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The Nobel prize for PCR invention was 
awarded firstly because of the advances 
for genetics and diagnostics. But molecu-
lar genetic methods provide also powerful 
capabilities for field studies. Primarily, the 
PCR invention gave rise to the paradigm 
shift in systematics: from morphological 
traits characterization to estimation of ge-
netic distances to segregate taxons. Imper-
fection of molecular methods now leads to 
some problems (Koblik et al., 2018), but 
rapid evolvement of the procedural frame-
work and equipment holds out a hope of 
resolution of known contradictions between 
classic and molecular systematics in a short 
time. For another thing, molecular genetic 
methods may be helpful to zoologists and 
ecologists in solution of many different re-
search tasks. Here we tried to summarize 
the experience in using PCR and Sanger 
sequencing for routine studies conducted 
during our work with the Collection of rap-
tors molted feathers of IDB RAS and Sibe-
cocenter LLC. We perform DNA extraction 
from blood, tissues and growing contour 
feathers preserved in alcohol as well as 
from mesenchyme pulp of molted feath-
ers (Horvath et al., 2005). DNA extraction 
from growing contour feathers with sheath 
gives high-quality DNA samples with con-
centration upwards of 150 ug/ul (fig. 1). 
That is enough for any analyses including 
full-genome studies. DNA extracted from 
the molted feathers is highly fragmented 
because of dryness of the mesenchyme 
pulp, UV-radiation and other agents. What 
is more, it is contaminated with bacteri-
al DNA and DNA of mold fungi, firstly, of 
genus Aspergillus, which are avian obliga-
tive parasites. According to our records, 
DNA samples from molted feathers allow 
to perform PCR of products up to 400–500 
bp in length (more than 90% of successful 
reactions), but even for 700 bp products the 
success is much smaller. That is only a little 

Âру÷åнèå Нîбåлåâñêîé ïрåмèè çа îòêрû-
òèå ïîлèмåраçнîé цåïнîé рåаêцèè (ÏЦР) 
бûлî ñâяçанî, â ïåрâую î÷åрåдь, ñ ïрîрû-
âîм â îблаñòè гåнåòè÷åñêèõ èññлåдîâанèé 
è мåдèцèнñêîé дèагнîñòèêè, îднаêî ïрè-
мåнåнèå мåòîдîâ мîлåêулярнîгî аналèçа 
çна÷èòåльнî раñшèрèлî òаêжå âîçмîжнî-
ñòè для ïîлåâûõ èññлåдîâаòåлåé. Â ïåрâую 
î÷åрåдь, ñ èçîбрåòåнèåм ÏЦР ïрîèçîшла 
ñмåна ïарадèгмû â ñèñòåмаòèêå â ñòîрîну 
îцåнêè, â ïåрâую î÷åрåдь, гåнåòè÷åñêèõ 
дèñòанцèé è лèшь çаòåм – îïèñанèя мîр-
фîлîгè÷åñêèõ è эêîлîгè÷åñêèõ марêåрîâ 
для раçлè÷нûõ òаêñîнîâ. Â ñâяçè ñ эòèм 
ïрîяâèлèñь ïрîблåмû, ñâяçаннûå ñ нåñî-
âåршåнñòâîм мîлåêулярнî-гåнåòè÷åñêèõ 
мåòîдîâ (Кîблèê è др., 2018), îднаêî раç-
âèòèå мåòîдè÷åñêîé баçû è îбîрудîâанèя 
ïîçâîляåò надåяòьñя, ÷òî ïрîòèâîрå÷èя 
мåжду êлаññè÷åñêîé è мîлåêулярнîé ñè-
ñòåмаòèêîé â ñêîрîм âрåмåнè будуò ñня-
òû. Крîмå çада÷ êлаññèфèêацèè è îïèñа-
нèя, мîлåêулярнî-гåнåòè÷åñêèå мåòîдû 
мîгуò бûòь ïîлåçнû çîîлîгам è эêîлîгам 
â рåшåнèè мнîжåñòâа раçнîîбраçнûõ èñ-
ñлåдîâаòåльñêèõ çада÷. Â даннîé рабîòå 
мû ïîñòаралèñь îбîбùèòь îïûò ïрèмå-
нåнèя ÏЦР è ñåêâåнèрîâанèя ïî Ñэнгå-
ру â руòèннûõ èññлåдîâанèяõ, êîòîрûå 
âåдуòñя ñ 2015 г. на баçå ИБР РÀН ïрè 
ïîïîлнåнèè è èñïîльçîâанèè Кîллåêцèè 
лèннûõ ïåрьåâ рåдêèõ è îñîбî цåннûõ 
âèдîâ õèùнûõ ïòèц ИБР РÀН è ООО «Ñè-
бэêîцåнòр». Äля âûдåлåнèя ÄНК õèùнûõ 
ïòèц мû èñïîльçуåм êрîâь, çаñïèрòîâан-
нûå òêанè è ïåрьåâûå òрубêè раñòуùèõ 
ïåрьåâ, мåçåнõèмную ïульïу лèннûõ ïå-
рьåâ (Horvath et al., 2005). Ïрè âûдåлåнèè 
ÄНК èç ïåрьåâûõ òрубîê раñòуùèõ ïåрьåâ 
мîжнî ïîлу÷èòь îбраçцû ÄНК õîрîшåгî 
êа÷åñòâа ñ ñîдåржанèåм нå мåнåå 150 нг/
мêл (рèñ. 1), ÷òî дîñòаòî÷нî для любîгî 
аналèçа, â òîм ÷èñлå, для ïîлнîгåнîмнûõ 
èññлåдîâанèé. ÄНК â мåçåнõèмнîé ïульïå 
лèннûõ ïåрьåâ ñèльнî фрагмåнòèрîâана 
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bit more effective than DNA extraction from 
raptors museum specimens through 1889 if 
the skin sample is taken from the leg or the 
edge of the cut. But sometimes the muse-
um specimens are treated with some PCR 
inhibiting agents. DNA extraction proto-
cols for eggs shell membranes, bones and 
buccal epithelium from saliva in rangles are 
now under construction. We use PCR and 
horizontal electrophoresis firstly for molec-
ular sexing of ringed or GPS/GSM-tagged 
birds. Behind some exceptions, we apply 
the classic protocol using 2550F/2718R 
primers for sex chromosomes CHD1 gene 
introns (Fridolffson, Ellegren, 1999). This 
protocol showed good advantages for DNA 
samples of any source for eagles (Steppe 
Eagle Aquila nipalensis, Imperial Eagle A. 
heliaca or Golden Eagle A. chrysaetos) and 
Cinereous Vultures Aegypius monachus. 
For large falcons (Hierofalco), this proto-
col is applicable to DNA samples from 
blood and sheath of growing feathers, but 
does not work with samples from molted 
feathers as other universal primers for the 
same gene P2/P8 (Griffiths et al., 1998). 
The 2550F/2718R primers protocol allowed 
us to show, that up to 20% of the steppe 
eagle molted feathers in the nests can be-
long to males (37 samples from 155). This 
method was also used to develop the pro-
tocol of morphometric sexing of the Steppe 
Eagle nestlings by linear discriminant anal-
ysis of measurements based on molecular 
sexing results (Karyakin et al., 2017). As 
for owls (see fig. 2), 2550F/2718R primers 
can also be used: we determined the sex of 
six ringed nestlings of the Eagle Owl Bubo 
bubo. But due to the big length of the owl-
ish W-chromosome fragment this protocol 
cannot be applied to molted feathers, ran-
gles etc. Moreover, for owls the error prob-

â рåçульòаòå âûñûõанèя êрîâè â çрåлîм 
ïåрå è âïîñлåдñòâèè ïîд âîçдåéñòâèåм 
УФ è другèõ фаêòîрîâ. Крîмå òîгî, ïрè 
âûдåлåнèè èç лèннûõ ïåрьåâ îбраçåц нå-
èçбåжнî ñîдåржèò баêòåрèальную ÄНК è 
ÄНК грèбîâ, â ïåрâую î÷åрåдь, рîда As-
pergillus, îблèгаòнûõ ïараçèòîâ ïòèц. Ïî 
нашèм даннûм, на маòåрèалå èç лèннûõ 
ïåрьåâ мîжнî уñïåшнî ïрîâîдèòь ÏЦР 
фрагмåнòîâ дî 400–500 ï.н. (бîлåå 90% 
îбраçцîâ), нî ужå ïрè èñïîльçîâанèè 
фрагмåнòа 700 ï.н. эффåêòèâнîñòь мå-
òîда ñнèжаåòñя. Нåñêîльêî мåньшая, нî 
ñõîжая эффåêòèâнîñòь âûдåлåнèя ÄНК 
наблюдаåòñя ïрè âûдåлåнèè ÄНК èç му-
çåéнûõ шêурîê õèùнûõ ïòèц, åñлè îбра-
çåц òêанè бåрёòñя ñ лаïû èлè раçрåçа, ïрè 
âîçраñòå ñбîрîâ дî 1889 г. âêлю÷èòåльнî, 
îднаêî â нåêîòîрûõ ñлу÷аяõ îбрабîòêа 
òушåê â муçåå мåшаåò ïрîâîдèòь ÏЦР-
аналèç. Мåòîдû âûдåлåнèя ÄНК èç ïîд-
ñêîрлуïîâûõ îбîлî÷åê яèц è буêêальнîгî 
эïèòåлèя â ñîñòаâå ïîгадîê õèùнûõ ïòèц â 
наñòîяùåå âрåмя наõîдяòñя â раçрабîòêå. 
Мåòîдû ÏЦР è гîрèçîнòальнîгî элåêòрî-
фîрåçа ïрèмåняåòñя намè, â ïåрâую î÷å-
рåдь, для мîлåêулярнîгî ïîдòâåрждåнèя 
èлè îïрåдåлåнèя ïîла ïòèц, ïîмå÷åннûõ 
â ïрèрîдå êîльцамè èлè GPS/GSM òрåêêå-
рамè. За нåêîòîрûмè èñêлю÷åнèямè, мû 
èñïîльçуåм êлаññè÷åñêую мåòîдèêу îïрå-
дåлåнèя ïîла ñ ïраéмåрамè 2550F/2718R 
на èнòрîн гåна CHD1, раñïîлîжåннîгî 
â ïîлîâûõ õрîмîñîмаõ (Fridolffson, Elle-
gren, 1999). Эòа мåòîдèêа ïрåêраñнî çа-
рåêîмåндîâала ñåбя для ÄНК èç любîгî 
èñòî÷нèêа нåñêîльêèõ âèдîâ îрлîâ (ñòåï-
нîé Aquila nipalensis, îрёл-мîгèльнèê A. 
heliaca, бåрêуò A. chrysaetos), ÷ёрнîгî 
грèфа (Aegypius monachus). Äля êруï-
нûõ ñîêîлîâ груïïû Hierofalco îна мîжåò 
бûòь èñïîльçîâана на îбраçцаõ ÄНК, ïî-
лу÷åннûõ èç êрîâè èлè òрубîê раñòуùèõ 
ïåрьåâ, нî нå рабîòаåò на лèннûõ ïåрьяõ, 
êаê è другèå унèâåрñальнûå ïраéмåрû P2/
P8 (Griffiths et al., 1998). Ñ ïîмîùью дан-
нîé мåòîдèêè бûлî уñòанîâлåнî, ÷òî дî 
20% (37 îбраçцîâ èç 155) лèннûõ ïåрьåâ 
ñòåïнîгî îрла, ñîбраннûå ñ гнёçд, мîгуò 
ïрèнадлåжаòь ñамцам, а нå ñамêам. Таêжå 
эòîò мåòîд бûл èñïîльçîâан намè для раç-
рабîòêè мåòîдèêè мîрфîмåòрè÷åñêîгî 

Рис. 1. Выделение ДНК орлов из трубок растущих перьев при разном способе 
фиксации. Горизонтальный электрофорез в агарозном геле, измерение концен-
трации и качества ДНК проведено с помощью спектрофотометра Nanodrop.

Fig. 1. Eagles DNA extraction from growing feathers with sheath fixed with 
different preserved agents. Horizontal agarose electrophoresis, Nanodrop 
measurements.
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îïрåдåлåнèя ïîла ïòåнцîâ ñòåïнîгî îрла 
â ïрèрîдå ïуòём ïрîâåдåнèя дèñêрèмè-
нанòнîгî аналèçа ïî ïрîмåрам â ñîîòâåò-
ñòâèè ñ мîлåêулярнûмè даннûмè (Каряêèн 
è др., 2017). Чòî êаñаåòñя ñîâîîбраçнûõ 
(ñм. рèñ. 2), ïраéмåрû 2550F/2718R òаê-
жå мîгуò бûòь èñïîльçîâанû (îïрåдåлён 
ïîл 6 îêîльцîâаннûõ ïòåнцîâ фèлèна 
Bubo bubo), нî â ñèлу бîльшåгî раçмåра 
фрагмåнòа ñ W-õрîмîñîмîé у ñîâ èñïîль-
çîâаòь эòу мåòîдèêу для лèннûõ ïåрьåâ è 
ïîгадîê нåâîçмîжнî, а âî âñåõ другèõ 
ñлу÷аяõ âåрîяòнîñòь нåâåрнîгî îïрåдå-
лåнèя òаêжå ñèльнî ïîâûшаåòñя, â ñâяçè ñ 
÷åм, ранåå бûлî âûñêаçанî ïрåдïîлîжå-
нèå î нåâîçмîжнîñòè îïрåдåлèòь, наïрè-
мåр, ïîл фèлèна ñ ïîмîùью эòîé мåòîдè-
êè (Wang et al., 2008). Â наñòîяùåå âрåмя 
мû раçрабîòалè для фèлèна òåñò-ñèñòåму 
ñïåцèфè÷åñêèõ ïраéмåрîâ на èнòрîнû 
гåна SPIN, òаêжå раñïîлîжåннîгî â ïî-
лîâûõ õрîмîñîмаõ, ïрåдâарèòåльнî ïî-
êаçаâшую ñâîю эффåêòèâнîñòь на ÄНК èç 
лèннûõ ïåрьåâ. Крîмå òîгî, мåòîдû ÏЦР è 
ñåêâåнèрîâанèя ïî Ñэнгåру на мèòîõîн-
дрèальнûå è ядåрнûå марêåрû ïîçâîлèлè 
нам îïрåдåлèòь ïî лèннûм ïåрьям âèдû 
ïòèц, ïîñåùаюùèõ ÷ужèå гнёçда (÷ёрнûé 
грèф на гнåçдå ñòåïнîгî îрла), а òаêжå 
âûяâèòь ïрåдïîлагаåмûé гèбрèд ñòåïнîгî 
îрла è îрла мîгèльнèêа, ранåå нå çамå-
÷åннûé ïî фåнîòèïè÷åñêèм ïрèçнаêам 
(Каряêèн è др., 2016).

ability is much higher than for diurnal rap-
tors: there even was a hypothesis that Eagle 
Owls do not differ in the CHD1 introns W- 
and Z-chromosomes length (Wang et al., 
2008). Nowadays we are testing the new-
ly-designed primers test system specific 
for the Eagle Owl SPIN gene introns, which 
are also located in sex chromosomes. Pre-
liminary results show the capability of this 
primers set to perform the molecular sex-
ing using DNA samples from molted feath-
ers. Among other things, we used PCR and 
Sanger sequencing of mitochondrial and 
nuclear markers to determine raptors spe-
cies visiting each other nests (the  Cinere-
ous Vulture feather in the Steppe Eagle nest) 
and to find out the Steppe Eagle and Im-
perial Eagle supposed hybrid which stayed 
unnoticed because of its low-grade pheno-
typic peculiarities (Karyakin et al., 2016).

Рис. 2. Определение пола птенцов филина (Bubo bubo) классическим методом 
по интронам гена CHD1 (Fridolffson, Ellegren, 1999). A – птенцы филина в воз-
расте, в котором был проведен анализ. B – результаты анализа методом ПЦР: 
образцы 1, 2, 4 – самки; 3, 5, 6 – самцы; NegC – отрицательный контроль.

Fig. 2. Molecular sexing of the Eagle Owl (Bubo bubo) nestlings with classic 
CHD1 gene introns PCR protocol (Fridolffson, Ellegren, 1999). A – the Eagle owl 
nestlings at the age of analysis. B – PCR results: samples 1, 2, 4 – females; 3, 5, 6 
– males; NegC – negative control.


