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Invertebrates

10-15’000'000 (MHNG) Vertebrates
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% Minerals and Fossils
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Main issues when working with historical DNA

- Low quantity of DNA
- Contaminations
- Small fragments

- Chemical modifications: deamination
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What approaches to circumvent these problems?

* Sequence capture using probes (exons, genome, UCE):

spl
usually requires reference genomes sp2
L . : — sp3
in silico probe synthesis is expensive
* Shotgun sequencing, genome skimming:
expensive for many samples samplel

number of shared loci is random

* RADseq:  /
problematic with degraded DNA samplel




Inexpensive



Genome complexity reduction
+

hybridization capture

Synthesized commercial probes
Shotgun

Degraded DNA No reference RAPTURE (Ali et al. 2016)
genome GBS-capture (Barreiro et al. 2016)
HyRAD RADcap (Hoffberg et al. 2016)
Sequence capture  RADseq Bench-top produced probes

UCE
HyRAD (Suchan et al. 2016)

HyRAD-X (Schmid et al. 2017)
Inexpensive



HyRAD

Fresh sample DNA

- DNA extraction
genomic
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Historical DNA
extraction
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Evolution of Carabinae: wing loss in Calosomes

Museomics

Collection samples
HyRAD-X protocol

Haplothorax burchellii

Toussaint*, Gauthier* et al. 2021 GBE



Evolution of Carabinae: wing loss in Calosomes

Museomics

Collection samples
HyRAD-X protocol

Classic DNA extraction Non-destructive DNA extraction

Dried and back
on the specimen

=

one leg is removed ) \
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crushed

Haplothorax burchellii

A/ A/ leg in buffer

DNA extraction DNA extraction with proteinase K

Toussaint*, Gauthier* et al. 2021 GBE



Evolution of Carabinae: wing loss in Calosomes

Museomics

Collection samples
HyRAD-X protocol

|

phy loHyRAD pipeline

—

—<

S~

phyloHyRAD pipeline

‘----------\

l Locus construction
I using IPYRAD

I Including:
I - min cov 6
- paralog filter

-

) -

--------'

First mapping

on the probe catalog
using BWA ALN or MEM

Identification of the best probes

PN

Second mapping on each best
probes using BWA ALN or MEM

Mapping cleaning
- Mapping quality using samToOLS
- Indel realignment using GATK
- Removing of PCR duplicates using PICARD TOOLKIT
- Deamination correction using MAPDAMAGE2.0

Consensus using SAMTOOLS MPILEUP / BCFTOOLS / VCFUTILS

vV Vv Vv V¥

Locus combination and alignment using mAFFT
A

Locus manual cleaning

v v v v v

Concatenation

ISEENSET2NSETE S MG SIISEGSAN + partition file

Phylogeny

Reads from
historical sample

Toussaint*, Gauthier* et al. 2021 GBE



Evolution of Carabinae: wing loss in Calosomes

Museomics

Collection samples
HyRAD-X protocol

|

phy loHyRAD pipeline

|

2945 shared loci

|

Phylogenomic inferences

—

—<

S~

phyloHyRAD pipeline

‘----------\

l Locus construction
I using IPYRAD

I Including:
I - min cov 6
- paralog filter

-

) -

--------'

First mapping

on the probe catalog
using BWA ALN or MEM

Identification of the best probes

vV ¥\
e e e

Second mapping on each best
probes using BWA ALN or MEM

Mapping cleaning
- Mapping quality using samToOLS
- Indel realignment using GATK
- Removing of PCR duplicates using PICARD TOOLKIT
- Deamination correction using MAPDAMAGE2.0

Consensus using SAMTOOLS MPILEUP / BCFTOOLS / VCFUTILS

vV Vv Vv V¥

Locus combination and alignment using mAFFT
A

Locus manual cleaning

v v v v v

Concatenation

ISEENSET2NSETE S MG SIISEGSAN + partition file

Reads from
historical sample

Phylogeny

Toussaint*, Gauthier* et al. 2021 GBE



Putative biases ?
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Relative sequencing depth
(# reads sample / # reads library)

Relative sequencing depth
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Tetracha carolina CBX0030 Slanhiinae
Cicindelidae i

Elaphrus aureus %
Searites buparius CBX0060 ©

mm Pasimachus viridans %
Cychrni [l Sphaeroderus canadensis CBX0053 ¥

Cychropsis nepalensis CBX0050 ¥
gy — Cychrus caraboides CBX0009
Ceroglossini Ceroglossus chilensis CBX0047
Ceroglossus bugqueti CBX0024 ©
Maoripamborus fairburni CBX0055
Pamborus alternans CBX0056

Pamborus pradieri CBX0025
Carabus (Hygrocarabus) variolosus CBX0019 ©
Carabus (Platycarabus) irregularis CBX0020 ©
Carabus (Orinocarabus) concolor CBX0073
Carabus (Tanaocarabus) taedatus %
Carabus (Archicarabus) nemoralis CBX0072
Carabus (Chrysocarabus) auronitens CBX0027
Carabus (Procrustes) coriaceus CBX0042
Carabus (Megodontus) violaceus
E Carabus (Ohomopterus) iwawakianus %
Carabus (Okomaopterus) uenol %
| || HE E Carabus (Carabus) granulatus CBX0043
Om Carabus (Carabus) granulatus

= Scaritinae é

Carabidae

0.04

Carabinac E= Pamborini —p

Carabini EH

== Calosoma (Camedula) angulatum CBX0034 *
[ Call (Calopachys) omiltemium CBX0071 ¥
Y RNAsoq transcriptomic data Call {Callitropa) viridisulcatum CBX0032 ¥
% Ultraconserved clement (UCE) data = Calosoma (Callisthenes) reticulatum CBX0061
Calosoma (Callisthenes) fischeri CBX003 1%
* 0Old dry=mounted museum specimen Calosoma (Australodrepa) schayeri CBX0062
© Specimen used for HYRAD-X probe design II = Calosoma (Calodrepa) scrutator CBX0033
Calosomatina Calosoma (Calosoma) sycophanta CBX0022 ©
@ SH-LRT > 80 and UFBoot > 95 | Cﬁ;ﬁ%ﬁ:ﬁfﬂ:ﬂi‘?&:ﬂﬁ X
® SH-ALRT >80 or UFBoot > 95 BH Calosoma (Carabomorphus) brachycerum CBX0066 ¢
O SH-LRT <80 and UFBoot < 95 Calosoma (Orinodromus) deckeni CBX0068 Y
O Not recovered Calosoma (Castrida) bridgesi CBX0038 ¥¢
EE Calosoma (Castrida) sayi CBX0028 O
A/ 2945 BWA=MEM loci / 43 Taxa Calosoma (Castrida) granatense CBX0039 ﬁ
n B/ 2945 BWA-MEM loci / 40 Taxa (>20kb) H] | Calosoma (Ctenosta) guineense CBX0040 Y
L?_“E €/ 1227 BWA-ALN loci / 40 Taxa D.D. Aplothorax burchellii CBX0059 ¥
D/ 100 BWA-MEM loci (SortaDate) / 43 Taxa oE —@ploﬂwmx burchellii CBXOOS8*
Aplothorax burchellii CBX0057¥¢

Toussaint*, Gauthier* et al. 2021 GBE



Tetracha carolina CBX0030 : .
Cicindelidae S B s e
T Scaritinae é Secarites buparivs CBX0060 ©
. ,.. Hn ,
Cychrini [l Sphaeroderus canadensis CBX0053¥y

Carabidae | g Cychropsis nepalensis CBX0050 ¥y
Q— Cychrus caraboides CBX0009
mm _ Cecoglossini Ceroglossus chilensis CBX0047

T = Ceroglossus buqueti CBX0024 ©
Maoripamborus fairburni CBX0055

Carabinae E= Pamborini =

| | |
Om

Carabini m

- Pamborus alternans CBX0056
Pamborus pradieri CBX0025

- Carabus (Hygrocarabus) variolosus CBX0019 ©
Carabus (Platycarabus) irregularis CBX0020 ©

C— Carabus (Orinocarabus) concolor CBX0073

Carabus (Tanascarabus) taedatus + uummmmmmm  |JCE data from Baca et al. 2017 Syst Entomol

Carabus (Archicarabus) nemoralis CBX0072
[ Carabus (Chrysocarabus) auronitens CBX0027
Carabus (Procrustes) coriaceus CBX0042
Carabus (Megodontus) violaceus
| r Carabus (Ohomopterus) iwawakianus %
L___ = Carabus (Okomapterus) uenol %
HE = Carabus (Carabus) granulatus CBX0043
L L e Carabus (Carabus) granulatus H

Calosoma (Camedula) angulatum CBX0034 W
Calosoma (Calopachys) omiltemium CBX0071 ¥

_[m] {.
Y RNAscg transcriptomic data I_{
Y Ultraconserved clement (UCE) data
ﬁ 0Old dry=mounted museum specimen

Cal (Callitropa) viridisulcatum CBX0032 ¥t

= Calosoma (Callisthenes) reticulatum CBX0061

Calosoma (Callisthenes) fischeri CBX0031 %

© Specimen used for HYRAD-X probe design II -

Calosomatina

@ SH=LRT > 80 and UFBoot > 95
@ SH-aLRT > 80 or UFBoot > 95 HH
© SH-aLRT < 80 and UFBoot < 95

O Not recovered

"

Calosoma (Australodrepa) schayeri CBX0062

Calosoma (Calodrepa) scrutator CBX0033
Calosoma (Calo ) sycophanta CBX0022 ©
Calosoma (Calosoma) frigidum %

[ Calosoma (Caminara) olivieri CBX0035 ¥
‘_C_Calocoma {Carabomorphus) brachycerum CBX0066 "4

Calosoma (Orinodromus) deckeni CBX0068 ¥
Calosoma (Castrida) bridgesi CBX0038 ¥¢

¥ g Calosoma (Castrida) sayi CBX0028 O

Calosoma (Castrida) granatense CBX0039 ¥y

om o©
oo
A/ 2945 BWA-MEM loci / 43 Taxa
n B/ 2945 BWA-MEM loci / 40 Taxa (>20kv)  HHl
[c][D] /1227 BWA-ALN loci /40 Taxa o

D/ 100 BWA-MEM loci (SortaDate) / 43 Taxa ==

Calosoma (Ctenosta) guineense CBX0040 *
Aplothorax burchellii CBX0059 ¥
Aplothorax burchellii CBX0058 ¥

Aplothorax burchellii CBX0057¥¢

Pasimachus viridans % _

RNAseq data from 1KITE project

Backwards compatibility with
existing data

Toussaint*, Gauthier* et al. 2021 GBE



Cicindelidae

Tetracha carolina CBX0030 Elaphrinac

e ei— Elaphrus aureus %
—.i‘{ S<V:jmtmac é Scarites buparivs CBX0060 ©

mm Pasimachus viridans %
Cychrni [l I - Sphaeroderus canadensis CBX0053 ¥y

Carabidae

0.04

Carabinac EI=

| Cychropsis nepalensis CBX0050 ¥y
e Cychrus caraboides CBX0009
Ceroglossini = Ceroglossus chilensis CBX0047
| S Ceroglossus bugueti CBX0024 ©
| Maoripambaorus fairburnt CBX0055
l_‘; .ﬁ e Pamborus alternans CBX0056
Pamborus pradieri CBX0025
- Carabus (Hygrocarabus) variolosus CBX0019 ©
Carsbina | - Carabus (Platycarabus) irregularis CBX0020 ©
il g Carabus (Orinocarabus) concolor CBX0073
II‘ | S— - Carabus (Tanaocarabus) taedatus %
e r— Carabus (Archicarabus) nemoralis CBX0072
..1 J = Carabus (Chrysocarabus) auronitens CBX0027
— "‘ - Carabus (Procrustes) coriaceus CBX0042
.. L ,_ Carabus (Megodontus) vielaceus

R

o oo = Carabus (Ohomopterus) iwawakianus %
Carabini oo _J = Carabus (Ohomopterus) uenol %

EHE = Carabus (Carabus) granulatus CBX0043
Om

e Carabus (Carabus) granulatus H
== Calosoma (Camedula) angulatum CBX0034 e
:{ [ Calosoma (Calopachys) omiltemium CBX0071 %

3¢ ‘RNAscq teansotiptomis data u Cal (Callitropa) viridisulcatum CBX0032 ¥

% Ultraconserved element (UCE) data [ Calosoma (Callisthenes) reticulatum CBX0061

* Old dry=mounted museum specimen ! Calosoma (Australodrepa) schayeri CBX0062

o Specimen used for HYRAD-X probe design II ‘+;— Calosoma (Calodrepa) scrutator CBX0033
Calosomating ?_ Py - Calosoma (Calosoma) sycophanta CBX0022 O

@ SH-LRT > 80 and UFBoot > 95 “e Calosoma (Calosoma) frigidum %

@ SH-aLRT > 80 or UFBoot > 95
© SH-aLRT < 80 and UFBoot < 95
O Not recovered

o e Calosoma (Caminara) olivieri CBX0035 ¥

EH "?_o Calosoma {Carabomorphus) brachycerum CBX0066 b+ g
— ~ Calosoma (Orinodromus) deckeni CBX0068 ‘A’

— Calosoma (Castrida) bridgesi CBX0038 ¥¢

|
Bl [®_ g Calosoma (Castrida) sayi CBX0028 ©
A/ 2945 BWA-MEM loci / 43 Taxa L S Calosoma (Castrida) granatense CBX0039 'k "
n B/ 2945 BWA-MEM loci / 40 Taxa (:’20kb) .. | Calasoma (Ctennsta) ouineence CBX0040.70
C/ 1227 BWA-ALN loci / 40 Taxa mES g Aplothorax burchellii CBX0059°¥¢
D/ 100 BWA-MEM loci (SortaDatc) / 43 Taxa DI ~@ . tiorharax burchellii CBX0058 Y
0o 5

e Aplothorax burchellii CBX0057¥¢

St Helena endemic species
Extinct since 1968

Haplothorax burchellii

Toussaint*, Gauthier* et al. 2021 GBE



Diversification of Oreina species naturhistorisches

Oreina alpestris m u S e u m ;

806000

Oreina speciosa

- Monophyly of Oreina ?
- Mecanisms involved in diversification ?

Oreina speciosissima

Tryee

Credit : Matthias Borer Gauthier*, Borer* et al. in prep




Diversification of Oreina species

HyRAD (Hybridization RAD) protocol

Gauthier*, Borer* et al. in prep



Diversification of Oreina species

HyRAD (Hybridization RAD) protocol

}

phy 1oHyRAD pipeline

|

2235 shared loci

phyloHyRAD pipeline

‘----------\

' Locus construction
I using IPYRAD

I Including:
I - min cov 6
- paralog filter

N

LT

--------'

First mapping

on the probe catalog

Identification of the best probes

EE

Second mapping on each best
probes using  BWA ALN or MEM

Mapping cleaning
- Mapping quality using samTooLs
- Indel realignment using GATk
- Removing of PCR duplicates using PICARD TOOLKIT
- Deamination correction using MAPDAMAGE2.0

\ A A /
----

Consensus using SAMTOOLS MPILEUP / BCFTOOLS / VCFUTILS

vV VvV Vv V
i)

Locus combination and alignment using MAFFT
A

Reads from
historical sample

Locus manual cleaning

v v v v v

Concatenation

IGEEETNSE T2 Geus S MNGEUsSIIGEGSAN + partition file
J

Phylogeny

Gauthier*

, Borer* et al. in prep



Diversification of Oreina species

® SH-aLRT > 80 or UFBoot > 95
@ SH-aLRT > 80 and UFBoot > 95
O SH-aLRT < 80 and UFBoot < 95
O Not recovered

20.0

M1463_Oreina_ganglbaueri
M0826_Oreina_alpestris
Y0044_Oreina_speciosa
M1102_Oreina_gloriosa
M1423_Oreina_liturata
M1427_Oreina_viridis
MO0905_Oreina_bifrons
M1428_Oreina_basilea
M1440_Oreina_plagiata
M1280_Oreina_ludovicae
M1437_Oreina_peirolerii
M1272_Oreina_melancholica
M1441_Oreina_retenta
M1444_Oreina_schipkana
MO0507_Oreina_intricata
M1377_Oreina_frigida
M1303_Oreina_fairmairiana
M0756_Oreina_elongata
M1412_Oreina_genei
M0292_Oreina_speciosissima
MO0606_Oreina_cacaliae
MO0514_Oreina_virgulata
M1405_Oreina_caerulea
M1402_Oreina_auricollis
M1408_Oreina_collucens
M1502_Chrysolina_fastuosa
M1499_Cyrtonus_majoricensis
M1468_Chrysolina_asclepiadis
M1466_Chrysolina_aurichalcea
M1470_Chrysolina_marginata
M1460_Chrysolina_gypsophilae
M1324_Chrysolina_latecincta
M1458_Chrysolina_staphylaea

M1482_Chrysolina_haemochlora

M1492_Crosita_altaica
MO0075_Chrysolina_herbacea
M1449_Chrysolina_coerulans
M1401_Chrysolina_cerealis
M1400_Chrysolina_graminis
M1485_Chrysolina_bicolor
M1473_Chrysolina_salviae
M1491_Chrysolina_femoralis
M1486_Chrysolina_polita
M1501_Timarcha_gottingensis

Sub-genus

Oreina

Protorina

Intricatorina
Frigidorina

Chrysochloa

Virgulatorina
Allorina

genus

Oreina

Cyrtonus

Chrysolina

Timarcha

Gauthier*, Borer* et al. in prep



Diversification of Oreina species

M1463_Oreina_ganglbaueri
M0826_Oreina_alpestris
Y0044_Oreina_speciosa

M1102_Oreina_gloriosa
M1423_Oreina_liturata
M1427_Oreina_viridis
MO0905_Oreina_bifrons
M1428_Oreina_basilea
M1440_Oreina_plagiata
M1280_Oreina_ludovicae
M1437_Oreina_peirolerii
. M1272_Oreina_melancholica
M1441_Oreina_retenta
M1444_Oreina_schipkana
MO0507_Oreina_intricata
M1377_Oreina_frigida

_. M1303_Oreina_fairmairiana

M0756_Oreina_elongata

‘ SH-aLRT > 80 or UFBOOt > 95 M1412_Oreina_genei
@ SH-aLRT > 80 and UFBoot > 95 Muzs2_Orein, spaciosissna
O SH-aLRT < 80 and UFBoot < 95 —9 -orena, caslae New genus : Fasta fastuosa

MO0514_Oreina_virgulata

O NOt recovered M1405_Oreina_caerulea
. M1402_Oreina_auricollis

M1408_Oreina_collucens

M1502_Chrysolina_fastuosa

M1499_Cyrtonus_majoricensis Cyrtonus

’ M1468_Chrysolina_asclepiadis

M1466_Chrysolina_aurichalcea

M1470_Chrysolina_marginata

() , M1460_Chrysolina_gypsophilae
M1324_Chrysolina_latecincta

M1458_Chrysolina_staphylaea
@ M1482_Chrysolina_haemochlora Ch rysolina
M1492_Crosita_altaica
MO0075_Chrysolina_herbacea
M1449_Chrysolina_coerulans

M1401_Chrysolina_cerealis

M1400_Chrysolina_graminis
M1485_Chrysolina_bicolor
M1473_Chrysolina_salviae

M1491_Chrysolina_femoralis

M1486_Chrysolina_polita TlmarCha

M1501_Timarcha_gottingensis

20.0 Gauthier*, Borer* et al. in prep



Diversification of Oreina species

Dating with BEAST

59.79 MYA
[41.71 - 77.06]

~

-125 -100 -75 -50 -25

o

M1463_Oreina_ganglbaueri
M0826_Oreina_alpestris
Y0044_Oreina_speciosa
M1102_Oreina_gloriosa
M1423_Oreina_liturata
M1427_Oreina_viridis
MO0905_Oreina_bifrons
M1428_Oreina_basilea
M1440_Oreina_plagiata
M1280_Oreina_ludovicae
M1437_Oreina_peirolerii
M1272_Oreina_melancholica
M1441_Oreina_retenta
M1444_Oreina_schipkana
MO0507_Oreina_intricata
M1377_Oreina_frigida
M1303_Oreina_fairmairiana
MO0756_Oreina_elongata
M1412_Oreina_genei
M0292_Oreina_speciosissima
MO0606_Oreina_cacaliae
MO0514_Oreina_virgulata
M1405_Oreina_caerulea
M1402_Oreina_auricollis
M1408_Oreina_collucens
M1502_Chrysolina_fastuosa
M1499_Cyrtonus_majoricensis
M1468_Chrysolina_asclepiadis
M1466_Chrysolina_aurichalcea
M1470_Chrysolina_marginata
M1460_Chrysolina_gypsophilae
M1324_Chrysolina_latecincta
M1458_Chrysolina_staphylaea
M1482_Chrysolina_haemochlora
M1492_Crosita_altaica
MO0075_Chrysolina_herbacea
M1449_Chrysolina_coerulans
M1401_Chrysolina_cerealis
M1400_Chrysolina_graminis
M1485_Chrysolina_bicolor
M1473_Chrysolina_salviae
M1491_Chrysolina_femoralis
M1486_Chrysolina_polita
M1501_Timarcha_gottingensis

ETH Zurich—Earth Science Collections
Specimen barcode: 0000000005532

Oreina fossils

Oreina amphyctionis (Heer, 1847)

Oreina hellenis (Heer, 1847)

Oreina protogeniae (Heer, 1847)

Sarmatian deposits in Germany
dated to 11.6-12.7 Ma ago

Oreina pulchra (Forster, 1891)

Brunstatt (France) and Kleinkembs (Germany)
dated to 28.4-33.9 Ma ago

Gauthier*, Borer* et al. in prep



Diversification of Oreina species

M1463_Oreina_ganglbaueri
M0826_Oreina_alpestris
Y0044_Oreina_speciosa
M1102_Oreina_gloriosa

M1423_Oreina_liturata_tomasii
. M1427_Oreina_viridis

‘ M0905_Oreina_bifrons

I M1428_Oreina_basilea

. M1440_Oreina_plagiata
M1280_Oreina_ludovicae
M1437_Oreina_peirolerii

M1272_Oreina_melancholica_melancholica
) M1441_Oreina_retenta
M1444_Oreina_schipkana
MO0507_Oreina_intricata
M1377_Oreina_frigida
M1303_Oreina_fairmairiana

N\
W/

MO0756_Oreina_elongata
M1412_Oreina_genei

: : ‘ MO0292_Oreina_speciosissima
MO0606_Oreina_cacaliae
MO0514_Oreina_virgulata
I M1405_Oreina_caerulea

M1402_Oreina_auricollis

) M1408_Oreina_collucens

M1502_Chrysolina_fastuosa

h M1499_Cyrtonus_majoricensis

F o M1468_Chrysolina_asclepiadis
h

M1466_Chrysolina_aurichalcea
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Diversification of Oreina species

Asteraceae

N\
A

@)

M1463_Oreina_ganglbaueri
M0826_Oreina_alpestris
Y0044_Oreina_speciosa
M1102_Oreina_gloriosa
M1423_Oreina_liturata_tomasii
M1427_Oreina_viridis
MO0905_Oreina_bifrons
M1428_Oreina_basilea
M1440_Oreina_plagiata
M1280_Oreina_ludovicae
M1437_Oreina_peirolerii
M1272_Oreina_melancholica_melancholica

) M1441_Oreina_retenta

M1444_Oreina_schipkana
MO0507_Oreina_intricata
M1377_Oreina_frigida
M1303_Oreina_fairmairiana
MO0756_Oreina_elongata
M1412_Oreina_genei
M0292_Oreina_speciosissima
MO0606_Oreina_cacaliae
MO0514_Oreina_virgulata
M1405_Oreina_caerulea
M1402_Oreina_auricollis

) M1408_Oreina_collucens

M1502_Chrysolina_fastuosa
M1499_Cyrtonus_majoricensis
M1468_Chrysolina_asclepiadis
M1466_Chrysolina_aurichalcea
M1470_Chrysolina_marginata
M1460_Chrysolina_gypsophilae
M1324_Chrysolina_latecincta
M1458_Chrysolina_staphylaea
M1482_Chrysolina_haemochlora
M1492_Crosita_altaica
MO0075_Chrysolina_herbacea
M1449_Chrysolina_coerulans

} M1401_Chrysolina_cerealis

M1400_Chrysolina_graminis
M1485_Chrysolina_bicolor
M1473_Chrysolina_salviae
M1491_Chrysolina_femoralis
M1486_Chrysolina_polita
M1501_Timarcha_gottingensis

genus

Oreina

@ Apiaceae

@ Asclepiadaceae
O Asteraceae

@ Lamiaceae

@ Plantaginaceae
© Ranunculaceae
O Rubiaceae

Gauthier*, Borer* et al. in prep



Diversification of Oreina species

Apiaceae
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Oreina

@ Apiaceae

@ Asclepiadaceae
O Asteraceae

@ Lamiaceae

@ Plantaginaceae
© Ranunculaceae
O Rubiaceae

Gauthier*, Borer* et al. in prep
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Biodiversity crisis

Climate change

Biosphere Genetic
integrity diversity Novel entities
Functional
diversity
" ?
Land-system ' Stratospheric
change ozone depletion
2
Atmospheric aerosol
Freshwater loading
use
Phosphorus
Nitrogen Ocean acidification | @ Beyond zone of uncertainty (high risk)

O In zone of uncertainty (increasing risk)
@ Below boundary (safe)

Biogeochemical flows '
9 O Boundary not yet quantified Steffen et al. 2015 Science




The Great Acceleration
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Insect decline

B ENDANGERED B THREATENED IN DECLINE
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Insect decline @ PLOS |one

RESEARCH ARTICLE

More than 75 percent decline over 27 years in
total flying insect biomass in protected areas

Caspar A. Hallmann'*, Martin Sorg?, Eelke Jongejans', Henk Siepel’, Nick Hofland',

- : Heinz Schwan?, Werner Stenmans?, Andreas Miiller?, Hubert Sumser?, Thomas Horren?,
Global index of invertebrate abundance Dave Goulaon®. Hane da Kroon:

Contents lists available at ScienceDirect

Biological Conservation

journal homepage: www.elsevier.com/locate/biocon

Over a century of data reveal more than 80% decline in butterflies in the
Netherlands

Arco J. van Strien™’, Chris A.M. van Swaay”, Willy T.F.H. van Strien-van Liempt*,
Martin J.M. Poot", Michiel F. WallisDeVries"*

Contents lists available at ScienceDirect

All other invertebrates

0.0

1970 1980 1990 2000 2010 Biological Conservation

Diszo et al. 2014 Science ELSEVIER journal homepage: www.elsevier.com/locate/biocon

Review
Worldwide decline of the entomofauna: A review of its drivers

Francisco Sanchez-Bayo™", Kris A.G. Wyckhuys"



Insect decline G PLOS |one

Global index of invertebrate abundance

RESEARCH ARTICLE

More than 75 percent decline over 27 years in
total flying insect biomass in protected areas

Caspar A. Hallmann'*, Martin Sorg?, Eelke Jongejans', Henk Siepel’, Nick Hofland',
Heinz Schwan?, Werner Stenmans>, Andreas Milller?, Hubert Sumser?, Thomas Horren?,
Dave Goulson?®, Hans de Kroon'

All other invertebrates
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Global index of invertebrate abundance

RESEARCH ARTICLE

More than 75 percent decline over 27 years in
total flying insect biomass in protected areas

Caspar A. Hallmann'*, Martin Sorg?, Eelke Jongejans', Henk Siepel’, Nick Hofland',
Heinz Schwan?, Werner Stenmans>, Andreas Milller?, Hubert Sumser?, Thomas Horren?,
Dave Goulson?®, Hans de Kroon'
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Insect decline G PLOS |ove

Global index of invertebrate abundance

RESEARCH ARTICLE

More than 75 percent decline over 27 years in
total flying insect biomass in protected areas

Caspar A. Hallmann'*, Martin SOrsg:, Eelke Jongejans’, Henk Siepel’, Nick Hofland',
Heinz Schwan?, Werner Stenmans?, Andreas Miiller?, Hubert Sumser?, Thomas Horren?,
Dave Goulson®, Hans de Kroon'

All other invertebrates
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Representative of the genetic state
of their population of origin at the time they were caught




Ancient DNA
extraction

",' SR - )
Fresh sample DNA /-\

extraction
genomic DNA
\ Including
ddRAD library contaminant or
Shotgun / untargeted loci
/ library
-_——
SN—v» Hybridization
In vitro transcription ——A

Sequencing

into RNA probes

Probes sequencing \ - /

Capture and wash




A new way in evolutionnary biology

Experimental evolution

Cultivated potato
genotypes

Saint Malo Tank
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Désirée — 25
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3x

Generation: 1x 2x

Time series
Tracking allelic frequency changes

Population genomics on current populations
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Demographic inferences
Genome scan
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Sampling
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Sampling
Erebia embla N = 169

a.

Lycaena helle N =197 4

C.

70.0- 70.0-

67.5 .

3 =
65.0 65.0
62.5 62.5
Legend Legend
@ 2015 @ 2015
@ Between 1950 @ Between 1950
and 2000 and 2000
@ Before 1950 60.0 @ Before 1950 60.0
200 225 250 275 300 200 225 250 275 300
lon lon

Gauthier et al. 2020 Mol Ecol Res



Ancient DNA
extraction

",' SR - )
Fresh sample DNA /-\

extraction
genomic DNA
\ Including
ddRAD library contaminant or
Shotgun / untargeted loci
/ library
-_——
SN—v» Hybridization
In vitro transcription ——A

Sequencing

into RNA probes

Probes sequencing \ - /

Capture and wash




HyRAD (Hybridization RAD) protocol

|

pPOpPHYRAD pipeline

|

1,015 loci
869 loci

Erebia embla
Lycaena helle

2,549 SNPs
2,742 SNPs

Raw PROBE1 Raw PROBE2 Raw PROBE3 Raw PROBEn

Reads cleaning and merging using ADAPTERREMOVAL V2
1 1
Dataset reduction : min cov 4 by allele (from ppocenT)

Intra probe loci merging using co-HIT (90% identity)
Consensus output for each loci

v v

Inter probe loci merging using cp-HIT (90% identity)
Keep loci shared by at least 3 probes

\ 4
Lencaat sasaso |
| NS

Reads from
historical sample

Mapping of each historical sample
on the probe catalog using BwA ALN

vV Vv

Mapping cleaning :
- Removing of PCR duplicates using PICARD TOOLKIT
- Identification and correction of deamination patterns
using MAPDAMAGE2.0

SNP-calling using FREEBAYES

SNP cleaning, min quality 100,
shared by >80% samples, bi-allelic

Gauthier et al

. 2020 Mol Ecol Res



Genetic statistics evolution
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Finland patterns

Erebia embla Lycaena helle
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Comparison with field records

Lycaena helle

(a)

-1987 1988~ 1998~

Habel et al. 2014



Isolation by Distance




Isolation by Distance
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Isolation by Distance

Erebia embla

FST/1-FST
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Isolation by Distance
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Isolation by Distance

Erebia embla

Lycaena helle

FST/1-FST
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Before 1950
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Swiss Confederation

: - Federal Office for the Environment FOEN

10 insect species from different orders at the Swiss scale
(Lepidoptera Coleoptera EPT Orthoptera Hymenoptera)

Pieris napi Polyommatus Cetonia  Baetis Serratella  Miramella Chorthippus Omocestus Bombus  Bombus
icarus aurata  alpinus  ignita alpina parallelus  viridulus ~ humilis  pascuorum




Databasing

1. Gathering of extant databases

2. Digitalisation of collection specimens

| Specimen i
GBIFCH g Metadata CSCF
«-—Jm DNA extraction
AZ GBIF
ﬂch"wul
t}.-z.cq. N
S — Final database of 12 769 entries

C. Lacreuze

8 608 (67%) entries newly produced

GBIFCH  jy34%
00996608



Year
Location

B¢ h“md'i

Historic population identification

X, Y

Grid cell (10x10km; infoFauna)

Location accuracy

Sum of individuals
of the same grid
In a period of 5 years

# samples

15

10

> 6 before 1950

grid : 490110

1900 1940 1980 2020

Year



Collection’s sampling

Total nb collection specimens: 2 739

Sampled so far: 1 301 (47.5%)

1 leg Non-Hymenoptera species Hymenoptera species
Avoid cross A— B s ZMZ 1 %
- . () (]
contamination ETH 20 %
NMBE 14 %
NMSH 3 % -
MHNF 2 % 0
G
° NHMB 4 %
MZLB % NMBE 12 ©

BNM 6 %

NHMB 29 % EIH 2




100000

100000

\_phausan
- I

ne

Chorthippus parallelus

A 2o

DecliNe project
SCR LVO3

June 2021

DecliNe project
CR LVO3
June 2021

Field campaing

756 samples
161 locations to sample
72 localities

1 complete individual

1 locality —., 9 legs
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I n SeCt d e CI | n e Global index of invertebrate abundance
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Development of a multi-locus marker for swiss orthoptera

/

N
Conocephalus dorsalis
(Conocephalinae)

o~

Gryllotalpa gryllotalpa
(Gyllotalpidae)

—d )

234567

890128

b

Xya variegata
(Tridactylidae)

OrthoSwissBOL project

Miramella alpl\ﬁ’a
(Melanoplinae)

Troglophilus neglectus
(Raphidophoridae)

ol e




Orthopteran species
Bioindicator species

Percent of insect species #\ - pioneer areas in river alluvial zones
- " -secondary pioneer areas
-marshes and wet meadows

- scorched lawns, dry meadows and pastures
- semi-forest

Stable
B Increasing
M Decreasing

Col Hym Lep Odo Orth
Order Dirzo et al, 2014




Swiss Orthoptera

> Liste rouge
Orthoptéres

1 O 5 S p e Ci e S Liste rouge des espéces mcnace;’f;nei: :‘;:;;

7 families

- Red List of Swiss Orthoptera 2007:
40% are threatened

- Ongoing update



S I n g I e- | O C u S b a rCO d e DNA barcoding of crickets, katydids and grasshoppers
(Orthoptera) from Central Europe with focus on Austria,
Germany and Switzerland
0 of Caelifera can not be identified

| using COI barcode

m -Lack of variation at the interspecies level

O. HAWLITSCHEK,*,t ]. MORINIERE,* G. U. C. LEHMANN. 1 A. W. LEHMANN, § M. KROPF.,q
A.DUNZ.*F. GLAW,* M. DETCHAROEN,*S. SCHMIDT,* A. HAUSMANN.,* N. U. SZUCSICH,**
S.A. CAETANO-WYLERtt and G. HASZPRUNAR", 1}

-Incomplete lineage sorting
) -Nuclear Mitochondrial DNA Segments (numts)
|||| ||| -Negligible variation within-species
Define trophic Define species
networks 17234567"890128" > boundaries
Species Undercover

monitoring cryptic species



Sp1

USC@Z Ribosomal DNA 3

Sp2

Sp3
Sp 4

Sp5

Sp 6

Alignment

Probes
design

Mitogenome 4

Probe set
de novo
synthesis




Ribosomal DNA .,

Complete rDNA sequences

NCBI 2 - Caelifera

O - Ensifera

Universal eukaryote primers krehenwinkel et al. 2018
= <=

Ribosomal DNA sequences for 13 new species!

_

Oxford

NANOPORE

Technologies



Anchored
Hyb ri d DNA extraction

Enrichment —
Probe set
de novo Shotgun
synthesis library
Transcription l Biotinylation
] L ]
o > Hybridization —a_—

\_. — -._-:—

Capture and was>\ —_—

Sequencing

Lemmon et al., 2012



Orthoptéres

Liste rouge des espéces menacées en Suisse
Edition 2007

- Update of the Orthoptera Red List

- Application of the multi-locus marker N P Sy
approach to other groups - RN

i
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Thank you for your attention

rméumlo

Science et recherche au Muséum de Genéve

Inés Carrasquer
Camille Pitteloud
Julia Bilat
Nadir Alvarez




Monitoring




Development of a multi-purpose and multi-
locus marker for (Swiss) Orthoptera

OrthoSwissBOL project

Schweizerische Eidgenossenschaft
c Confédération suisse

Confederazione Svizzera

Confederaziun svizra

Swiss Confederation

Federal Office for the Environment FOEN



Multi-locus marker: Species delimitation

Groupe Chorthippus biguttulus Platycleis albopunctata
C. brunneus Ssp. alt?opunctata
Ssp. grisea

C. mollis

C. biguttulus

C. eisentrauti




Multi-locus marker: Genetic diversity inference

Mittelland
27.3% N

Northe;n'flank Q
of the Alps
\. Va 25.9% Eastern Central Alps

Southern flank
of the Alps

Central Alps
11.3%

Platycleis albopunctata
ssp. albopunctata




Genomic components

Usco,

J
C

D)
C

)
C

Ribosomal DNA 3

18S 5.8S 28S
ITS1 ITS2




Genomic components

Usco,

D) D)

- Informativeness ( D) ¢ D)
" [ ( (

- Universality D D
C C

- Backward compatibility

16256 |13

- Standardization

Ribosomal DNA 3

18S 5.8S 28S
ITS1 ITS2




Conserved genetic regions

- Reference genomes
D 3 x Ensifera
D NP3 x Caelifera
1 outgroup
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USC@Z BUSCO v.4 Manni et al., 2021
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Myrmecophilus manni ...

Polionemobius taprob...

Dianemobius furumagi...

Mitogenome,

Dianemobius fascipes...

Natula pravdini mito...
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Multi-locus marker: Phylogenetic reconstruction

Transcriptomes mtDNA
Song et al., 2020 Hawlitschek et al., 2020



Data treatment

Mapped reads

Consensus seq

Reference catalog

1. Construction of reference

2. Mapping of samples

All sequences

3. Recovering of sequences



Selection of the best combination of loci
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