. Kasapoakosa

NEPEBYJOBU XPOMOCOMMU 9 ITPU PISHUX
TEMATOJIOTTYHHUX HEOIIJIA3IAX

Yacrora aHoMmalliii XxpoMocoMmu 9y iTeil 3 reMarosio-
TYHUMM HeoIuIazisiMu ctaHoBWIIa 25/112 mipu rocTpiit Jim-
(obnacTHiii nevikemii (IT1JT), 10/83 — mpu rocTpiii mienoin-
Hiit neiikemii (F'MJI), 3/20 — npu Mi€OaMCIIIACTUIHOMY
cuaapomi (MIC). Ipu [J1J1 nenetii 3ycTpivanucs yacriiie,
HiX TpaHcaoKallii. [leelii BUSIBIISIIACS SIK CAMOCTIiHI aHO-
MaJlii, Tak i y BUIVISIII CKJIAAHUX KapiotumiB. Haiiuacriiie B
nepeOynoBax NpuiiMaiu yyactb 1ucku 9q34 ta 9q22. TpaH-
cnokais t(9;22)(q34; ql1) 3ycrpivanacs B 7,1 % Bumnankis
TJUL. Ilpu I'MJI TpaHciokauiii 6yno Oisibliie, HixX aeje-
wiii. B cTpyKTypHi niepeOynoBM YacTillle 3a1y4aaocsi JOBre
miede — aucku 9q22 ta 9q34. Ilpu M/C peectpyBaiucs
nesielis, Ayrulikallis Ta TpaHciiokauisi. He BusiBuiau B3ae-
MO3B’IKy 3 BiKOM IALIiEHTIB Ta OCHOBHMMH iHilliaJIbLHUMM
reMaToJIOTIYHMMHU TOKa3HWKaMM, BKIHOUYaloun 0J1acTo3.
TTpoBeneHi OOCIIIKEHHST CBiTYaTh PO Pi3HY CHpPSIMOBA-
HICTh KJIIHIYHOTO MPOTHO3Y B IEepediry roCTpUX JIEMKEMiit
npu neneuisix. [Tpu t(9;22) BiazHavyaau MyIbTUMEIKaAMEH-
TO3HY PE3UCTEHTHICTh Ta MPOIPECiio 3aXBOPIOBAaHHS Ha (po-
Hi XimioTeparii.
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W3YYEHWUE OCOBEHHOCTE
HACNELQOBAHUS JIATEHTHOTO
AYTOMMMYHHOTO IUABETA
B3POCJIbIX (LADA)

Ha mamepuane, sxatouarouem KAUHUKO-2eHearocueckue
dannvie 0 51 6oavrom LADA, 400 60abHbIX UHCYAUHO3ABUCU-
muim caxaprvim ouabemom (C/ 1 muna), 504 — ¢ uncyauno-
Hezagucumvim caxapuvim duabemom (Cl 2 muna) u ux poo-
cmeenHukos | cmenenu poocmea, npogedero uccaedoganue
eenemuueckoti demepmunayuu LADA. Tecmupoeanue modeau
Ch. Smitha 6bia6un0 eeHeMuUYeCcKy) CAMOCHOAMEAbHOCHb
LADA u CJI 1 u 2 muna. Hccredosanue eenemuueckoil eeme-
poeernocmu 6 coomeememeuu ¢ modeasmu Ch. Smith’a noka-
3an0, umo LADA umeem npumepHo 00uHaKoeoe Koauuecmeo
obuux eenog ¢ CJ 1 u 2 muna, umo u onpedensiem Kaunu4ec-
Koe meuenue smoii gopmul ouabema. Hacnedosanue LADA
ONUCHIBACMCS NAPAMEMPAMU NOAUSEHHOL NOPO208OL MOdenl,
6 PAMKAX KOMOPOU Ha 00110 2eHemu1ecKux paxmopoe 6 gop-
Mmuposanuu 3abonesanus npuxooumces 60,4 %.

© C.A. HITAHAENDb, TM. TUXOHOBA, 2008

80

Beenenue. B Hacrosiiiee BpeMsi reTepOreHHOCTD
caxapHoro auabeta (C]I) siBisieTcs oOLIenpu3HaH-
HBIM HEOCIIOPMMBIM (pbakToM. MHOrouMciIeHHbIE
paboTHI TIO M3YYSHUIO JIATCHTHOTO ayTOMMMYHHO-
ro quabeTta B3pocibix (Latent autoimmune diabetes
of the adults — LADA) sBWINCh OCHOBaHUEM JUTSI
BblAeJeHUsT B Kiaccudukauuu 1999 r. ykazaHHOI
¢opmnl 3a0oaeBaHus Kak roarura C/ 1 tuma [1].
Mexny TeM naxe IIOClie TIPUHSTUS TTOCIeTHEeH
Kiraccu(pUKaMy HET OMHO3HAYHOM TOUKHU 3PEHUS
HE TOJIbKO B OTHOIIIEHUU PaCIPOCTPAaHEHHOCTH,
KIMHUYECKUX OCOOCHHOCTEH TeueHUsl, UMMYHO-
JIOTUYECKMX U reHeTmyeckux mapkepoB LADA,
HO 1 B OTHOIIICHUY CaMOTO Ha3BaHUS M MeCTa YIIO-
msHyToii popmbl B cuctemaruke CJII. Wcxons
M3 MPEATIOI0XKeH s, YTo B ocHoBe pa3Butus CJI 1
tuna u LADA nexar pa3nuyHble ITaToreHeTndec-
KH€ MpOLIEeCChl, OOIIMMU JJIsi KOTOPBIX SIBJISIIOTCS
ayTOMMMYHHBIC HapyIIeHUs, a KIMHUYeCKas Ma-
Hudecraumsi LADA npotekaer aHajiornuHo C/I 2
TUIY, Ipeaiaranock BBeaeHue tepmuna CJI 1,5 -
na [2—4]. DnuaeMuonorndeckue MCCaeaoBaHMS
CBUIETEIILCTBYIOT O TOM, YTO PacIpOCTPaHEHHOCTh
LADA cocrasisier 2—12 % Bcex ciydaes ClI, |35, 6].
Manudecranus 3adoseBaHUSI HAOIIOOACTCS MIpe-
MMYILECTBEHHO B Bo3pacTe oT 25 mo 50 yeT. Men-
JIEHHO MpOorpeccupylolliee pa3BuTre 3aboieBaHus,
TOCTVKEeHME KOMITEHCAIIMK Ha TIePBBIX ITOpax que-
TOI M TIEpOPATBHBIMU CaXapOCHIKAIOIIMMU TIpe-
rapatamMu, TOPIHAIHAS TT0 CPaBHEHUWIO C KJIacCH-
yeckuM CJI 1 Tuna pectpykuus B-KJI€TOK U
onpenensier cxoactBo LADA c maHudecrtaiueii
CJI 2 Tuma [7, 8]. I1lo Mepe pa3BUTHS HATOJIOTMYEC-
KOTO TIpo1iecca (B cpeiHeM oT 6 Mec 10 6 JIEeT Iocie
JUArHOCTUPOBAaHUS 3aboyieBaHMSI) Ha (hOHE IIPO-
BOIMMOI caxapOCHIZKAIOIIe Cyb(haHuIaMUII0-
Tepany YXyAIIaloTCs TTOKa3aTean TJIMKEeMMUYeC-
KOTO KOHTPOJIT W BO3HHUKAeT HEOOXOOMMOCTh B
nepeBoe 00IbHBIX HAa MHCYIUH [4, 7, 8]. dokasa-
HO, YTO TEHETMYEeCKas TPeapacIioioKeHHOCTh K
CJl 1 Tuma cBsI3aHa C ONpeAcICHHBIMU T'e€HAMM
cuctembl HLA, torma xak mpu CJI 2 Tuma 3Toit
CBSI3M He oOHapykeHo. OmpeneseHHbIE accollna-
LU C 3TUMU aHTUTEHAMU HanneHbl U i LADA.
Pesynbrarer UKPDS BeIssBIIIM accoOLMalIAO MeX-
1oy LADA u mpucyTcTBrEM MpeapacIonaralommx K
pazButuio CJI 1 Tuna HLA-anturenos tuma DRBI
*03/ DRBI* 04-DQBI*0302 [9]. Psin aBTOpOB Ha
OCHOBaHMM OOCIIeTOBAaHUS MAIIMEHTOB C YCTaHOB-
JleHHbIM auarHozoM CJI 2 TuIia 1 HaTu4ueM ayTo-
anTurell K GAD npuIuig K 3aKJII09eHUIO, YTO 3Ta

¢opma CJI mMmeeT ayToMMMYHHYIO IIPUPOY, HO OT-
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maaetcs oT C/I 1 Tuna mo MHCYJIMHO3aBUCUMOC-
TH W paclpelneieHUIO TIpeIpacroiaralommnx K
CJI anneneii [10]. Takum 0O6pa3om, K HACTOSILLIEMY
MOMEHTY BOITPOC O TEHETHUYECKOM JeTepMUHALIHI
a10i1 (hopMbl CJI, OTKPBHIT.

Ilenbio HacTOSIIETO UCCIEAOBAaHUS ObLIO U3Y-
YUTh 0COOEHHOCTHU HaciaenoBaHust LADA.

Martepuannbi u MeToabl. COOP reHeasTornuecko-
ro mMaTepuaja MpoOBOAUJICS METOIOM €IMHUYHON
peructpauuu corjiacHo TpedboBaHusiM KomuteTa
akcrieptroB BO3 [11]. Beuin oGcnenoBanbl 51
oonbHOIT LADA, 400 mpo6angoB c¢ C/I 1 tuma,
504 mamuBuma ¢ CJ1 2 Tnma, HAXOMWBIIMXCS Ha
nedyeHun B kinHuKe UITDBII, n ux poacTBeHHUKM
I crerrenn poncTaa.

PacrnipocTtpaHeHHOCTh M3yYeHHBIX 3a00JieBa-
Huii B T. XapbKOBE paccuMTaHa o JaHHBIM UCTO-
puii 00JIe3HU, UMEIOIIMXCSI B PAHOHHBIX MOJU-
KJIMHUKAaX, a TakKe CBeJleHUii 00 obl1eil YMcieH-
HOCTU HaceJieHusi obnactu [12]. MccnenoBaHue
TeHETUYECKOl IreTepOreHHOCTHY 3a00J1eBaHusI TTPO-
BOAMJOCH TyTeM TecTupoBaHusi moaeau Ch.
Smith’a [13]. Tlapametpbl HacienoBaHusi LADA
B pamkax noporosoii mojesu D. Falconer’a 6b11u
U3y4yeHsbl coracHo [14].

Pesynbrarbl McclenoOBaHHi W MX 00CYXKIEHHE.
HcxomHble maHHbIe, TTOCTYXHUBIINE OCHOBOM IS
TeHETMYECKOro aHaju3a, MpeacTaBieHbl B Tab. 1.
IMonyyeHHblE JaHHBIE CBUIETEILCTBYIOT O 3HAUM-

TUYECKOM TeTepOreHHOCTH KJIMHUYECKUX (Hopm
HCClIeIyeMOoro 3a0oieBaHUS B ciiydae, eciv IoKa-
3aHO €ro MOJIMTeHHOE HacJieJ0BaHue, apaMeTpbl
KOTOPOTO OMUCHIBAaeT noporosast Moaenb D. Fal-
coner’a. Pe3ynbsraToM TecTMpOBaHUsI 3TOM Moe-
JIN SIBJISIETCS TIOJIyueHHWE Ha OCHOBE TMPSIMBIX U
MepeKpecTHbIX KO3(hGUILIMEHTOB KOPPEIsLUU B
nmapax <«IMpoOaHI — poOAUTeNb» KoadduimeHTa
«TEHETUYECKOTO CPOJICTBAY Fg, BEIMYMHA KOTOPOTO
TTOKAa3bIBAET JIOJTIO OOIIMX TeHOB, YYACTBYIOIINX B
CHCTEMaxX TEHETHWYECKOTO KOHTPOJSI M3ydaeMBbIX
3a0osieBaHuit [13]. Tlpu 3HaUeHUSIX Fg, CTPEMSI-
IIUXCS K eNMHUIIE, 3a00JIeBaHNE CINTACTCS TeHe-
TUYECKN OTHOPOMHBIM (TIPAaKTMYECKN BCE TEHBI
o01me), Mpy HU3KUX 3HaYeHUIX rq (MeHee 0,70)
HccliefyeMble 3a00JIeBaHUS CUMTAIOTCS TEeHETH-
YECKM CaMOCTOSITETbHBIMU, XOTS W MMEIOIINMU
ofnpeaeseHHyo A0jio o0uux reHos. [lostomy
JNIaHHBIX O CYUIECTBEHHOW pOJIM TeHEeTUYeCKUX
hakTOpOB, HAMTMYNN HETUHEHHBIX TeHETUIECCKIX
a¢pdekToB B aetepmuHauuu CJI, mogayyeHHBIX B
MpeabIIyIIX uccienoBanusx [15, 16], HemocTa-
TOYHO TSI TIOHUMAHUST CTPYKTYPHI TTOABEPKEH-
Hoct K LADA, ecnum He MCKIIOYEHAa BO3MOXK-
HOCTB CYIIIECTBOBAHMS PA3IMUHBIX C TeHETUUIECKOM

Tabnuua 1
Yacrora CJI cpeau poaureieii npodanaos
W B nony.siunu, %

TEJIbHOM IIpe00JIalaHUM YaCTOThl pOAMTEIICH, T10- ®opma ®opma CIl y poxutencii Pacripo-
paxxenHbx C/I 1, 2 Turma u LADA, no cpaBHeHUIO Coy CTpaHeH-
C UX IONYJSIHMOHHBIMU 9aCTOTaAMU. np(;gal-l— LADA CO ltuna | CJ2Tuna noHn(;/(f:Lll?AM
Wcxonst 3 Toro, 4To reHeTUYeCcKasi IeTepMIHa-
wmst C/0 1 1 2 Tvma onuvckiBaeTcs mapamMmeTpaMu Mo- LADA 0.98 +0.98 1.96 + 1.38 10.78 £ 3.09  0.06
nmeam D. Falconer’a [15, 16], mist u3ydeHus B3am- cnl ’
MOCBSI3U MeEXAy IToaBepxKeHHOCTIMU K LADA, mma 011+ 0.11 2.63 +0.57 7.00 < 0.90 0.36
CJl 1 1 2 Tuna OblyIa TECTUPOBaHA MOJEJb T'eHe- ci2 ’
THYecKoii rereporeHHoct Ch. Smith’a (tabm. 2). | o 0604028 329+ 0.56 15.05+ 1.13  1.90
DTa Moeb IPUMEHSIETCS JUIST BBIICHEHMS TeHe- ' 7 ' ' i ’
Tabnauua 2
AHaJm3 B3aMMOCBSI3H MEKIY NOABEPKEHHOCTAMHU K PA3JIMYHBIM KJIMHUYECKUM ('l)OpMaM CI[
() C i
dopma opma G/l y poutencit KoadduumeHTsl KOppensimm
CJ1 y npobaHnia Hacnenyemocts, MEXIy TTOJIBEPKEHHOCTSIMHU (Fg)
LADA CH 1 tuna | CJI 2 Tuna Bcero %
LADA 1 2 11 102 59,20 LADA - CO1r,=0,653
CJ 1 tuma 1 21 56 800 54,24 Ca1-CA2r=0,587
CJl1 2 Tuna 8 33 151 1003 94,32 LADA - CI 2 r,= 0,661
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| ]
Tabnuua 3
Pacnpoctpanennocts LADA cpeay poacTBeHHHKOB
NpoOAHI0B U B MOMY.JISIIUH
bonbubie LADA
Tpynna O61ee
POACTBEHHNKOB KOJIMYECTBO
Abc. %
Cubchl 101 1 0,99 + 0,99
Pomurenmn 102 1 0,98 £0,98
Jetn 313 0 0,00 £ 1,27
Ponurenn + getu 180 1 0,56 = 0,56
Jenbl (6abKku) 148 0 0,00 £ 0,82
Jsam (TeTKn) 229 1 0,44 +£ 0,44
IMomysauns 0,06 %
Tabnuua 4

KomnonenTHoe pa3iioxkeHue
(heHoTUNMYECKO# qUCTIEPCHA

KBasuHenpepbiBHas OPOro-
Bast mozesb D. Falconer’a

[TokazaTenu

KoapdunmeHt Haciexyemoc-

™ (Gy) 0,592 + 0,214
JloMuHaHTHasE KOMIIOHEHTa

(Gp) 0,012 £ 0,605
[eneTnyeckasi cocrapsonias

(V) 0,604
Cpenosasi cocTaBJsioniast

(Ve) 0,396

TOUKU 3peHus ¢opm naronoruu. Ha ocHoBe
MpPEeICTaBIeHHbIX JAHHBIX CEMEMHOIro aHaMHe3a
ObUIM pacCUMTaHBI MPSIMbIE U MEPEKPECTHBIE KO-
3 ULIMEHTHl KOppeJSLUKU B Iapax «IpodaHI—
POIUTENb».

B mogenu Ch. Smith’a, nipeamnosararolieii cy-
IIECTBOBAHUE PA3JIMYHBIX MOJIBEPKEHHOCTEU K
IBYM (hopmaM 3a0o0jieBaHusI, KOADOUIIMEHT KOp-
pelsLIMM MEXAYy IOABEPXEHHOCTIMU (rg) K
LADA u C/1 1 tumna cocrasui 0,653 = 0,096, uro
CBUJIETEJILCTBYET O OOJIBIIOM KOJMYECTBE OOIIUX
reHoB mexay LADA u CJI 1 Tuna u reHeTudec-
KOW CaMOCTOSITEJIbHOCTU 3TUX JBYX IMATOJIOTUM.
KoahduineHT «reHeTU4eCKOro CpoaCcTBa» MEXKIY
LADA u CJI 2 tuna pasusizics 0,661 £+ 0,068, uto
TAKXKe YKA3bIBAET HA TEHETUUECKYIO CAMOCTOSITE b~
Hocth LADA u CJI 2 Tniia ¥ 3HaYUTEJIbHOE YMC-
JIO 001X TeHOB AaHHBIX (hOpM 3a00sIeBaHUS.

PesynbraThl MpoBEIEHHOTO aHAJIM3a MO3BOJISI-
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0T MPOBECTU TecTUpoBaHUe pactipeneneHus: LADA
Ccpeny pOICTBEHHUWKOB U B IOIYJISIIUK Ha TIPE]I-
MET WX COOTBETCTBHUS ITapaMeTpaM ITOPOTOBOi
monenu D. Falconer’a. McxogHble maHHBIE TIPE-
cTaBJIeHBI B Ta0JI. 3.

[pencraBiaeHHbIE JaHHBIE ITO3BOJIVIIN TECTUPO-
Batb noporosyto Mozaeb D. Falconer’a (Ta6m. 4) u
TOKa3aJId COOTBETCTBUE pacTipeleIeHNsT OOIBHBIX
Ccpeay POACTBEHHUKOB TIPOOAaHIA U B MOITYJISIIAN
napaMeTrpam 3Toii Mojaeau. [lpu pasznoxeHuu o0-
meil (peHOTUIMMYECKOM TUCTIEPCHH TTOIBEPIKEH-
Hoct K LADA ¢ ucrnonb3oBaHeM JaHHBIX O PO-
JIUTETISIX ¥ CHOCcax TTOIXOMSIIINM 0Ka3aJloch pele-
HUe, BKIoJaroliee olueHKy Gy = 59,2 £ 21,4 % n
Gp=1,2160,5 %. Ouenka G4 B JaHHOM pelleHUU
MOIJIa OBITh TEOPETUIECKH 3aBhIIIIeHA 3a CYET BXO-
TSIIUX B Hee !/, OIIeHKU 3MUCTaTUYeCKO TeHeTH-
YeCKOI KOMIIOHEHTHI 1 YIBOCHHO OIICHKH CUCTE-
MaTUYECKOM CHCTEeMAaTUIEeCKOM CPeIoBOM KOMIIO-
HEHTBI «O0LIETO JOMa».

B pamMkax 3Toif MOIeT BECOMBII BKJIad B pa3-
Butue LADA BHOCSIT reHeTn4ecKue (pakTophl (KO-
3¢ GUILIMEHT HacledoBaHUSI B «y3KOM CMbIC]IE»
coctaBui 59,2 %). Takum 06pa3oM, HOMUMO TOTO,
yTo B getepmuHann LADA reHeTndeckue ¢pakTo-
pPbl UTPaIOT CYLIECTBEHHYIO POJib, CJIeAyeT OTMe-
TUTh W CYIIECTBOBAHWE HEJIMHEWHBIX MeXaJlIeTb-
HBIX B3aMMOJIEWCTBUI B CUCTEME TEHETHUYECKOTO
KOHTpOJIsT 3a001eBaHus (cyliecTBoBaHue Gp).

BobiBoapl. JIaTeHTHBINT ayTOMMMYHHBIN 11a0eT
B3pocibix (LADA) sBisieTcsi caMOCTOSITEIbHOM
reHetnueckoi ¢dopmoii CII u uMeeT MpUMEpPHO
OMHAKOBOE KOJIMYecTBO o01mmx reHoB ¢ C[ 1 u
2 tuna (65,3 u 66,1 % coorBercTBeHHO). Hacne-
noBanre LADA onmchiBaeTcsT TTapaMeTpaMu T10-
JIUTEHHOI TTOPOTOBOM MOJEJM, B €e HacjeaoBa-
HUU CYIIEeCTBEHHAs POJIb MPWHAIJICKUT TEHETH-
yecKnM (haKTopaM, UMEIOTCST HeJTMHEWHBIC TeHe-
TUYECKHE B3aUMOIECTBHS ¥ BO3MOXHO BIUSTHUE
psia TEHOB C BBIpaskeHHBIM 3(P(EeKTOM B IeTepMU-
Hauuu 31oit hopmbl CJI. CyiiectBoBaHue 00J1b-
IIOTO KOJMYeCTBa OOINMX TeHOB B ITOIBEPKCH-
HocTsix LADA m CA 1w 2 Ttuma (65,3 u 66,1 %
COOTBETCTBEHHO) OIpe/ieisieT OCOOEHHOCTU Bapu-
AHTOB KJIMHUYECKOTO TedeHUsT 3Toi popmbr CJ1 —
MmaHudectauus aHajgornyHa CJI 2 tura, Tocie-
Jytoliiee ObICTpoe pa3BUTUE ayTOMMMYHHOI arpec-
CUU K (-KJIETKaM ITO/IKEJTYTOYHOM Xesie3bl, UH-
CYJIMHO3aBUCHMOCTb ¥ HEOOXOIMMOCTb MHCYJTUHO-
Tepanmu.
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S.A. Shtandel, T.M. Tikhonova

STUDY OF THE PECULIARITIES
OF INHERITANCE OF LATENT
AUTOIMMUNE DIABETES IN ADULTS (LADA)

Latent autoimmune diabetes in adults (LADA) genetic
determination was studied. It has been shown that LADA is
genetically independent diabetes mellitus clinical form. Its
heredity predisposition is described by polygene threshold
model. In this model the genetic factors play the essential role
and there are non-linear genetic interactions. High amount
of the common genes with type 1 and 2 diabetes mellitus in
LADA liability (65,3 and 66,1 %) causes peculiarities of its
clinical course (presence of islet cell autoantibodies, insulin-
dependency and necessity in insulin therapy).

C.A. HImanodenv, T.M. Tuxonosa

BUBYEHHS OCOBJIMBOCTEN HACJIIIYBAHHS
JIATEHTHOI'O ABTOIMYHHOI'O
JIABETY NOPOCIHMX (LADA)

JlocmipKeHO TeHeTUYHY JeTepMiHallilo JJAaTEHTHOIO aB-
ToiMyHHoro aiabety mopociaux (LADA). IlokazaHo, 110
LADA € reHeTU4HO OKpeMOoIo (hopMOIO LIYKPOBOTO Aia0eTy,
yenaakyBaHHs1 LADA omnucyeTbest mapamMeTpaMu MoJIireH-
HOI MOJIeJTi, [Ie iCTOTHA pOJIb HAJIEKUTh FTeHETUUHUM (haKTO-
paM, MaloTh MicClle HeJliHiliHI TeHeTUYHi B3aemoii. Benuka
KiJIbKIiCTb 3araJibHUX IeHiB 3 LyKPOBUM AiadeToM 1-ro Ta 2-
IO TUITY Y CXWIIbHOCTI 11i€i hopmu (65,3 ta 66,1 %) 0GymoB-
JIIOE OCOOJIMBOCTI i KJIIHIYHOTO Mepediry (HassBHiCTb aHTH-
TiJI IO OCTPOBKOBUX KJIITUH, iHCYJIIHO3aJIEXKHICTb Ta HE00-
XiIHICTb Teparlii iHCYJTiHOM).
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