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GENETIC DIVERSITY
IN POPULATIONS OF GENTOO
PENGUINS (PYGOSCELIS PAPUA)

RAPD analysis was used to examine the extent of genetic
polymarphism in two papulations of Gentoo penguin
{Pyeascelis papua) from Antarctic fslands | Petermann and
Livingston ). The chosen twa of theee 10 mer oliponucleatide
primers accordingly to prefiminary resuflts showed different
levels of polvmorphism (v Gentoo penguing af Petermann
fitand (from 23,53 10 42,86 %) and Livingston Island (from
52,94 10 57,14 %), Nei's similarivy coefficients were in range
Srom 03604 (when Genton gemome profiles were compared
with RAPLD profifes of twe refated penguin species: Pygoscelis
adelioe (Adelie) and Pyvgoscelis antarctica (Chinstrepl) to
02,9281 among observed Gentoo penguin poplations. Nei's
distances values ranged from 00746 1o 05787 among the
popurlations and species. The obrained reswlts wifl be used for
Surther estfmation of genetic diversity af Gentoo penguing and
determination of their faxonomic stafus.
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Introduction. Antarctic ecosystem is relatively
new and less influenced by humans then the other
ones. Indeed, global warming tendency may influ-
ence distribution of plant [1] and animal [2, 3]
populations. Thus Antarctic researches which
concern distribution of species and their genetic
diversity are of fundamenial importance.

Penguins are significant part of Antarctic ec-
system and may serve as bioindicator of Antarctica
environmental state [4]. Five species of penguins
are found on the Antarctic Peninsula and three of
them nest ( Pygoscelis adeliae (Adelie), Pygoscelis
papua (Gentoo) and Pyeoscelis antarctica (Chins-
trep)) |5, 6]. Penguins are an interesting object for
studying genetic diversity and gene flow in popula-
tions due to their complicated behavior, ability to
migrate and move. Recent work has showed a lack
of genetic differentiation between Adelie penguin
colonies around the Antarctic continent, despite
substantial levels of genetic variation [7]. Some
researches also have been dedicated to investiga-
tion of phylogeny relationships of penguins [E—
10] and changes in widespread and magnitude of
penguin populations [[1].

But a little is known about genetic diversity in dif-
ferent populations of Gentoo penguin despite their
great importance for Antarctic ecosystems. Their
total population estimates at 260 000—300 000 pa-
irs. Gentoo penguins nest on rocky coast, some-
times among vegetation. Their nesting grounds
tend to shift very slightly from year to year. Little
has been discovered about penguins’ movements,
Gentoo are partial migrants, with subantarctic
populations tending to be sedentary, while those of
Antarctic Peninsula are migratory [3]. Gentoo
penguins are poorly differentiated morphological-
lv, even their sex has to be determined by DNA
analysis [ 12]. So estimation of genetic diversity by
morphological characteristics has a little power,

Invention of new PCR-based approaches to test
genetic diversity by means of molecular markers
gives opportunity to understand better the popula-
tion genetics of penguins as well as of other species
[13]. The aim of the present work was to evaluate
the opportunity of utilization Randomly Amplified
Polymorphic DNA (RAPD) markers to determine
the rate of genetic diversity between populations of
Gentoo penguins.

Materials and methods. Source of genomic DNA.
22 tested Gentoo penguin blood samples were col-
lected at Petermann (near Ukrainian Antarctic ba-
se Academic Mernadsky and Livingston {(near Bul-
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garian Antarctic Base «5t. Kliment Ohridski=) Is-
lands by Ukrainian team in the course of the 8"
Antarctic expeditions during summers 2002—2004.
Two blood samples ol Adelie penguins and two
blood samples of Chinstrep penguins were collect-
ed at Antarctic Peninsula for comparing RAPD
genome profiles. The blood samples anticoagulat-
ed with heparin or EDTA were kept at =20 °C.
Genomic DNA was isolated by the modified salt
extraction method [14]. The phenol-chlorophorm
purification with following ethanol precipitation
of DMNA was performed 1o avoid inhibition of PCR
reaction by heparin. Concentration of DNA pro-
bes was determined using spectrophotometer
based on absorbance at 26{ and 280 nm respecti-
vely and was defined more accurately by electro-
phoresis in 0,8 % agarose gel.

Amplification conditions, RAPD-PCR analysis
was carried out as the modified method of Operon.
A series of random primers 10 bp each of 60-70 %
GC contents (OPA, OPM, OPP (Operon Techno-
logies, Alameda, CA, USA)) and an original pri-
mer 11 mer were used for RAPD analysis (Table 1)
[15].

A reaction mixture was prepared in 25 ml volume
containing |00 ng of genomic DNA, PCR buffer
(67 mM Tric-HCI, pH 8.8; 16 mM (NH4).50.; 0.1
% Tween-20; up to 0,1 M B-mercaptoethanol, up to
5 mM MgCl;; 30 pmol primer; 200 mM each of
dNTP and | U of Tag DNA polymerase (Fer-
mentas). Amplification was performed in AMPLY
4 Biokom programmed for 4 cycles of | min 20 sec
at 94 °C, | min at 40 °C, 2 min at 72 °C; then for
36 cycles of | min at 94 °C, 1 min at 36 °C. 2 min
at 72 °C with the last cycle of 3 min at 72 °C using

Table |
The details of primers along with their sequence and
percent {G+C) content used in RAPD analyses of
(rentoo penguins

Primer Sequence 5°-3 % G+C
11-mer GOT GGG CTG GA 73
OPP-12 AAGGCGCGAGT ]
OPP-14 CCAGCCGAAC 70
oPmM-02 ACAACG CCTC 60
OPP-06 GGG ACGTTG G 70
OPA-06 GGTCCCTGAC 70
OPA-04 GGG TAACGC C 10
OFPA-10 GTG ATC GCA G o0
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the fastest available transitions between each tem-
perature.

Agarose gel electrophoresis and visualization of
band patterns. Amplified products were analyzed
by electrophoresis in 2—2,5 % agarose gel and
detected by staining with ethidium bromide [16].
Plasmid pUC 19 digested by restriction endonu-
clease Mval and plasmid pUC 19 digested by Mspl
were used as molecular size standard, A negative
control without any DNA template was included
in each amplification batch.

Dara analysis. RAPD profiles were analyzed by
RFLP Scan 3.12. (Scanalvtics). Each band was
considered as RAPD marker. All the amplifications
were repeated two times for analysis and only repro-
ducible bands were considered. We did not count
the faint bands. The amplification products of 150—
15() bp were scored across all samples as binary
matrix | if present or 0 if absent. A band was con-
sidered as polymorphic if it was present in at least
one genotype and absent in others. Nei's similarity
coeflicients were calculated using POPGENE ver-
sion 1.32 [17] (available free from hilp://www
ualberta.ca/fveh/). Nei's distances were used as
described [13] to quantify the RAPD pattern dif-
ferences among the stocks and UPGMA was used
for cluster analysis using the neighbour program of
the PHYLIP package, version 3.63 [18]. Trees
were drawn with the treeview program, version 1.4
[19].

Results. Optimization of primers and RAPD reac-
tion conditions. Variable concentrations from 20 to
200 ng were used in reaction mixture. One hun-
dred nanograms of DNA gave the most repro-
ducible bands and was thus considered the most
ideal and was used subsequently in all analysis. A
titration of different concentration of Tag DNA
polymerase, MgCl; and primers revealed | U of
Tag polvmerase, 5 mM of MgCl: and 30 pmol of
primers as the optimum concentrations for PCR
amplification.

Seven primers from OPA, OPM, OPP series and
Il mer were screened (Table 1}). The primers that
produced indistinct amplifications were discarded.
Three primers out of 8 were finally selected for
analysis of Gentoo penguin populations.

Scoring of amplified products. The number of
amplification products was specific to each primer.
Primer OPA-10 produced 19 amplified products
while primer | I-mer gave |7 products and OPM-
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Fig. 1. Electrophoregramm of RAPD-PCR: DNA samples of different penguin specics (primer OPM — 02). 1 — molec-

ular weight marker — pUCI9 plasmid, digested by Mval restriction endonuclease and pUCITY plasmid digested by Mspl
restriction endonuclease: 2 — positive control (890 bp PCR fragment): 3 — DMNA of Adelic penguin: 4, 5 — DNA of
Chinstrep penguins; 6—9 — DNA of Gentoo penguins (P — Petermann Islandp: 10—25 — DNA of Genloo penguing

(L — Livingston lsland)

02 generated 14 bands (Fig. 1). Primer OPA-10
produced the same polymorphism in two Gentoo
populations. Primer OPM-02 and |1-mer produ-
ced more than 50 % polymorphism in Gentoo indi-
viduals at Livingston Island and medium level of
polvmorphism in Gentoo penguins at Petermann
Island (Table 2).

Estimarion of genetic resemblance. So the popu-
lation of Gentoo penguins at Livingston Island ap-
peared to be genetically more variable when com-
pared to Gentoo penguins at Petermann Island. No
fixed specific markers were found for any popu-
lations.

Mei's similarity coefficient value | 13] ranged from
0,53606 to 09281 among the penguins species and
populations screened. MNei's distances values ranged
from 0,0746 (when we compared Gentoo penguin
profiles with RAPD profiles of two related penguin
species: Pvgoscelis adeliae (Adelie) and Pygoscelis
antarctica (Chinstrep)) to 0,5787 among observed
Gentoo penguin populations and species screened
{Table 3). UPGMA based dendrogram (Fig. 2) con-
structed by cluster analysis showed that almaost all
observed Gentoo penguins from two different An-
tarctic Islands penetrate into the same major cluster
(with subdivision into some small clusters) with one
exception: individuals L6 and L10{ Livingston). The
estimated Fst value was 0,069 indicating that approx-
imately 6,9 % of genetic variability was due to differ-
ences between populations. The specimens of Adelie
and Chinstrep penguins were grouped into two dis-
tinct clusters.

(88N 0564—3783. Humosoeun u cenemuwa. 2006, N 2

TSitol. Genet. - Vol.40(2)

Table 2
Characteristics of primers tested in various populations
of Pygoscelis papua
% Polymorphism
Primers Puegnscelis papua P. papuag
{ Pertermann) { Livingston)
OPA-10 41,37 47,37
OPM-02 42 86 57,14
[ 1-mer 23.53 52,94
Sum of primers 318,00 52.00
Table 3

Mel's measures of genetic identity and genetic distance.
Mei's genetic identity (above diagonal) and
genetic distance (helow diagonal)

: S Centoo Gentoo
PopMa Adelic [ Chinstrep (Pesecmani) |(Livinaston)

Adelie — 0, 5606 0,6289 0,61584
Chinstrep 0.3787 - 0,6820 00,6401
Gentoo
{Petermann) 00,4637 0,3819 — 0,9281
Gentoo
i{Livingston) 04807 04462 0,0746 —

Discussion. Since it was discovered that DNA
fragments could be amplified from DNA of differ-
ent species which include bacteria [20, 21], plant
genomes, endangered species [22, 23] as well as
other species, RAPD and other PCR based tech-
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Fig. 2. UPGMA analysis based on RAPD profiles of various
Gentoo penguin populations using MNei's distance coeffi-
cient. A — Adelie penguins; Ch — Chinstrep penguins; P —
Gentoo penguins from Petermann Island; W — Gentoo
penguins from Livingston Island. We use the same abbrevi-
ations in all text

niques have been used extensively in a wide range
of applications [13]. Few studies of terrestrial
mammals vsing the RAPD technigue have been
reported and different similarity and dissimilarity
indexes have been used for RAPD analysis [24,
25]. The lack of standard procedures for RAPD
analysis makes comparisons with other studies very
difficult [15].

In this study the RAPD procedures proved to be
a useful tool for assessing variahility because band
profiles obtained by three selected primers were
reproducible and their patterns of inheritance pro-
ved to be Mendelian for a dominant marker.

As already mentioned in this paper Gentoo pen-
guins are very important part of Antarctic ecosys-
tem. They are different from other taxonomic gro-
up and provide possible surviving and adaptation
in Antarctica. Our main interest has been to define
the genetic relationship and genetic differentiation
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existing between two populations of Gentoo pen-
guins at molecular-genetic level by RAPD markers.
Comparing our preliminary results which reflect
high level of polymorphism within two penguin
populations with data by Nei's coefficients of pair
wise similarity, MNei's distance values |13, 26] and
UPGMA dendrogram it could be represented the
high level of relationship between two Gentoo
populations from different Antarctic Islands with a
lack of genetic differentiation between them,
despite substantial levels of genetic variation [27].
We consider this homogeneity in terms of the dis-
persal of individuals among colonies and islands.
The results are comparable o data obtained by
analysis of microsatellites on Adelie and Gentoo
penguins [7, 12] and could be due to multiple fac-
tors including geographical range (feeding move-
ments among colonies and islands) and ecological
niche in addition to genetic drift resulting in
change of their genetic patterns by continuous
mutations | 15]. We found smaller F, value between
populations of Gentoo penguins (F. = 0,069) while
studies with bird species found the values from 0,17
to 0,20 explaining the result by bird's higher dis-
persion ability [28]. Accordingly to the results
obtained by RAPD analysis of Gentoo penguins
from two Antarctic Islands we could confirm that
these two populations belong to the same sub-
species [12].

Thus, RAPD analysis with three chosen 10 mer
primers appeared 1o be a suitable tool for revealing
genetic diversity of Gentoo penguins. Accordingly
to preliminary results the primers OPM-02 and 11
mer showed medium level of polymorphism in
Gentoo penguins at Petermann Island (from 23,53
to 42,86 %) and high {more than 50 %) polymor-
phism in Gentoo at Livingston Island (from 52.94
to 57,14 %). Primer OPA-10 produced the same
medium level of polymorphism in two Gentoo po-
pulation (47,37 %). Nei's similarity coefficients
were in range from 0,5606 (when Gentoo genome
profiles were compared with RAPD profiles of two
related penguin species: Pygoscelis adeliae (Ade-
lie) and Pygoscelis antarctica (Chinstrep)) to
09281 among observed Gentoo penguin popula-
tions. Nei's distances values ranged from 0,0746 to
0,5787 among the penguin populations and spe-
cies screened. The UPGMA dendrogram grouped
Gentoo penguins into one major cluster with a few
exceptions. Thus our prior data revealed a lack of
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genetic differentiation between two Gentoo pen-
guin populations despite substantial levels of ge-
netic variation. The results obtained by RAPD
analysis with chosen primers will be used for fur-
ther estimation of genetic diversity of Gentoo pen-
guins and determination of their taxonomic status.

This research was partly supported by INTAS
grant 2000-0571.

PEZIOME. RAPD ananuny Obil MCTIONBIOBAH ILVH HC-
CABAOBAHKA YPORHA TEHETHYECKOTD MOTHMOPMPHIMA DRYY
MONYAAHAR MHHTBRHOR TReHTY (Paoscells papua) © Al-
rapkTHueckny octporon (Mutepvann ta Jlupudrcron).
Hea vz oTODPAHHBIX JCCHTAWIECHNBIX OIHIOHYVKACOTI-
HBIX NPaiiMepoR Mo NPCABIPHTCIBHBIM PC3YIBTATAM Bhif-
BHIH PAIHLIC YPORHH MOIHMOPEHIMA MHHIBHHOR [KCH-
1y 0. Murepmann (o1 23,53 10 42,86 %) 1 o. JlnsuHrcro
(0T 52,94 no 57, 14 %), Koshds LHeHThE NONARHOMN CXo0-
etia Hen mapaupoiann or 0,53606 (npu epapiennn re-
HOMHBIX NMPoBHASH NHHIBAHOB 1EHTY ¢ ABVMA DNHIK0-
POOCTHEHHBIMKE BHOAMH NHHrBHHOR — Pygoscelis adeliae
(Adelie) and Pygoscelis antarctica (Chinstrep)) oo 0,9281
MCHAY ODCICAOBAHHBMA NONYAAUMAME NHHTBHHOB
neHTy. leHeTHueckue ouctadum Hes coctasuin ot
00746 10 03787 mexay nonyasiHAMK i praasvi. Toay-
YEHHBIE PEIVALTATE OYIVT B Ja0LHEHme M MCNOTBIORIHEI
ITA OUSHEW TEHETHYECKOrD paHOOGPAIMA NMHUHTBHHOBR
JLKEHTY H ONpedeTeHHH HX TAKCOHOMHYCCKOTND CTATYCA,

PEIROIME. RAPD anania Oys BHKOPHCTAHWIH N8 10C-
NAAEHHA PIBHA MEHETHYHOMO NoaisMopdismy ABox nony-
A nidraidie pked Ty { Prgoscelis papua) 3 AHTAPETHHHAN
octposis { Mitepmann Ta Jlisinreron). Qoea 3 Tprox siniGpa-
HHX ACCHTHUIEHHHXY OAIFDHYKACOTHAHMX npaisMepis 3a
MonepeiHive PevibTATAMA BHSBAIAK PI3H] pIBHI MOI-
MophiaMy MIHrBiHiE LkeHTy o Tlitepyandd (Bia 23,53 0o
42 86 %) ta o. Misinrcron (mig 52,94 a0 57,14 %). Ko-
eiicHTH nonapuol noaibdocTi Hea mapiioBany B
0.5606 (npu NOpIBHAHHI reHOMHKUX Npodinie NIHrEiRIE
AEHTY 3 NR0Ma BAHIBKOPOAMHHMAMKW BAOAMH NIHCRIHIE —
Pygoscelis adeliae (Adelie) and Pygoscelis antarctica (Chin-
strepl) mo 09281 mik obcTeRennmMy NONYIALLAMKY MiHr-
piie wkenty, TereTHudi auctanuii Hes ctasoBdaum ein
00,0746 no (L5787 Mix nonynauissu 1a suaasa, OTpHsMani
PEIVALTATH OVANTH ¥ NOLLIBIIOMY BHKOPHCTAHWMK 104
OUIHKH FeHeTHYHDI PIIHOMAHITHOCT] NIHTBIHIE JKeHTY Ta

BHIHAYEHHA 1X TAKCOHOMIMHOTD CTATYCY
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