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Abstract. There are few vascular plants inhabiting ice-free land in Antarctica: Deschampsia antarctica Desv., Colobanthus
quitensis (Kunth.) Bartl., Poa annua L. Research of genetic structure of D. antarctica populations revealed low heterogeneity.
The objective of the present work was to analyze diversity in several sub-Antarctic populations studying the morphological
variability of the average nucleus area in the D. antarctica leaf epidermis and palisade parenchyma and to assess the ability for
polysomaty in these tissues. The investigated material gathered on 5 islands of sub-Antarctica: Petermann, Berthelot, Galindez,
Rasmussen and Yalour, thus the populations experienced quit different conditions. The samples were preliminarily fixed during
30 minutes in the acetous alcohol and then colored according to Feulgen (4 preparations for each locality). Then 25 nuclei from
each preparation were photographed using a digital camera and the microscope optical system. The explored nucleus area and
its coloration intensity was compared with that of colored anaphase cells of D. antarctica rootlet (where the quantity of DNA
was assumed to be 4C) using Corel Draw 7.0 software package (including Photo Paint 7.0 and Scion Image). Distribution
curves for both traits were constructed for each locality. To compare the corresponding distributions of different localities we
used the median criterion method. The investigation of the relative DNA level proved the polysomaty processes in the
parenchyma and epidermis of D. antarctica leaves in every locality. The interpopulation heterogeneity was revealed of average
nucleus area and relative DNA level in both tissues studied. The result probably arises from the lability of polyploidization
adaptive system and its individual character in the Antarctic conditions.
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BuByeHHs1 MiKnomysiniiiHoi reTeporeHHoCTi 3a NMOKa3HMKAMU IJIoLI siApa Ta BigHocHoro Bmicty JHK B kiiTmHax
JucTKa pisHux JokamiteriB Deschampsia antarctica Desv. 1. Ilapuikoza, H. Muprota, M. Masyp, [. Maiiganiok,
I. Kosepenpka

Pedepar. [lexinpka BUIIB BUIIUX POCIHH KOJOHI3YIOTh BUIbHI Bifl IboRy paiioHu AHTapkTUKH: Deschampsia antarctica Desv.,
Colobanthus quitensis (Kunth.) Bartl., Poa annua L. 3a naHuMu TeHETHYHUX JOCITIIDKeHb D. antarctica BUSBWIA HU3BKHUI
piBEHb MDKIIOMYJILIHHOI reTeporeHHOCTi. MeToI HBOro JOCTIDKEHHS OyI0 BHBYMTH HAsBHICTH MONICOMATil B TKaHHHAX
micTka D. antarctica, a TakoXX NpOaHaNi3yBaTH MUKIONYJLIHHY MIHJIMBICTD 32 BEIMYMHOIO CEpeIHBbOI IUIOLI sapa Ta
BigHocHoro Bmicty JIHK B sapi wiiTWH emifiepMaibHOI Ta NMapeHXIMHOI TKaHMH JIMCTKAa wLi€i pociauHH. B mocmimkeHHI
BUKOpPHCTaHHIT MaTepiai, 310paHuii y 6epesni 2005 p. Ha n’sTh0X octpoBax CyOanTtapkruku: Ilerepman, beprenot, ['aninznes,
Pacmyccen ta Snyp. I[omynsuii ux BHAIB 3HAXOAATHCS B JOCUTH PI3HOMaHITHHX ymoBax. Marepian ¢ikcyBaju B OLTOBOMY
QJIKOroJi Ta TroTyBanu 3abapsieHi 3a DbOJBreHOM mpenapaTd, 3 SKUX 3a JOINOMOTOI0 ONTHYHOI CHCTEMM MIKpOCKONa Ta
mudpooi kamepu pororpadysany mo 25 sgep Ha KOKHOMY 3 YOTHPHOX HPEMapaTiB AjIsi KOXKHOTO JIOKaliTeTy. BumiproBaHHs
wiony sapa Ta IHTEHCHUBHOCTI HOro 3a0apBieHHsS BiJHOCHO aHada3W KIITHHH MepucTeMu KopeHs (4C) smilicHroBanu,
3acrocoBytoud naket nporpam Corel Draw 7.0, mo Bkitoyatots Photo Paint 7.0 Ta Scion Image. JIjist KO>KHOT TOYKH HOIIMPEHHS
D. antarctica 3a unMy TOKa3HUKaMu OyJyBajMCsl KpUBI PO3IOALTY, SIKi MOPIBHIOBAIMCS 13 3aCTOCYBAHHSIM METOY KPHUTEPit0
MeliaHd. BUSBIEHO HasBHICTH MONICOMATIl B TKaHWHAX eMilepMH Ta MapeHximu juctka D. antarctica. Tlpo ue cBigdath
MOKa3HUKH CepefHbOro 3BaxkeHoro 3a kinpkictio JIHK B ycix sokaniterax. BusiBiaeHo Takox MDKIONYJISIIHHY IreTepOoreHHICTh
posmoziniB cepeanpoi BimHocHOi kimbkocti JHK Ta cepennboi mmomi siapa Ais KITHH €MiepMH Ta HapeHXiMH Juctka D.
antarctica. Taki JaHi MOXYTh CBIIYMTH TPO NaOUIbHY ajanTauiiiHy MIHJIMBICTh LMX IOKAa3HUKIB B KOHKPETHHUX YMOBAax
iCHyBaHHS JIOKAJTITETIB BUIY B AHTapKTHUIII.

W3ydenne MeXMOMyISIIUOHHON reTepOreHHOCTi M0 MOKa3aTeIsIM IVIOLIAHN SIIPA U OTHOCHTeJbHOro cofepxanus JHK
B KJIETKaX JIMCTKAa pa3jm4HbIX JokanureroB Deschampsia antarctica Desv. U. Ilapuukosa, H. Muprora, M. Masyp,
J. Maiinantok, U. Kosepenxkas

Pedepar. Heckonbko BUIOB BBICIIMX PACTEHUH KOJOHU3UPYIOT pallOHBI B AHTapKTHKE, CBOOOAHBIE OTO Jbla,: Deschampsia
antarctica Desv., Colobanthus quitensis (Kunth.) Bartl., Poa annua L. Ilo naHHBIM TeHeTUUECKHX HccnenoBanuil D. antarctica
OOHapyXHiIa HU3KUH ypOBEHb MEXIIOMYJIIHOHHOW reTeporeHHoCTH. Llenbio 3Toro mcciienoBaHus ObLIO M3y4YeHUE HATHYUs
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HOJIMCOMATUH B TKaHAX Jucta D. antarctica, a Takke aHAIM3 MEXIONY/ISLMOHHON M3MEHYMBOCTH IO BEIMYHHE CpeIHEH
IOM@AA S/Apa U OTHOcUTENbHOro conepkanus [IHK B sapax KieTok snuiepMaibHOW M NMapeHXUMHOH TKaHel suctka D.
antarctica. B uccienoBaHNM HCIONB30BaIM Marepual, coOpaHHbIH B Mapre 2005 1. Ha matu ocrtpoBax CyOaHTapKTHKH:
Ilerepman, Beprenor, I'anmunznes, Pacmyccen u Shnyp. Ilomymsuuu 3THX BHAOB NMPOU3PACTAIHN B IOCTATOYHO Pa3HOOOPA3HBIX
ycnoBusix. Matepuan QUKCHPOBAICS B YKCYCHOM CITUPTE M FOTOBMIIMCH OKpalleHHbIe 10 (DENbreHy mpenaparsl, ¢ KOTOPIX C
TTOMOIIBIO ONTUYECKOI CHCTEMBI MEKPOCKOIA M LU(pOoBOii KaMmepsl GpoTorpadupoBauck 1o 25 saep Ha YeThIpeX Ipenaparax ¢
Ka)XIOro JIOKaNHTeTa. I3MepeHHe IUIOIAM sApa W HHTEHCHBHOCTH €r0 OKpAllIMBAaHHS OTHOCHTENbHO aHadas3bl KIETKU
MepucTeMsl KopHs (4C) npoBogwinck ¢ npuMeHeHueM naket nporpamm Corel Draw 7.0, koTopslii Bkitoyaet Photo Paint 7.0 u
Scion Image. J{ns1 kaxaoro paiioHa pacnpoctpanenus D. antarctica IO 9TUM MOKa3aTeNsIM CTPOUIIMCH KPUBBIC PacHIpe/IeIeHuUs,
KOTOpbIE CPaBHUBAIUCH C IPHMEHEHHEM MeTO/1a KpUTepHs MeAUaHbl. BBIABICHO HaIUYHe OIMCOMATHH B TKAHIX SIMHUAEPMBI U
MapeHXHUMBI JICTKa D. antarctica, 0 4eM CBHCTENbCTBYIOT IIOKA3aTeIN CPeJHET0 B3BenIeHHOro 1o konndectBy JJHK Bo Bcex
JIOKAINTETaX. BBIIBIEHO TakkKe MEXKIONMY/SIIHOHHYI0 TeTePOreHHOCTh pAaCHpEleNeHud CPEeIHEero IO OTHOCHUTEIBHOMY
komnuectBy JHK w muomaam sapa KIeTOK SHuAepMbl M NApeHXUMbl JIMcTKa D. antarctica. Takue aaHHbIE MOTYT
CBHZETENILCTBOBATH O JAOMIPHON aJaNTallMOHHON H3MEHUYHBOCTHU 3THX IIOKa3aTeleil B KOHKPETHBIX YCIOBHAX CYIECTBOBAHUS
JIOKAJIUTETOB BHIA B AHTApKTHKE.

1. Introduction

On the Antarctic Peninsula shore and adjacent islands the temperature of the air in summer is
on average above zero, and sometimes mounts to 30°C (Lewis Smith, 2003). So the land is no longer
ice-covered at summer, whereas the temperature is low during all other periods. In addition to the
continent’s remoteness it causes low diversity of the Antarctic flora in comparison with Arctic floras:
the Antarctic flora is represented mostly by lichens and mosses, and just a few species vascular plants
(Deschampsia antarctica Desv., Colobanthus quitensis (Kunth) Bartl., Poa annua L) (Smith, 1996;
Lewis Smith, 2003). Research of the plants adaptation mechanisms in the extreme habitats is the
matter of special significance (Alberdi, 2002).

The morphological features of Deschampsia antarctica are those of a typical drought-resistant
plant (Lewis Smith, 2003). Thus, stomata and thick cuticle being only at the upper side of the leaf,
transpiration decreases. Investigation of the leaf anatomy did not show any specific genotype
adaptations (Romer, 1999). The objective of the present work was to analyze the diversity in several
sub-Antarctic populations of studying the variability of the average nucleus area in the D. antarctica
leaf epidermis and palisade parenchyma. This characteristic was chosen as the one accurately
reflecting cytological changes in nucleus functional activity.

At the same time, research on the genetic structure of D. antarctica populations revealed their
low genetica diversity (Holderegger, 2003), and the structures of 2 morphologically different King
George Island populations turned out to be similar (Chwedorzewska, 2004). We suggest this to be a
result of prevailing autogamy and clon propagation, though the data are not sufficient for estimating
the species propagation as whole. Therefore, we used the functionally significant relative level of
DNA as the criterion of interpopulation heterogeneity, which is known to vary in different tissues
varies with functional exertion. Polyploidy is peculiar for active cells, so-called polysomaties (Kinah,
1994). The second aim of the research was to ascertain the ability to polyploidyzation in the D.
antarctica leaf tissues and to compare average relative DNA levels in individuals from different
localities.

2. Materials, techniques and methods of data handling

The investigated material was collected during the 10™ Ukrainian Antarcic expedition by
V. Polischuk, who gathered plants 28-30 March 2005 at 5 localities of sub-Antarctica (Fig.1):

1. Petermann Island, (S 65°10', W 64°08'), eminence, the middle of a steep slope of eastern
exposition (20-40°), continuous strip (0,15m x 1m); no generative or dying plants were found in rocky
clefts;

2. Berthelot Island (S 65°19', W 64°08") steep slope of western exposition (20-40°), cenosis
cover 50%: mosses — 30%, D. antarctica. — 20% (60% generative, 30% dying);
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3. Galindez Island (S 65°14', W 64°14") at the top of a height, declivous slope of eastern
exposition (10°), cenosis cover 25%: mosses — 10%, D. antarctica. — 15% (10% generative, 50%

dying);

4. Rasmussen Island (S 65°14', W 64°05"), flat slope of western exposition (20°), cenosis
cover 40%: mosses — 30%, D. antarctica. — 10% (20% generative, 40% dying);

5. Yalour Islands (S 65°14', W 64°09"), on the crest of an eminence, flat slope of western
exposition (20°), cenosis cover 45%, mosses — 25%, D. antarctica. — 20% - 40% generative, 20%

dying.
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Fig.1. Map of localities of Deschampsia antarctica sampled for our investigation.

?. Berthellot

The interphase parenchyma and epidermis of the leaves in which we studied the average
nucleus area and relative DNA level were preliminarily fixed during 30 minutes in acetous alcohol
(3:1) and then colored according to Feulgen (Histological, 1994). Both parameters for each of the 5
localities were estimated on 4 preparations (25 photographs of nuclei per one preparation, Fig. 2, 3).

Fig. 2. Epidermis cells of Deschampsia
antarctica leaf, 3 locality, 25x12.5.

Fig. 3. Parenchyma cells of Deschampsia
antarctica leaf, 3locality, 25x12.5.

The analysis was performed using a digital camera CCD SAC-410 PA, AT Pentium-II
personal computer with monitor, Asus V 3000 videodriver and Corel Draw 7.0 software package. The
green color filter of the microscope optical system and the red one Pal-n Asus V 3000 were applied.
The areas of nuclei were measured using the operation “allocation of analyzed picture contour”. The
values obtained were then transferred from pixels to um? with later transferring the experimental data
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from pixels to the SI system using empirical conversion factors. To determine the relative DNA level
we compared colour intensity in the studied nucleus with that of a coloured anaphase cell of the D.
antarctica rootlet (where the quantity of DNA being assumed to be 4C and C — haploid DNA quality).
Distribution curves for both traits were constructed for each locality. To compare the corresponding
distributions of different localities we used the median criterion method (Pollard, 1982).

3. Results and analysis

Distribution curves for all characteristics studied in 5 localities of D. antarctica (Figs 4-7) are
visibly asymmetrical.

45 - 1 60 -

40 - ——2
35 1
30 +
25 1
20 -+
15 -+
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5
0 1+
549 5 10 15

Fig. 4. Distribution curves of the nucleus area classes*in Fig. 5. Distribution curves of relative DNA level
epidermis of D. antarctica leaf (in fig. 4-7 y axis is classes* in epidermis of D. antarctica leaf.
frequency, x axis — the number of the class).

60 1

Fig. 6. Distribution curves of the nucleus area classes* in  Fig. 7. Distribution curves per relative DNA level
the parenchyma of D. antarctica leaf. classes* in the parenchyma of D. antarctica leaf .

*The ranges for each class are presented in Table 2.
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Table 1. The average nucleus area and relative DNA level in epidermis and parenchyma of D.

antarctica leaves.

Epidermis Parenchyma
Locality Nucleous area, Relative DNA Nucleous area, pm’ Relative DNA

um2 level, C level, C
1 36.1£6.0 4.6842.1 38.5+6.2 54123
2 59.5+7.7 6.484£2.5 36.846.0 5.96+2.4
3 46.2+6.7 4.7242.1 28.3+5.3 6.644+2.5
4 65.4£8.0 6.841+2.6 31.745.6 7.10£2.6
5 70.248.3 6.8242.6 24.6+4.9 6.16£2.4

Table 2. The ranges for the classes of the
examined traits of D. Antarctica.

Class Ne | Nucleous area, Relative DNA

pm’ level, C

1 <20 <0.99

2 20-29 1.00-2.99

3 30-39 3.00-4.99

4 40-49 5.00-6.99

5 50-59 7.00-8.99

6 60-69 9.00-10.99

7 70-79 11.00-12.99

8 80-89 13.00-14.99

9 90-99 15.00-16.99

10 100-109 17.00-18.99

11 >10 >19.00

Table 3. The xz-criterion for pairwise
comparison of distributions of average

We confronted the distribution curves of
different classes of nuclei areas for different

localities and found statistically reliable
distinctions between them by the median
criterion.

Tables 3-6 represent the Xz-criterion for
pairwise comparisons of the distributions. Only

the XZ values that exceeded 3.84 are presented
in the tables. Thus, the values measure the level
of discrepancy between the localities (0=5%).

Tables 3 and 4 show that the nucleus area
distributions are distinctly dissimilar. It has been
found that most of island localities essentially
differ from other ones by the nucleus area
criterion for both tissues. On the whole, the
characteristic varies noticeably.

Table 4. The xz-criterion for pairwise
comparison of distributions of average

nucleolus area in epidermis from nucleous area in the parenchyma from
different localities of D. antarctica. different localities of D. antarctica.
2 3 4 5 2 3 4 5
1 67.98 15.68 | 76.64 109.7 1 - 13.54 11.06 28
2 - 33.52 - 10.46 2 - - - 48.08
3 - - 4422 | 58.78 3 - - - -
4 - - - - 4 - - - 12.5

Table 5. The xz-criterion for pairwise
comparison of distributions of average
relative DNA level in epidermis of D.
antarctica from different localities.

2 3 4 5
1 22.14 - 234 31.46
2 - 24.1 - -
3 - - 25.4 33.68
4 - - - -

Table 6. The xz-criterion for pairwise
comparison of distributions of average
relative DNA level in parenchyma of D.
antarctica from different localities.

7 2 3 4 5
1 - 9.52 10.4 4.32
2 - 9.52 10.4 4.32
3 - - - -
4 - - - -
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The pattern revealed might well originate from the adaptive flexibility of the nucleus area,
which is known to be closely correlated with the DNA quantity. Thereby, one should expect similar
heterogeneity patterns in the average relative DNA levels in both parenchyma and epidermis. The
result of the corresponding distributions comparison is given in Tables 5 and 6.

Most of island localities essentially differ from each other by the epidermal relative DNA
level criterion for both tissues. The data obtained may well support the adaptive polyploidization
hypothesis and the individual character of adaptation under specific conditions of vegetation, which
varied widely on different islands. The polysomaty in parenchyma and epidermis was clearly shown
(Table 1). It may well be an adaptive mechanism under the conditions of Antarctica.

4. Conclusions

1. The research proved the polysomaty processes in parenchyma and epidermis of leaves of
D. antarctica.

2. The revealed interpopulational heterogeneity of characteristics in the studied localities
probably has arisen from the flexibility of the polyploidization adaptive system and its individual
character in each case.
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