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Distribution of Coccidioidesimmitisin the New World
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Coccidioides immitis life cycle
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Aims
« Characterize the population genetic structure

Define limits to gene flow -
PHYLOGENETIC SPECIES

Define geographical barriersto gene flow -
PHYLOGEOGRAPHICAL ISOLATION

» Determine the genetic structure of epidemic populations

RECOMBINING OR CLONAL?




What is known about the population genetics of C. immitis?

« Two cryptic species, California (CA) and non-California (NCA)
Koufopanou et al. PNAS 1997

* NCA has a recombining population structure despite the lack of a
known sexual stage Burt et al. PNAS 1996

* NCA shows phylogeographical isolation between Arizona and Texas
Burt et al. Molecular Ecology 1997
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Two classes of genetic markersused

 Highly polymorphic markers to determine biogeographic
populations and species boundaries
Microsatellites (mutation rates » 103 - 10)

* Bial€lic, slowly evolving markers within species to characterize
reproductive mode and identify clonal populations

Single Nucleotide Polymor phisms (mutation rates
»107)




Toisolate (CA)n and (GA)n microsatellites

Genomic DNA from both C. immitis species

1

Screen with (CA)is and (GA):s probes

!

Make specific fluorescinated primers to the sequences flanking
microsatel lites and score size polymorphisms on ABI 377

NINE MICROSATELLITESISOLATED [621.2 by Dee Carter]




Advantagesto using microsatellites:

Highly polymorphic and fast to genotype large numbers
of isolates

BUT

Homoplasies are possible due stepwise mode of
mutation and constraints on allele sizes (orti et al., PNAS 1998)
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if thisis common then........

 Genetic distances will not increase linearly with time
» High levels of homoplasy will occur

....resultingin
INCORRECT PHYLOGENIES




Totest whether the microsatellites worked,
we sequenced twenty isolates from CA (Bakersfield + San Diego)
and NCA (Texas + Arizona) at the nine loci
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Microsatellite distance Flanking sequence distance

Shared alleles = 1-(the proportion uncorrected "p
of alleles shared between two isolates)
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Neighbour-joining trees Neighbour-joining trees
constructed constructed




Microsatellite distance

Flanking sequence distance
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These trees have the same topology (Kishino-Hasegawa test non-significant)

THE MICROSATELLITE MARKERSARE GOOD




116 clinical isolates collected from
North and Central America
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Score microsatellite polymor phisms on an ABI 377
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Allele frequenciesin the CA (red) and NCA (black) species
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Distance tree calculated
from the numbers of alleles
shared between isolates
support the existence of
two C. immitis species

0.1 changes




Both species are allopatric in Bakersfield, Baja, Tucson and Texas
The species are sympatric in San Diego and Mexico.
NO HYBRIDS WERE OBSERVED
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Both the CA and NCA species
demonstrate significant
7o - phylogeographical stucture
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Fst measuresthe amount of genetic differentiation between populations.
Ranges from 1 (mutually exclusive alele distributions) to 0 (no genetic differentiation)
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Model of C. immitis population structure showing major and
minor barriers to gene-flow
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Assignment probabilities from allele frequencies:
| dentifying Individuals within each C. immitis species

- Calculate expected frequency of an individual genotype
- Assign to population in which most likely to occur

BAK SDtM AZ TZ+M

BAK 29/ 31 /31 0 0
/ 20 19/20 O

27129 2/ 29
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The genetic structure of epidemic Califor nian
C. immitis populations

Recombining or Clonal?




1991- 1993 increase in Kern County, California
C. immitis infection rates
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Evolution of virulent individual Increases in fungal population size
e.g.Phytopthora Brasier, PNAS 1999 due to favourable environmental
conditions

GENETICS Versus ENVIRONMENT




GENETICS ENVIRONMENT

A. Epidemic-clonal B.Longterm clonal C. Recombining
population structure structure structure
A C B C
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Test A, B and C using phylogenetic analyses of multiple loci




Screen known and anonymous C. immitis loci for Single Strand
Confor mational Polymor phisms amongst isolates from the epidemic

 Amplify alocusby PCRfrom7isolates 1 2 3
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* Sequence alleles

Alleless 1 1 0 1 0 1 O




The complete dataset..........37 epidemic isolates and 13 loci

ISOLATES : 
isolate
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= NCA outgroup isolates




Neighbour-Joining tree shows that
there is extensive genetic diversity
with only 3 pairs of isolates identical

at al loci

[l = genetically identical isolates
[l = clonemates
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NCA outgroup isolates




Parsimony analysis of isolates - 4000 equally parsimonious trees

Strict consensus.
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Test for clonality in the dataset

 Find shortest tree (s) from dataset using Maximum Parsimony

isolate

12\298

435B
26108B
2808B
3264B
3262B
3258B
32578
32558
2281B
22808B
22798
22788
22778
22768
22758
2274B
22738
2271B
22708B
22698
2268B
22678
26498
20178
20158
20148
20138
20128
20118
20108
20098
20088
20078
20068
20058
2004B
2002B

(N) Locus

=25

Length

|::> Maximum |::>
Parsimony

40H000dAAAHO
CodO0O0Odd=d0HHO
COoddOdd A= O
CO0oHOOddd A0
A0 HdHAO0ddAdAAHO
40HdHdO0OdddH40O0
OCOoHOOddddHO
40H0O0ddAAOHO
OCO0O0OO0O0H™-HO- O
40H0O0ddAAAAO
Coo0O0O0OddHAHO0O
OCOoOHdOdddd O
OCOoOdHOdd O
A0 HddO0ddddAHO
40 Hd00dddAAAO
40400 dddAddO
40H00ddAd 400
40Hdd0ddd0HO
CodO0O0Oddd =0
CoddOdddd O
40 -H00O0-w- 00O
40 -H00O0«H= 0« 0O
d0HO0O0O A A A AAA
CoHdOOddddHO
40000 w00
40HdHdO0OdAH0O ©
Coo0O0O0OddHAH0O0
dO0HOdAdAAAO o
THdHO0dAdd0 A HO
400 HO0 O™« O
0 Hd A0 ddAddAAO
OCOoOdHO Ao O
COHOO e« O
COHOOdAAAAHA O
CO0OO0O0O0 OO
O HO0O0 A=A

Simulate recombination

Randomise dataset 1000 times within loci, finding shortest

tree length(s) each time




Probability that the tree lengths of the observed dataset are
shorter than the artificially recombined datasets = 0.68
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Kern county epidemic C. immitisarefrom a
genetically diverse and recombining population




Disequilibrium coefficient calculated between 78 pairs of loci
and Fishers' exact test used to assess significance

4/78 comparisons wer e significant (P = 0.05)




GENETICS ENVIRONMENT

A C
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So why the epidemic? Epidemiological analyses of key environmental
variablesinfluencing fungal growth rates necessary to solve the problem.




Conclusions

» Microsatellite and flanking sequence phylogenies are congruent

» 'Coccidioides immitis encompasses a phylogenetic species pair
'CA' and 'NCA' that are sympatric in the South-West/Mexico

» Both CA and NCA show limited intraspecific gene flow resulting
in strong patterns of phylogeographical isolation

» CA isgenetically recombining and epidemic populations show little
evidence of clonal reproduction
- The Bakersfield epidemic was not due to the recent expansion of a
single virulent clone
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