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House Finches and Mycoplasma:
a recent host-parasite interaction




Mycoplasma gallisepticum escaped
poultry farms and was found in House
Finch populations in the eastern U. S.
around 1994

9 years later, finches were more
resistant to the bacterium and recent
parasite strains had attenuated

Have finches evolved resistance, and
1f so, how?

How has the parasite evolved in its
new host?




® Recent history of
House Finch populations

historic
range

~1870
bottleneck?




Rapid spread of Mycoplasma
in House Finch populations

Courtesy Cornell Lab of Ornithology

Mycoplasma 1s transmitted horizontally
Spread through the eastern US 1n 5 years

Has crossed the Rockies and 1s spreading




Temporal and geographic comparisons of
Mycoplasma- and unexposed populations
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Temporal and geographic comparisons of
Mycoplasma- and unexposed populations
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Temporal and geographic comparisons of
Mycoplasma- and unexposed populations
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AFLP survey of House Finches

163 individuals, 16 populations, 363 markers, 166 (61%) polymorphic
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AFLP Results:
House Finches are moderately structured
with little evidence for genetic bottlenecks

Distribution of variation
(AMOVA)

Among
individuals
w/in pops.
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pops. w/in
subspecies

Among
subspecies

Wang et al. 2003. Evolution 57: 2852-2864




AFLP Results:
House Finches are moderately structured
with little evidence for genetic bottlenecks

Nucleotide diversity
(estimated number of substitutions per 1000 sites)
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Tripartite organization of House Finch populations
suggested by STRUCTURE analysis of AFLP data
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Population and phenotypic consequences

of 1994 epidemic in Alabama

Males decline after epidemic

From Nolan, P. M., G.E. Hill and A. M.
Proc. R. Soc. Lond. B.265: 961-965.

Percent change
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Increased redness in males and
decreased size after epidemic

Redness Wing Bill Tail  Weight Wing Bill Tarsus Weight
chord (mm) Tarsus Length (q) chord (mm) (mm) (9
(mm) (mm)  (mm) (mm)

Males Females

Stoehr. 1998.



Temporal and geographic comparisons of
gene expression 1n House Finch populations
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Macroarray and sequencing suggests change in

expression for heat shock and immune system genes

Upregulated clones,
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Custom House Finch cDNA microarrays

Printed 4X on each slide

- 220 clones differentially
expressed in macroarray
experiment

780 random additional
Finch clones (also from
macroarray)

* 5 House Finch
housekeeping genes

*10 Escherishia coli
housekeeping genes




Printing House Finch microarrays
at the Harvard Center for
Systems Biology




Microarray hybridization protocol

Control AL Day3 AL Day 14 AL
N=5 = = N=3

000 88

N=3
ControlAZ Day3 AZ Day 14 AZ

AL = Alabama (exposed to MG 7 years prior)
AZ = Arizona (unexposed to MG)



Confirmation of gene expression patterns

Confirmation of macroarray data by Northern blots

infected individuals uninfected individuals
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Microarray results: naive (Arizona) birds show more
180 parasite-induced gene expression

' Itotal number of clones
™ number of clones of known function

B number of genes of known function

Baseline: Day 3 DEVAL Day 3 EVAL i
AZ vs. AL AZ: result AL: result
of infection of infection
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Immune system:
geographic differences in gene expression

All bars are Arizona levels relative to Alabama levels
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Arizona vs. Alabama: contrasting responses to infection

Comparisons (1-4)

1 2 3 4 Genes identity and function

T-cell immunoglobulin *

MHC class ll-associated invariant chain *
Lectin glactoside-binding soluble 2 *
Programmed death ligand 1 *

TCR beta chain *

Immunoglobulin J *

Neutrophil cytosolic factor 4 *
Immunoglobuling superfamily *
Parathymosin *

Complement factor H *

Thioredoxin *
Spermindine/Spermine *

Squalene epoxidase *

Cytochrome oxidase subunit |
Cytochrome b

Cytochrome oxidase subunit 11
NADH dehydrogenase subunit 4
Cytochrome oxidase subunit 111
Cytochrome c oxidase subunit Vlla J
Ubiquitin C *

Nedd4

Prosaposin

Phospholipase D

N-acetyltransferase 5

RhoA GTPase *

MLTK-beta

MAK-like kinase

Tyrosine 3-monooxygenase activation
Pleckstrin homology domain

Protein 4.1-G

Cytoplasmic beta-actin

Lymphocyte cytosolic protein 1 *
Destrin

Actin related protein 3

Myosin regulatory light chain

Heat shock protein 90a

Nuclear ribonucleoprotein A/B
Mediator complex subunit SOH1
Translation initiation factor EIF4G2
Translation elongation factor 1 alpha 1
40S ribosomal protein S20

Ribosomal protein S15

Splicing factor 3b subunit 3

Nucleic acid binding protein RY-1
Ribosomal protein large P2

DEAD/H box polypeptide 3
Ribosomal protein S24

Eukaryotic translation initiation factor ~_/
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Gene expression response to infection:
variation among gene categories

All bars are Arizona levels relative to Alabama levels
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Change in expression response to infection
in Alabama birds between 2001 and 2007

100
AW s0
Percent of 60

Infected vs. uninfected birds in 2007

expression
differences 40
consistent with
response of 20
Alabama birds
in 2001 0

Alabama Arizona

Expression responses of previously exposed birds
from AL in 2007 had diverged from those of AL
birds in 2001




Signature of microevolution of gene expression in Alabama
Recapitulation of gene expression response of AL 2001 by AZ 2007

2001




Patterns of gene expression correlate
with Mycoplasma load of hosts
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The Mycoplasma gallisepticum genome:

M. gallseptcum complete genome sequence

M. gallisepticum
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House Finch Mycoplasma genome
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House Finch Mycoplasma:
Genetic diversity over time

Chicken Turkey House 1994-96 2001 2007 1994-96 2001 2007

(pre  (pre  Finch ycuceFinch Mycoplasma i
L My House Flth II\/:ycoplasma
isolate




Signatures of stable and expanding populations

Genetic
diversity (0)
or
population
size

present




Inferred Mycoplasma expansion 17 years ago
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Implications of a serially-sampled phylogeny
0/ of 17 Mycoplasma strains

Numerous fixed SNP and indel AL 2007 37
differences, including CRISPR deletion | L— AL2007_38

_A_ e AL 2007_10
AL 2007_06
Estimated substitution rate: AL 2001 53
~ 107 per site per year; : AL 2001_61
24 hom.oplgsmus sites suggest AL 2001_13
recombination AL 2001_17
GA 1995
: TN 1996
Ancient
TK 2001
coalescence of
e VA 1994
chicken . KY 1996 ¢ genomic
and finch strains TK 1996 deletions
(611 yrs.; 95 % c.i. ' TK 1998
484-753 yrs.) CK 1996
| | | | |
1983 1989 1995 2001 2007

731,536 aligned sites
Phylogeny obtained using BEAST, strict clock, 10 million cycles, sampling every 1000 cycles



CRISPR loci:
acquired protection against phage

Clustered, interspaced short palindromic repeats

Repeats
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Sorek et al. (2008) Nature Reviews Microbiol. 6: 181-186



Rapid evolution of CRISPR loci in Mycoplasma

| 52 CRISPR repeats in House Finch strains
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Host parasite co-evolution in
House Finches and Mycoplasma:

Evidence for microevolution in
house finches and population-
dependent expression response to
Mycoplasma infection




Host parasite co-evolution in
House Finches and Mycoplasma:

Parasite host-switch accompanied
by bottleneck, population
expansion, genomic deletions and
loss of CRISPR system




Host parasite co-evolution in
House Finches and Mycoplasma:

Serial sampling of both host and

parasite allows detailed
Investigations via next generation

sequencing approaches
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