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The ancient DNA revolution




The ancient DNA revolution

Next generation sequencing
Targeting the right part of the skeleton

Improved extraction methods with a focus on very short

fragments
New library building methods

DNA hybridization capture



The DNA sequencing revolution
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DNA sequence throughput in kilobases
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Endogenous DNA content: Noonan et al. 2005
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Endogenous DNA content: HOss et al. 1996
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Problem: costs




The right choice of bone — the petrous




Endogenous DNA content, 23 petrous bones
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DNA extraction, comparison
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Ancient DNA fragment length: Rollo et al. 1988

Short but faithful pieces of
ancient DNA
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Ancient DNA fragment length: Paabo et al. 2004
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Ancient DNA fragment length: Poinar et al. 2006
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Ancient DNA fragment length: Green et al. 2010
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DNA extractions: Dabney et al. 2013

@ Optimized Method

1.0 O Rohland et al. 2007

... Yleld from museum skins:
: 160 ng / pl
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Very old DNA: ~ 150,000 years
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Library construction




Double-stranded vs.

single-stranded

I
blunt-end repair

1S3
P7 e
1S2

Pho .1 4
£ 53 5 Pho
Steps 1-4
53 5 a3
|
5 3 5 3
Pho 5 !
A Steps 5-7

5’
3
L Y
Steps 8-15

1 -
g S

Co nversioh
ratio 50-60%

1S1
Ps <G II
e adapter ligation
PS5 P7
11
adapter fill-in
1S4 v Indexing oligo
indexing PCR
Read 1 ﬁ. llllllll
Index read ¥ : — &
sequencing
Read2 = sssssssssss G—

—— 20—
= =~ Pho SIeps 2u-29
5 35 3 4 r
= o |° . .
Pho &' “~ !
~— )+
Step 25 3

5 3

3 (=]
. @

Steps 26-29 Steps 30-32
(qPCR) (Indexing)




Timescales

Permalrost Oldest DNA
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Effect on DNA recovered
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Effect on DNA recovered
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Combined effects of DNA extraction and library construction
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Effects on estimates of DNA fragmentation (A)
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Back to endogenous DNA content
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Very old DNA: ~ 150,000 years
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Limitations inherent to PCR
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DNA hybridization capture
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Ancient-DNA-like work

Skins of type specimens of river sharks that are 173 years old

No results for standard PCR approaches...

Lectotype of Glyphis gangeticus (ZMB 4474)

Holotype of Glyphis glyphis (ZMB 5265)



Why river sharks?

Riversharks (Glyphis) were thought to be extinct until recently re-

discovered in Borneo and Australia from 1997-2008

We wanted to compare the “newly discovered” forms to the

museum holotypes.



Results

P

« For G. gangeticus (MNHN-ZMB4474), we obtained 9,561,259

on target reads, 100% of bases with coverage

—
h T

. For G. glyphis (MNHN-ZMB5265), we obtained 10,426,573

on target reads, 100% of bases with coverage



Comparison with modern samples
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Phylogenetic network
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Capturing DNA across wider taxonomic ranges

Baits designed on: Callorhinchus genome

1449 target genes



Target taxa: 13 divergent chondrichthyans
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Number of genes captured for each species

Squatina nebulosa | | 1192 | |
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Two cautionary notes




DNA hybridization capture
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Homotherium




Homotherium latidens vs. modern lion




Homotherium latidens, North Sea
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Read length distribution, after capture
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Carnivore tree
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Capture and sequence divergence

B) Mismatch tolerance per temperature
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Very old DNA: ~ 150,000 years
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Elephas antiquus

~150,000 years old



Elephas antiguus — phylogenetic tree

- ———— Mastodon

H Woolly_mammoth

___q_k T Columbian_mammoth

Vkgration T~ P T Asian_elephant
weight -
05 ~—

Y __— Forest_elephant

\ / T Elephas_antiquus

10se ——— Savanna_elephant

[ I I I I I I 1
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35

Drift parameter



erc Thanks

My research groups at Leipzig, York and
Potsdam

Sina Baleka, Axel Barlow, Turi King,
Matthias Meyer, Johanna Paijmans, Ron
Pinhasi, Mick Westbury

Many collaborators for providing

samples and scientific input

For your attention







