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BpyuyeHne HobeAaeBckoM npemmun 3a OTKpbI-
TH€ MOoAMMEpAa3Hom uenHon peaxkuuu (MLP)
6LIAO CBSI3aHO, B MEPBYIO OYEPEAD, C MPOPDI-
BOM B ODAACTM F€HETUHYECKMX MCCAEAOBAHMI
M MEAMLIMHCKOWM AMAarHOCTMKM, OAHaKO Mpw-
MEHEeHVEe METOAOB MOAEKYASIPHOIO aHaAu3a
3HAYUTEALHO PACLIMPUAO TaKOKE BO3MOXKHO-
CTU AASI TOAEBLIX MICCAEAOBaTeAel. B nepsyto
oyepeab, ¢ nsobpetenmem MNLIP npousoiwaa
CMEeHa MapaAurmbl B CUCTEMATUKE B CTOPOHY
OLIEHKM, B MEPBYIO O4YepeAb, FeHEeTUUEeCKMX
AVCTAHLIMIA M AMLIL 3aT€M — OMUCAHUsT MOP-
hoAOrMHeCcKnX U SKOAOTUYECKMX MapPKEPOB
AASl Pa3AMYHBIX TaKCOHOB. B CBsI3u € 3TMm
MPOSIBUAMCL MPOOAEMDI, CBSI3AHHLIE C HECO-
BEPLIEHCTBOM  MOAEKYASPHO-T€HEeTUYECKUX
MeToA0B (KobAuK 1 Ap., 2018), oaHako pas-
BUTME METOAMYECKOM 6asbl 1 06OPYAOBaHMSsI
MO3BOASIET HAAEsTLCS, YTO MNPOTMBOPEYMs]
MEXKAY KAACCUYECKOW UM MOAEKYASIPHOM CU-
CTEMATVIKOV B CKOPOM BpEMEHM OYAyT CHsl-
Tol. Kpome 3aaau kraccucbukaumm u onmca-
HUSl, MOAEKYASIDHO-TEHETMYEeCKME METOADI
MOTYT ObIThb MOAE3HbI 300A0TaM U SKOAOTaM
B PELIEHMM MHOYECTBA PA3HOOOPA3HLIX MC-
CAEAOBATEALCKMX 3aAad. B aaHHOW pabote
Mbl MOCTAPAAUCL OBOOWMTL OMBIT MPUMe-
HeHust TIUP u cexkBeHupoBaHusi no CsHre-
PY B PYTMHHBIX MCCAEAOBAHUSIX, KOTOpbLIE
Beaytcst ¢ 2015 r. Ha 6ase UGP PAH npu
MOMOAHEHUM U UCMOAbL30BaHMM Koarekumm
AVIHHBIX TIEPLEB PEAKMX M OCOBO LIEHHDIX
BMAOB XuuHbIx ntvu MBP PAH n OOO «Cu-
63oKoueHTp». AAst BblaeAeHmst AHK XMHDLIX
MTUL Mbl UCMOAL3YEM KPOBb, 3aCMUPTOBAH-
HbIE TKAHM M MEpPLEBbIE TPYOKM PaCTywmx
rnepLeB, ME3EeHXMMHYIO MYALMY AMHHLIX Me-
pueB (Horvath et al., 2005). INpu BolaAeA€HUM
AHK 13 nepbeBbix TpyOOK pacTyumx nepLes
MOXXHO MOAYHMTL 06pasubl AHK xopotuero
KayecTBa C coAepykaHnem He meHee 150 Hr/
MKA (puC. 1), YTO AOCTATOYHO AAsl AIOOOTO
aHaAM3a, B TOM YMCAE, AASI TTOAHOT€HOMHDIX
nccaeaoBaHuii. AHK B ME3€HXMMHO MyAbe
AVIHHLIX TMepbLeB CUALHO (pparmMeHTMpoBaHa

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
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Puc. 1. BoiaereHne AHK oproB 13 Tpy6OK pacTyumx nepbes npu pasHom criocobe
¢pukcaumm. [OPU3OHTAALHDIN SAEKTPOChOPE3 B arapO3HOM reAe, M3MepPEeHNe KOHLIEH-
Tpaunm u kayectBa AHK nposeaeHo ¢ nomotubio criektpocporomerpa Nanodrop.

Fig. 1. Eagles DNA extraction from growing feathers with sheath fixed with
different preserved agents. Horizontal agarose electrophoresis, Nanodrop
measurements.

B pe3yAbTare BbICLIXaHMsI KPOBU B 3PEAOM
rnepe U BIOCAEACTBUM T[OA BO3AEMCTBUEM
Y® u apyrux cpakropos. Kpome toro, npwm
BLIAEAEHMM M3 AMHHLIX MepbeB obpaseu He-
n36eXKHO coaepyKuT BaktepuarbHyio AHK n
AHK rpn6oB, B Nepsyto o4epeAb, poAa As-
pergillus, obauratHeix napasuros nmu. Mo
Hall¥M AAQHHLIM, Ha MaTepuaAre M3 AMHHbIX
rnepLeB MOYKHO ycrnewHo nposoantb [ILIP
pparmeHToB A0 400-500 mn.H. (6oree 90%
06pasLoB), HO Y)KE€ MpPU UCTOAb3OBAHMU
pparmernta 700 n.H. adppekTMBHOCTL Me-
TOAA CHWXKaeTcsl. HeckoAbko MeHbluasi, HO
cxorkasl appeKkTMBHOCTL BblaeAeHus: AHK
HabAoAaeTcsi pu BoiaeaeHnn AHK u3 my-
3eMHBIX WKYPOK XMIHDLIX MTULL, €CAM obpa-
3eLl TKaHM 6ep&TCs C Aarbl MAM paspesa, rnpu
BO3pacre c6opoB A0 1889 r. BKAIOUMTEABLHO,
OAHaKO B HEKOTOPLIX CAydasix obpaboTka
Tywek B My3ee Mmewaer npoBoautb [1LIP-
aHaam3. Metoabl BblaereHusi AHK u3 noa-
CKOPAYTOBLIX OBOAOYEK SIULL U OYKKAALHOTO
3MNUTEAUS] B COCTaBE MOTaAOK XMLIHLIX MTULL B
HacTosIlEee BPEMsI HAXOASITCSI B pa3paboTke.
Metoabl [TLP M ropusoHTaALHOrO 3AEKTPO-
chopesa npumeHsieTcs Hamu, B NMEPBYIO OYe-
PEAb, AASI MOAEKYASIDHOTO MOATBEPIKAEHMSI
VIAU OTIPEAEAEHMSI MOAQ MTUL, MOMEYEHHbIX
B npupoae KoAbuamu nam GPS/GSM 1pekke-
pamu. 3a HEKOTOPLIMU UCKAIOYEHUSIMU, MbI
VCMOABL3YEM KAACCMUECKYIO METOAUKY Orpe-
AeAeHMs1 MoAa C nparimepamm 2550F/2718R
Ha MHTPOH reHa CHDI1, pacnoAOXXe€HHOro
B MoAoBbIX Xpomocomax (Fridolffson, Elle-
gren, 1999). 31a meToOAMKA MPEKPACHO 3a-
pekomeHAoBara cebsi anst AHK u3 aroboro
VCTOYHMKA HECKOALKMX BMAOB OPAOB (CTen-
HOW Aquila nipalensis, Op&A-MOTMAbHUK A.
heliaca, 6epkyt A. chrysaetos), 4é&pHoro
rpucba (Aegypius monachus). Aasi kpyn-
HbIX COKOAOB rpyrrbl Hierofalco oHa moyker
6LITL UCMOAL30BaHa Ha obpasuax AHK, no-
AYYEHHDLIX M3 KPOBM MAM TPYOOK pactywmx
nepLeB, HO He PABOTAET HA AVIHHLIX MEPLIX,
KakK M Apyrve yHMBepcaAabHble npanmepst P2/
P8 (Griffiths et al., 1998). C nomouiblo AaH-
HOV METOAMKM OLIAO YCTAHOBAEHO, YTO AO
20% (37 obpasuos u3 155) AMHHLIX MepLEB
CTEMHOTO OPAQ, COBPAHHBIE C THE3A, MOTYT
MpVHaAAeXKaTh caMLiaM, a He camKkam. Taioke
3TOT METOA ObIA MCMOAL3OBAH HAMM AAsI PA3-
PaboTKM METOAVMKM MOPPOMETPUYECKOTO

1- MIRA
Aquila heliaca
17.07.2016
EthOH 96%
170.5 ng/ul
A260/280=1.93
A260/230=4.65

2-7A

Aquila nipalensis
8.07.2016
RNALater

307.2 ng/ul
A260/280=1.93
A260/230=2.68

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/27 18R 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-
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Puc. 2. OnpeaererHne roaa nteHUOB pyrnHa (Bubo bubo) kraccuveckm metoaom
o uHtpoHam reHa CHD1 (Fridolffson, Ellegren, 1999). A — nTeHLUbl (hpMAMHA B BO3-
pacre, B KOTOPOM 6bIA MPOBEAEH aHAAM3. B — pe3syAbtatbl aHaam3a metoaom TLIP:
obpasubl 1, 2, 4 — camku; 3, 5, 6 — camuni; NegC — OTpULIATEALHDIN KOHTPOAD.

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.

OIPEAEAEHMSI MOAA MTEHLIOB CTEMHOro OpAa
B MPUPOAE MYTEM MPOBEAEHUS] AUCKPUMM-
HAHTHOTO aHaAM3a Mo MpPomMepam B COOTBET-
CTBMU C MOAEKYASIPHLIMY AQHHLIMU (KapsikuH
M Ap., 2017). Yto Kacaetcsi coBOOGPA3HLIX
(cm. puc. 2), nparimepst 2550F/2718R Tak-
JK€ MOryT ObITh MCMOABL3OBaHbI (OMpPeAeAEH
MOA O OKOABLLIOBAHHLIX MTEHLOB PUAMHA
Bubo bubo), HO B cuAy GOABIIETO pasmepa
¢hparmeHTa ¢ W-XpOMOCOMOI1 y COB UCTIOAL-
30Barb 3Ty METOAMKY AASl AVIHHLIX MEePLEB 1
MOraAOK HEBO3MOJKHO, a BO BCE€X APYIMX
CAYYasIX BEPOSITHOCTL HEBEPHOTO OrpeAe-
A€HMS TaK)Ke€ CUAbHO MOBLIIIAETCSI, B CBsI3UN C
4yeMm, paHee OLIAO BLICKA3aHO MPEANOAOKE-
HUE€ O HEBO3MOXXHOCTM OMPEACAUTL, Harpwu-
Mep, MOA (hMAMHA C MOMOLILIO 3TOM METOAN-
k1 (Wang et al., 2008). B HacTosiiee Bpemst
Mbl Pa3paboTar AAsI (DMAMHA TECT-CUCTEMY
crneumuyeckux npaiMepoB HAa MHTPOHLI
reHa SPIN, Taioke pacrioAOXKEHHOro B Mo-
AOBLIX XPOMOCOMAX, MPEABAPUTEALHO TMO-
Kasasllyto cBoto acppextnBHoCTL HAa AHK u3
AMHHbIX nepbes. Kpome toro, metoant [NLIP 1
cekBeHMpoBaHusi Mo C3Hrepy Ha MWUTOXOH-
APVIAALHBIE U SIA€PHDLIE MapPKeEPDhl MO3BOAVAU
HamMm OINPEAECAUTL MO AUHHLIM TMEPLSIM BUADI
MTUL, NMOCELAOWMX Yy>KMe THE3AA (YEPHDLIN
rpuc Ha rHeE3Ae CTEMHOrO OpPAQd), a TakKe
BLISIBUTL MPEAMOAAraeMbI T’MOPUA CTEMHOTO
OpAa U OpPAA MOTUALHMKA, paHee He 3ame-
YeHHbLI [0 CbeHOTVll'lVl‘-leCKVlM NMpU3HaKam
(KapsikvH v Ap., 20106).

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., 20106).



