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Abstract. There are few higher 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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BuBueHHs Mix monyJsiniiiHOT reTreporeHHOCTi 32 MOKAa3HMKaMH IUIOL sApa Ta BigHocHoro BMmicty JJHK B kaiTmHax
JIMCTKA Ppi3HuX JokaniretiB Deschampsia antarctica Desv. 1. Tlapuikoza, H. Muprora, M. Ma3zyp, [I. Maiigan ok,
1. Kozepenpka

Pedepar. BinbHi Bif 1504y IPOCTOPH B AHTApPKTHUII KOJMIOHI3YIOTh AeKiIbKa BUAIB BUIIUX pociuH: Deschampsia antarctica
Desv., Colobanthus quitensis (Kunth.) Bartl., Poa annua L. 3a naHuMu TeHETHYHHX NOCHiKeHb D. antarctica BUSBHIIA
HU3bKHH PIBEHb MDKIIOMYJALIHHOI rereporeHHocTi. MeTol IbOro IOCHiKeHHS OyJ0 BUBUMTH HAsBHICTh MOJcOMaTii B
TKaHWHAX JIUCTKa D. antarctica, a TakoXk TPoaHaIli3yBaTH MIXKIOMYIISIIHHY MiHINBICTS 32 BEIMYMHOI CEPENHBOI IUIONII sapa
Ta BimHOCcHOro BMmicty JIHK B sipi KiIiTHH eminepMainbHOi Ta MapeHXIMHOI TKaHWH JIMCTKA 1€l pocnuHu. B mocmimkeHHi
BUKOPHCTOBYBaIM Matepian, 3i0panmit B Gepe3ni 2005 p. Ha m’steox octpoBax CybGamrapktnku: Ilerepman, Beprenor,
Taninnes, Pacmyccen ta Slnyp. Iomyssmii ux BHIIB 3HAXOAATHCS B TOCHTH PI3HOMAHITHHX yMmoBax. Marepian dikcyBamu B
OIITOBOMY AJIKOTOJIi Ta TOTyBaJIM 3a0apBieHi 3a bONBreHOM IpenaparH, 3 IKAX 3a JOMOMOTO0 ONTHYHOI CHCTEMH MiKpPOCKOTIa
ta uudpoBoi kamepu QortorpadyBanu mo 25 smep HAa KOKHOMY 3 YOTHPHOX MpEMapariB Uil KOKHOTO JIOKAJITETy.
BumiproBanHs ToTOMII SApa TAa iHTEHCHBHOCTI HOTO 3a0apBleHHS BiIHOCHO aHadash KIiTHHM MepucTeMn Kopers (4C)
3mificHIOBaH, 3acTocoByroun maker nporpam Corel Draw 7.0, mo Bxmouaiots Photo Paint 7.0 ta Scion Image. [lns koxHOI
TOYKH NOIIHpeHHs D. antarctica 3a UMH NOKa3HUKaMH OYyBaJHCs KPHBI PO3MOALTY, SIKi IIOPIBHIOBAINCS i3 3aCTOCYBaHHSIM
METOJy KpUTepiro MeiaHu. BusiBieHo HasBHICTH MonicoMarii B TKAHWHAX €MiepMH Ta MapeHxiMu juctka D. antarctica. I1po
[le CBiTYaTh MOKa3HUKH CEpPeRHbOro 3BaxkeHOro 3a kinbkicTio JJHK B ycix sokamiTerax. BHsABIEHO TakoX MiKIOITYJISAIIHHY
TeTEepOreHHICTh PO3MOJLIIB cepeanboi BimHOocHOI Kinbkocti JIHK Ta cepennpoi miomii sapa sl KITHH €HiIepMH Ta
mapeHxivu mctka D. antarctica. Taki naHi MOXYTh CBITYMTH TpPO JaGiTbHY ajanTaliifHy MIiHIMBICTH IMX ITOKa3HHKIB B
KOHKPETHHX YMOBaX iCHyBaHHsI JIOKAJITETiB BUIY B AHTapKTHUIL.

M3yyeHne MeKNONYJIAMOHHOIN IeTePOreHHOCTi M0 MOKAa3aTe/IsIM MJIOIAAH S/1Pa U OTHOCHTEIbHOro coaep:xkanus JHK
B KJIETKAX JIHCTKA Pa3JIMYHbIX JOKAIUTEeTOB Deschampsia antarctica Desv. U. [1apuukosa, H.Msiptora, M. Masyp, 1.
Maiinantok, 1. Kosepenkas

Pedepar. IlpoctpaHcTBa, CBOOOIHEIE OTO JbAa, B AHTApPKTHKE KOJOHH3HMPYIOT HECKOJIBKO BHIOB BBICIINX DPACTCHMMH:
Deschampsia antarctica Desv., Colobanthus quitensis (Kunth.) Bartl., Poa annua L. Tlo JDaHHBIM T'€HETHYECKHX
uccnenoBanuil  D. antarctica oOHapyXWwia HH3KHH YpPOBEHb MEXKIIONMYJSIIUOHHON TeTeporeHHocTH. Llempio 3rToro
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HCCIIeIOBaHMs ObLIO M3y4eHHE HANMUYUs MONMCOMATHU B TKAaHAX JHCTa D. antarctica, a Takoke aHAIN3 MEXKIIOMYISIHOHHON
M3MEHYMBOCTH I10 BEJIMYMHE CPEAHEN IUIOMaau sapa U OTHOCHTeNbHOro conepxkanus JJHK B sapax kiaeTok snuaepManbHON U
mapeHXUMHOU TKaHel ymucTka D. antarctica. B uccnenoBanuy NCHONb30BaIU MaTepuai, coopanusiid B mapre 2005 r. Ha maTu
octpoBax CyOGantapkruku: Ilerepman, beprenor, Ianmunnes, Pacmyccen u Snyp. Ilomynsiuuu 3TUX BHIOB NPOU3PACTANIU B
JIOCTAaTOYHO Pa3HOOOPA3HBIX YCIOBUAX. MaTepran (GHKCHPOBAIH B YKCYCHOM CIIHPTE M TOTOBIIIM OKpalleHHbIe 10 DENbreny
npenaparsl, ¢ KOTOPBIX C MOMOIbIO ONTHYECKOH CHCTEMBbI MHKpOCKOMNa U 1(ppoBoii kamepsl (oTorpadupoBaiu mo 25 saep
Ha 4YeThIpeX Mperaparax C KaKAOro JIOKAIHTeTa. l3MepeHHe IUIOmAny sapa ¥ HHTEHCHBHOCTH €r0 OKPAIIUBAHHS
OTHOCHUTENbHO aHadaspl KIeTKU MepucteMbl kopHs (4C) npoBoamnu mpumensisi maker nporpamm Corel Draw 7.0, koTopbrit
BkmouaeT Photo Paint 7.0 Ta Scion Image. [{ms kaxmolf Touku pacmpocTpaHeHust D. antarctica 1O 3TUM IOKa3aTeNsM
CTPOMIIUCH KPUBBIE pacIpe/ieIeHus], KOTOpbIE CPABHUBAIUCH C IPUMEHEHHEM METO/1a KpUTepHs MenaHbl. BpIsBIeHO HalnuKe
MOJIICOMATHU B TKAaHSAX SIUJIEPMBI U MApeHXUMBI JTHUCTKa D. antarctica, 0 4eM CBHACTENBCTBYIOT IIOKA3aTeH CpPEIHEro
B3BelleHHoro mno konuuyectBy JHK Bo Bcex Jjokamurerax. BbIABICHO Takke MEXIOMYJSALMOHHYIO TI'€T€POreHHOCTh
pacmpeneneHuii CpegHero Mo OTHOCHTeNbHOMY KonmdecTBy JIHK 1 momany spa KIeToK SIHUAEpMbl U TapeHXUMBI TUCTKa D.
antarctica. Takue JaHHbIE MOTYT CBHETENbCTBOBaTh O JIAOMJIBHOM aJaNTAallMOHHOW M3MEHYMBOCTHM 3THX IIOKasaTelei B
KOHKPETHBIX YCIIOBHSX CYIIECTBOBAHUS JIOKAIHTETOB BU/Ia 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 f 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 thus 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. The 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 in whole. Therefore, we used as the criterion of interpopulation heterogeneity
the functionally significant relative level of DNA, which is known to vary in different tissues varies
with functional exertion. Polyploidy is peculiar to 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 and put
at our disposal by V. Polischuk, who gathered plants 28-30 March 2005 at 5 localities of sub-
Antarctica (Fig.1):

1. Petermann Island, (S 65°10'453", W 64°08'452"), 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°19'731", W 64°08'613") 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°14'783" W 64°14'799") 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 Cape (S 65°14/819" W 64°05'156"), flat slope of western exposition (20°),
cenosis cover 40%: mosses — 30%, D. antarctica. — 10% (20% generative, 40% dying);

5. Yalour Island (S 65°14'139", W 64°09/330"), 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.

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, Figs. 2, 3).

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

The analysis was performed using a digital camera CCD SAC-410 PA, AT Pentium-11 personal
computer with monitor, Asus V 3000 videodriver and Corel Draw 7.0 software package (including
Photo Paint 7.0 and Scion Image). 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 pm?
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with later transferring the experimental data from pixels to the Sl system using empirical conversion
factors. To determine the relative DNA level we compared coloration intensity in the studied nucleus
with that of a colored anaphase cell of the D. antarctica rootlet (where the quantity of DNA being
assumed to be 4C). 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.
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Fig. 4. Distribution curves of classes* of the nucleus area  Fig. 5. Distribution curves of classes* of relative

in epidermis of D. antarctica leaf (y-coordinate is DNA level in epidermis of D. antarctica leaf (y-

frequency, x-coordinate is the number of the class). coordinate is frequency, x-coordinate is the number
of the class).
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Fig. 6. Distribution curves of classes* of the nucleus area  Fig. 7. Distribution curves of classes* per relative

in the parenchyma of D. antarctica leaf (y-coordinate is DNA level in the parenchyma of D. antarctica leaf

the frequency, x-coordinate is the number of the class). (y-coordinate is the frequency, x-coordinate is the
number of the class).

*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
leaves of D. antarctica.

Epidermis Parenchyma
Locality Nucleous area, Relative DNA Nucleous area, urnz Relative DNA

um? level, C level, C
1 36.1+6.0 4.68+2.1 38.5+6.2 5.41+2.3
2 59.5+7.7 6.48+2.5 36.8+6.0 5.96+2.4
3 46.246.7 4.72+2.1 28.315.3 6.64+2.5
4 65.4+8.0 6.84+2.6 31.745.6 7.10+2.6
5 70.2+8.3 6.82+2.6 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. >/=110 >/=19.00

Table 3.The xz-criterion for pairwise
comparison of distributions of average
nucleolus area in epidermis for different
localities of D. antarctica.

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 %2 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
nucleous area in the parenchyma for
different localities of D. antarctica.

2 3 4 5 2 3 4 5
1 | 6798 |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 3.48
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 23.4 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.

2 3 4 5
9.52 10.4 4.32
9.52 10.4 4.32
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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 other ones by the epidermal relative DNA
level criterion for both tissues. The data obtained may well corroborate 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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