Combining Non-invasive DNA extraction with Next-Generation Sequencing to study California Gall Wasps
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Background Methods Phylogenetic Reconstruction Based on 28S
California oak gall wasps have intrigued researchers for decades 1) Genetic material was isolated from 111 identified and 42 Synergini [ maereponioms

due to their striking ability to induce vibrant growth of physically unidentified oak gall wasp specimens (inquilines)
diverse structures from their host’s tissue. The galls’ primary Three genetic loci were targeted for PCR amplification (28S, EMEC1131335A Undet sp
function is to nourish the wasp’s larvae, protecting them while COl, and LWRh) o EHECHIR bl
they are most vulnerable to predation.*! Most of the work done Amplified fragments were barcoded with unique primer tails | ec15162 Docasmsminsce

with gall wasps has focused on gall morphology, so very little Is Barcoded fragments were sequenced using the lllumina MiSeq SEC S e T

{ EMEC1131417 Disholcaspis plumbella

known about the wasps themselves. For example the underlying Next-Generation Platform sequencing _ EMEC1131421 Dryocosmss miiscubus
mechanism for gall formation is unknown, largely due to a lack of Specimens were re-pinned and returned to the Essig Museum [EMEGHBIS97 Bassetia g Monophyletic
understanding of the phylogenetic relationships of oak gall wasps. Sequences were aligned to estimate a molecular phylogeny I

EMEC1131395 Bassettia ligni Specics

This uncertainty in their taxonomy makes the California oak gall Results were compared to published records for verification EMECLLL08 Callis qecuponiomis ) e
wasps an excellent candidate for research.? and to provide species-level IDs when possible [EMECHLSLO Cliyis uercupomiorms DAL

EMEC1131405A Callirhytis quercuspomiformis Sp CCICS

[ [ o
1 10 20 30 40 50 60 70 82 90 100 1 1 C ynlp 1ni EMEC1131379 Andricus occultatus
Consensus EAGETC GEATGGGGAGETTCATCGRCAGCGRCITREGGCORREC GRGEGGIRCGEAT GITC GRIGEARIN G GRCTCGCRGCACCGRCCACTGCGEN - MTGIFCNG GAGRCGRCGGCGWG

Identity B Bes 3 I b= e s B BEl g1 Al  EMEC1131418 Disholcaspis plumbella

[ J [}

Ce 1. EMEC1131308.s... IBGHINC GG GG GEGENICANCGRCAGCGGCIMIGGCMICGGNGGICACGATGINAG G GECINIGGRCICGCAGCACGEGICCACTGEG G - MIGHCAG GRGECGIEGGAGHG ( all formers) . . MOHOthletlc SPECIES
[+ 2. EMEC1131313_... EEGETCGHEETGGGGHEGETNICETCGICEGCGGCIINGGCRRICGIGHEGGIICAC GENGINCG G GECINNGGECECGCEGCHECGC GRCCACTGCGGE - MGRCCGGEGECGRECGGCGMG g EMEC1131420 Disholcaspis plumbella
Ce 3.EMEC1131335A.. ESGENICGEENG GG GEGEMICANCGICEGCGECTCHGGCMMICGNGEGGIICGNGEANGCTCGEGEMNIC GGRCICGE GGOECACGICCACTHGOGIICATGICTEGEGICGICGGAGHG

4 EMEC1131379_... GHEC GEENG GG GEGENICETCGICHEGCGGCINNGGCMICGNGEGGIICACGENGIC GEGECINN G GRCICG - GGOECGCGICANCIGAGGE - MGICTGGGGRCGICGGUGHG EMEC1131398B Beshicus conspicuus *

"EMEC1131393_... BGHNC GG GG GEGENICENCGNCEGCGGCINIGGCNMICGRGHGGIMCAC GENGIC GEGETCING GRCIMGT - GCBCGRGICCACMGCGGH - MMGHCCG GEGICGICGGEGNG

'EMEC1131395_.. BGHINC GG GG GEGENICENC GICEGCGGCIMNIGGCNMICGRGHGGIMICAC GEN G GEGATCING GECIGC - GCBCGNGICCACMGCGGH - BGHCCG GEGICGICGGEGNG . .
"EMEC1131397_.. BGHNC GHEEINGGGGEGENICENCGICEGCGGCINIGGCMMICGRGHGGIMICAC GENGIIC GEGETCING GRCIMGC - GCBCGNGICCACIGCGGH - BGHCCG GEGICGICGGCGNG EMEC1131401 Besbicus conspicuus

EMEC1131398_... EEGENC GEETGGGGEGETICETCGTCHEGCGGCININGGCIINC GRGIGGINNCEC GET GG G GECINIT G GICICG - GGCACGC GRCCECMGCGGT - BGICTGGEGRCGMC GGCGMG
EMEC1131398_... EEGHENC GEENGGGGHEGENICEANCGICHEGCGGCINNNGGCININC GRGHGGINICHAC GETGINC GEGECINC G GICING - GGCACGC GICCACMGCGGE - BGICCGEAGRCGICGGCGMG EMEC1131412 Disholcaspis eldoradensis

EMEC1131427 Heteroecus pacificus
EMEC1131442 Neuroterus varians
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10. EMEC1131401... EBGETC GEETGGGGEGETICETCGTCEGCGGCIINGGCIFICGHGHGGINICACGETGITCGEGECTITC GGCCING - GGCECGCGRCCHACTGCGGT - MTGICCGEBGTCGICGGCGNG
11.EMEC1131404... EEGETC GEETGGGGEGEFICETCGECHEGCGGCINNGGCIERCGHGHGGINICETGETGIEC GEGETCITGGECECG - BGCECGCGRCCECTGCGGT - MEGECTGGEGECGRCGGCGMG | EMEC1131438 N, ] . A
12. EMEC1131405... EEGETCGEETGGGGEGETTCETCGTCHEGCGGCIIEGGCTFICGREGTGGITCETGETGTTCGEGETCTTGGTCTCG - BGCHECGCGRCCECTGCGGT - BFGTCTGGEGECGTCGGCGHG euroterus sattatorius

13. EMEC1131405... EEGETC GEETGGGGEGETICETCGTCHEGCGGCINNGGCIRRCGHGHGGINICETGETGITCGEGETCITGGECTCG - BGCECGCGRCCECTGCGGT - MTGTCTGGEBGTCGICGGCGMG

14.EMEC1131407... EEGHETCGHEETG GG GEGETTCEANCGTCHGCGECTINGGCIIICGNGRHGGIICGCGANGINCGEGETIC GGRCHCGCGGCACACGTICCACTGCGIT - BNGECTGGAGRCGRCGGCGEG | EMEC1131398A Besbicus conspicuus *
15.EMEC1131412... EEGHENC GEENGGGGHEGENICENCGICHEGCGGCINRGGCIIICGRGHGGINICAC GERGHGHGEGECTNN G GINNNNAC - GCECGCGRCCACMGCGGE - MIGICCGGAGICGRCGGCGMG

16. EMEC1131416... BEBEGETCGEETGGG - EGETTICEATCGTCAGCGECTCTGGCIFICGHGHGGIICGRGETGCTCGEGETIIC GGRCTCGCGGCECAC GFCCECTGCGITCEATGTCTEGEGTCGTICGGCGNG | EMEC1131436 Neuroterus saltatorius
17.EMEC1131417... BEBGETCGEETGGGGEGETTCEATCGTCEGCGECTINGGCTFICGHGTGGIICGCGETGCTCGEGETITC GGRCTCGCGGCECHAC GTCCECTGCGTT - MTGTCTGGEGTCGTCGGCGNG A
18. EMEC1131418... EBEGETCGEETGGGGEGETTCETCGTCHEGCGGCIINGGCIITICGIGTGGITCACGETGITCGEGECTTC GGIFCTCGC - GCBCGCGRCCECTGCGGT - MTGTCCGGEMGTCGTCGGCGNG _ .
19. EMEC1131420... EEGHETC GEENGGGGEGENICANCGICAGCGGCINNGGCINICGRGHGGINICAC GETGIICGEGECIIC GGIMICGC - GCACGCGNCCACMGCGGE - MGICCGGAGICGMCGGCGMG EMEC1131441 Neuroterus varians MOI]O h letlc
20. EMEC1131421... EEGETC GEETGEGGEGETTICETCGTCEGCGECTINGGCIIICGRGTGGIICGCGETGCTCGEGETIIC GGIFCTCGCGGCECHAC GFCCECTGCGIT - MTGTCTGGEGTCGICGGCGNG p y
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1.EMEC1131423... EEGHETC GHEETGGGGEGETTCATCGTCEGCGECTIIGGCIIICGRGHGGITCGCGANGCHCGEGETINC GGRCHCGCGGCACHC GRCCACTGCGIT - BGECHGGAGECGRCGGCGRG EMEC1131443 Neuroterus varians .
2.EMEC1131424... EBGHETCGEETGGGGEGETTCETCGNCHEGCGECTINGGCIIRC GIGEGGIICGCGETGCRC GEGETINIC GGRCICGCGGCECAC GRCCACTGC G - M GRCTGGEGRCGRECGGCGNG species
3.EMEC1131427... ISEGINTCGEENGGGGEGETTCETCGTCHGCGECTITGGCIINC GGG GINNIACGATGCICGEGETIIC GGNCTCGC GGCACAC GECCACT GCGITTANGICTAGGGRCGNCGGCGNG EMEC1131308 Und P
4,EMEC1131428... ISEBGHENC GHEENGGG GEGENICENCGNCHEGCGGCIINGGCRIICGNGNGGICANGENGIICG G GECIIC GGNCHCGCAGCACGC GICCACTGCGG - EMGHNCHGGEGECGICGGCGNG naet sp

5.EMEC1131436... EBGETCGEETGGGGHEGETTCATCGNCHAGCGGCIINGGCIINC GNGTGGINICACGET GG G GECTINGGRECTCG - GGCACGCGRCCACTGCGGH - M GRCTGGAGRCGRECGGOGNG

6.EMEC1131437... EGHETC GEETGGG GEGETTCATCGTCHEECGGCIINGGCINC GNGTGGITCEATGETGINC GG GECITC GGRCICGCHEGCHECGCGRCCACTGCGGT - BTGTCTGGEGECGTCGGCGNG EMEC1131313Undet sp

7.EMEC1131438... EBGETCGEETGGGGHEGETTCATCGNCHAGCGGCIINGGCIERC GIGTGGIICACGETGINC GEGECTITGGECITGC - GCBCGCGECCACTGCGGH - M GRCCGGAGRCGRECGGCGNG

8.EMEC1131440... EBGETCGHEETGGGGEGETTCETCGHCHEGCGGCIENGGCIRRC GIGEGGIICATGETGIIC GG GECTINIC GGRCICGCAGCACGCGRCCACTGCG G - M GRCTGGAGECGRECGGCGNG EMEC1131440 Newroterus saltatorius A
9.EMEC1131441... EBGETCGNETGGGEEGETTCETCGNCHEGCGGCIINGGCIRNC GIGTGENTCACGETGIIC GG GECTNIC GGRCICGCAGCECGCGRECCACTGCGGH - M GRCCGGAGTRCGRECGGCGNG

0.EMEC1131442.. EEGETCGHEATGGGGAGATTCATCGTCAGCCGACTCTGGCTTIICGREGEGGITCGIGATGCTCGAGEATTTCGGRECTCGCGGCACACGICCACTGCGTITCATGTCTAGAGTCGRECGGCGHG
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EMEC1131428 Heteroecus pacificus
EMEC1131437 Neuroterus saltatorius A

1.EMEC1131443... ENAGHETCGHEATGGGGHAGETTCEATCGTCAGCGGCITTGGCIETTECGEGEGGIETCACGATGTTCGGGACTTCGGRECTCGCAGCACGCGTCCACTGCGGE - MTGTECCGGAGTECGECGGCGEG
2.EMEC1131445... EBGHETCGHEATGCGCGAGATTCATCGTCAGCGACTINGGCIETECGREGEGGITCGCGATGCTCCGAGATTTCGGRECTCGCGGCACACGTCCACTGCGET - ATGTECTGGAGTECGRECGGCGNG

28S sequence alignment for specimens from the Essig Museum

Results
1. Fragments of 28S, COI, and LWRh were amplified from 78, 27,

and 124 specimens, respectively | misidentifications noted in our analysis
_ N Of those locl, only 28S sequenced successfully (32 specimens) Use the 28S results to identify specimens to genus, and then to

q 2.
Examples of California oak galls — photos by Joyce Gross j Ten specimens identified as gall formers, are actually inquilines design genus-specific primers for COIl and LWRh

Objectives Only four species were reconstructed as monophyletic Analyze factors that might have influenced the success of

The Essig Museum of Entomology is home to one of the best amplification anc_:l sequencing (e.g. age, collection method,
. o . . DNA concentration, etc.)
collections of oak gall wasp species, including specimens collected
over 100 years ago. This collection could greatly help illuminate g ' g\
problems in the California oak gall wasp phylogeny and taxonomy. s, N e - £ fousalfo™ Acknowledgements
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