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Designh and evaluation of a targeted enrichment
assay capturing Mycobacterium tuberculosis
complex DNA in ancient human remains
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Highly fragmented biomolecules
Still detectable after 700.000
years (Orlando 2013)



ANCIENT DNA
Highly fragmented
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ANCIENT DNA

Damage patterns

\N/

@

Cytosine

eurac research

Deamination _

Uracil

0.30 =

0.25 —

0.20 =

0.15 —

0.10 =

0.05 —

Ancient DNA
Modern DNA

0.00 =




THE VAC MUMMY COLLECTION

' ey g S TR TR
‘ .ﬂffmu.l T8t 9, %
T" JEL-N (@gn c Mumm{ﬂ % W:j 6‘5

£ Thewifpan \’;m:/ Mz«u 'mmu/v'f‘/'r
?"; é‘yé- v41 ,/‘7/714

&= Cz.juo;c.f ﬁz.r?f '[%u‘( [‘L,m,f 7[ ’1E|c ‘2 Wk s ‘/”
4 ("“‘ h‘ 8 n 21 Fery rian :
// , / ‘ 4 Jmu luﬁul o é:( ,,'gu’l’ti LA_/ /“/A E:
6 zﬂﬁt F;‘Lrw’{&'éza«zvu/ 70;:(4/&( U a./ll[c./d. Ay xngm o

. 25 /m,mw .ﬁ‘r/{ l"/) "C”’ “75"”‘ /’g’/’”' y

“ a‘rm (2 ﬂ"' o A
13 '29 %7 :22»«.— Teats *f’
5 ".'70‘-.1 uust 7uw'm4$«‘/(j‘.

two

amcrmm .94

eurac research



THE VAC MUMY COLLECTION

Interdisciplinary Mummy Project I-li
(1998-2002, 2003-2008)
Dept of Anthropology, HNHM Budapest
UCL London, UK, Semmelweis University
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Widespread Occurrence of Mycobacterium tuberculosis
DNA From 18th-19th Century Hungarians

Helen A. Fletcher,” Helen D. Donoghue,'™ John Holton,' lidiké Pap,.® and Mark Spigelman’

}Deparrnwni of Medical Microbiology, University College London, London WIT 4JF, UK
*Department of Anthropology, Hungarian Natural History Museum, Budapest H-1083, Hungary
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Fig. 2. Dhstrnbution of individuals according to age at death
and MTE positivity.
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M. TUBERCULOSIS COMPLEX (MTBC)

M. tuberculosis genome
size =4.4 Mbp

........

..........................

(Fedrizzi 2017)

Outgroup Ingroup

Non-tuberculous Mycobacteria MTBC + M. leprae
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MTBC DNA CAPTURE DESIGN

=,Ingroup’ minus ,Outgroup’

* Ingroup: Currently available full genomes of the MTBC and
M. leprae bacteria (Bos 2014)

* Outgroup: All other non-tuberculous Mycobacteria (NTMs)
(Fedrizzi 2017)
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MTBC capture
baits

41.46 %

39005 (58.54%) aligned 0 times
26387 (39.60%) aligned exactly 1 times
1237 (1.86%) aligned >1 times

47.32 %

35103 (52.68%) aligned 0 times
29271 (43.938) aligned exactly 1 time
2255 (3.38%) aligned >1 times

>11.24 %

Other MTBC M.

M. leprae TN tuberculosis
H37Rv

Overlapping bait sequences 0.02%
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HYBRIDIZATION CAPTURE: WORKFLOW

Pulling out the 1%
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HYBRIDIZATION CAPTURE: EVALUATION
via MetaPhlAn, gene mapping, ...

Szabina Orlich
Shotgun Capture

s__Pusillimonas_unclassified

5 Brachybacterlum unclassified

s__Dasheen_mosaic_virus

s__Mitsuokella_unclassified 10-1 100 10!
s__Anaerotruncus_unclassified
s_ Yellow_fever virus

s_ Leucobacter_unclassified
s__Actinoplanes_unclassified
s__Saccharomonospora_unclassified
s_ Bacillus_cereus_thuringiensis
s_ Brevibacterium_linens

s__Nocardiopsis_kunsanensis

s__Nocardiopsis_xinjiangensis

s_ Brevibacteridm_unclassified rpoB gyrB gyrA 1S1081
s__Saccharopolyspora_unclassified

s__Agromyces_unclassified m

s__Leifsonia_unclassified
Capture G 5 0 5 5 21 8

s__Mycobacterium_orygis

s Malvastrum_leaf _curl_Philippines_betasatellite
s__Pseudonocardia_unclassified
s__Ruania_albidiflava

s_ Rhodanobacter unclassified

s Alcanivorax_unclassified
s__Burkholderia_unclassified

s_Halomonas unclassified

s__Spiribacter _unclassified

s Halobacillus unclassified
s__Comamonas_unclassified
s__Peptostreptococcaceae_noname_unclassified
s_ Clostridium _sporogenes

s_ Clostridium_novyi

s Clostridium _tetani

s Mycobacterium tuberculosis bovis africanum canetti |
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HYBRIDIZATION CAPTURE: OPTIMIZATION

Tweaking the procotol
Hybridization at 65°C
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OUTLOOK

* Genome reconstruction

* Genotyping

* Evolutionary phylogenetic analyses

* Possible co-infections, epidemiological studies, strain
diversity within individuals, ...

* Development of a cost-efficient tool
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