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Challenges in Study

« Extreme specialization

» Perceived rarity afield

* Distinctive genetic
characteristics
« High ribosomal DNA

substitution rates

e Taxonomic confusion

Occurrences per basis of record

Human observation @ Material sample
Material citation Preserved specimen
Fossil specimen

Occurrence
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Ecological and
Biological Questions
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Ecological and
Biological Questions

Climate and collections: Modeling Strepsipteran host-parasite dynamics

with museum collections
Pl Attty  Map Of Strepsiptera Ammophila Occurrences Against Ammophila Suitability

Title changed from: Strepsiptera parasitism rates accross taxa in America

Models

Introduction
hpid changes in climate are having widespread, and not well

derstood, effects on insect distributions. We chose to study one Aminophii
ch distribution of a parasite and its host.

praxenos lugubris is a member of the twisted-wing parasites

1,000 2,000 km
T —

® Stylopized Ammophila Occurrences
Suitability
Ammophila Suitability Gradient

1 (most suitable)
0 (least suitable)




Museomics
* The study of DNA

sequences obtained from
museum specimens

 Archival storage vs natural
degradation

* From short fragments of

hDNA to whole genome

* Improving taxonomic

coverage

Trends in
Ecology & Evolution

¢? CellPress

Mining museums for historical DNA: advances
and challenges in museomics

Christopher J. Raxworthy'* and Brian Tilston Smith'

hDNA target
group

Infectious
diseases

Microbial
communities

Plants

Vertebrates

Mammals
Mammals
Birds

Birds; crabs

Fishes
Amphibians
Reptiles

Reptiles

Insects
Arachnids

Bryozoa

Arachnids

Specimen type

Mammal dry skin
Amphibian formalin/alcohol
preserved skin

Herbarium dry pressed

Herbarium dry pressed

Anthropological material:
Headdresses, clothing

Skins and hides
Skeletal

Round and flat dry skins
Eggs

Fluid: formalin and/or ethanol
preserved
Bone

Pinned, dried specimens

Dried colonies

Fluid: ethanol preserved

Sources for hDNA

Skin or epithelial swabs

Leaf tissue

Leaf tissue

Biological material

Hair, skin, muscle traces, claws
Bone, teeth

Toe pads, skin

Piece of egg or powder

Tissue including liver, muscle

Carapace, plastron, other bone
elements

Whole limbs, whole
specimens, subsamples

Partial specimens

Whole or partial specimens




Evolutionary Questions

Enigmatic placement in

the insect radiation

Unresolved intraordinal

relationships
Ancestral characteristics

Evolutionary trends

Megaloptera
Raphidioptera
Neuroptera
“oleoptera
Strepsiptera
Hymenoptera
Siphonaptera
‘Trichoptera
Lepidoptera
Diptera
Mecoptera

A. (Hennig)

Coleoptera
Neuroptera

Megaloptera | Neuropterida

Raphidioptera
Hymenoptera
Trichoptera
Lepidoptera
- Mecoptera
Mecopterida Siphonaptera

Diptera

Antliophora Strepsiptera

C. (Whiting)

Whiting, M. F. (2002). Zoologica Scripta, 31,3 - 15

Amphiesmenoptera

| Halteria

Strepsiptera
oleoptera
Hymenoptera
Raphidioptera
Neuroptera
Megaloptera
Mecoptera
Siphonaptera
Diptera
Trichoptera
Lepidoptera

B. (Boudreaux)

Megaloptera
Raphidioptera | Neuropterida

Amphiesmenoptera

Hymenoptera

D. (Kristensen)




Evolutionary Questions

Enigmatic placement in

the insect radiation

Unresolved intraordinal

relationships
Ancestral characteristics

Evolutionary trends

Whiting, M.

| Me 1 Order 1 family

1 Order
4 families

Stylopidia 7 o @ ’_(:,,
My 3 Orders

4 families
Stylopiformia

| L Hosts unknown

S+ 1 Order
4 families

1 Order

F 5 families

4 Orders
15 families

McMahon et al. (2 : - 06.

H



Evolutionary Quest

Enigmatic placement in

the insect radiation

Unresolved intraordinal

relationships

Ancestral characteristics

Evolutionary trends

P. fuliginosa
R. flavipes
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100]100}100
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McMahon et al

T.tamolana
100]100]1

g %ec:;yl Outgroups
H. irritans
C. capitata
T. castaneum
R. ohbai

100/100}100

100[100}100

Mengenilla australiensis

Mengenilla chobauti Me

100[100]100

60|59|67
100/100}100

100]100]100
Strepsiptera 7

100/98]97
100/100}100

100]100}100
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Stylopidia 7
100/100]100
100/98/94

Stylopiformia 7

99]75|80
-
100{100/100
75|70/65

100/91|87

100175/ 94 lele

100/100}100

95/63|60
10093/ 88

91(62|52

100/100100

916759

9163/56

2011). PLoS OINE6(6), e21206.

100/100/100

Corioxenos acucyrtophallus
Blisseoxenos esaki

Triozocera sp. 1
Triozocera sp. 2
Triozocera sp. 3
Triozocera sp. 4
Caenocholax sp. 1
Caenocholax sp. 3
Caenocholax sp. 10

T Stichotrema sp.
- Stichotrema dallatorreanum
100]s8]100 Myrmecolax incautus M

Myrmecolax sp. 1
Myrmecolax sp. 2
Myrmecolax sp. 3
Myrmecolax sp. 4
Myrmecolax sp. 5
Lychnocolax sp. 1
Lychnocolax sp. 2 | L
Stylops melittae

Pseudoxenos sp.
1006564

Paraxenos sp.
Xenos moutoni
Xenos hamiltoni | S4+X
Xenos pecki
Xenos vesparum
Xenos sp.
Elenchus tenuicornis
Elenchus varleyi
Elenchus sp. 1
r Elenchus sp. 2
1ooj1ooli00t E lenchus koebelei
Halictophagus sp. 1

Halictophagus sp. 2
100[100J10¢

Halictophagus sp. 3
Tridactylophagus sp.

Callipharixenos sp.
Halictophagus silwoodensis
Halictophagus calcaratus




Goals and Methods
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Find and dissect Nondestructive Anchored hybrid Phylogenetic
Strepsiptera from protocol development enrichment (AHE) analyses
preserved hosts & testing; extractions bait design




Nondestructive Protocol

« Zymo Quick-DNA Miniprep Kit

* Whole body in proK and lysis
buffer, 48 hr incubation

* Rinsed with ethanol, suspended

in glycerin or slide mounted




Testing the Protocol

» 6 specimens of Paraxenos lugubris
from unidentitied Ammophila

« 2 USA, 4 ARG, 1974-2012
* Malaise, dry

* Three tests
e Preliminary: Nanodrop
« PCR presence/absence test, Sanger

e Oxford Nanopore MinlON test




Nanodrop Values

Year
Collected

Sample # ng/pl
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First BLAST Result for Nanopore Reads

O Strepsiptera

O Hymenoptera

B Other
84%
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Planned Work

* Nanopore sequence of Xenos peckii
whole genome, assembly & annotation

e Reference genome

* Probe design with BaitFisher, AHE
analyses, total evidence

* Host-parasite associations

e Via collections and in phylogenetic
context

* Species richness of Strepsiptera

* Optimizing museomics protocols
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