My3euHble Konnekuuu n AHK

— e e

“ onosbeBa E.H.



300/10TMYEeCcCKMe Konnekunm Kak
MCTOYHUK [AHK

* [eHeTM4YeCKUe nccneanoBaHUA TUNOBDIX IK3eMNAApoB
H€O6XO,£I,VIMbI NP BbIACHEHUU CNOXKHbBIX TAKCOHOMUNYECKUX
N HOMEHK/TIaTYPHbIX BOMPOCOB.

e My3enHbIN MaTepmnan No3BosSET UCCNea0BaTb
reHeTUYEeCKY0 M3MEHYMNBOCTb He TONIbKO BMA0B NoA
YrpoO30M NCYE3HOBEHMA, HO U NCHE3HYBLUUX NONYIALUNA U
BWOOB; Kpome Toro, pabota ¢ Takon [IHK oTKpbiBaeT
BO3MOXXHOCTb CPAaBHUTENBbHOIO U3Y4YEHUA NPOLLNOTO U
HACTOALLEro NONyAAUUMN.

e TpaTbl Ha akcneanuMm no cbopy HOBbLIX, CBEXUX
9K3eMN/IAPOB 3a4acCTYy0 OKa3blBAOTCA AOPOXKe PacXoa0oB Ha
paboTty c apxuBHoM [IHK 1 K TOMY *Ke He rapaHTUpPYLoT
ycnexa.



TrNbl 30010TUYECKUX KONNTEKLUM

Baa)XHble KonneKkuum:
JTaHON

dopmanuH (bparmeHTanusaums,
nenypuHmnslauunsa, moamduKkaums)

Cyxue Konnekumu:
CHATble WKypbl, yyyena
KocTu

JDHTOMOJIOTMYECKUe KoNneKkumnm



[Mpobnembl paboTbl C «MYy3E€UHON»
OHK

HM3KaA KOMUMMHOCTb U Aerpagaums

ncropudeckon IHK (Zimmermmann et al.,
2008);

xmmmudyeckasa moandukauma (Mitchell et al.,
2005; Green et al., 2008);

3arpsA3HEHHOCTb MUKPOOHOM HK m
BEPOATHOCTb

KOHTaMUHauuu ak3oreHHon [IHK (Hofreiter et
al., 2001; 2008, etc.);

MpucytctBme nurnbumutopos NUP (Cooper, Wayne
1998; Yoder, Delefosse, 2002).



Kak 6opoTtbca ¢ aTumum npobnemammn’?




°[naBHOe — NpeaoTBPATUTDL
KOHTaMMHaumto!

sCncrtema BEHTUAALUNN C
duneTpamm

°[lpeabaHHUK

eKomnapTmeHTanmn3saumAa
NnoMeLLeHUM

*KOMOUHE30HbI, Macku, baxunbl

°[locToAHHOE o4YmnLLEHMNE
NPOCTPAHCTBA




°[naBHOe — NpeaoTBPATUTDL
KOHTaMMHaumto!

eY®-namnbl

ePaboTa rotoBbiMM Habopamu (c
N3MEHEHMNAMU NPOTOKO/0B)

.. nppyrmne ocobeHHoCTU
nabopatopHou paboTbl




MOLECULAR ECOLOGY
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Phylogenomics using formalin-fixed and 100+ year-old
intractable natural history specimens

SARA RUANE*{+) and CHRISTOPHER C. AUSTIN*{

*Museum of Natural Science, Lowisiana State University, 119 Foster Hall, Baton Rouge LA, 70803, USA, tDepartment of
Biological Sciences, Louisiana State Unrwersity, 202 Life Science Building, 119 Foster Hall, Baton Rouge LA, 70803, USA

Abstract

Museum specimens provide a wealth of information to biologists, but obtaining genetic data from formalin-fixed
and fluid-preserved specimens remains challenging. While DNA sequences have been recovered from such speci-
mens, most approaches are time-consuming and produce low data quality and quantity. Here, we use a modified
DNA extraction protocol combined with high-throughput sequencing to recover DNA from formalin-fixed and fluid-
preserved snakes that were collected over a century ago and for which little or no modemn genetic materials exist in
public collections. We successfully extracted DNA and sequenced ultraconserved elements (¥ = 2318 loci) from 10
fluid-preserved snakes and included them in a phylogeny with modem samples. This phylogeny demonstrates the
general use of such specimens in phylogenomic studies and provides evidence for the placement of enigmatic
snakes, such as the rare and never-before sequenced Indian Xylophis stenorhynchus. Our study emphasizes the rele-
vance of museum collections in modern research and simultaneously provides a protocol that may prove useful for
specimens that have been previously intractable for DNA sequencing,

Keywords: museum collections, next-generation sequencing, phylogeny, sequence capture, snakes, ultraconserved



recover century-old snake mitogenomes

IIoRTEN E. ALLENTOFT, ARNE ReDsTED? & HANS VIBORG KRISTENSEN

 Centre for GeoGenetics, Natural Histary Museum, University of Capenhagen. @ister Voldgade 5-7, 1350
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The Natural History Museum of Denmark is housing a remarkable herpetological collection
with many thousands of specimens collected across centuries. A large proportion of the
animals have, however, been formalin-fixed during preservation which is known to seriously
compromise the potential for molecular research.

Using carefully optimized protocols normally applied to ancient DNA research (ALLENTOFT et
al. 2015), combined with Next Generation Sequencing, we have recently received highly
encouraging results from a number of such specimens. We present the methodology and
showcase genetic results from the danish population of Smooth Snake (Coronella austriaca)
that went locally extinct in the early 20th century.

Despite displaying severely degraded DNA (av. fragment length <50bp, C-T damage rates
>10%), we managed to assemble the complete mitochondrial genomes of three danish C.
austriaca individuals, and combined these data with mitogenomes of >30 modern individuals
from across Eurape, sequenced specifically for this study. Phylogenetic and network-based
analyses showed that the danish population had very high genetic similarity with the current
Scandinavian populations (posterior clade probability = 1) and was thus not related with the C.
austriaca lineages present today in Central-Western Europe. We discuss the phylogeographic
implications of these findings. More broadly, we discuss the potential for analysing highly
degraded DNA (whether damaged by time or formalin or both) obtained from herpetological
tissues.
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Non-Destructive Sampling of Ancient Insect |
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Abstract

Background: A major challenge for ancient DNA (aDNA) studies on insect remains is that sampling
|east partial destruction of the specimens. A recent extraction protocol reveals the possibility of ob
insect remains without causing visual morphological damage. We test the applicability of this protog
beetle specimens dating back to AD 1820 and on ancient beetle chitin remains from permafrost (p
dating back more than 47,000 years. Finally, we test the possibility of obtaining ancient insect DNA d
sediments deposited 3280-1800 years ago - an alternative approach that also does not involve
material.

Methodology/Principal Findings: The success of the methodological approaches are tested by PCR
and 165 mitochondrial DNA (mtDNA) fragments of 77-204 base pairs (-bp) in size using species-spe
primers.

Conclusion/Significance: The applied non-destructive DNA extraction method shows promisin
museum specimens of historical age as far back as AD 1820, but less so on the ancient permafrosts

opens new frontiers in research on ancient biodiversity.

remains tested, where DNA was obtained from samples up to ca. 26,000 years old. The non-frozen sediment DNA approach
appears to have great potential for recording the former presence of insect taxa not normally preserved as macrofossils and

DNA Extraction and PCR

DNA extraction and PCR setup was carried out in dedicated
aDNA clean-laboratories [2]. DNA was extracted from museum
specimens and macrofossils using the non-destructive method [16]:
Whole specimens were placed in 2 ml Eppendorf Biopur tubes,
fully immersed in digestion buffer (volume dependent on specimen
size, .5-1.5 ml in this study), and incubated overnight at 55°C
with gentle agitation. The buffer consisted of 3 mM CaCly, 2%
sodium dodecyl sulphate (SDS), 40 mM dithiotreitol (DTT),
250 mg/ml proteinase K, 100 mM Tris buffer pH8 and
100 mM NaCl (final concentrations). After incubating with gentle
agitation for 16-20 hours, specimens were removed from the
buffer, placed in 100% EtOH for 2-4 hours to stop further
digestion, air-dried, and replaced in their collections. Nucleic acids
were purified from the digestion buffer using a Qiagen PCR
purification kit (QIAquick).

DNA from the sediments was extracted using the procedure

described in [22] and [23].




Methods

A single tibia was removed from each of 133 air-dried
adult C. mercuriale that were collected between 1924
and 1989 (Table 1). We are not aware that any special
preservation treatment had been applied to any of the
samples. Standard precautions to minimise contami-
nation were employed throughout, such as using ded-
icated pipettes with anti-aerosol tips, bleaching
forceps/pestles and processing samples in a room that
had not been used previously for C. mercuriale geno-
typing. Legs were ground with a pestle in microcen-
trifuge tubes under liquid nitrogen and the DNA was
extracted using a DNeasy tissue kit (Qiagen) following
the protocol for animal tissue but with an overnight
incubation (55°C) in buffer ATL/proteinase-K and a
final elution volume of 140 pl.

High sensitiity DNA quantification was achieved
from the sample fluorescence with PicoGreen®
(Molecular Probes) relative to a DNA standard using a
FLUOstar OPTIMA spectrofluorimeter (BMG Lab-
tech) that was integrated onto a Microlab STAR ro-
botic deck (Hamilton). Not all samples were quantified
as some were exhausted during laboratory evaluation
of other microsatellite loci (that ultimately proved
unreliable for PCR with museum DNA). The ‘quality’
of the genetic material was examined by PCR ampli-
fication at 10 microsatellite loci (LIST4-002, LIST4-
023, LIST44024, LIST4-031, LIST4-034, LIST4-035,

11:195-198
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ained from museum specimens
perspective on levels of genetic
amples are irreplaceable so it is
parts of the specimens are used,
amount of DNA obtained from
, at present there are no quanti-
bf DNA from such samples. In this
the amount of DNA that may be

ps of museum-archived specimens

s DNA extracted from the legs of archived insects
llite-based population genetic analyses?
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be obtained by routine PCR. Thus, air-dried insect legs
more than 50 years old appear to have limited useful-
ness for studies that seek to amplify many nuclear loci
without the use of other techniques that may be used to
increase the possible low-quantities of template DNA
present.

Keywords DNA extraction - Genotyping - Historic
DNA - Microsatellite - Non-destructive sampling



Table 1 Sample information, yield of DNA obtained (from single damselfly legs) and the percentage of positive genotypes that were
identical (i.e. excluding all allelic dropouts & one or more PCR failures) across two separate rounds of PCR at 10 microsatellite loci

Sample information n DNA concentration PCR success

Date Location ng pl” SE %

1989 Hampshire, England
1982 Rochebeaucount, France
1981 Rochebeaucount, France
1968 Spain

1965 Devon, England

1963 Devon, England

1962 Devon, England

1958 Dorset, England

1957 Cornwall, England

1954 Hampshire, England
1953 Hampshire, England
1952 Pembrokeshire, Wales
1951 Hampshire, England
1949 Hampshire, England
1946 Hampshire, England
1943 Hampshire, England
1942 Hampshire, England
1924 Hampshire, England

Total

3.30
0.74
0.34
0.4
0.75

=5y

—

0.29
0.18
<0.01
0.10
<(.01
<(.02
<0.01

=]

<(.01

3
b
5
1
1
5
1
1
3
7
3
2
2
b
2
2
8
8

n, sample size; SE, standard error




Poccumnckme naboparopuu,
paboTatowme ¢ gpeBHen n ctapon JHK

*J1ab. naneoreHeTMKN Hacenenma Espasmm, MHCTUTYT LUTONOTUUN U
reHeTuKkn CO PAH (pykoBoautenb K.6.H. Munmnenko A.C.)

e 1ab. 3BONOLUMOHHOMN rTEHOMUKU, NHCTUTYT OOLLIEN TEHETUKN UM.
Basunosa PAH. (pykoBoauTtens: A.6.H., npodeccop Poraes E.N.)
eJlabopaTopua NCTOPUYECKON FrEHETUKN, PAJNOYTINEPOAHOTO
aHanu3a u npuknagHon emsmku, MOTU (pykosoautenb MyctadpuH
X.X.)

*J1ab. reHeTUKN yenoBeka, MHCTUTYT obLLen reHeTUKN nm. Basmaosa
PAH. (pykoBoauTtenb: A.6.H, noueHT Kykosa O.B.)

*J1ab. reHoMmuKKN n bnonHPopmatnkm, HAL «KypuyatoBCKMM
NHCTUTYT. (pyKoBoautenb K.6.H. A.B. Hepgonyxko)

*«J1ab. Nctopunueckon AHK» 3MMY
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KpaTko 0 meToaax

« Boigenenne [JHK Habopamun Qiagen ¢ moandukaymamu.

« lamepeHune BbigeneHHon [OHK Ha annapate Nanodrop
Light.

o [1Nna kaxxgoro obbekTa noabuparT cneumdouyeckme napbl
NpanmMepoB Ha KOPOTKME NepeKpPbIBAOLLMECS (PparMeHThbI
(100-200 n.H.) OHK.

« KOHTponb kadectBa [1LP-npooykToB oOCyLLecTBMAKT B
1% arapo3HoMm rene Ha 0Oasze «Jlabopatopuum
MOJIEKYNSAPHbIX METOAO0B B 3005norun» bunonorndeckoro
dakynsreta MIY.

« [1na cekseHupoBaHua NLP-npoaykTel nepegator B 3A0
«EBporeH».



Phrynocephalus rossicowi Nikolsky,
1898 — xeHTayHcKagqa KpyrioronoBka

MaTtepuan: cyxaq LUKypka

Manownsy4deHHbIV BUA,
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TypkMeHucTaHa 1 Ha rpaHmnyaLlux
C TYPKMEHUCTaHOM TEPPUTOPUAX AR
IOXKHOTO Y36eKncTaHa. L _
B konnekumn 3oomyses e

|| .
|| Tprsince, tappreoporie
,El,eI'IOHI/IpOBaH TOJIbKO OANH i |

Iz /?)Wﬁ,/f - APtetfe Lot cees

b
| D
|, nerm Sednsy | L OS /Wasg
3K3emMnngdp, ¢ KOTOPbIM U || oty 7 gl o d

(] l {

rnpoBsoAuniiacb pa60Ta. Vet Byreaeb £ of

o[laTa cbopa: 1990 .




Phrynocephalus rossicowi Nikolsky,
1898 — xeHTayHcKagqa KpyrioronoBka

Solovyeva E.N., 2017. The
position of Phrynocephalus
rossikowi (Reptilia, Agamidae)
according to mtDNA from old
museum specimen // SEH 19th
OGM, programs and abstracts,
18 September - 24 September
2017.

Solovyeva et al., 2018.
Cenozoic aridization in Central
Eurasiashaped diversification
of toad-headedagamas
(Phrynocephalus;
Agamidae,Reptilia) // PeerJ,
DOI 10.7717/peer}|.4543




Phrynocephalus rossicowi Nikolsky,

1898 — xeHTayHcKagqa KpyrioronoBka

““‘”00”: Acanthosaura armata
Calotes versicolor

63/-0.93 Agama agama
03,8141 w Pseudotrapelus sinaitus

Xenagama taylori

100/99/1 Bufoniceps laungwalaensis
Trapelus sanguinolentus
100/97/1 { Laudakia nupta
iR 731-40.97 Laudakia tuberculata

84N Paralaudakia caucasia
-I-10.83 —Earafaudakia microlepis
100/1001 Paralaudakia lehmanni

100110011 = Stellagama stellio

Stellagama stellio

10011001~ melanurus 1

10011001 85/10.82 melanurus 2 J
kuschakewitschi ]

89.5/86M1 A -
incertus 100/100/1 guttatus

100/100/1 alpherakii group

1o0m00n|  Yzeminmoltschanovi
guttatus
hispidus 1
hispidus 2 I:
frontalis versicolor-
e;i:%gﬁf" 1001100/1 group
kulagini

10010011 ocellatis

100/93/1

E'HSEH_ 100/10011

59/-/0.96 2 -
rossikowi

83/-10.99

mystaceus 1 D: Megalochilus
mystaceus 2

axillaris
axillaris
persicus_horvathi
helioscopus varius E:
helioscopus helioscopus Helioscopus
saidalievi
75/5510.97 95/72/1 erythrurus
1 viangalii
putjatai Ore
forsythii vivi
61/70/0.97 theobaldi g
1001001 ™= zetangensis

_Iﬂunterscapuiaﬁs A:
10019411 sogdismis Microphrynocephalus

ornatus vindumi

00/100/1 maculatus
arabicus
9911 1001100 longicaudatu.
scutellatus

< Outgroups

99/88/1} H: Ph. axillaris

00/100/1

100/100/1

0.2



Saxicola przewalskii (Pleske 1889) —
yeKaH [1pX»eBanbCcKoro

*11 npob Bo3pactom 130-150 ner:

5 npob npeacraButenent Gopmbl CNOPHOro ctatyca Saxicola przewalskii

(=S. maurus przewalskii), obutatowen B FOxkHom Kutae, a TakKe 6 npob S.
stejnegeri.



Saxicola przewalskii (Pleske 1889) —

yeKaH [1pX»eBanbCcKoro

M: Europe - S. rubicola
0.99 Canary Islands - S. dacotiae
Europe, Siberia - S. m. maurus, S. m. variegatus

Jl.ﬁ&': Kenya, Tanzania - S. torquatus
South Africa - S. torquatus

_E Madagascar - S. sibilla
0.85 Reunion Island - S. tectec

'Nepal - S. (m.) przewalskii
_|—‘_—_ Kunashir - S. (m.) stejnegeri

Primorsky krai - S. (m.) stejnegeri

0.99

China - S. (m.) przewalskii
China - S. (m.) przewalskii

Yakutia - S. (m.) stejnegeri
Kunashir - S. (m.) stejnegeri
4[ Chitinskaya oblast’ - S. (m.) stejnegeri
Kunashir - S. (m.) stejnegeri
— Khabarovsk’ - S. (m.) stejnegeri

Burma - S. (m.) przewalskii

Chukotka - S. (m.) stejnegeri

China - S. (m.) przewalskii

- Burma - S. (m.) przewalskii
(China - S. (m.) przewalskii
China - S. (m.) przewalskii

Mongolia - S. (m.) stejnegeri

Magadan - S. (m.) stejnegeri
—|: Sakhalin - S. (m.) stejnegeri

Saxicola rubetra

®dparmeHTbl reHa ND2 anmHom okono 700 n.o. nony4veHbl ansa 7 ocoben,
ana 4 ocoben nonyyeHol 6onee KopoTkme pparmeHTbl. [TOCTPOEHDI
dunoreHetnyeckme gepesba (Bl n ML).




TywKaH4YnKku poaa Dipus

Bbineneno IHK n3 5 npob
(ZMMU S-152695, S-143292,
S-122385, S-156368, S-
148042) TyWWKaHYMNKOB,
No/ly4eHbl CUKBEHCbI
dbparmeHTa cytb anmnHom
oKono 300 n.o. NpounsseneH
dUNOreHeTUYeCcKNm aHanuns,
No/ly4YeHHble pe3ynbTaThl
onyb/MKOBaHbI B CTaTbe
«Phylogeographical study
reveals high genetic diversity
in a widespread desert rodent,
Dipus sagitta (Dipodidae:
Rodentia)».

0.97/85 Irtysh valley

1,0/99 . .
I—g—‘ W Zaisan depression

1.0/100

1.0/98 Mongolian Dzungaria,
N Xinjiang,
Kara-Irtysh valley

1010 @ SE and C Kazakhstan

10/83 Lake valley,
Great Lake depression

Transaltai Gobi,
S Gobi,

N Gansu,
NE Qinghai

0.98/88 E Gobi,
C Mongolia

0% EC Nei Mongolia

1 0m00 221994 NW Mongolia
L— Ubsunur depression

10091 W Turan
-4 Dagestan

- Stylodipus andrewsil
Stylodipus sungorus

Stylodipus telum




TywKaH4YnKKM poaa Dipus




Pipistrellus stenopterus (Mammalia,

Vespertilionidae)

“What adaptations may
come: taxonomic position of
the Malayan noctule
(Vespertilionidae;
Chiroptera)”
[aHHble 7
MUTOXOHApPWanbHon (404
n.o. cytb, 615 n.o. COI), wu
apepHon [OHK (723 n.o.
RAG?2) NEMOHCTPUPYIOT
bansocte P stenopterus
a3naTCKMM
NUNUCTPENNtocam, CcKopee
BCEr0O 3TO  CECTPMHCKasa
BeTBb rpynne “javanicus”.




Pipistrellus stenopterus (Mammalia,

Vespertilionidae)

KY280168.1 Arlelulus aureacollaris Arielulus 1 |
1/100~ HM541204.1 Philetor brachypterus
HM541205.1 Philetor brachypterus

Philetor
0.74/98r ABBSI277_11 Hypsugo cf. joffrel

E T I Bl I come: taxonomic position of

GU6B4TE8.1 Tylonycterls robustula

GU684774.1 Tylonycteris fulvida i
1/100 } KX496383.1 Tylonycteris fulvida Ty’o"ycfer’s
K)“!ﬁ:l!l 1 Tylonycteris fulvida

stz RS e e the Malayan noctule
o _|“"57 EHMSMOZS 1 Hypsugo cadomte Hypsugp
prrees KF452648.1 Vansonia rueppellii Vansonia
b A A ili i .
.1 Nyctalus leisi
JF443043.1 Nyctalus leislori Nyctalus e S p e r I I 0 n I a e )

1/100| SKZMRO18_16 Nyctalus plancyi
SKZMRNB 16 Nyctalus plincyl

1197

SKZMR020_16 Nyﬁtal:rs plan

cyl
11100, JF444|)25 Pipistrellus coromandra 4 l ‘
0.93/95 U684788.1 Pipistrellus coromandra
1100 ABIM147 _05 Pipistrellus tenuis o I r o e ra
ABEHD!T“DE Pipistrellus tenuis I I I
M5412.

L 42.1 Flrpfsrrcﬂu,!].lvanlr:us P
0.74/64 194 HM541241.1 Pipistreflus javanicus Pipistrellus
y HM541258.1 Flpfslrlfful paterculus (East)
P

1
11100, GUE84811.1 Pipistrellus abramus

GU684810.1 Pipistrellus abrai L
ZMMU S-103149 P.'prnrelras stenopterus

1/100 r GUBB4745.1 Glischropus tylopus .
GUG84746.1 Glischropus tylopus I Glischropus
11100 ; JF443053.1 Pipistrefius kuhlii

JF443051.1 Pipistrellus kuhlii ini

0.51/68 41100, JF443080. 111='|4.;1.m.| us pipistrellus Pipistrellus ~
S MUTOXOHAPUANBHOM
0:58/00 JF443068.1 Pipistrellus nathusii (West)

JF443069.1 Pipistrellus nathusii

Pipistrellina

Hypsugine
group

0.95/98

EU521631.1 Arielulus cuprosus I Arielulus
n AOdEPHOU ,ﬂIH / n.o.

1100 l DQ318883.1 Hypsugo cadornae

JX570899.1 Hypsugo cadornae HypsuQD

DQ120867.1 Nyctalus lasiopterus
11100~ AJ504443.1 Pipistrellus pipistrellus
T 01208521 Pipistrelius pipistrelis . a 3 M aTC K M M
11100~ DQ120841.1 Pipistrellus kuhli Pipistrellus 1]
cyt b AJ504447.1 Pipi cf.j
AB085739.2 Pipistrellus abramus

1199 KX429688,1 Philetor brachypterus I Philetor
N . RAG?2 eMOHCTDUDVIOT
0.91/85 —— Vansonia
| JX570902.1 Nyctalus noctula 6
0.99/97 ! AJ841967.1 Nyctalus noctula I n M 3 O CT b S en O erus
DQ435073.1 plancyi Nyctalus .
AJ426608.1 Pipistrellus kuhll
ol sl:rn| 1#1w;u504«5.1 Pipistrelius nathusil (WGSt)
Ll DQ120850.1 Pipistrellus nathusii
KX496357.1 Pipistrellus Javanicus
1/100 * AJ504448.1 Pipistrelius abramus

JF442865.1 Myotis blythii
JX570807.1 Philetor brachypterus
JX276316.1 Vansonia rueppellii
0.7/75 11100 ¢ AF376832.1 Nyctalus leisleri
ST PR e S Gilschmpus NMNMUCTPENNIOCaM, CRopee
A S BCEero 3TO CeCTPUHCKadA
'——————— AF376840.1 Myotis blythli blythii B eT B b r py I-I I-I e ((ja van iC us”

n.o. cytb, 615 n.o. COI n
[ ] L] ’ L] L] ’
1195 ; 1/99 y KX496507.1 Tylonycteris fulvida
0.86/96 ™1 EF517313.1 Tylonycteris fulvida .
- .98/90 4‘"“&5“1 7314.1 Tylonycteris fulvida Tylonycteris
EU521635.1 Tylonycteris robustula
1100 r DQ120868.1 Nyctalus lasiopterus
0.95/- ) JX570901.1 Nyctalus leisleri
EU521634.1 Pipistrellus stenopterus
1H00L yx570908.1 Pipistrelius cf. javanicus
0.07



Pipistrellus stenopterus (Mammalia,

Vespertilionidae)

RAG_Z 1/100 HM561643.1 Arielulus aureocollaris I Arielulus I I
KC887913.1 Arielulus cuprosus
1100 — JX570928.1 Tylonycteris pachypus .
ﬂl_t HM561673.1 Tylonycteris robustula I Ty.!' onyc teris
17100 HM561672.1 Tylonycteris pachypus
1= 0.94/87 1100 JX570923.1 Philetor brachypterus Philet: I I
1 JX570922.1 Philetor brachypterus I Hetor
1/100 [DQ120828.1 Hypsugo cadornae H
DQ318882.1 Hypsugo cadornae ypsugo
1100 JX276351.1 Vansonia rueppellii H
1100 = JX276350.1 Vansonia rueppellii Vanson‘a

JX570926.1 Pipistrellus cf. javanicus
1/99}- GU328105.1 Pipistrellus javanicus
JX570924.1 Pipistrellus cf. javanicus

0.99/81) L x570925.1 Pipistrellus cf. javanicus Pipistrellus
HM561663.1 Pipistrellus tenuis ( East)
1100 —— 5= GU328102.1 Pipistrellus coromandra
0.85/54 “'&Z HM561661.1 Pipistrellus paterculus

ZMMU S-103149 Pipistrellus stenopterus
JX570915.1 Glischropus tylopus
1/100 [ HM561662.1 Pipistrellus pipistrellus
0.93/77

Glischropus | | |

DQ120831.1 Pipistrellus pipistrellus Pipistrellus
DQ120830.1 Pipistrellus kuhli West
Vel 17100L DQ120829.1 Pipistrellus kuhli (West)

—— HMS561660.1 Pipistrellus nathusii
11100 r HM561657.1 Nyctalus leisleri
JX570917.1 Nyctalus leisleri

l:ll( JX570920.1 Nyctalus plancyi

JX570921.1 Nyctalus plancyi

JX570919.1 Nyctalus plancyi Nyctalus

JX570916.1 Nyctalus lasiopterus

JX570918.1 Nyctalus noctula

1100 HM561658.1 Nyctalus noctula

KF312540.1 Myotis blythii omari

0.02

B crtatbe npepnaraerca BblaeneHue P stenopterus B OTAENbHbIN
nogpop Alionoctule.
Tak)ke noaTseprkgaetca napadunus reHa Pipistrellus.



[lpyrne npoekThl

o KoKwanbcKkaa AwypKa Eremias kokshaalinensis (Reptilia,
Lacertidae)

e TYLWKAHYUK BuHorpaaosa Allactaga vinogradovi
(Mammalia, Dipodidae).

o Mogera robusta (Mammalia, Talpidae).
o Microtus shantaricus (Mammalia, Cricetidae).
o l[eHom TapnaHa Equus gmelini (Mammalia, Equidae).

e N 3TO ewe He BCE!



[lpyrne npoekThl

. [lOoKka HeygauyHble...:

o« Cobitis satunini (Actinopterygii, Cobitidae) — popmanmH!



3

CW nbo 3a ?HI?IMaHI/Ié!



Naturhistoriska riksmuseet: Ancient
DNA laboratory

NabopaTtopus OpesHen JHK otaena bnonHdopmaTukm n
EHETUKN CTOKIoNIbMCKOIro My3esi ECTECTBEHHOW NCTOPUM
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While present-day taxa are valuable proxies for
understanding the biology of extinct species, it is
also crucial to examine physical remains in order to
obtain a more comprehensive view of their behavior,
soclal structure, and life histores [1, 2] For axample,
information on demographic parameters such as age
distribution and sex ratios in fossil assemblages can
be used to accurately infer socloacological patterns
{e.g., [3]. Here we use genomic data to determine
thesax of 98 woolly mammath (Mammithus primige-
nius)specimens inorderto infer social and behavioral
patterns in the last 60,000 years of the spedies’ exis-
tence. We report a significant excess of males among
the identified samples (9% versus 31 %; p <0.0002.
We argue that this male bias among mammoth ne-
maire is bast explained by males more often baing
caughtin natural traps that favor preservation. Wehy-
pothesize that this is a consequence of social struc=
ture in proboscideans, which is charactedzed by
matdarchal hierarchy and sex segregation Without
the experience associated with living in a matriarchal
family group, of a bachalor group with an axperi-
enced bul, young or solitary males may have bean
mone proneto die in natural traps where good preser-
vation is more likely.

ples collecied at vaniow locatons throughout Sbera (Figure 1;
Taie 51). The samples mostly comprise ndividual fagments
fiound in dver basina and alongcoastines and kake shores, where
they have been redepoaiied afier enosion from permafrost sed-
ments, DNA was exacted using a slica-based method [4, 5],
converied Into Indexed Noraries [, and sequenced on an il
mina HiSeq 2500 platiorm. Additonaly, we Inchuded previously
published whole-genome shotgun data from mammoth halr
shafis [, 8] to generaie a final dataset of 98 mammoth samples,
Sequence mads were mapped aganst the genome assambly of
the Aficansavannahelephant iLaxodonis afcana). The number
of reads mapping to chromosome X and 8, respectively, were
usad to determine hie e of each specimen (for detalls, see
STAR Method =), In total, 66 specimens were dentifled as make
and 28 as lemaes (Figus 3.

Causes for aBlased Sex Ratio
Allzamples were collected opportunistically and do notoriginate
from fossll assemiblages and can thus be considered 2 random
sampieof fe avalable fossll moord. In theabsenceof other fac-
fors, this samplingscheme would beexpected toybed a e ratio
equalto the natal sex rabio, which is usually balanced in mammal
popuiation [2]. Furthermaee, he natal sex ratos inboth the wild
Agan elphant [Baphas maximus) and e Abican savamah
elephant am chose to 1:1 [10], suggesting that fe natal sex ratio
was most By abso bakanced in the woolly mammot.

We find a role of sexual dmorphism unikely in explaning the
obaerved skew In sexratio In sexualy dmorphic spedes, taph-
onomic processes such as scavenghng, decompositon, and




. 2016:

- y4acTune B NpoeKTe Mo MerarepmeBoun gpayHe:
BblaeneHne HK 13 kocten, reHOoTUNMpoOBaHNE
no 16S;

- Bbigenenne v NUP OHK n3 ctapbix obpasuos
Konnekumn 3oonorudeckoro myseda MI'yY nm. M.B.
IlomoHocoBa: Awypka Eremias multiocellata,
YyekaH [1pxxeBanbckoro Saxicola przewalskii,
KpacHbIN BOMK U3 BbiIMepLUEen KNPru3ckomn
nonyndaunm Cuon alpinus, Bo3pacTt
KonnekunoHHoro matepuana ot 1876 go 1958 r.)
N Nony4yeHbl dparMeHTbl NocneaoBaTeNlbHOCTEN
reHa COl atux obpasuoB. He yoanock BbIAENNTb
OHK n3 npobbl 3aragovyHoro Ranodon cf.
kozhewnikowi.






Eremias cf. multiocellata Gunther,
1872

®Martepuan:
CNnpPTOBbIE
Konsekuun.

®[lonynauua E. cf.
multiocellata n3 okp.

XpebToB AKTarn, f ek Mocsoncoes sumepo 3
5 2 » QA+ S ‘.
(BocTo4HO- ‘ N Z-'?oeirgw,ﬂfma*’f r;
ze af
KasaxcTtaHckas o6n.) | ﬁ"’gf% g E
th . asrns
(Reptilia, VS B Letmed |
Lacertidae). we2r . |

YcnewHo BblaeneHa
[NHK 13 npobsl E. cf.

multiocellata ZMMU
D O9OAA09 Q /[10RQ



Saxicola przewalskii (Pleske
1889) —

WQRQ NhCKOrO

51
60 i
?‘.Aﬂ o
A\

*MaTtepuan: Tylwka, npoda — Kyco4ek KOXu
[1peacraBsmntenu opmMel CMOPHOro ctatyca (=S. maurus
przewalskii), obutatoien B KOxxHom Kntae

o[laTa cbopa ak3emnnspos: 1885 n 1876 rr. (140 n 130 ner)
*Ha gaHHbIn MoMeHT B nabopartopun SMMY eute 11

o B S SN S B B pemn e e L e B



Cuon alpinus (Pallas, 1811) —
KpaCHbIW BOJK

MaTtepuan: wkypa
llIkypa npnHagnexur
ocobun n3 Kuprusum,
roe Ha AaHHbIN
MOMEHT KpacHble
BOJIKM cYMTalOTCH
BbIMEPLLUNMMN.
o[laTa cbopa: 3nma
1937-38 .

(78-
79 ner)




Topudeckon [l
n3 SAMMY

asMep pparmMeHTa
~150 bp

Eremias kokshaaliensis

e O - —-— L ' [p— Pr—
Mapkep onuH
Ranodon cf. kozhevnikowi \Saxicola przewalskii
- — [ ' -

Saxicola przewalskii Cuon alpinus

-.\./_ oW w

KoHTponb
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