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Question

- How do bacterial parasite communities vary
spatially and temporally during the peak
phase?
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DNA extraction

PCR amplification of V4 region
of 16s rRNA gene
| . Index
@ > ;
Primer N

Adapter

Next Generation |
Sequencing E—

Pooled amplicons
sent to sequencer

Unique index pairs
in each well

Amplicons pooled, purified



GCATGCTGATTACGCGAAGTCAGTCATGCGA
AATTCGGACGCATGCATGTGATGCTGCAGCG
CGCGATGGCTCTCTCTCTCGATCGATAGCGA
CGTAGCCGATCGATCGCTTAGCGATCGCGAA

CGTAGGCGATCGATCCGTAGGCGATCGATCGTCGCCTGCATGTGTTGCTGCAGLG

CGATCTACCGATCGATCGTATATCGCGCTAG
CGATCTATCGATCGATCGTCAATCGCGCTAG
CGCGATCGCTCTATCTCTCGCTCGATAGCGA
CGATGCATCTAATGCATCCATGCATCGTACG
CGTAGCCGATCGTTCGCATAGCGATCGCGAA
CGTACGCGATCGATCGCTTAGCGATCGCGAT
GCATGCAGATTACGCGTAGTCAGTCATGCGA
GCAACAGTAGCATTCAGCCAGCTAGCTACGT

CGTAGGCGATCATAGCGATCATCATAGCGCGAAGATCGCATAGCGATCGCGAA

CGCGATGGCTCTACGATAGCGA
GCATCAGTAGGATTCAGACAGCTAGCTACGT
AATTCGGTCGCCTGCATGTGTTGCTGCAGCG
CGTAGGCGATCGATCGCATAGCGATCGCGAA
AATTCGCTCGCATGCATGTGTTGCTGCAGCG
CGCGATGGCTCTATCTCTCGATCGATAGCGA
CGATGCATCTATTGCATGCATGCATCGAACG
CGATGCATCTATTGCATCGAACG
CGCGATGGCTCTCTCTCTCGCTCGATAGCGA

CGCGATGGCTCTCTCTCTCGCTCGAGGCTCTCTCGGCTCTCTCTAGCGA

Reagent contaminant removal
Cross-contaminant removal
PCR replicate validation

Cleanup

= =

Form OTUs

GCATGCTGATTACGCGAAGTCAGTCATGCGA
AATTCGGACGCATGCATGTGATGCTGCAGCG
CGCGATGGCTCTCTCTCTCGATCGATAGCGA
CGTAGCCGATCGATCGCTTAGCGATCGCGAA
CGATCTACCGATCGATCGTATATCGCGCTAG
CGATCTATCGATCGATCGTCAATCGCGCTAG
CGCGATCGCTCTATCTCTCGCTCGATAGCGA
CGATGCATCTAATGCATCCATGCATCGTACG
CGTAGCCGATCGTTCGCATAGCGATCGCGAA
CGTACGCGATCGATCGCTTAGCGATCGCGAT
GCATGCAGATTACGCGTAGTCAGTCATGCGA
GCAACAGTAGCATTCAGCCAGCTAGCTACGT
GCATCAGTAGGATTCAGACAGCTAGCTACGT
AATTCGGTCGCCTGCATGTGTTGCTGCAGCG
CGTAGGCGATCGATCGCATAGCGATCGCGAA
AATTCGCTCGCATGCATGTGTTGCTGCAGCG
CGCGATGGCTCTATCTCTCGATCGATAGCGA
CGATGCATCTATTGCATGCATGCATCGAACG
CGCGATGGCTCTCTCTCTCGCTCGATAGCGA

Gut OTUs

=>

AATTCGGACGCATGCATGTGATGCTGCAGCG
AATTCGCTCGCATGCATGTGTTGCTGCAGCG
AATTCGGTCGCCTGCATGTGTTGCTGCAGCG

CGATCTACCGATCGATCGTATATCGCGCTAG
CGATCTATCGATCGATCGTCAATCGCGCTAG

CGCGATCGCTCTATCTCTCGCTCGATAGCGA
CGCGATGGCTCTCTCTCTCGCTCGATAGCGA
CGCGATGGCTCTATCTCTCGATCGATAGCGA
CGCGATGGCTCTCTCTCTCGATCGATAGCGA

GCATGCAGATTACGCGTAGTCAGTCATGCGA
GCATGCTGATTACGCGAAGTCAGTCATGCGA

GCATCAGTAGGATTCAGACAGCTAGCTACGT
GCAACAGTAGCATTCAGCCAGCTAGCTACGT

CGTAGGCGATCGATCGCATAGCGATCGCGAA
CGTACGCGATCGATCGCTTAGCGATCGCGAT
CGTAGCCGATCGTTCGCATAGCGATCGCGAA
CGTAGCCGATCGATCGCTTAGCGATCGCGAA

CGATGCATCTATTGCATGCATGCATCGAACG
CGATGCATCTAATGCATCCATGCATCGTACG

Environmental OTUs

Parasites

Taxonomic Assignment

OTU1 Bartonella
0TU2 Mycoplasma
OTU3 Ruminococcus
0TU4 Brevibacterium
OTU5 Mycoplasma
OTUG6 Dietzia

OTU7 Acinetobacter

=P

=

OTU1 Bartonella 0
0TU2 Mycoplasma 1
OTU5 Mycoplasma 0

0

0TU4 Brevibacterium

OTU6 Dietzia

0OTU3 Ruminococcus

OTU7 Acinetobacter Survival, reproduction outside host limited

May or may not cause disease



Pea k Ph ase: Bacterial Parasite Richness

* Bacterial Parasite Community Similarity

Scales Intrinsic Factors Extrinsic Factors
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OTUs

Bacteria

Filobacterium 3
Mycoplasma 13
Leptospira 2
Mycoplasma 12
Bartonella 6 Mycoplasma (13)

Bartoncllo Bartonella (6)
Brucella Filobacterium (3)

Mycoplasma 11 .
Mycoplasma 10 - Leptosplra (2)

Bartonella 3 -

Mycoplasma 9 - Mycobac terium (2)

C. Neoerhlichia- . .
Mycoplasma 8- Actinobacillus

Mycoplasma 7 Bordetella
Mycoplasma 6

Ureaplasma- Brucella
Pasteurella- Candidatus Neoerhlichia

Mycobacterium 2 -

Mycobacterium 1- Pasteurella
Mycoplasma 5-

Bartonella 2- Ureaplasma
Actinobacillus -
Mycoplasma 4 4 |

Filobacterium 2+ |
Bordtella- |
Mycoplasma 3 - |

Leptospira 1+ |

Mycoplasma 2 - ]
Mycoplasma 1- |
Filobacterium 1- ]

Bartonella 1- J
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Prevalence (%)




Infracommunity richness
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Zero-inflated Poisson Regression, AIC model selection
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Infracommunity richness
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Infracommunity richness
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Component Communlty
richness <ii§:>
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Infracommunity Similarity
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Infracommunity Similarity

Highly Variable

PERMANOVA

Location - 3%

Date - 3%

Local abundance - 2%
Sex - 1%



Component Community Similarit
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Component Community Similarit
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Component Community Similaritﬁ
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Geographic Distance

Jaccard Similarity
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Geographic Distance

Jaccard Similarity

1.00 -
6.5 Expectation:
Geographic Distance = Isolation
0.50
Communities become less
similar with increasing distance
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Geographic Distance
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Geographic Distance /Q

Similarity does not decay
with geographic distance




Geographic Distance

Gene flow low at
low density

Outbreak zone [] (Berthier et al 2005, 2006)
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Gene flow high
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Outbreak zone [] (Berthier et al 2005, 2006)



Summary

Richness

OTU Richness
=
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Future Directions - Decline

10045 :
- | AM
z ~ |
oo : ! What happens after
- i spring 2016?
10045 : : pring
- ' | CE
7 | 1
A | 1
010 : )
(7] | i
g 1005 ]
c i -
g ] h icu Richness
.§: ] i i .
010 I ! Community
1005 - : Composition
- i DY
g 1
& 1
010 ;
100- i
| NG
1
1 i 1
040 _ , 1 i

Autumn Spring Autumn Spring Autumn Spring Autumn Spring Autumn Spring

2013 2014 2015 2016 2017 2018



Future Directions - Decline
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IndVal - An Indicator

IndVal = A x B
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IndVal = A x B
/!

Fidelity of taxon to group
(Relative abundance or prevalence)

) =

Taxon is not All records of
in group taxon in group

When we find the indicator,
we are always sampling the group




IndVal - An Indicator

IndVal = A x B<—
/!

Fidelity of taxon to group
(Relative abundance or prevalence)

Ubiquity of taxon within group

No samples of All samples of
group contain group contain
taxon taxon

When we sample the group,
we always find the indicator

Taxon is not All records of
in group taxon in group

When we find the indicator,
we are always sampling the group




IndVal - An Indicator

IndVal = A x B<—
/!

Fidelity of taxon to group
(Relative abundance or prevalence)

Ubiquity of taxon within group

No samples of All samples of
group contain group contain
taxon taxon

When we sample the group,
we always find the indicator

Taxon is not All records of
in group taxon in group

When we find the indicator,

we are always sampling the group

Target Group :
Late High-Abundance Phase




IndVal - An Indicator

IndVal = A x B <——| Ubiquity of taxon within group

. . No samples of All samples of
FIdElIty of taxon to group group contain group contain
(Relative abundance or prevalence) Faxai taxon
0 <=1 When we sample the group,
Taxon is not All records of we always find the indicator
in group taxon in group
Target Group :

When we find the indicator,
we are always sampling the group

Late High-Abundance Phase

2003-2005
Calculate IndVal for each taxon for each group

Select taxa with largest IndVal in target group




IndVal - An Indicator

IndVal = A x B<—
/!

Fidelity of taxon to group
(Relative abundance or prevalence)

() [ RS I——
Taxon is not All records of
in group taxon in group

Ubiquity of taxon within group

No samples of All samples of
group contain group contain
taxon taxon

When we sample the group,
we always find the indicator

When we find the indicator,
we are always sampling the group

Target Group :
Late High-Abundance Phase

2003-2005

2015-2016

Calculate IndVal for each taxon for each group Any 2003-2005
Select taxa with largest IndVal in target group

indicators retained?




Group scales

: ;:y:' Early High Late High Low

e (HEE) EEE @8
Spring \ Autumn Spring Autumn Spring

[/-\ll] EEE EEE) EE

Male Female Male Female Male Female Male Female Male Female

Phase-Season




Group scales

B Cuvier
[ Doye
[ Ongliéres Phase

Phase-Season

Phase-Season-Sex

Early High

Male Female Male Female

Late High

Spring Autumn

HEE) EEN

Male Female Male Female

Low

(L)

Spring

Male Female

0 (EN) (Sm0)END

COCORCID
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IndVals

1.00-
0.75- OTU
Bartonella 1
® @ Bartonella 2
Bartonella 5
e @ Filobacterium 1
IndVal 0.50 "
_ Filobacterium 2
@® Mycoplasma 2
Mycoplasma 6
0.25- @ O Rickettsia
Phase - Season - Sex
0.00-

Late '!-Iigh Late '!-Iigh Late 'High Late 'High Late '!-Iigh Late 'High Late 'High
Spring Spring  Autumn Autumn  Spring  Autumn
Males Females Males Females



IndVals
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Phase - Season - Sex Phase - Season

Late '!-Iigh Late 'High Late 'High Late 'High Late 'High Late 'High Late 'High
Spring Spring  Autumn Autumn  Spring  Autumn
Males Females Males Females

OoTU
Bartonella 1

@ Bartonella 2
Bartonella 5

@ Filobacterium 1
Filobacterium 2

@ Mycoplasma 2
Mycoplasma 6

@ Rickettsia



IndVals

1.001
0.751 o1y
Bartonella 1
@ Bartonella 2
_ Bartonella 5
Max. @ Filobacterium 1

IndVal 0.501 ' .
Filobacterium 2
/. . Mycoplasma 2
/ Mycoplasma 6
0.25- @ Rickettsia

Phase - Season - Sex Phase - Season Phase
0.001

Late '!-Iigh Late 'High Late 'High Late 'High Late 'High Late 'High Late 'High
Spring Spring  Autumn Autumn  Spring  Autumn
Males Females Males Females



IndVals

1.00
0.751
Max.
Indval 0-30]
0.251
0.00-

Phase - Season - Sex

Phase - Season

Phase

Late'High Late'High Late'High Late'High Late'High Late'High Late'High

Spring
Males

Spring Autumn
Females Males

Autumn
Females

Spring Autumn

OoTU
Bartonella 1

@ Bartonella 2
Bartonella 5

@ Filobacterium 1
Filobacterium 2

@ Mycoplasma 2
Mycoplasma 6

@ Rickettsia





