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Vindija Cave, Croatia
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~200 DNA extracts from 70 fossils
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El Sidron, Asturias, Spain
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43,129+/-464 BP (cal.) From Rosas et al., PNAS 2006.
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Sidron 1253
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Feldhofer, Neandertal,
Germany
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~41,000 yrs B.P.
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Infant 2 Skull

Skinner et al., Appl. Radiat. Isot., 2005
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Percent Hominid DNA
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Percent Hominid DNA
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Technical developments

Maximization of yields

Amplification of sequencing libraries
Elimination of human contamination
Understanding chemical modifications

Improved comparison to human genome
Better sequencing technology



Vindija ~ 3,700Mb
Type specimen ~ 2Mb
El Sidron ~ S5Mb
Mezmaiskaya ~ 20Mb

~ 1.2-fold coverage of the Neandertal Genome
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Mitochondria contamination estimate

Bone Human | Neandertal | Contamination rate
Vi33.16/1 9 1,928 0.5% (0.2% - 0.9%)
Vi33.16 11 5,827 0.2% (0.1% - 0.3%)
Vi33.26 5 1,488 0.3% (0.1% - 0.8%)

Total 25 9,243 0.3% (0.2% - 0.4%)
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Y chromosome
contamination estimate

sample total InY- expected | contaminationrate
sequences unique In Y-unique
regions regions
Vi33.16/1 1,078,815 0 19 0% (0% - 17.6%)
Vi33.16 12,250,471 2 215 0.9% (0.1% - 3.3%)
Vi33.26 8,342,262 0 146 0% (0% - 2.5%)
Total 21,671,548 2 380 0.5% (0.1% - 1.9%)




Human genome

Neandertal genome
(One-fold coverage)




Human genome
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~ 63%

Neandertal genome
(One-fold coverage)




Catalogue of
changes



Chimp genome

Human genome

Neandertal genome
(One-fold coverage)



Chimp genome
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Human genome
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Chimp genome
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Divergence

X 6.5 MY
Neandertal: 12.8% 830,000 yrs



Divergence

Neandertal:

French:
Han:
Mbuti:
San:

12.8%

3.1%
8.6%
10.5%
10.7%

X 6.5 MY
830,000 yrs

529,000 yrs
558,000 yrs
682,000 yrs
694,000 yrs
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Distribution of LCT (C-13910*T)
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Lactase persistence




Lactase persistence

Lactase persistent
chromosomes
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persistent
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Lactase persistence
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The human FOXP2 gene
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FOXPZ2 exon 7

chimpanzee
fcclccaccaciiccanaBcBicaccaccaaaacFcaRcaTRccaTcERB A A TBBACAB c TR c AR R cTraaTBcarBacBaBacABET
e 2 N
SSNTSKASPPITHHS IVNGQSSVLSARRDS

jcclccaacacilccanaBealcaccaccanRaaccaR AR ccaRa BB A A TBBA AR c IR c AT R FaaBiBcAsBacBaBac A BET
human
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FOXPZ2 exon 7

P

chimpanzee
fcclccaccaciiccanaBcBicaccaccaaaacFcaRcaTRccaTcERB A A TBBACAB c TR c AR R cTraaTBcarBacBaBacABET

e 2y N
SSNTSKASPPITHHSIVNGQSSVLSARRDS

fcclccdadacilccanaBealcaccaccanRaacRcaRcalRccafaBiB A ATBBA AR c IR c AT cFas AsBacBaBacaBBT
human
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Positive Darwinian
selection



Average region




Average region

Selective sweep




Human SNPs 1/0 1/0 ’1/0 ’1/0 % '1/0 1/0 '1/0 ’1/0 ’1/0 '1/0

Neandertal
Chimp 0 000DO0O/0OO0DOOOOOOOGO0O O




Positive selection?
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Derived allele frequency
at human SNPs
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Derived allele frequency
at human SNPs
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Screening of Neandertal bones

No detectable Neandertal DNA:

Shanidar Il (Iraq)

Krasny grot (Ukraine)
Zaskalnaya VI (Ukraine)
Simade los Palomas (Spain)
QuinaNegra (Spain)
Gibraltar (UK)

Tabun (Israel)

La Quina (France)

<1% Neandertal DNA:

Hohlenstein-Stadel (Germany)
Feldhofer (Germany)

El Sidron (Spain)
Mezmaiskaya (Russia)

La Chapelle (France)
Okladnikov (Russia)

Teshik Tash (Ushbekistan)

>19% Neandertal DNA:

Vindija (Croatia)






Y chromosome

l 1 ]
TsPy1” XKR\/ A \prz SRY
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region

Total Y-unigue sequence = 98,295 nt
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First NextGen Sequencer Anno 2005

MAS 3.0kV 11.8mm x450 SE(V) 8/5/02
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454’s Road to the Neanderthal Project

Svante Paabo Neanderthal
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One Is not enough

Naturenews

" nature news home | hews archlve specnals opinion ‘ features ’ news blog ’ events blog nature journal
Top story

-;u . mg_wﬁ The application of new technology to
- . == = . sequence the genome of an individual
o= = . vyields few biological insights.

T-Y,_;’:ww Nonetheless, the feat heralds an era of
- % = ‘personal genomics’ based on cheap
Jmnes\\ atsoﬁnsoenome-- SequenCing.

sequenced at high speed

16 April 2008 Maynard V. Olson

¢ Ready or not

¢ Celebrity genomes alarm researchers
¢ All about Craig: the first 'full' genome sequence
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