
STARRInIGHTS tutorial administrivia

★Each group will analyze one of the three biological scenarios:
/scenario1/STARRI/ 
/scenario2/STARRI/ 
/scenario3/STARRI/ 

★Save the files locally in a directory with the full path:
 
/STARRI/ 

★Please self-assemble into groups with at least one command line/R-
capable laptop (Linux or Mac with Terminal + R)

(otherwise youʼll have to edit the key.txt file)
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Goals & Questions in Human Microbiomics

1. Identifying Microbe-Disease associations

• moving from 16S to genome-wide studies

• importance of within-species diversity (identical 16S, distinct ecology)

• can we achieve gene/allele specific resolution?
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1. Identifying Microbe-Disease associations

• moving from 16S to genome-wide studies

• importance of within-species diversity (identical 16S, distinct ecology)

• can we achieve gene/allele specific resolution?

2. Thinking about microbial populations and gene pools

• do disease/healthy microbiomes constitute separate gene pools?

• are microbial populations mostly clonal or sexual?

3. Understanding mechanisms of niche adaptation and speciation

• which genes are under distinct selective pressures in different 
environments/niches?

• when is recombination an adaptive event?

Goals & Questions in Human Microbiomics



• is a software package for inferring homologous 
recombination in populations of microbial genomes

• identifies locations of recombination breakpoints in a 
maximum likelihood, phylogenetic framework

• pinpoints parts of the genome that are strongly associated 
with ecology of interest (e.g. healthy/sick)

• works best for closely-related, well-aligned genomes

STARRInIGHTS



• Microbial evolution & the importance of 
recombination

• STARRInIGHTS method description

• Hands-on example

• Discussion

• Possible uses

• Limitations

• Downstream analysis

Workshop outline



Microbes: Mechanisms of ecological differentiation

• Clonal expansion (“ecotype” model)
reference to the unifying biological principles of
selection and niche partitioning, the ecotype has
rightly become popular as a framework within
which to discuss bacterial evolution, speciation,
and ecology.

The ecotype model (4, 16, 24) predicts that
common ancestry will be preserved among bac-
terial populations within niches (which should be
monophyletic), and thus predicts that ecotypes
are coherent self-contained gene pools. As a re-
sult, it has been suggested that ecotypes should
be considered as putative or actual species, de-
pending on the level of genetic differentiation
from the ancestral population. This model there-
fore has the advantage of providing amechanistic
understanding of the evolutionary processes, as
well as an organizing principle for classifying
species, that is based on experimental observa-
tions of bacterial populations.

However, these observations of repeated se-
lective sweeps were made in chemostats, whereas
natural environments are markedly unstable and
diverse. How would one detect the presence of
selective sweeps in natural bacterial populations?
The most conclusive examples come not from
bacteria but from RNA viruses, which mutate at
much higher rates than DNA-based life forms. It
has been established from sequences collected
over many years that the population structure of
the human influenza virus is predominantly driven
by repeated selective sweeps (25) and that the
resulting effective population size Ne (<100) is
very much smaller than observed for bacteria.
The use of longitudinal ecological and genetic
data to distinguish between competing models
of evolution has a long pedigree in eukaryotic
biology (26). On the basis of these analogies,
any inference of a population structure driven by
selective sweeps would require good longitudi-
nal data from natural bacterial populations, as
well as observations of episodic crashes in
diversity causally associatedwith genetic changes
and not associated with changes in ecological
covariates.

Bottlenecks, Metapopulations, and
Local Extinctions
The essential element of the ecotype model with
respect to limiting neutral diversity is not niche
adaptation per se, but rather the effective bottle-
neck caused by the replacement of the whole
population by descendants from a single indi-
vidual and the resulting extinction of all other
lineages (Fig. 2A). Othermechanisms that induce
or involve regular population bottlenecks will
also restrict neutral diversity. Metapopulation
structure, in which the population is divided into
patches and where individuals disperse between
patches, can generate very low effective popu-
lation sizes if patches turn over (i.e., if patches
are only intermittently able to support bacterial
growth, and if a small number of bacteria are
dispersed to colonize empty patches) (Fig. 2B)

(27). This structure well describes the situation
for parasites, which can colonize a host but are
then forced tomove on because the host develops
immunity or dies (17). It also describes any
situation where bacteria use a limited resource
intensively for short bursts, followed by dispersal
to new resource patches (e.g., colonization of
organic particles in seawater by Vibrio popula-
tions). This metapopulation model is fundamen-
tally different from the ecotype model because it

does not predict an association between neutral
diversity and adaptive traits.

The relevance of themetapopulationmodel to
the species question is that, although highly ide-
alized and simplified, it may capture some of the
effects of complexity and instability of actual
ecosystems on population structure. Selective
sweeps are predicted to be inevitable in simple,
stable environments but not in complex meta-
populations [a point partly addressed in (28)].
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Fig. 2. Different models of microbial evolution that lead to low values of Ne. (A) The ecotype
model of bacterial population differentiation. The tree shows a single bacterial lineage that dif-
ferentiates into two sublineages (E1 and E2) that differ in some aspect of their ecology. Periodic
selection (a selective sweep) occurs at the points marked by asterisks and eliminates almost all of
the diversity that has arisen since the last episode of periodic selection, which is shown by the
dashed branches (diversity purged by periodic selection) or solid branches (existing diversity) on
the tree. As the two populations are ecologically distinct (i.e., ecotypes), periodic selection in one
sublineage does not influence diversity in the other sublineage and vice versa. Each ecotype can
therefore diverge to become separate species. Reproduced from (24) with permission. (B) A meta-
population. Patches of varying size (gray circles) are vacant (empty) or may be colonized by a
single genotype randomly acquired from another patch. Strains may diversify within a patch (as
shown by different colors representing distinct genotypes), which may colonize empty patches as
described above. A characteristic of this sort of metapopulation is patch turnover, in which patches
occasionally become unable to support colonization and their inhabitants are removed (solid gray
circles). (C) A neutral model with small population size. Different genotypes (different colors) arise
by mutation or recombination and increase or decrease in the population by random drift. For
some purposes, this simple model is an adequate effective description of the more complex pro-
cesses represented in (A), (B), and (D), and of other more complex evolutionary models not de-
scribed in this review. (D) Predator-prey dynamics and population bottlenecks. Regular population
bottlenecks can drastically shrink the effective population size. In this case, bacteria-phage
predator-prey dynamics are simulated with a classical Lotka-Volterra model, which can generate
oscillations in population size of any amplitude. Population sizes and time axes are in arbitrary
units for illustrative purposes only.
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Speciation Islands

Animals: Mechanisms of ecological differentiation

NEWS AND VIEWS

PERSPECTIVE

Genomic islands of speciation or
genomic islands and speciation?

THOMAS L. TURNER* and
MATTHEW W. HAHN†
*Evolution, Ecology, and Marine Biology Department,
University of California Santa Barbara, Santa Barbara, CA
93106, USA, †Department of Biology and School of Informatics
and Computing, Indiana University, Bloomington, IN 47405,
USA

Populations of the malaria mosquito, Anopheles gambiae,
are comprised of at least two reproductively isolated,
sympatric populations. In this issue, White et al. (2010)
use extensive sampling, high-density tiling microarrays,
and an updated reference genome to clarify and expand
our knowledge of genomic differentiation between these
populations. It is now clear that DNA near the centro-
meres of all three chromosomes are in near-perfect dise-
quilibrium with each other. This is in stark contrast to
the remaining 97% of the assembled genome, where fixed
differences between populations have not been found,
and many polymorphisms are shared. This pattern,
coupled with direct evidence of hybridization in nature,
supports models of ‘‘mosaic’’ speciation, where ongoing
hybridization homogenizes variation in most of the gen-
ome while loci under strong selection remain in disequi-
librium with each other. However, unambiguously
demonstrating that selection maintains the association of
these pericentric ‘‘speciation islands’’ in the face of gene
flow is difficult. Low recombination at all three loci com-
plicates the issue, and increases the probability that
selection unrelated to the speciation process alters
patterns of variation in these loci. Here, we discuss these
different scenarios in light of this new data.

Received 7 December 2009; revision accepted 20 December 2009

Populations which are partially reproductively isolated
offer opportunities to study the speciation process at its
early stages. Populations of the African malaria mosquito,
Anopheles gambiae, present such a case, and with the publi-
cation of White et al. 2010 (this issue) these populations
have been investigated to an exceptional degree at the
genetic level. In this perspective, we consider the implica-
tions of this great effort.

The complexity of relationships among mosquitoes in
the Anopheles gambiae clade undermines attempts to pro-
vide brief summaries of the situation. Indeed, it is likely
that these relationships would have escaped our notice if it
was not for their medical importance: some mosquitoes in
this group are prolific vectors of human malaria in Africa,
while others are not. Because of this fact, an uncommon
effort to delineate reproductively isolated groups has com-
menced. These efforts have resulted in seven named spe-
cies, all of which are closely related, share considerable
genetic variation, and are morphologically indistinguish-
able as adults (White 1974; Coluzzi et al. 2002). Hybrids
between the primary malaria vector, A. gambiae sensu
stricto, and other species have been found in nature (at
<<1% frequency), further illustrating the close relation-
ships among these taxa (Coluzzi et al. 1979; Costantini et al.
2009; Simard et al. 2009). However, even within the taxon
known as A. gambiae sensu stricto, there is now indisputable
evidence for further evolutionarily significant divisions.
This species is split into two ‘molecular forms’ (an inten-
tionally ambiguous division) called M-form and S-form
(della Torre et al. 2001, 2005; Lehmann & Diabaté 2008).
These forms can only be distinguished at the molecular
level, and are sympatric across much of their range, even
to the level of resting inside the same houses (della Torre
et al. 2005; Diabaté et al. 2009). As such, they seem to be
the spearhead of an ongoing species radiation in the com-
plex, and the lack of geographic separation of such close
species makes them a system of great interest.
Efforts to understand the ecological and behavioral dif-

ferences between M-and S-form mosquitoes is incipient but
ongoing. Though no differences between forms or their
hybrids have been detected in the lab, a landmark study
demonstrated that they mate assortatively in nature by

Fig. 1 Anapheles gambiae blood feeding as photographed by J.
Gathany (CDC), courtesy of N. Besansky.

Correspondence: Thomas L. Turner, Fax: +1 805-893-4724; E-mail:
tturner@lifesci.ucsb.edu
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Under this model, the early stages of speciation with
gene flow should be characterized by heterogeneous
genomic divergence that has been termed ‘the genetic
mosaic of speciation’ (Via & West 2008; see also Nosil
et al. 2009). Specifically, genomic regions that directly
contribute to local adaptation and reproductive isolation
should be highly diverged genetically, given strong eco-
logically based differential selection and consequent
lack of introgression with other genetic backgrounds.
The remainder of the genome, at least initially, should
be subject to the homogenizing effects of gene flow (Wu
& Ting 2004; Storz 2005; Butlin 2008; Via & West 2008;
Nosil et al. 2009). As such, genome scanning of partially
isolated ecotypes or subspecies provides a means to
uncover ‘genomic islands of divergence’ (Turner et al.
2005; Harr 2006) that may contain the genes directly
contributing to ecologically based barriers to gene flow.
The mosquito Anopheles gambiae is the principal Afri-

can vector of human malaria. It is the nominal member
of the An. gambiae complex, a group of at least seven
isomorphic sibling species of relatively recent and rapid
origin (Powell et al. 1999). Diversification of most spe-
cies in this complex is thought to reflect ecologically
based divergent selection acting on the ability to exploit
characteristic aquatic breeding sites (Coluzzi 1982;
Coluzzi et al. 2002). Within An. gambiae sensu stricto
(hereafter, An. gambiae), the process of ecological diver-
sification and lineage splitting is ongoing (Lehmann &
Diabate 2008; Manoukis et al. 2008; Costantini et al.
2009; Simard et al. 2009). Two nascent species, the M
and S molecular forms, are recognized (see reviews of
their identification, distribution, genetic differentiation
and ecology by Della Torre et al. 2005; Lehmann &
Diabate 2008). The presumed ancestral S form is distrib-
uted across sub-Saharan Africa and breeds only in asso-
ciation with the rainy season in temporary pools and
puddles. The derived M form overlaps with the S form
in West and Central Africa, but is absent to the east of
the Great Rift Valley (Fig. 1). The M form, reproduc-
tively active throughout the year, breeds in bodies of
water that are more stable and more closely associated
with human activity and disturbance of natural land-
scapes. Morphological differences are absent and other
phenotypic differences between the M and S forms are
not understood in detail, but recent transplantation
studies in the field have suggested that larval predator
avoidance behaviour and rate of development are key
distinguishing factors (Lehmann & Diabate 2008). The S
form develops more rapidly and outcompetes the M
form in the absence of predators, consistent with a
taxon adapted to short-lived aquatic habitats. However,
superior predator avoidance behaviour favours the M
form in more permanent habitats with higher predator
densities.

No intrinsic postmating barriers to gene flow have
been reported in F1 hybrids of the M and S forms (Di-
abate et al. 2007), but as expected during ecological spe-
ciation, assortative mating contributes significantly to
premating isolation of M and S. Field studies conducted
in Mali have shown that strictly sympatric and synchro-
nously breeding populations of M and S cross-mate at a
rate of only !1% (Tripet et al. 2001) and that mating
swarms are spatially segregated with no detectable mix-
ing (Lehmann & Diabate 2008; Diabate et al. 2009).
Moreover, the incidence of F1 hybrids (as detected by
an X-linked SNP) is exceedingly low in the interior of
West Africa and undetected in west-central Africa
(52 M ⁄ S hybrids among !18 000 An. gambiae in the for-
mer region, none among >12 000 in the latter; Della
Torre et al. 2005; Costantini et al. 2009; Simard et al.
2009). Nonetheless, the degree of reproductive isolation
appears to vary geographically, as mixed mating
swarms were found at a low but detectable rate in
Burkina Faso (Diabate et al. 2006) and M ⁄ S hybrids
have been recorded at much higher rates in western-
most West Africa (upto 7% in The Gambia and 19–24%
in Guinea Bissau; Caputo et al. 2008; Oliveira et al.
2008).
If the M and S forms are in the process of ecological

speciation with gene flow, it is expected that nucleotide

Fig. 1 Coarse-scale distribution of M and S forms of An. gam-
biae across the African continent, after Della Torre et al. (2005).
Approximate location of sampling sites is indicated by white
circles.
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• M and S forms of Anopheles gambiae

• no apparent barriers to gene flow...

White et al. 2010

... except in ‘genomic islands of speciation’

intermixed

divergent

Turner et al. 2005, 2010

between M & S forms



• in bacteria, sex (recombination) is optional: some bacterial 
recombine a lot, others are clonal

• difficult to pinpoint ecologically important loci or perform tests 
for natural selection if bacteria don’t recombine enough

•  recombination may itself be an adaptive event

• (further reading):

The importance of recombination



Microbial population genetics terminology

Recombination/sex:  The exchange of a stretch of homologous 
DNA.  Applies to the core genome.

Illegitimate Recombination (horizontal transfer):  The 
acquisition of entirely novel genes or operons.  Applies to the flexible 
genome.

Positive selection:  The evolutionary force favoring adaptive alleles, 
allowing them to increase in frequency in a population. May lead to 
differentiation/speciation between populations. ~~~~~~~~~~~~~~

~~~~~~~~~~~~~~

~~~~~~~~~~~~~~

~~~~~~~~~~~~~~
time



How to detect recombination events?

• assume the genome can be divided into one or more 
recombinant blocks

• each block can have its own evolutionary history of 
recombination (its own phylogenetic tree)

• most mutations within a block will support the block’s 
tree, some may reject it (homoplasies)



e.g. 1: Genome consists of 1 block / 1 tree topology 

Finding recombination events in the genome

x     x           x xx xx  xxxx  xx x  x x   x cost = 0 break + 17 homoplasies

GATCCCGAGA
GATCCCTAGA
GATCGAGAGA
ATTCGAGCGC
ATTCGATCGC

x

x

x

x = homoplasic / 
unparsimonious site

= SNP (single nucleotide 
polymorphism) supporting 
topology A



x     x           x  x                 x     x cost = 1 break + 6 homoplasies

Finding recombination events in the genome

x     x           x xx xx  xxxx  xx x  x x   x

e.g. 2: Genome consists of 2 blocks / 2 trees 

cost = 0 break + 17 homoplasies
e.g. 1: Genome consists of 1 block / 1 tree topology 

x

x

x

x

x = homoplasic / 
unparsimonious site

= SNP (single nucleotide 
polymorphism) supporting 
topology A

= SNP supporting 
topology B



x x

x     x           x  x                 x     x cost = 1 break + 6 homoplasies

cost = 3 breaks + 2 homoplasies

Finding recombination events in the genome

Find optimal breakpoint 
locations by dynamic 
programming.

Re-estimate
breakpoint
cost

x     x           x xx xx  xxxx  xx x  x x   x

e.g. 3: Genome consists of 4 blocks / 4 trees 

cost = 0 break + 17 homoplasies
e.g. 1: Genome consists of 1 block / 1 tree topology 

e.g. 2: Genome consists of 2 blocks / 2 trees 

Initial
breakpoint
cost



Finding recombination events in the genome

3. Define a cost function for 
recomb. breakpoints (b) and 
trees in intervening sequences.

LG1

.

.

.

1. Consider all subsequences of 
the core genome (~L2).

x

x

x

x

GATCCCGAGA

GATCCCTAGA

GATCGAGAGA

ATTCGAGCGC

ATTCGATCGC

CTCAACT

CTGAACT

GTGCTCT

GCCCTCT

CTCCACA

2. Each subsequence gets an 
ML tree.

x = homoplasic / unparsimonious site

x     x           x x      x         x x  x{ {subseq 1 subseq 2

e.g. 1. combine 2 subseqs with a breakpoint in between:

x

x

-log probabilities

# events
(breakpoint 

or not)C(1,LG) = cb(1) + cnb(LG-1) + cTree 1 + cTree 2

x x  x x

C(1,LG) = cb(3) + cnb(LG-3) + cTree1 + cTree2 + cTree3  

+ cTree4

e.g. 2. combine 4 subseqs with 3 breakpoints in between: 4. Find optimal breakpoint 
locations by dynamic 
programming (DP). 
Estimate cb by Expectation-
Maximization.

~LG
2 subseqs.

... consider further e.g.’s and choose the best by DP

! 

C(i, j) = c
b
" b

ij

         +  cnb " (lij # bij )

         +  cTree(i, j )

 



output

• locations of recombination breakpoints, if any, separating 
recombinant blocks

• each block has its own phylogenetic tree

★ trees may support/reject ecological/biological 
hypotheses:

niche 1

niche 2



genome position

trees supported

output



STARRInIGHTS
Strain-based Tree Analysis & Recombinant Region Inference In Genomes from 
High-Throughput Sequencing-projects



Example STARRInIGHTS analysis

• You have isolated 4 strains from healthy individuals:

• H1, H2, H3, H4

• 4 from sick patients affected by a disease of interest

• S1, S2, S3, S4

• Strains are closely-related and genomes are easily aligned

• Questions:

• How much recombination occurs among these strains?

• Are H and S gene pools separate or mixed?

• Can we pinpoint disease-associated loci?



Example STARRInIGHTS analysis

2.Maximum-likelihood (ML) trees have been pre-computed based on 
every possible subsequence (i,j) of informative SNPs in the core 
genome. You can view these trees and their associated log-
likelihoods in the file lk.txt.

*Note: for real genomes (~5 Mbp, ~50,000 informative SNPs), would 
have to build ~millions of trees using parallel computing



Example STARRInIGHTS analysis

2.Maximum-likelihood (ML) trees have been pre-computed based on 
every possible subsequence (i,j) of informative SNPs in the core 
genome. You can view these trees and their associated log-
likelihoods in the file lk.txt.

Do the trees for different subsequences appear to be the same or 
different? Tree viewer:

http://itol.embl.de/

http://itol.embl.de/
http://itol.embl.de/
http://itol.embl.de/
http://itol.embl.de/


Example STARRInIGHTS analysis

Combine the subsequences using dynamic programming and a range of recombination 
breakpoint penalties (found in the file pB.list) by running:

perl dp.pl /STARRI/ pB.list > dp.screenout

high recombination rate

low recombination rate

log. probability
of recombination



Example STARRInIGHTS analysis

Combine the subsequences using dynamic programming and a range of recombination 
breakpoint penalties (found in the file pB.list) by running:

perl dp.pl /STARRI/ pB.list > dp.screenout

You can print a summary of the results using different breakpoint penalties by doing:

perl findML_noEM.pl starri.init.pB_-

How do different pB settings affect the results?
What is the most likely number of recombination breakpoints? number of events?



Example STARRInIGHTS analysis

How do different pB settings affect the results?
What is the most likely number of recombination breakpoints? number of events?

Scenario 1:
pBinit pB like                nb
-100      na -3835.62158     0
-11.51 na -3733.79988325205 4
-13.82 na -3743.01733482071 4
-16.12 na -3752.21509912514 4
-2.30 na -3975.89919761141 8
-3.91 na -3760.29254717745 8
-4.61 na -3731.13901498  4
-6.21 na -3717.59495168907 4
-6.91 na -3717.86649669679 4
-8.52 na -3722.31270045286 4
-9.21 na -3724.82454746064 4

Scenario 2:
like                nb
-3643.61762      0
-3643.64269336944 0
-3643.62010880279 0
-3643.61786952438 0
-3896.77155393373 6
-3693.43366524902 6
-3666.14762498      4
-3647.75420546514 1
-3645.92271146446 1
-3644.11626829013 0
-3643.86771761682 0

Scenario 3:
like   nb
-3638.01 0
-3638.03 0
-3638.01 0
-3638.01 0
-3890.00 5
-3683.44 4
-3660.68 4
-3641.44 1
-3639.60 1
-3638.51 0
-3638.26 0

Intuitively, higher breakpoint probabilities result in more breakpoints!

Best just to choose a conservative value of pB to get high-confidence breakpoints only?



Example STARRInIGHTS analysis

Repeat, but letting E-M converge on an optimal (maximum-likelihood) value of pB from 
different starting values:

perl dp+em.pl /STARRI/ pB.list > dp+em.screenout

perl findML.pl starriEM.init.pB_

Does the E-M converge? 

What is the likeliest number of breakpoints in the genome?

Which value of pB provides the best (maximum likelihood) inferences of recombination 
breakpoints?



Example STARRInIGHTS analysis

Repeat, but letting E-M converge on an optimal (maximum-likelihood) value of pB from 
different starting values:

perl dp+em.pl /STARRI/ pB.list > dp+em.screenout

perl findML.pl starriEM.init.pB_

Does the E-M converge? 

What is the likeliest number of breakpoints in the genome?

Scenario 1: nb = 4
Scenario 2: nb = 0
Scenario 3: nb = 0 (but 1 is nearly as likely!)

Which value of pB provides the best (maximum likelihood) inferences of recombination 
breakpoints?

Scenario 1: pB = -6.44
Scenario 2: pB = -16.12
Scenario 3: pB = -16.12



Example STARRInIGHTS analysis

3. Using the value of pBinit that converges on the best pB (call this [best_pBinit], 
letʼs visualize the data and see which parts of the genome, if any, are associated with 
disease.

perl parseBlockParsTrees.pl /STARRI/key.txt /STARRI/ [best pBinit] 
STARRI.2.0.EM

Now we will use this output to make a final summary of our results and plot it visually:

perl parseBlockIngroupStats.pl /STARRI/key.txt /STARRI/ [best 
pBinit] STARRI.2.0.EM pars.snp.pB_[best pBinit].txt healthy.txt 
sick.txt

This produces our final results file:

trees.pB_[best_pBinit]+stats.ingr.healthy.txt.txt



Example STARRInIGHTS analysis

This produces our final results file:

trees.pB_[best_pBinit]+stats.ingr.healthy.txt.txt

Scenario 1:

Scenario 2:

Scenario 3:



Example STARRInIGHTS analysis

This produces our final results file:

trees.pB_[best_pBinit]+stats.ingr.healthy.txt.txt

Scenario 1: 5 recombinant blocks; 2 disease-associated regions

Scenario 2: clonal evolution; no disease association

Scenario 3: clonal evolution, with disease association



Example STARRInIGHTS analysis

directory containing R code snippets to make plots:

output.pB_[best pBinit]/

You can plot a heatmap of support for different tree partitions across the genome by 
pasting [#].support.txt into an R command window. 

Brighter shades or white/gray indicate stretches of the genome supporting different 
phylogenetic partitioning of strains (shown on the Y-axis; see [#].Ykey.txt).



Example STARRInIGHTS analysis
1
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Scenario 1: 5 recombinant blocks; 2 disease-associated regions



Example STARRInIGHTS analysis
1

Genome position (kb)
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# SNPS y1 y2 tree partition

Scenario 1: 5 recombinant blocks; 2 disease-associated regions



Example STARRInIGHTS analysis
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Example STARRInIGHTS analysis

Scenario 1: 5 recombinant blocks; 2 diseasScenario 3: clonal, with disease association

# SNPS y1 y2 tree partition



Example STARRInIGHTS analysis

Is there any support for association between microbes and disease state (healthy/sick)?

Is association localized to certain genomic regions? 

If so, what downstream analyses would you perform on these regions?

If not, can you suggest another strategy to pinpoint genes/mutations associated with 
disease?



Example STARRInIGHTS analysis

Is there any support for association between microbes and disease state (healthy/sick)?

For scenarios 1 and 3, yes.

Is association localized to certain genomic regions? 

In scenario 1, two regions show disease association.

If so, what downstream analyses would you perform on these regions?

Gene-finding, tests for positive selection (e.g. McDonald-Kreitman test, dN/dS)

If not, can you suggest another strategy to pinpoint genes/mutations associated with 
disease?

Convergence tests: Are certain mutations repeatably associated with disease? (for 
example, in another sample taken at a different time or geographic location).



1. Biological limitations

• breakpoints ≠ events

2. Technical limitations

• runtime scales with genetic diversity

• will usually require parallel computing to pre-compute ML trees

• need to correct for model complexity (each new breakpoints adds 
more parameters to the model). Do so empirically, or just choose a 
conservative pB.

Discussion



1. Biological problems addressed:

• how common is recombination?

• does recombination cross niche boundaries?

- implications for species concepts

• which recombinant loci are associated with meta-data of interest

 (meta-data could include disease information, environmental 
variables, geography)

2. Many possible uses:

• exploratory analysis of closely related genomes (what are the 
dominant phylogenetic groupings?)

• hypothesis-driven analysis (e.g. disease vs. healthy associations)

Discussion



1. Projects:

• Vibrio: associated with different marine particles

• S. pneumoniae: virulent/avirulent strains

• E. faecalies: antibiotic resistant/sensitive strain

2. Future work:

• web interface?

• cloud?

Ongoing work



Software & documentation

http://almlab.mit.edu/ALM/star.html

http://almlab.mit.edu/ALM/star.html
http://almlab.mit.edu/ALM/star.html
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McDonald-Kreitman test for positive selection

# SNPs

Fixed between ingroup & 
outgroup

Polymorphic in ingroup

change AA Silent A/S

4 2 2

1 2 0.5

Ingroup
Polymorphism

outgroup

      
A A C
A A C
A A G

T A G

fixed

polym
orphic

‘fixation index’ = 2 / 0.5 = 4

- Has there been an excess of fixed amino acid changes between the 2 ecological groups?

- Compare fixed A/S to polymorphic A/S:



Convergence test

x

x

AAA

AAA

AAT

AAT

AAT

AAT

AAT

AAT

AAA

AAA

AAT

AAT

}

}

convergent
mutation
(nonsynonymous?)

habitat 1

habitat 2


