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Vegetation: Slovenia

* Database — Institute of Biology ZRC SAZU
* Mostly Braun-Blanquet method
* Oldest releve 1932

e 21.000 releves
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IVegetation: European vegetation archive — EVA

All relevés > 4.3 million International synergy
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IVegetation: Databases
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IArachno\ogy: Web & silk evolution

Web biology & evolution
Silk — toughest biomaterial

Argiope pulled silk
Caerostris web slik
Caerostris pulled silk

10 20 30 40 50 60 70 80
STRETCHINESS % (=true strain)

Agnarsson et al. 2010 PLoS ONE
Kuntner & Agnarsson 2010 J Arachnol
Gregoric et al. 2011 J Arachnol
Gregoric et al. 2011 PLoS ONE



Arachnology: Web & silk evolution

* Web biology & evolution
* Silk —toughest biomaterial
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Arachnology: Web & silk evolution

* Web biology & evolution
* Silk —toughest biomaterial

relative humidity pulling rate
* Comparative genomics l
* Gland specific gene expression i — stick-slip
viscoelasticity | stress dynamic modulus stress length of
of silk thread | overtime | of glue over time |silk thread

* Glue —responsive adhezive system

glue stresststrain ratio

decrease of
thread-glue angle

adhesiveness
l [ n N

amount of
surface contact

Gregoric et al. In prep.



IArachnoIogy: Phylogeography
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IArachnoIogy: DNA barcoding & presertvation

* DNA barcoding & utility

* Cryopreservation (Global Genome Initiative)
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eDNA: Spider webs

Xu et al. 2015 Plos One

e [atrodectus silk contains
host/prey DNA

@PLOS | one

RESEARCH ARTICLE

Spider Web DNA: A New Spin on Noninvasive
Genetics of Predator and Prey

Charles C. Y. Xu'®*, lvy J. Yen', Dean Bowman?, Cameron R. Turner'™®

1 Department of Biological Sciences, University of Notre Dame, Notre Dame, Indiana, United States of
America, 2 Potawatomi Zoo, South Bend, Indiana, United States of America
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Abstract

Noninvasive genetic sampling enables biomonitoring without the need to directly observe or
disturb target organisms. This paper describes a novel and promising source of noninvasive
spider and insect DNA from spider webs. Using black widow spiders (Latrodectus spp.) fed
ﬁ OPENACCESS with house crickets (Acheta domesticus), we successfully extracted, amplified, and
- sequenced mitochondrial DNA from spider web samples that identified both spider and prey
Citation: Xu CCY, Yen lJ, Bowman D, Tuner CR b, e = o = . . 2
(2015) Spider Web DNA: A New Sin on Noninvasive to species. Detectability of spider DNA did not differ between assays with amplicon sizes
Genetics of Predator and Prey. PLoS ONE 10(11): from 135 to 497 base pairs. Spider and prey DNA remained detectable atleast 88 days

CrossMark

ek forupdates

€0142503. doi:10.1371/joumal pone. 0142503 after living organisms were no longer present on the web. Spider web DNA as a proof-of-
Editor: Majaz Kuntner, Scientific Research Centre, concept may open doors to other practical applications in conservation research, pest man-
zt;éevgn Academy of Sciences and Arts, agement, biogeography studies, and biodiversity assessments.

A

Conservation Genet Resour (2016) 8:219-221
DOI 10.1007/512686-016-0537-8

Blake et al. 2016 Conservation Genet Resour

Pholcus & Psalmopoeus silk contains host DNA

TECHNICAL NOTE

DNA extraction from spider webs

Max Blake' + Niall J. McKeown' * Mark L. T. Bushell® - Paul W. Shaw'

Received: 5 November 2015/ Accepted: 20 April 2016/Published online: 26 April 2016
© The Author(s) 2016. This article is published with open access at Springerlink.com

Abstract Many spider species produce webs that represent
a potential non-invasive source of DNA for conservation
genetic analysis. Reported here is the successful isolation
of target DNA from members of two families (Thera-
phosidac and Pholcidae) using a standard CTAB phenol-
chloroform-isoamyl protocol. The isolated DNA was of
sufficient quality to permit routine PCR amplification and
sequencing of mIDNA COIl fragments of various sizes
(maximum 710 bp attempted). This adds to other studies in
demonstrating that webbing offers an excellent resource for
genetic studies of spiders across families. Applications of
the technique include species identification and monitoning,
faunistic surveys, population connectivity, subpopulation
structuring, and ex situ breeding programs.

bulk environmental samples, not necessarily targeted
toward a taxonomic group (Barnes and Turner 2016)).
Spider webbing represents a potential source of DNA for
such applications (Xu et al. 2015).

DNA isolation was tested on samples of webbing from
two species  (Psalmopoeus cambridgei Pocock 1895,
‘Theraphosidae, and Pholcus phalangioides Fuesslin 1775,
Pholcidae) that produce different web forms. Psalmopoeus
construct vertical sheet webs in enclosed spaces in trees,
which are then covered in loose material surrounding the
web structure; primarily detritus and leaves (Bushell pers.
obvs.). Pholcus build *space webs® which are used as prey-
detection structures from which the spider hunts prey
(Jackson and Brassington 1987). Both species produce



eDNA: Spider webs

Diverse & abundant Potential application

* Architecture
* Size
e Microhabitat

e Biodiversity monitoring:
arthropods, plants, fungi,
bacteria

* [Invasive species

* Fungal pathogens

Sources of eDNA?

* Easily collected
* Filters of air column
e Spatial & temporal scales



IResea rch goals

Goal 1

* Precise laboratory protocols
* Webs in laboratory

Goal 2

* Confirm laboratory protocols
for webs in nature

Goal 3 KPR
* DNA metabarcoding /
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IGoa\ 1: Methods — prey

Acheta domestica 2 COIl markers

e UsedinXuetal 2015 e Adoml
e Adom?2

DNA Sequences | Translated Protein Sequences

SpeciesiAbbry - BEEEEE - rREEER ST Tl oo o] ool oo oo o] == o] [ T T+ T OREERECREEREEREERED T T+ EEEREEREEREE T T
1 Acheta_domestic T CECAGAAG T TEGAAA GGEMGCAGCGGEACBGGATGAACBGTIRTATCCACCTTTATCAACAGGAATCGCECACGCEGGEMGCHETC T.GA T GCCAT.TT.TC TACAC
2 Gryllus_sp.1 T CCAGAAG T TG A AA GGEMGCAGG GGATGAACAGTIMTACCCACCIC TIT C CAlG ATEGCHRCACGCHAGGEGCHEMTCCEBTLCGA TAGCHRATETTETCACTHACA

3. Teleogryllus_infer T CEAGAAG T TG AAA GGGCAGGEMACCGGATGCAACEGT TA.CCACC ClRG ATCGCIHCACGCHGGAGCATC TEGA TAGC ATCTT.TC TAICATCS
4. Loxoblemmus_do T CEBAGAAG T THRGAAA GGEGCAGGIACBMGGATGAACBMGTETAGCCACC CG ATEGCIHCANRG CIRC GG CT C THRG A TG C TTCTC TARCARC
5. Loxoblemmus_ari T AGAAGEBRTREBTYGAAABYGGEMGCAGGIACBMGGATGAACBGTETAGCCACC TRTC CHG ATYGCHRCARG CIGGEMGCWT CiS TERG A T GCWAT TTETC TECARRY
6. Gryllus_veletis T CEAGAAG T TG AAA GGEMGCAGGEMACHMGGATGAACHEMGTITAMNCCACC TC CHlG ATERGCIRCACGCIG GINGCT C THRG A TAGCECATETTETCACTACA ’
7. Teleogryllus_emm T CEAGAAG T THGAAA GGEMGCAGGEMACBGGATGAACBMGTMT AlMNCCACC TC CHlG ATERGCERCACGCMGGINGCMT C THRGARC TAMGCCATITTETC THEC A

8. Teleogryllus_ocez T C.AGAAG T TEIGAAA GGEMGCAGGEACIRGGATGAACHEGTET A CCACCCCT TC CAlG ATEGCIRCACGCHGGAGCAMTCCEBTRGACCTEBGCATIETTETCMC TEHC AC
9. Gryllus_bimaculai T CECAGAAG T TG AAA GGEGCAGGCGEMACBMGGATGAACBMGTIETAMCCACC C TC CAlG ATEGCIRCANRG CAGGINGCMTCCE TIRGACIETAGC CAAT TT.TC TACA

10 Gryllus_pennsyh T CCAGAAG T TYGAAA GGEGCAGGRACHMGGATGAACHEMGTETACCACC TC CAlG ATHGCERCARG CAGGAGCHETC TG A TAGCHRATIHTTETCRCTACA
11. Gryllus_pennsyh T CEAGAAG T THGAAA CGCGEGCAGCCHMACBMGGCATGCGAACBIGTITACGCCACC TC CCCGEICATENG CIRCANRG CIMGGIRG C|T CCI&I TG A TERGCHMATETTIRT C THEC A
12. Gryllus_sp.2 T CEAGAAG T THGAAA GGEGCAGCGGCEMACBMGGATGAACBMGTETACGCCACC TC CG ATERGCIRCARG CERG GG CMT CCIBI TG A TAGCIATETTERT CAC TRC A

13 Teleogryllus_infe T CEAGAAG T THRIGAAA GGEIGCAGGEACHBGGATGAAC GT.TA.CCACC TG CHlG ATEGCHCARGCEGGEGCHMTC TG ANE T GCCAT.TT TC TACAC
DNA Sequences. |Trans|ated Protein Sequencesl

Speciesibby RFCRDEREERED T e EEEREEREEREE R EEEREEREEREEREERED BECRE EBEEEEEREE TFREEREEREEEEEREE CREEREEREE

1. Acheta_domestic ACG CE GGG CyT C T.GA T GCCAT.TT.TC TWCACHTAGC GGAATTTCATCAATTCTGGGAGCCGT AATTTCAT.AC AC.AT ATEAATATIMCGIMRCHMCCIGGEAT

2 Gryllus_sp.1 ACGCAGGAGCIATCCEBTCG A TARGCHRATETTECTCMC TRC A TAGCHEMGGEAT TCCTC GGEGCHMG T AATTT.ATCAC ACEAT AT AATATHECG CICCHMGGHEMAT
S,Loxnh\smmuﬁidnA.GC CCAGCHTC T.GA TAGC AT.TTCTC CAMCTAGCHMGGEAT CCEGCCHMGC TRMAATTTICEAT ACICAT AT AATATHECG CICCAGGEMAT
4_Teleogryllus_infern AIC G CIG GG CIT C TECGA| TAGC| ATCTT.TC TWCARCTAGCHGG ATCTC ATC T GCEMGCIG TIMAATT TERAT ACCATEMATCAATATHMICG CHCCIGGHMAT

5. Gryllus_veletis ACG CING GG CT C THERG A TAGCCATECTTECTCMC TACA TAGCHEMGCGGHMATIRTCCTC CCEMGCCIRG TIMAATT TERAT AT AATATECG CACCAGCGHEMAT

6. Teleogryllus_ocezsACGCINGGMIGCMTCCEBTAGACC T GC.AT TTETCHME TIRC ACINT AGCIRG GERA T TCCTCCAT T GGEGCIRG TIMAATT TERA T ACHEAT AATATHECG CICCHMGGEMAT
T_Teleogryllus_emm A G G C |G GG Ci§jT C THRGARC THMGCECATIRTTETC| THWC A TAGCRGGEMATIRTCSTCEMATIRC TIRGCGCEMGCIRG TIMAATT TIRAT ACCATRAT AATATHECG CHBICCIGGHEMAT

8. Loxoblemmus_ari ABRG CISIG GG CWT CS TIRG A TARGCWATETTETC TWCABRYTAGCHEMGGYATIRTCMTCEAT TGGRGCHMG TEMAATTTYAT ACEAT AATATHECG CYCCHMGGHAT

9. Gryllus_bimaculsl ARG CING GIAG CIMT CCB TG ACITAG CMAT TT.TC TACA TAGCEBIGGEMAT TC.TC ATHEC TAGGAG CGTEMAATTTERAT ACCAC.AT AATATHECG CAICCAGGHEMAT

10 Gryllus_pennsyh ARRG C &G GG CINT C TG A TRGCEAT TTCTCRCT C A TAGCHMGGEMATITCCTCHEMAT TRGGEGCHGC TIMAATTTIRAT ACICAT AATATHECG CAICCAGGEMAT
11. Gryllus_pennsyh AfRG C |G GG C/A T C CI8IT (G Al TAIGCEAT TAICARCTAGCIG G ATCTC.TCCAT TBACCAMGCMG TCAATTTIRAT ACCAT AATATHCG CCCCGGMAT

12 Gryllus_sp.2 ABGCIRGGIMGCIMTCCBI TG A THG C| ATCTT CTACA TAGCHIGGEMATETCETCEMATIRC TRGGEG CIRG TIMAATT TERA T AC.AT AATATHEICG CAICCHAMGGHEMAT
13. Teleogryllus_infe ARG C |G G |G C|§jT C TG AE T GCCAT.TT CACETAGCHEGG AT.TCCTC CTHGCGEGCIMG TIRAATTTIRAT ACIEAT AATATHECG CHBICCIHGGHEMAT



IGoaI 1: Methods — webs

Latrodectus tredecimguttatus Nephilingis cruentata

e Cob web e Orb web




IGoa\ 1: Methods

Isolation & amplification

Use of gPCR over conventional PCR

Protocol controls

v Negative isolation control

v’ Positive amplification control

v" No template control

v" Internal quality control of process (18S)




IGoa\ 1: Results

* Protocol & sample controls as predicted

* Dilution series

 Adoml outperformed Adom2

1.000 E+1

&
<

1.000

1.000 E2
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Amplification Plot




IGoa\ 2: Prey in nature

Detection of A. domestica

* 2 web types

o Araneus diadematus
o Linyphia triangularis

* 2 juv. crickets per web

* 5 webs of each type

Photo: Peters & Lemke on Wikimedia Commons



IGoa\ 2: Prey in nature
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IGoa\ 3: eDNA metabarcoding |

Sampling

* 2 web types

T LT

5 webs per type per forest LS S L o e

e 2 forests

o Continental & submediterranean
o One sampled in 2 subsequent years
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Methods & results

* Markers
/ Animals: COl’ 313 bp B9 B10 B11 B12 813; G9 ClOVElT G12 Cl'.%! D9 D10 D11 D12 D13

v’ Fungi: ITS, 300-400 bp
v’ Bacteria: 16S, 464 bp

* [llumina Mysec platform

k=] = [ =}

® OTU a C rOSS We bS a n d h a b itats 814815816817818!(214ClS(ﬁl6Cl7C18!D14D15D16D17D18




. - Ie Sequence counts
Goal 3: Results Per-samp

name

1o B o0 BacterisiD_1_Froteobacteria co6 162357
[ c_o_sacteria:n_1_Cyanchacteria C09 156301
[ oo Eactenizn_1_Actinobactena T
o . D _0_ Bacteria;D_1_ Bactersidetes 140901
. D_0_ Bacteria;0_1__Acidobacteria
D_0_ Bacteria;D_1__Firmicutes 140526
B0 D_0_ Bacteriz;D_1__Planctomycates 138495
P o o_eacteria;_ c10 138135
. D_0__Bacteria;0_1__Verrucomicrobia (e1)) 138083
o . D_0_ Bacteria;0_1__Armatimonadetes 137921
. D_0_ Bacteriz;:D_1__Chloroflex 137651
Bl vressones_ 136968
E;ECI% . D_0_ Bacteriz;D_1__FBP _
5 D_0_ Bacteriz;D_1__Gemmatimonadetes Lobus
% D_0_ Bacteriz;D_1__Patescihacters €18 136135
150 . D 0 BacteriaD 1_ Deinococcus-Thermus co4 126656
% B o_0_sacteri=:D_1__Chlamydiae 112781
2 . D_0_ Bacteria:D_1__WPS-2 111884
0 B o_o_escterian_1_Tenericutes 111673
. D_0_ Bacteria:D_1_ BRC1 _
. D_0_ Bacteria;0_1__Dependentias <0 110223
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IConc\usions & future work

Future work

Conclusions

* Spiders, plants

Webs seem to be good at

\ L // ““r,‘ ’
: N——TA7 ‘»\/ o
accumulating eDNA N
* Pollinators

* Invasive mosquitoes

N

* Likely useful as general aerial
filters

 Aerial microbiota
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