Bacterial diversity and virus discovery in the
invasive yellow crazy ant
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Population Collapses of Invasive Species

e Uncommon, rarely
documented or studied

e Giant African land snail
disease syndrome

e Pathogens often invoked
but rarely investigated
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Now you see them, now you don’t! — population crashes of
established introduced species
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Pathogens in Ants

« Red imported fire ant
(Solenopsis invicta)

— Surveys in native
range

— Fungi, microsporidia,
bacteria and viruses

Left: normal queen ovary with eggs Right: ovary from
SINV-3 treated colony with very few eggs present
Scale bar is 500um Figure from Valles et al. (2013)

Journal of Invertebrate Pathology
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journal homepage: www.elsevier.com/locate/jip

Successful transmission of Solenopsis invicta virus 3 to Solenopsis invicta fire
ant colonies in oil, sugar, and cricket bait formulations

Red imported fire ants  steven M. Valles * Sanford D. Porter, Man-Yeon Choi, David H. Oi
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Yellow Crazy Ant
(Anoplolepis gracilipe
Notorious invader worldwide
Multiqueened colonies
Can reach extraordinarily
high densities
— i.e. Christmas Island- invasional meltdown

Boom and bust cycles
— Seychelles (disappearance)
— Tokelau (declines)

— Arnhem Land (variable)

T aﬁtbﬁ’éﬂ?ﬁ crazy ant. @Rerer 2005
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Yellow crazy ants in Arnhem Land
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e First recorded in 1984

e Discrete populations

e Formerly successful, large —
populations have been | " 4
observed to shrink
and/or disappear
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Aims

* |dentify pathogens and mutualists infecting yellow crazy ants

* Determine if expanding and declining populations differ in their
viral and bacterial communities




Viruses and bacteria in yellow crazy ants

e Next generation sequencing to look for viruses and bacteria

e Viruses common in Hymenoptera (ants, bees, wasps,
sawflies)
e Can be very host specific and highly pathogenic
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Bacteria in yellow crazy ants

Microbial community of an insect can have both positive
and negative effects on host health, reproduction and
longevity

Mutualistic bacteria:
* Provide essential nutrients
 Mediate host thermal tolerance
* Enhance pathogen/parasitoid resistance

Gruber (2012) found positive correlation between yellow
crazy ant abundance and bacterial diversity
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* Microbial community of an insect can have both positive
and negative effects on host health, reproduction and

longevity

 Mutualistic bacteria:
* Provide essential nutrients
 Mediate host thermal tolerance
* Enhance pathogen/parasitoid resistance

* Gruber (2012) found positive correlation between yellow
crazy ant abundance and bacterial diversity

Ecology and Evolution

Genetic diversity is positively associated with
fine-scale momentary abundance of an invasive ant
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Methods

* Collected queens from 6 sites (2 high density/expanding, 2
medium density/declining, 2 low density/declined)
* |llumina sequencing done on 5 queens from each site
 RNA, sequenced whole genome (HiSeq 2 x 100bp PE)
 DNA, amplified with 16S universal bacterial primers (MiSeq 2 x
300bp PE)
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RNA results

No hits (0.16%)

Viruses (0.004%) \\
Other (0.17%) sm—="

=

Bacteria (4.71%)

N\

Eukaryota (94.96%)

* 20 hits to viral sequences found in low and medium-density sites
* BLASTx search against non-redundant nucleotide database in
GenBank on viral sequences



Viruses in yellow crazy ants

53

Three types of viral sequences, RNA polymerase gene (99% identity)
Tentatively grouped with the Dicistroviridae
Next step was PCR assays with viral primers

Kashmir bee virus RNA polymerase — United States/A. mellifera (AF192404)

94
Cloudy wing virus RNA polymerase — United States/A. mellifera (AF034543)
6 Israeli acute paralysis virus genome — United States/A. mellifera (EU224279)

Formica exsecta virus genome — Finland/F. exsecta (KF500001)

rSOIenopsis invicta virus 1 RNA polymerase — United States/S. invicta (GU933022)
Taura syndrome virus genome — United States/Penaeus vannameij (JF966384)

Solenopsis invicta virus 3 RNA polymerase — United States/S. invicta (NC_012531.1)

TR17983 - Australia (Nhulunbuy NT)/A. gracilipes

53 I—Blcrck queen cell virus RNA polymerase — South Korea/A. mellifera (KP271981)
Cricket paralysis virus polymerase — United States/Drosophila cell line (M21938)

64 Acute paralysis virus RNA polymerase — Slovenia/A. mellifera (HQ877406)

0.2
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Viruses in yellow crazy ants

e Designed primers for unidentified viral sequence
e Surveyed for common honey bee viruses

e RT-PCR of 2013/2015 queens and 2013 workers for:
- Unidentified viral sequence

- KBV, BQCV, ABPV, IAPV, DWYV, LHUV-1

Found: All samples contained potential novel virus and black
qgueen cell virus

* Viruses can be ingested

* Next step is to investigate replication

v‘es ieen: Virus
Honey bee pupa infected
with black queen cell virus



Bacterial community
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Bacterial community
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Bacterial community
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Bacterial community
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Bacterial community
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Conclusions

* |dentify pathogens and mutualists infecting yellow crazy ants
* Possible Dicistrovirus, BQCV

* Canadidatus Rhabdochylamydia, Serratia marcescents,
Canadidatus Cardinium

e Assortment of potential mutualists, lactic acid bacteria

* Determine if expanding and declining populations differ in their
viral and bacterial communities

* though differences, no obvious patterns indicating

observed pathogens play a role in observed population
declines

* unidentified virus could be promising biocontrol
candidate
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Bacterial community

Relative abundance of OTU orders
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