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CNOHbI, MAMOHT U MAaCTOAOHT

Loxodonta  Mammuthus Elephas
africana primigenius  maximus ~ Mammut
, americanum

24-28 MY

Proboscidean Mitogenomics: Chronology
and Mode of Elephant Evolution
Using Mastodon as Outgroup

Nadin Rohland'®, Anna-Sapfo Malaspinasz’se, Joshua L. Pollack?, Montgomery Slatkin®, Paul Matheus®,

Michael Hofreiter'"

34 MY
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Sequencing the nuclear genome of the extinct woolly
mammoth

Webb Miller!, Daniela |. Drautz', Aakrosh Ratan', Barbara Pusey’, Ji Qi', Arthur M. Lesk’, Lynn P. Tomsha®,
Michael D. Packard', Fangging Zhao', Andrei Sher’}, Alexei Tikhonav?, Brian Raney®, Nick Patterson®,

Kerstin Lindblad-Toh, Eric 5. Lander’, James R. Knight®, Gerard P. Irzyk®, Karin M. Fredrikson”, Timothy T. Harkins’,
Sharon Sheridan’, Tom Pringle® & Stephan C. Schuster’
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First DNA sequences from Asian cave bear fossils r¢
divergences and complex phylogeographic patterns

MICHAEL KMAPPT, MADIN ROHLAND !,
JACOBO WEINSTOCKE GENMADY
BARYSHMIKOYE, ANDREI SHER® DORIS
NAGEL®, GERNOT RABEDER®, RON
PINHASIE, HEIKO A, SCHMIDT, MICHAEL
HOFREITER'
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MUTOXoHAPUUN — C 1997 FOAQA  Neandertal DNA sequences and the origin of modern humans.

krings M, Stone A, Schmite B, Krainitzki H, Stoneking W, P&aho 5.

Analysis of one million base pairs of
Neanderthal DNA

Richard E.GreenL,Jahannes. Krause', Susan E. Ptakl,hdri A BTIEES | IV =al T. Rﬂnanz,_lan F.Simcns._", Lei Duzr
Michael Egholm?, Jonathan M. Rothberg®, Maja Paunoic”; & Svante Pisbo'

Vol 44§16 November 2006 dbiz10.1038/nature05336 Received 14 July; accepted 11 October 2006.

Sequencing and Ana_llvsm of 65 ThICSY N.0.,
Neanderthal Genomic DNA HO aKKypaTHee

James P. Noonan,’* Graham Coop,” Sridhar Kudaravalli>—Beog St
Johannes Krause,* Joe Aessi,® Feng Chem=Darren '
Jonathan K. Pritchard? Edward M. Rubin™**

SCIENCE VOL 314 @fE*ﬂEE? 2004 1€ June 2006 accepted 17 August 2004
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Mpobnembi

* Rubin: Lack of evidence for admixture between humans and Neanderthals... the
maximum likelihood estimate for the Neanderthal contribution to modern genetic
diversity is zero. However, the 95% Cl for this estimate ranges from 0 to 20%, so a
definitive answer to the admixture question will require additional Neanderthal
sequence data.

* P&dbo: High level of derived alleles in the Neanderthal is incompatible with the simple
population split model estimated in the previous section, given split times inferred
from the fossil record. This may suggest gene flow between modern humans and
Neanderthals. Given that the Neanderthal X chromosome shows a higher level of
divergence than the autosomes (R.E.G., unpublished observation), gene flow may
have occurred predominantly from modern human males into Neanderthals. More
extensive sequencing of the Neanderthal genome is necessary to address this
possibility.

Inconsistencies in Neanderthal PLOS
Genomic DNA Sequences October 2007 | Volume 3 | Issue 10 | @175

Jeffrey D. Wall , Sung K. Kim Received July 2, 2007; Accepted August 28, 2007; Published October 12, 2007

Our reanalyses of the data from these studies show that they are not consistent
with each other and point to serious problems with the data quality in one of the
studies, possibly due to modern human DNA contaminants and/or a high rate of
sequencing errors.



HeaHpepTaney — 2010

Samples and sites from which DNA was retrieved
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Выступающий
Заметки для презентации
Samples and sites from which DNA was retrieved. (A) The three bones from Vindija from which Neandertal DNA was sequenced. (B) Map showing the four archaeological sites from which bones were used and their approximate dates (years B.P.).
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Segments of Neandertal ancestry in the human reference genome
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Выступающий
Заметки для презентации
Segments of Neandertal ancestry in the human reference genome. We examined 2825 segments in the human reference genome that are of African ancestry and 2797 that are of European ancestry. (A) European segments, with few differences from the Neandertals, tend to have many differences from other present-day humans, whereas African segments do not, as expected if the former are derived from Neandertals. (B) Scatter plot of the segments in (A) with respect to their divergence to the Neandertals and to Venter. In the top left quandrant, 94% of segments are of European ancestry, suggesting that many of them are due to gene flow from Neandertals.
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Morphology of the Denisova molar
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ANTauCKUM HeaHaepTaney — 2014

Toe phalanx and location of Neanderthal samples
for which genome-wide data are available
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Выступающий
Заметки для презентации
a, The toe phalanx found in the east gallery of Denisova Cave in 2010. Dorsal view (left image), left view (right image). Total length of the bone is 26 mm. b, Map of Eurasia showing the location of Vindija Cave, Mezmaiskaya Cave and Denisova Cave, where Neanderthal samples used here were found.


BocctraHaBnauBaem HeaHAepTanbua
N0 KOEFAM NOCNEeA0BaTE/IbHOCTAM

30

254

Amount Sequence (Mb)
Sequence per Ind (Mb)

UED EIE] CIEE CII.EI- 0!4 D!E EI!& 15-
FDR

20% reHoma N npu FDR=5% (20e-mo HanucaHo, ymo 70%)

CpeaHaa anvHa ranaotmna 57 K6

26% reHoB UMeloT XOoTs bl 0ANMH HEAHAEPTA/IbCKUIN IK30H

Y a3mnaTtos - bonbLie

Vernot &
Akey,


Выступающий
Заметки для презентации
(слева) Amount of Neandertal sequence recovered as a function of FDR. The inset Venn diagram shows the amount of sequence overlap between East Asians and Europeans at a FDR = 5%. (справа) Violin plots showing the distribution of amount of introgressed sequence identified per individual for East Asian and European populations


++ TSN TTED PacnpepeneHune no reHomy

20 [kl TR ol

19 | TIRFIT T [ P T THHT1

18 [T, AITT o[ AR, T * KpPacCHbIN — a3unaTbl

:: R S P TR T [T TR YRR * CUMHUI — eBponenLbl

15 [ R Y T T T e

v« T T T T JOonoNHUTEeNbHbIN NOTOK
HeaHAepTa/IbCKUX

12 [ T W T o WP T IR asiieneii B reHoM
asnaros

g {ikr" oo TN ot O Y Y SN o T W R

'R T

o 1 I [ Y e T A m X Vernot &
Akey,




NMpumepobl

BNC2 POU2F3
o e —+— H—t—tHH—++b
PhastConsm - - - -® - - - - - - - - - - - - - _ - - _ _ __ B- - - - - - - - - - - T R
DHS - - - - - B - o s s o o e m o e e e e e e e e ol
Enhancer w - - - - - - - - - - - - - - - - - - - - - -BH--- - - ----- el —-l— ———————————— -
- =B ; -
-3 - - = — — =
S =
w
- =- k¥,
=3 = = - .
z| - ° = S
7 _ -
< = T _

* KpacHbIK — Kak B N-reference
* ronybon — He Kak B N-reference

e DHS — caurt, runepuysctButenbHbiN K [1IHKa3e |

Vernot &
Akey,



European haplotype frequency
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Ay appunKaHuUEeB HUYEro He 3aBanANOCh?

CpaBHMBATb He C YeMm, MO3TOMY:

*CTpoMm moaenb NonyaaUuMOHHOM
CTPYKTYPbl U UCTOPUM

*PaccmaTpuBaem CeTKY NapameTpos

*Bbiyncaaem CTaTUCTUKU U CPABHUBAEM C
HabaogaeMbiMU

Hammer M F et al. PNAS 2011;108:15123-15128



Tpu obnactu

Frequency of introgressive variants within three sequenced
regions in an expanded sample of =500 sub-Saharan Africans
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Выступающий
Заметки для презентации
Frequency of introgressive variants within three sequenced regions in an expanded sample of ≈500 sub-Saharan Africans (SI Materials and Methods). The filled bar represents the frequency of a variant marking the divergent haplotype at 4qMB179 (Left), 18qMB60 (Center), and 13qMB179 (Right) in each of 14 population samples. Each horizontal line on the bar charts represents a frequency of 5%.
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Geographic location, morphology and dating
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Выступающий
Заметки для презентации
a, Map of Siberia with major archaeological sites. Red triangles: Neanderthal fossils; white circle within a red (Neanderthal) triangle: Denisovan fossils; blue square: Initial Upper Palaeolithic sites; yellow asterisk: Ust’-Ishim. 1: Ust’-Ishim; 2: Chagyrskaya Cave; 3: Okladnikov Cave; 4: Denisova Cave; 5: Kara-Bom.b, Radiocarbon ages of early modern human fossils in northern Eurasia and the NGRIP δ18O palaeotemperature record. Specimens in light grey are indirectly dated (OxCal v4.2.3; r:5 IntCal13 atmospheric curve). H5: Heinrich 5 event, H4: Heinrich 4 event, GI 12: Greenland Interstadial 12. c–f, The Ust’-Ishim 1 femur. c, Lateral view. d, Posterior view. e, Cross-section at the 80 percent level. f, Cross-section at the midshaft. 
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ApeBHUe KPOMaHbOHLUbI. 2. KOCTEeHKHU
Geographic location, admixture proportions and shared drift
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Заметки для презентации
Sampling locations and genomic affinities of K14 and other ancient genomes.(A) Location of Kostenki and the samples analyzed in this study. Kostenki (K14) is shown in red, while comparative ancient samples are shown in blue. (B) Admixture proportions for the ancient genomes, assuming nine ancestral components for a clustering analysis in a set of modern worldwide populations. We labeled the components according to the modern populations in which they are maximized for all but one case: The yellow component that we label HG is maximized in eastern Europeans. NEOL: Neolithic farmers. (C) Shared drift between K14 and a set of worldwide populations. For every modern population X on the map, we compute f3(Mbuti Pygmy; K14, X). The warmer colors indicate increased shared ancestry. (D) Shared drift between K14 and a set of European populations. This figure is a close-up of (C).
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Заметки для презентации
Neandertal admixture in K14 and other ancient genomes.(A) Neandertal admixture proportions for the modern and ancient individuals from Eurasia. (B) Ancestry tract length distribution for tracts identified as Neandertal through a sliding-window approach. The sites are ascertained to be ancestral in the African populations. For each non-African, the tracts are identified as the regions where sites are derived in Neandertal and the individual shown in X. (C) The longest Neandertal haplotype identified in K14 through a sliding-window approach. Individuals were clustered using hierarchical clustering on the genotype matrix for the region. Missing data are shown in white; gray indicates homozygous ancestral, blue heterozygote-derived, and black homozygous-derived.
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Заметки для презентации
Proportion of alleles shared with the Neandertal and Denisovan genomes for the Tianyuan and present-day individuals. The x axis shows the percent of alleles that match the Neandertal and Denisovan genomes at sites where both of these differ from seven Africans, and the y axis indicates the percent of alleles that match the Denisovan genome where this differs from the Neandertal as well as from the seven Africans.
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Заметки для презентации
Summary of significance tests for average values of D. Positive values indicate that the second sequence is more similar to the Neanderthal genome than the first sequence. In all parts, the box plots indicate the range of D values obtained for pairs of individuals from the populations indicated. A and B are box plots of individual D-statistics computed for each individual from the specified population compared with each Yoruban. P-values are from the randomization test, test 1, of significant differences in the average D values for different pairs of populations. C and D show box plots of individual D-statistics computed for every pair of individuals in the specified populations. P-values are from the randomization test, test 2, of significant differences of the average D from 0. See also Table S2.
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Заметки для презентации
Distribution of the number of putative Neanderthal regions for each Eurasian individual. European genomes are colored in green, East Asian genomes are colored in red, and South Asian genomes are colored in black.
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Заметки для презентации
Recent and ancient admixture in the Maasai. (A) Representative plot of the number of estimated “African” alleles across the first 30 Mb of chromosome 1 in one of the Maasai genomes. (B) Estimated values of D for portions of the genome estimated to contain zero, one, or two “non-African” alleles.
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Figure 1. Geographical map showing Neanderthal and Denisovan sites with different types of genetic data (partial mitochondrial, complete mitogenomes, exomes,

partial nuclear data or complete genomes) retrieved.
Sanchez-Quinto & Lalueza-Fox, Phil. Thans. Roy. Soc. B, 2015



HeaHpepTtaney — 2014
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Заметки для презентации
A possible model of gene flow events in the late PleistoceneThe direction and estimated magnitude of inferred gene flow events are shown. Branch lengths and ages gene flows are not drawn to scale. The dashed line indicates that it is uncertain if Denisovan gene flow into modern humans occurred once or more times. D.I. denotes the introgressing Denisovan, N.I. the introgressing Neandertal. Note that the age of the archaic genomes precludes detection of gene-flow from modern humans into the archaic hominins.
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Schematic presentation of the six models
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Phylogenetic relationships and geographic distribution of neandertals
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Заметки для презентации
Phylogenetic relationships (estimated using BEAST v1.6.1; Drummond and Rambaut 2007) and geographic distribution of neandertals. Recent (<48 kyr) western neandertals are placed within a well-defined monophyletic group (blue box), whereas specimens older than 48 kyr constitute a paraphyletic group together with eastern neandertals (red box). The sampling locations for the specimens are shown with corresponding color coding.
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Bayesian phylogenetic tree of hominin mitochondrial
relationships based on the Sima de los Huesos mtDNA sequence
determined using the inclusive filtering criteria
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Neighbor-joining trees based on (A) the number of pairwise
differences and (B) on pairwise F¢; values
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Заметки для презентации
(A) Neighbor-joining tree based on the number of pairwise differences between individuals. Phenotypic categories enriched in amino acid-changing substitutions on the lines to Neandertals and to modern humans, respectively, are indicated. The bar indicates 50 inferred substitutions per megabase. (B) Neighbor-joining tree of pairwise FST values for the same individuals. The bar indicates an FST of 0.05.
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Заметки для презентации
(a) Schematic representation of genomic distance calculations between contemporary human populations and Neanderthals. The genomes of out-of-Africa individuals were compared with the genomes of individuals of purely African ancestry (YRI). Single nucleotide differences from the Neanderthal genotype in an African genome were referred to as ‘ABBA’, while sites with the Neanderthal genotype in an out-of-Africa genome were referred to as ‘BABA’. (b) Average proportions of NLS in contemporary African (AF), European (EU) and Asian (AS) populations calculated based on sequence data from the 1,000 genomes project13; blue: genome wide (n=1,158,559 sites), red: LCP genes (n=498 sites). The error bars show the s.d. of the NLS proportion estimates. (c) Genomic distances between 11 contemporary human populations and Neanderthals; blue, genome wide; red, LCP genes. The maximal bar length corresponds to a NLS frequency of 30%. Placement of ASW and CEU individuals in sub-Saharan Africa and Western Europe, respectively, reflects their approximate historical geographical origins rather than their present location.
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Заметки для презентации
The relationship between genome-wide FST (x axis) computed for each pair of the 26 populations and maximal allele frequency difference (y axis), first explored in ref. 19. Maximal allele frequency difference is defined as the largest frequency difference observed for any SNP between a population pair. The 26 populations are from the Human Genome Diversity Panel (HGDP). The labels highlight genes that harbour SNPs previously identified as having strong local adaptation. The grey points represent the observed relationship between population differentiation (FST ) and maximal allele frequency difference; the more differentiated populations tend to have mutations with larger frequency differences. The star symbol and the yellow symbols represent outliers; these are populations that are not highly differentiated but where we find some mutations that have higher frequency differences than expected (light blue line).


B o
[JeHncoBcKuu pparmeHT B TMBETCKMX reHoOMaXx

Haplotype pattern in a region defined by SNPs that are at high
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Заметки для презентации
Each column is a polymorphic genomic location (95 in total), each row is a phased haplotype (80 Han and 80 Tibetan haplotypes), and the coloured column on the left denotes the population identity of the individuals. Haplotypes of the Denisovan individual are shown in the top two rows (green). The black cells represent the presence of the derived allele and the grey space represents the presence of the ancestral allele (see Methods). The red and blue arrows indicate the 32 sites in Supplementary Table 3. The blue arrows represent a five-SNP haplotype block defined by the first five SNPs in the 32.7-kb region. Asterisks indicate sites at which Tibetans share a derived allele with the Denisovan individual.
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Заметки для презентации
The median of the proportion of Neanderthal ancestry (estimated as the average over the marginal probability of Neanderthal ancestry assigned to each individual allele at a SNP) within quintiles of a B statistic that measures proximity to functionally important regions (1-low, 5-high - перепутано?). We show results on the autosomes and the X chromosome, and in European and east-Asian populations.
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region c*15 Not C*15
not not
15:05 15:05 12:02 12:02
Europe 2,677]984 | 03] 04 | 09
Europe” 2,907|985| 03| 03 | 08
Africa 39 | 100 | 00| 00 | 00
Africa™ 90 |97.8| 2.2 | 00 | 0.0
W Asia 128 |89.8| 55| 0.8 | 3.9
N/S/E Asia 53 |925(| 57| 19| 00
Other 498 |99.0| 0.0 | 0.4 | 0.6
Total 3,676198.2| 05| 04 | 0.9
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C*15- ——-_____________— =]
e —— ARCHA;C T
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of C*15:05
65kya

Back-to-Africa geyz,
migration  c*154|

West Asia
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Disappear
30kya
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[leHncoBCKue annenu
B OKeaHUn n ABCTpanuu

HeaHaepTanbCKkmMe annenu
B EBpa3unu

A
Neandertal HLA class |
Allele Closest modern type Next best type
Locus # | Coverage | Reads (#) Name Differences Name Differences
HLA-A 1] 30% 40 A*02[not :05) 0 A*68 14
2 16% 16 A*26/*66 0 A*34 2
HLA-B 1| 28% 34 B*07:02/03/06" 0 B*48 2
2 32% 43 B*51:01/08 0 B*52/*78 2
L o 5 * "
HIAL 1] 35% 52 C 0?.025 0 c*08/*18 46
2 25% 31 C*16:02 0 C*05 9

A
(m———=—— ~1.3Mb HLA-A-C haplotype ——— == ~85kb =y Chr:6p21.3
eomere R it | r—r—
Denisovan HLA class |
Allele Closest modern type Next best type
Locus # | Coverage | Reads (#) Name Differences Name Differences
HLA-A 1 15% 15 A*02:01/03/07/48 0 A*6E 7
2 21% 17 A*11:01/53 0 A*03/*30 4
4 *15: *4
HLA-B 1 34% 35 B 15.58' 3 B*46 S
2 39% 43 B*35:63 0 B*53 9
HLA-C 1| 33% 30 C*12:02:02 0 C*06 7
2 19% 16 C*15:02/05/17" 1 C*02 5
c P .
4 A*11-C*12:02 L & A*02-C*12:02
¥ A*02-C*15 ko = A*11-C*15

19.2

150

£12.0
8O of
40 %)
00

Denisova HLA-A-C haplotypes (set 2) 9

A*26/%66-C*16:02

A*02-C*07:02

preh Y A%26/*66-C*07:02

A*02-C*16:02

HLA-C*15 bl

HLA-B*51:01/08

HLA-C*12:02

H
Divergence time
D {million years)
e Median | Mean 5%

credibility interval

A*11-A%01 | 170

183 075 3.57

C*15-C*02 | 4.20

435 226 7.21

| €*12:02/08 -
= €*12:03/C*06

243

263 | 066 5.81

HLA-C*07:02

HLA-C*16:02

Abi-Rached
et al.,

Science,
2011



YTOo ewe mbl NPO HUX 3HAEeM

* HeaHAaepTanbupbl:

* CBeTnanA Korka, pblXne BoNocChl, cBeTable rnasa (peuentop
menaHokoptnHa MCR1) (Lalueza-Fox et al., Science, 2007)

* YyscTBOBaA/IN ropbKMiA BKyc / TMIoOdPeHUNKapbamua, (3nb CnapoH —
PAV/AVI retepo3snrotHocTtb no peuentopy TAS2R38) (Lalueza-Fox
et al., Biol. Lett., 2009)

* OpHako noteps (Kak ny Hac) peuentopoB TAS2R62 n TAS2R64 (Perry et al.,
J. Hum. Evol., 2015)

* [pynna Kposu O (Lalueza-Fox et al., BMC Evol. Biol., 2008)

* [aTpunokanbHocTtb (3n1b CnapoH) (Lalueza-Fox et al., PNAS, 2011)
* JleHncoBUbI

* TemMHaA KorKa, KOPUYHEBbIE BOJIOCHI
* JleHncoBUbl U HeaHAEepPTaNbLbl

 Het gynamkauum amunasbl (Perry et al., J. Hum. Evol., 2015)

 LEPR —apgantauua K xonoay (bypbin Kunp); He Ta myTauma, YtTo y
asmaTtoB (Sazzini et al., Heredity, 2014)



Yro (ewwté) y Hac ot Hux

STAT2 / BpoxAeHHbIn ummyHuteT (5% B EBpasumn, 54% B MenaHesum
— 1 OoT HeaHaepTanbues / 80 T.1., U OT A€HUCOBL,EB — OT KOrO-TO
bonee paHHero?) (Mendez et al., Am. J. Hum. Genet., 2012)

Knactep OAS (185 K6, 125 1.1. oT HeaHaepTanbues; 7 K6 B
MenaHe3nun — ot geHuncosues) (Mendez et al., MBE, 2012, 2013)

NHTpOH B reHe gnctpoduHa dys44, X-xpomocoma (Yotova et al., MBE,
2011)

MNotepa ¢yHKumm MCIR, uBeT KoxXun — 5% y esponenues, 30% y
asmaTtoB, 60-70% y TamBaHbLeB (Ding et al., MBE, 2014a)

HYALZ2, 4yBCTBUTENbHOCTb K yAbTpaduonety — 50-65% y asmatos
(Ding et al., MBE, 2014b)

SLC16A11, daKTOop pUcKa, anabet 2 Tna (SIGMA, Nature, 2014)



Yto y Hac ocobeHHOro: FOXP2

daKTOp TPAaHCKPUNLMKU, MYTaLIMM BAUAIOT HA PA3BUTUE peUn

*Neandertals share with modern humans two evolutionary changes in
FOXP2. In Neandertals, these changes lie on the common modern
human haplotype, which previously was shown to have been subject
to a selective sweep.

* (Krause et al., Curr. Biol., 2007)

* Y KpomaHboHLUEB: substitution in intron 8 that affects a binding
site for the transcription factor POU3F2, which is highly
conserved among vertebrates. The derived allele of this site is
less efficient than the ancestral allele in activating transcription
from a reporter construct.

e (Maricic et al., MBE, 2012)

*B 6onbwon obnactu, rae nexkmut FOXP2, nsberaroTtca
HeaHAepTaNbCKUe annenm

* (Vernot & Akey, Science, 2014)

* “Neanderthals did speak, but FOXP2 doesn't prove it”
* (Johansson, Behav. Brain Sci., 2013)
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AunddepeHumnanbHoe metunmposaHue. HOXD

0.03
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