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CONTEXT

Natural history museum collections are abundant
Over 2.5 — 3 billion specimens

Suarez & Tsutsui, 2004, Chapman, 2005 1



CONTEXT

Natural history museum collections are abundant
Over 2.5 — 3 billion specimens

Value of museum collections
Systematics
Evolution
Biodiversity

Habitat loss & Climate change
Biological invasion

Public health and safety

History of infectious diseases

Suarez & Tsutsui, 2004, Chapman, 2005 1



CONTEXT

DNA from these specimens
Too degraded to be used

Next-Generation Sequencing
Short fragments

Works for extinct taxa

Neanderthals, mammoths & cave bears




CONTEXT

WHY IS GENONE SEQUENCING
DIFFICULT?




CONTEXT

Types of ancient DNA damage

Strand breaks
Natural fragmentation of the DNA

Effects
Low quantity of DNA
Short fragment length
Solutions
Amplify short (<100 — 300 bp)
Overlapping fragments

Hofreiter et al. 2001, Fulton, 2012 9



CONTEXT

Types of ancient DNA damage

Miscoding
Chemical degradation of DNA
Effects: base misincoporation
Type2: C=T (U)and G =~ A
Type1: A= G
Solutions
Multiplex extractions and amplifications
Remove Uracil

Hofreiter et al. 2001, Fulton, 2012 4



CONTEXT

Types of ancient DNA damage

Blocking
Chemical modification of DNA
Effects undamaged DNA
Blocks amplification ,Nr?\NH T
Base misincorporation G = T DN:'N WA T i: -
Solutions G - base pairs with C Beoin-48 1 bse paliewith &

Special polymerase
Multiple amplifications

Hofreiter et al. 2001, Fulton, 2012 5



CONTEXT

Crosslinks

Linkage between 2 nucleotides
Within the same strand

Hofreiter et al. 2001, Fulton, 2012

Adenine

Types of ancient DNA damage ...
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Thymine
Adenine

CONTEXT

Types of ancient DNA damage ...

Crosslinks 7\§Ygﬁ ..... )

Linkage between 2 nucleotides - 2
Within the same strand ' ! @s
Or between opposite strands

0N
~ Cytosine /™
Guanine 5 end

Hofreiter et al. 2001, Fulton, 2012



CONTEXT

Thymine
Adenine

Types of ancient DNA damage ...

Crosslinks \L?fﬁ q /
0\50—

Linkage between 2 nucleotides 5
Within the same strand ' k@ m
Or between opposite strands :

Effects | k@’
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Hofreiter et al. 2001, Fulton, 2012 6



MUSEOMICS EXAIMPLES
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CONTEXT

Quagga, extinct in 1883
Dry muscles from a museum specimen
Sanger sequencing

Sequence of mtDNA
229 nucleotide pairs

12 base substitutions

Date of the genus Equus 3-4 Myr ago &

Higuchi et al., 1984 8



CONTEXT

Flightless NZ bird that went extinct
following human settlement in 13" century

Used NGS to recover

Complete MT genome

~900 Mb of Nuclear genome (~75% of
Emu genome)

Identify microsats that can be used to
study past population of moa

Cloutier et al., 2018 9



CONTEXT

Origin & domestication of watermelon is unclear
Archeological evidence restricted to Egypt & Libya

7 edible species (sweet red) & 6 inedible species (white pulp)
A Citrullus leat founded in a tomb

Renner et al., 2020, pre-print 10



CONTEXT

Genome skimming on the leaf plus all Citrullus species
Phylogenetic analysis + markers of bitterness vs. sweetness

= Confirmation the 1eaf 1s sister to domesticated watermelon
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CONTEXT Aaim NMETHOD TE was CONCLUSION

Sequencing of historical samples
Beetles 58-159 years old

Non-destructive method
Low amount of input DNA

Repaired and un-repaired protocols

Compare preparation libraries protocols

I

Sproul & Maddison, 2017 12



CONTEXT Aaim NMETHOD TE was CONCLUSION

Recover 85% of the mtGenome | %

67 nuclear protein coding genes
Average 0.5-65% recovery b e

Compared historical specimens with modern |
samples B o

List of guidelines
Cost-effective sample preparation

Facilitate new museomics projects

Sproul & Maddison, 2017 - &)



HOW TO GET GENOMIC INFORMATION
FORIYI MUSEUM SPECIIMENS

°° 14



Develop NGS based methods for museum specimens of
Lepidoptera
Target Enrichment (TE)

Whole-genome sequencing (WGS)



Develop NGS based methods for museum specimens of
Lepidoptera
Target Enrichment (TE)
Whole-genome sequencing (WGS)
Explore museomics applications
Phylogenetic relationships among families of moths

Population genetics?



CONTEXT ) NMETHOD TE was CONCLUSION

Develop NGS based methods for museum specimens of
Lepidoptera
Target Enrichment (TE)
Whole-genome sequencing (WGS)
Explore museomics applications
Phylogenetic relationships among families of moths
Population genetics?

Investigate the level of DNA preservation in specimens

of various ages
15



Epicopeiidae, Sematuridae & Pseudobistonidae

Collections in museums (Copenhagen, Bonn, Tokyo, etc.)

Small families
27 Epicopeidae — Asia
42 Sematuridae — South America
2 Pseudobistonidae — Asia

Minet 2002; Wei & Yei, 2017; Rajaei et al. 2015; Wang et al, 2019 16



CONTEXT ) NMETHOD TE was CONCLUSION

Pieris napi (Pieridae)

Common in Sweden
= important collections *

Reference genome
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CONTEXT ) METHOD TE was CONCLUSION

HOW DOES SANPLE PREPARATION
WORK?

18



CONTEXT ) METHOD TE was CONCLUSION

METHOD OVERVIEW

DNA extraction

Modified from protocol by Meyer & Kircher, 2010 19



CONTEXT ) METHOD TE was CONCLUSION

METHOD OVERVIEW

DNA extraction DNA repair (USER)

Modified from protocol by Meyer & Kircher, 2010 19



CONTEXT ) METHOD TE was CONCLUSION

METHOD OVERVIEW WHY?
Issue: Cytosine
: : deamination
DNA extraction DNA repair (USER) Cosine Uracil
NH,
| SN +H20
”/go - NH; /&
= sequencing errors
C/G™ T/A
HOW?

USER: remove
uracil bases [ S5Eez

Modified from protocol by Meyer & Kircher, 2010 19



CONTEXT Al

METHOD TE

METHOD OVERVIEW

DNA extraction

DNA repair (USER)

Library
preparation

Modified from protocol by Meyer & Kircher, 2010

waS CONCLUSION
WHY?
Issue: Cytosine
deamination
Cytosine Uracil
NH,
| SN +H20
”/go ~NH; /&
= sequencing errors
C/G ™ T/A
HOW?

USER: remove
uracil bases E S



CONTEXT ) METHOD TE was CONCLUSION

METHOD OVERVIEW WHY?
Issue: Cytosine
deamination
DNA extraction DNA repair (USER) Cvtosi :
ytosine Uracil
NH,
| N\/'LO T /&
: Library H
Sequencing preparation = sequencing errors
.M iy

2, =] HOW?
? USER: remove

uracil bases § 82y

Modified from protocol by Meyer & Kircher, 2010 19



CONTEXT ) METHOD TE was CONCLUSION

METHOD OVERVIEW WHY?
Issue: Cytosine
deamination
DNA extraction DNA repair (USER) Cvtosi :
ytosine Uracil
NH,
(Y e
o A
: Library H
Sequencing preparation = sequencing errors
C/G "™ T/A
HOW?
Downstream USER: remove
analysis uracil bases [ S5z

Modified from protocol by Meyer & Kircher, 2010 19



METHOD

WHOLE GENOIVIE SEQUENCING (WGS)

20



METHOD

WHOLE GENOIVIE SEQUENCING (WGS)

Reference assembly

20



METHOD

WHOLE GENOE SEQUENCING (WGS) =

Reference assembly

assembly
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METHOD

TARGET ENRICHIMENT (TE)

Based on Espeland et al., 2018 2]
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TARGET ENRICHIMENT (TE)

Based on Espeland et al., 2018 2]



METHOD

TARGET ENRICHIMENT (TE)

%%

Based on Espeland et al., 2018 2]



METHOD

TARGET ENRICHNIENT (TE)
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Based on Espeland et al., 2018 2]



METHOD

TARGET ENRICHMENT (TE)
m ene
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Based on Espeland et al., 2018 2]



TARGET ENRICHMIENT
RESULTS & DISCUSSION

22



Present a TE kit for Lepidoptera
2,053 loci in 1,753 orthologous genes

Recovered between .ot
78 — 1,747 loci

1000 1

Oldest specimen
From 1892: 517 loci

gene_number

Systematic

Entomology

Svstematic Entomaology (2021), 46, 649-671 DOL: 10,111 Wsyen. 12481

Adding leaves to the Lepidoptera tree: capturing
hundreds of nuclear genes from old museum specimens 1920 1960 2000
year_collected

CHRISTOPH MAYER'® LARS DIETZ?®, ELSA CALL®,
SANDRA KUKOWKA® SEBASTIAN MARTIN? 23
and MARIANNE ESPELAND?®®
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Eochonca balcanica - 1986

Asdis lsucomelas - 1986

Bootstrap support

@ 95-100%
90-94%

@ o0-89%

Branch unique to tree

&

) @

Matching Tips

24



Insect Systematics and Diversity, (2021) 5(2): 6; 1-10
doi: 10.1093/isd/ixaa021
5 % R h -
Molecular Phylogenetics, Phylogenomics, and Phylogeography I X FORD

Museomics: Phylogenomics of the Moth Family
Epicopeiidae (Lepidoptera) Using Target Enrichment

Use TE prOb eS Set Elsa Call,"®" Christoph Mayer,>" Victoria Twort,'*" Lars Dietz,>" Niklas Wahlberg,"" and

Marianne Espeland®

Phylogenomics 378 loci; 327 genes

Same Kkit, family level

25



CONCLUSION

was

CONTEXT ) NMETHOD TE

Insect Systematics and Diversity, (2021) 5(2): 6; 1-10

Research OXFORD

doi: 10.1093/isd/ixaa021

Molecular Phylogenetics, Phylogenomics, and Phylogeography

Same Kkit, family level

Museomics: Phylogenomics of the Moth Family
Epicopeiidae (Lepidoptera) Using Target Enrichment

Elsa Call,"®" Christoph Mayer,>" Victoria Twort,"*" Lars Dietz,>” Niklas Wahlberg,"” and
Marianne Espeland®

Phylogenomics 378 loci; 327 genes

Use TE probes set

Number of raw loci recovered per year of collection

Average length 367 bp g - -
Total length: 134,881 bp E g E o °" g

Old samples have fewer loci E g1, 0 - "
Oldest specimen yielded 516 raw loci & 1. ;@ _ 8 5 "

Year of collection

25




CONTEXT ) NMETHOD TE CONCLUSION

DU Suppreosoana

Anurapteryx interlineata S61 (1)

[— Mania empedocles S59

S L Mania lunus

Semturidae sister to o
Pseudobistonidae+Epicopeiidae

-

P| I Deuveia banghaasi S35

I peuveia banghaasi S37 (3)

Schistomitra funeralis S15 (5)

Parabraxas nigromacularia S25
Parabraxas flavomarginaria S23 (6)
Parabraxas davidi S19

66.1/94
Parabraxas davidi S17

54.8/81 —— Epicopeia philenora S55 (7)

Nossa moorei 513 (8)
ensis S9 (9)
0/96
Nossa moorei S11
Nossa chinensis S1 (10)
92.2/100 _| .
/ sa palaearctica S7
Epicopeia hainseii S43

-I Epicopeia hainseii

Epicopeia hainseii 551
Epicopeia hainseii 553
Epicopeia polydora S47 (11)

Epicopeia hainseii S45
Epicopeia polydora 549

— 26

16.2/52




CONTEXT ) NMETHOD

TE wGaS

CONCLUSION

WHOLE-GENOIVIE SEQUENCING (WGS)

RESULTS & DISCUSSION

=i

There was a typo in my previous email,
It should, of course, read: “please
focus completely on GENOME research”

27



CONTEXT ) NMETHOD TE wGaS CONCLUSION

De novo assembly 205 Mbp

308 genes recovered from the 327
(Call et al., 2021)

28



Aligned sequence length by sequencing method

De novo assembly 205 Mbp

308 genes recovered from the 327
(Call et al., 2021)

2500

2000

WGS length longer : . :
On average 786 bp ! §
TE get targeted genes ) :
. - 4!* :
Bias for TE — |
Investigate the 1,753 genes & 2,953 loci  °~ TTE —
Other genes SetS Sequencing method



Hypothesis of Call et al., 2021
confirmed

Misidentifications

Nossa & Epicopeia paraphyletic

3.2/98
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CONTEXT ) NMETHOD TE wGaS CONCLUSION

Population genetics(?)
81.40% of sequences are from Pieris napi .
. . Pl
100% IIlltOChOIldI'lal genome Number of cleaned reads recoi)ered pér year of collection
Coverage of 1,063X 5
Oldest specimens have fewer - ;- o O
loci :e ot
From 1885 = 80.23% of the g - v ’
nuclear genome S R

1900 1920 1940 1960 1980

Year of collection

Reference genome from Hill et al., 2019 30



CONTEXT ) NMETHOD TE wGaS CONCLUSION

Population genetics statistics
Heterozygosity, Fsr, admixture & inbreeding

Abisko significantly different from other populations

P. n. adalwinda (Abisko) subspecies of Pieris napi

Principal components

B Abisko
Dalarna

0.8

||

B Denmark
B Gotland
O Skane

B Stockholm

PC 2
0.4
|

0.0
]

0.0 0.2 0.4 0.6 0.8 1.0
PC 1 Il



CONTEXT Aaim NMETHOD TE was CONCLUSION

Recover good proportion of insects’ genomes
Both mitochondrial & nuclear

Phylogenetic relationships + use for population genetics

Comparison between TE & WGS
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