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DNA post-mortem

Degraded DNA mixed
with contaminants
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DNA sequences from the quagga,
an extinct member of the horse family

search Department, San Diege Zoo, San Diego,
bhrnia 92103, USA

To determine whether DNA survives and can be recovered from
A the remains of extinct es, we have fned dried muscle
from & musenm specimen of the quagps, & zebra-like species { Equus

i quagga) that became extinct in 1883 (ref. 1). We report that DNA
® - was extracted from this tissue in wmounts approaching 1% of
that expected from fresh muscle; and that the DNA way of

< Nature, 1984
120 years old

History

Molecular cloning of
Ancient Egyptian mummy DNA

Svante Paitho

Depariment of Cell Research, The Walleaberg Labarutory,
University of Uppsaly, Rox 562, §-75122 Upmala, Sweden dnd
Inatitite of Egyprology, Gustavianum, University of Lippsala,
5-75120 Uppsiia, Swedon,

Artificial mummificition was practised in Egypt from ~ 260 8C
until the fourth century AD. Because of the dry Egyptine cllmate,
however, there nre also mapy natucal mummies preserved from
earlier as well 23 Jater times. To elucidate whether this unigue
source of ancient human remaing can be used for molecular genetiv
annlyses, 23 mummies were investigated {or DNA content. One
2,400-yr-old mummy of & child way found 1o contain DNA that
could be molegularly cloned in u plasmid vector. | repart here that
one sach clope coptains two members of the Alw family of human
repetitive DNA sequences, as detected by DNA hyhridizations and
mucleotide sequenting. These aunlyses show that sabstaatial piec
of mummy DNA (3.4 kilohuses) can be cloned amd thut the DN
fragments seem to contain little or no modifications introduc®

~ Nature, 1985
2,400 years old
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Source dictates approach




DNA damage
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Degraded
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Contamination
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Sequencing aDNA

Sanger
PCR = Do SEXTINL . Y
L
L
R ‘ GAT1§L(LATCTGGTC1§0TATTTCC

Problems:
e too shortto PCR :(
e PCR inhibitors

||um|na



Sequencing aDNA next-gen

Hlumina’

! Amplicon
Q S S | sequencing

\
\ “shotgun” whole genome

amplification
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Dealing with problems




Dealing with problems:

DNA extracts from 1 ntaminati
20-40k years old bones deconta ation

Genomic DNA library
after 25 cycles of PCR

200bpq—“l.~‘!‘l'll"

adapter 2
dimers

neg
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Sequence your extraction controls

Clean extraction blank
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Decontaminate the object
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Also see Boessenkool et al., 2017



Dealing with problems:
2. target short molecules

. . —— Sample1 Sample2
Silica-based extraction -¢F<c<g?;;<°\‘:, =
)
Hints: A c
? ? ?? O
O
- remove inhibitors ‘:';’
- increase volume of the binding buffer 8
- check pH of the binding buffer GCJ
- decrease volume of the elution buffer 83
- warm up the elution buffer O E
GJ !
Magnetic bead-based clean-ups AP T V1 v

_ _ Extractlon set
- increase bead\product ratio Gamba et al. (2016) Mol Ecol Res



Not all tissues are made equal

. ~ 100 years old human 700k years old horse
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Dealing with problems:
3. next-gen sequencing

ssDNA

dsDNA dsDNA

End repair l denaturation

ssAdapter ligation
Adapter ligation l

- - 2nd Adapter ligation -
Indexing PCR | —g

Indexing PCR

|
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Dealing with problems:
3. next-gen sequencing

[l Single-stranded method
M Double-stranded method

J

Ll

206

Ll

|“““|l["lllmu.‘; .............

140 150 180 200

Bennett et al. (2014) BioTechniques



Dealing with problems:
4. bioinformatics
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Schubert et al. (2012) BMC Genomics



Insects?
Think twice about preservation and
collection technique

Freeze-killed, stored in 100% ethanol in a cold

Killed in ethyl acetate, stored in weak alcohol, dark place, individual vial

all samples mixed together



Insects?
Think twice about preservation and
collection technique

Killed in ethyl acetate, stored in weak alcohol,

‘ Storage in a cold, dry, dark place
all samples mixed together



Thank you!

Special thanks to Eric Gordon,
Michael Forthman,
and ESA enhancement funds!
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Dr. Richard E. Green,
Dr. Beth Shapiro,

Dr. Lars Fehren-Schmitz

Technicians:
Miguel Onate, Heather Milne,
Beth Nelson

1 .
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1 (Shapiro)

I e PostDoc on genome
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https://docs.google.com/file/d/0B0_AaddvUGM_eHZTS2hGdE1xSzQ/preview

Deamination (Single-Strand C-to-U; 5,)
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deamination increases with age

Kistler et al. (2017) Nucl Acid Res
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Oligo-Mlccene amber (25 milllonto 3
ribosomal DNA (rONA)| and nuclear
chain reaction. Phylogenatic analys
fogical cladistic analyses of iving di
fossil termite shares several sequen
of this fossil to living-species phylog
phyly and affects molecular phyloge
characterized,

Science

DNA Sequences from a Fossil Termite in
Oligo-Miocene Amber and Their Phylogenetic
Implications

Rob DeSalle, John Gatesy, Ward Wheeler, David Grimaldi
DNA was extracted from the fossll termite Mastolermes efectrodomimeus preserved in

TRV leial 18

Revival and Identification of Bacterial Spores in
25- to 40-Million-Year-Old Dominican Amber

Raul J. Cano® and Monica K. Borucki

A bacterial spore was revived, cultured, and identified from the abdominal contents of
extinct bees preserved for 25 to 40 million years in buried Dominican amber, Bigorous
surface decontamination of the amber and aseptic procedures were used during the

ari sveral lines of evidance indicated that the isolated bacterium

ILANTIR

>cience | Geologically ancient DNA:

fact or artefact?

Martin B. Hebsgaard™?, Matthew J. Phillips' and Eske Willerslev'?

Trends in Microbiol




