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The one and only figure in Darwin’s Origin of Species

Ancestor/Descendant Relationships Across Life on Earth





Madagascar = 0.0001 (0.01%) of Earth’s surface



PNASMay 3, 2005
vol. 102 no. suppl 1

Almost 20% of 
primate species 

diversity is found on 
an island roughly the 

size of California





IUCN has declared lemurs to be the most threatened mammals on earth



Species, populations, and their genomes are vanishing …



Nature (May, 2019)

B Y  J E F F  T O L L E F S O N

Up to one million plant and animal 
species face extinction, many within 
decades, because of human activities, 

says the most comprehensive report yet on the 
state of global ecosystems.

The rate of species extinctions is already tens 
to hundreds of times higher than the average 
across the past ten million years. Without dras-
tic action to conserve habitats, the extinction 
rate will only increase, says a United Nations-
backed panel called the Intergovernmental 
Science-Policy Platform on Biodiversity and 
Ecosystem Services (IPBES).

About 75% of land and 66% of ocean areas 
have been “significantly altered” by people, 
driven in large part by agriculture, according 
to a summary of the work, released on 6 May 
(see go.nature.com/2v4zbn9). The loss of spe-
cies and habitats poses as much a danger to life 
on Earth as climate change does, the IPBES 
report says.

The analysis distils findings from nearly 
15,000 studies and government reports, 
integrating information from the natural 
and social sciences, Indigenous peoples 
and traditional agricultural communities. 
The report is the first major international 
appraisal of biodiversity since 2005. Repre-
sentatives of 132 governments met last week 

in Paris to finalize and approve it.
“We have never had a single unified 

statement from the world’s governments that 
unambiguously makes clear the crisis we are 
facing for life on Earth,” says Thomas Brooks, 
chief scientist at the International Union for 
Conservation of Nature in Gland, Switzerland, 
who helped to edit the report. “That is really 
the absolutely key novelty that we see here.”

Without “transformative changes” to the 
world’s economic, social and political systems 
to address this crisis, the IPBES panel projects 
that major biodiversity losses will continue to 
2050 and beyond. 

The analysis, which will be released in full 
later this year, also inextricably links biodiver-
sity loss and climate change. An estimated 5% of 
all species would be threatened with extinction 
by 2 °C of warming above pre-industrial levels 
— a threshold that the world could breach in the 
next few decades, unless greenhouse-gas emis-
sions are drastically reduced. 

The biodiversity crisis should be at the top of 
the global agenda alongside climate, said Anne 
Larigauderie, IPBES executive secretary, at a 
6 May press conference in Paris. “We can no 
longer say that we did not know,” she said. 

Brooks says that the IPBES report will help 
to set the agenda when governments negotiate 
conservation goals for the next decade at the 
UN Convention on Biodiversity next year. ■

But the excitement around cancer 
immuno therapies — two researchers won 
a Nobel prize last year for pioneering them 
— has been tempered after several partici-
pants in US clinical trials died from side 
effects. Regulators around the world have 
moved slowly to approve the treatments 
for sale. The US Food and Drug Admin-
istration has approved only three cancer 
immunotherapies so far, and the Chinese 
drug regulator has approved none.

Before 2016, Chinese regulations for 
the sale of cell therapies were ambiguous, 
and many hospitals sold the treatments to 
patients while safety and efficacy testing 
was still under way. Ren Jun, an oncolo-
gist at the Beijing Shijitan Hospital Cancer 
Center, estimates that roughly one million 
people paid for such procedures.

But the market came under scrutiny when 
it was revealed that a university student with 
a rare cancer had paid more than 200,000 
yuan (US$30,000) for an experimental 
immunotherapy, after seeing it promoted 
by a hospital on the Internet. The treatment 
was unsuccessful, and the student later died. 
The government cracked down on hospi-
tals selling cell therapies — although clinical 
trials in which participants do not pay for 
treatment were allowed to continue.

GATHERING EVIDENCE
Under the proposed regulations, roughly 
1,400 elite hospitals that conduct medical 
research, known as Grade 3A hospitals, 
would be able to apply for a licence to 
sell cell therapies, after proving that they 
have expertise in processing the cells and 
running clinical trials.

Once the hospital was licensed, its review 
board would oversee clinical research of 
experimental therapies, with participants 
who did not pay. If the board were to decide 
that these investigations had produced 
enough evidence that a therapy was safe 
and effective, the hospital would be able to 
start selling it. 

Ren is confident that the measures would 
prevent treatments of unknown quality 
being promoted and sold.

But not everyone agrees. “The proposed 
regulation is a bad idea,” says Michele 
Teng, who studies cancer immunotherapy 
at QIMR Berghofer. “It is critical that any 
new cellular therapy to be administered 
into patients demonstrates its safety and 
efficacy in phase III efficacy trials.”

Having large, well-funded facilities 
and trained medical staff is not an ade-
quate substitute for well-designed stud-
ies to determine whether a treatment is 
efficacious or not, says Douglas Sipp, who 
studies cell-therapy policies at the RIKEN 
Center for Biosystems Dynamics Research 
in Kobe, Japan. 

The rules could even dissuade companies 
from doing rigorous studies, he says. ■

Habitats such as coral reefs have been hit hard by pollution and climate change.

B I O D I V E R S I T Y

One million species 
face extinction
Landmark United Nations report finds that human activities 
threaten ecosystems around the world.
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Speciation
Laboratory





Q1: How did they get there?



1996

SINGLE ORIGIN

(54 - 56 Ma)



2003

Shout out to Jeff Thorne 
and MultiDivTime!!!!



60 – 55 mya

0°

30°



SWEEPSTAKES





2013





2023





Vicariance

Land Bridge

Overwater Dispersal



Predicted pattern of “arrivals” under island-hopping/land-bridge model
#
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[Ali & Huber, 2023] show “that stochastic over-water 
dispersal through time best explains the observed 

profile, rather than passage along temporary cause-
ways. This finding is congruent with the geological 

evidence that rejects the suggestion that Africa and 
Madagascar were connected by land 

bridges/stepping-stone chains in the Cenozoic.”



[Ali & Huber, 2023] show “that stochastic over-water 
dispersal through time best explains the observed 

profile, rather than passage along temporary cause-
ways. This finding is congruent with the geological 

evidence that rejects the suggestion that Africa and 
Madagascar were connected by land 

bridges/stepping-stone chains in the Cenozoic.”

Note:  They would never have been able to do these 
analyses without Divergence Time Estimation (with a shout 

out to Tracy’s lecture Monday!)



Q2: When did they get there?



CONCATENATION!!!!!

2018





No fossil record!!!



Africa



Hold these thoughts …



Ralimanana et al., 2022

Approximately 90 percent of all plant and animal species 
found in Madagascar are endemic



Q3: What has generated all of 
this biological diversity?



Speciation is a “push me pull you” 
between reproductive barriers (of 

all kinds) and gene flow

Gene flow!Reproductive
Barriers!



We want to know things like:

Conservation concern:
• How many species are out there and where do we find them?
• Are their populations growing, declining, holding steady?
• How does present-day demography relate to ancestral demography? (this 

is another way of saying the same thing)

Basic science:
• When did species diverge from one another?
• Why and how did they diverge?
• What is maintaining species boundaries?
• Are they exchanging genes?
• And if so, is this a neutral (“speciation with gene flow”) or selection-driven 

(”adaptive introgression”) process?



Why mouse lemurs???



Nature 13 June 2019



My Addiction Story



Dear Anne,

For the past year or two Rodin, a student that 
works closely with Joerg Ganzhorn, has been 
collecting Microcebus in western Madagascar 
for a morphological study. He has done very 
well and the specimens seem to include four 
or five types (myoxinus, murinus, a rufous 
murinus type that is not myoxinus [too big], 
and two that are probably undescribed). He 
has religuously collected tissues … [more 
details]

Cheers for now,
Steve

January 27, 1997

Joerg Ganzhorn

Steve Goodman

Rodin Rasoloarison



1973 – 1993: two species taxonomy

Microcebus murinus (grey 
mouse lemur); dry deciduous 
habitat; distributed 
throughout the west.

Microcebus rufus (roufus
mouse lemur); wet forest 
habitat; distributed 
throughout the east.



1999:  D-loop sequences – barely alignable!



M. ravelobensis M. murinus M. griseorufus

M. tavaratra M. berthae M. rufus

Can you tell them apart???



Yoder et al. (2000), PNAS

• Much more 
phylogenetic 
diversity than 
expected ---
from two to 
eight species 
in just a few 
years

• Phylogeographic 
patterns don’t fit 
previous east v. 
west assumptions 



Recognized species 
diversity has gone from 

two species (1972 – 1993) 
to ~ 25 species (2023).



Questions:
• Are these things actually different species?

• How can we even tell? (Especially when one is 
agnostic about species concepts?!!)

• What has driven lineage diversification?

• What is maintaining lineage diversification? 
Biology (i.e., RI)? Ecology? Both??

• If RI, is it prezygotic? Postzygotic? Both??



Coalescent theory describes the genealogical histories 
of a sample of alleles from a population, with time 
running backwards from the present until the most 

recent common ancestor of the sample. The 
Multispecies Coalescent (MSC) is an extension of this 

process to multiple species.

The MSC Defined



Gene trees often 
don’t match the 

species tree

A “species tree” can 
contain many “gene 

trees”

Behavior of gene 
trees relates to 
MANY factors, 

including ancestral 
population sizes



Animation courtesy of Kelsie Hunnicutt



Weird non-sequitur on Introgression



Rachel Williams



Williams et al. (2020)

Using D-Statistics
p < 0.00006, p < 0.00009



(in prep)



(in prep)

(explicit)



2023



2023

(implicit)



“A major issue is that these methods have been poorly tested in the context 
of population structure, despite its widespread occurrence in many 
vertebrate species. We simulated data under a structured model and found 
that all tested methods identi�ed spurious admixture events, suggesting a 
lack of robustness to population structure. Besides, our structured model was 
better at predicting several key genomic statistics than the tested admixture 
models. This suggests that admixture should be re-evaluated in the light of 
population structure, in hominins and beyond."



The MSC is increasingly used for:

• Species delimitation
• Reconstructing historical demography 

(e.g., ancestral population size)
• Patterns of gene flow among and 

between phylogenetic lineages
• Phylogeny reconstruction
• Divergence time estimation



Thank you, Peter, Laura, and Claudia!
In no particular order …

• The coalescent is a powerful tool for understanding historical demography 
(e.g., ancestral Ne and divergence times)

• Branch lengths can have an enormous impact on recovering the species 
tree from gene trees

• Rapid radiations with short internal branches can really F* U up!
• Ancestral population size (the size of “the box”) can have a huge impact 

on coalescent rates
• Assumed mutation rate can have HUGE impact on estimation of Ne
• Increasingly clear that concatenation is inferior to MSC for estimating 

species tree
• Theoretically, coalescent times should be as old or older than speciation 

events



Ideally, we want multiple loci 
that are independently 

segregating in the genome



Input
(Samples)

Data
Types

Output
(Results)

NextGen
Sequencing

Library
Prep

Clus
ter

Data
/Cal

l

SNP
s

ddRADseq
Data Workflow

Slide courtesy of C. Ryan Campbell

RADseq: Tens of 
thousands of 
unlinked SNPs 

from across the 
genome!



Filtering thresholds: 
• Invariant loci are retained; minimum locus size: 100; maximum % of 

missing data: 10.
• Total number of loci (that passed filtering): 15,267.
• # of invariant loci: 1,822.

Mean locus length: 231 bp.
Mean # of variable sites: 4.7.
Mean # of parsimony-informative sites: 3.29.
Mean % of missing data (Ns): 5.53.

RADseq Stats







Though sampling strategy must be carefully considered!
(E.g., frogs in a single pond …)

Thanks to 
Peter Beerli
MOLE 2022)



But sampling from TWO ponds can yield older 
coalescent events, even with fewer individuals

Thanks to 
Peter Beerli
MOLE 2022)



RADseq Consortium

Portugal
(Oeiras)

France
(Toulouse)

Germany
(Hannover)

USA
(Durham)

Lounès Chikhi

Jordi Salmona

Ute Radespiel



N > 1000 
individuals from 

> 20 species 



1997



Non-dimensional Species Concept

Genetic Species Concept

Recognition Species Concept

Morphological Species Concept

Biological Species Concept

Ecological Species Concept
Cohesion Species Concept

Phylogenetic Species Concept



Non-dimensional Species Concept

Genetic Species Concept

Recognition Species Concept

Morphological Species Concept

Biological Species Concept

Ecological Species Concept
Cohesion Species Concept

Phylogenetic Species Concept



Diversification and 
integrative taxonomy of 

mouse lemurs

RADseq Consortium (in prep)



Tools along the way:

• Phylogenomics
• Phylogeography
• Demography
• Statistical genetics (MSC)
• Divergence time estimation
• Sensory biology
• Ecology (e.g., movement)



mtDNA barcoding

b)

Genomic Species Delimitation

RADseq
A B C

𝛩ABC tABC

tAB2
𝛩AB
tAB1

A1 A2 A3 B1B2 C1

tA tB
𝛩A 𝛩B

MSC

d)

Phylogenetically-guided Hypotheses

c)
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Geographic Sampling & Phenotypic Analysis

a)



Tobias van Elst
Jordi Salmona

Dominik Schüßler

Gabriele Sgarlata



So “crypsis” looks like it might be an active 
process: so what is driving lineage 

diversification?



“Speciation by sensory drive can occur if divergent 
adaptation of sensory systems causes rapid evolution of 

mating traits and the resulting development of 
assortative mating.”





Sight

Sound 

Smell









Male advertisement calls for three species

Braune et al., 2008



Sight

Sound 

Smell



The nose knows …



Woods Hole, 2008

But how can I tell if they 
are receiving different 

olfactory signals???

I’ve been working on this 
really cool system called the 

vomeronasal receptor 
Class I genes (V1R)

Joe Bielawski



2014



V1Rstrep



Our hypothesis:  nocturnal primates (like mouse lemurs) 
will show higher diversity of V1Rs than will diurnal primates, 
and these gene copies will be under strong positive 
selection

Our results:  based on targeted PCR, cloning, and Sanger 
sequencing we discovered a gene family, apparently 
unique to the strepsirrhines, that was under strong positive 
selection but did NOT show any particularly compelling 
patterns regarding nocturnality and diurnality



George Tiley
Kelsie Hunnicutt

V1R:  Chapter 2

2019



Hunnicutt, Tiley et al. (2019)

Microcebus ravelobensis
Microcebus griseorufus
Microcebus murinus
Mirza zaza
Cheirogaleus medius
Cheirogaleus sibreei
Propithecus coquereli
Eulemur flavifrons
Eulemur macaco
Prolemur simus
Daubentonia madagascarensis
Otolemur garnetti

Carlito syrichta

Nomascus leucogenys
Homo sapiens
Gorilla gorilla

Mus musculus

Galeopterus variegatus
Tupaia chinensis

Callithrix jacchus

Microcebus mittermeieri
Microcebus tavaratra

Intact (%) Total

Strepsirrhini

Lemuroidea

Primates
Haplorhini

Dermoptera

Scandentia

Rodentia

60 40 20 0 (Mya)80100

143 (62%) 232

146 (61%) 239

129 (66%) 194

137 (62%) 222

102 (61%) 168

95 (64%) 149

58 (58%) 100

70 (65%) 107

27 (46%) 59

23 (48%) 48

25 (49%) 51

22 (26%) 84

17 (20%) 83

54 (61%) 89

2 (6%) 32

2 (4%) 48

1 (3%) 30

7 (23%) 30

28 (20%) 142

32 (37%) 87

15 (31%) 48

238 (75%) 319

Whole genome analysis indicates that mouse and dwarf lemurs 
have the most diverse portfolio of V1Rs, with highest proportion of 

intact copies, in all of primates.



Hunnicutt et al. (in prep.)Hunnicutt et al., 2019

GPCR
Pheromone 
receptors



For me, it always begins with a “date”



“The anomaly zone” 
where gene trees are 

more likely to be 
recovered than the 

species tree 



Phylogenetic resolution is highly sensitive to sample of chosen loci in 
concatenated phylogenetic analysis (in mouse lemurs)

Weisrock et al. (2012), MBE

Dave Weisrock



Climate Fluctuation during 
the Pleistocene

Lineage diversification 
within hominins

~ 2.6 mya through ~ 12 kya

Has climate change been a driver of speciation?



If this model is “correct” 
the age of the splits should 
be of the appropriate age 

(just for starters)



Concatenated likelihood 
methods estimate the age 

of the mouse lemur 
radiation to be ~ 8 – 13 Ma



Recall that there is no fossil 
record!!!



Simple overview:  
• Let τ be the age of a node in the phylogeny in units of substitutions per site 
• Estimate de novo mutation rate (r)
• Divide by generation time to estimate substitutions per site per year
• It follows that τ = rt, where r is the mutation rate per year, and t the age in years.

(a full Bayesian approach is also described)

By using estimates of mutation rate and 
generation time we can calculate 

absolute time of divergence (without fossil 
calibrations!)



https://dosreislab.github.io/2016/07/03/coalescent-calibration.html



“The authors have estimated the germline mutation rate in high-coverage genome 
sequences of 151 parent–offspring trios of 68 vertebrate species. This unique and 
impressive data set allowed the authors to perform a comparative analysis that has 
yielded insights into the evolution of the mutation rate and its association with diversity 
at the macroevolutionary level, and life-history traits across species that would not have 
been possible in previous smaller and more- fragmented data sets.”

Michelle Trenkmann, Senior Editor, Nature
2023



Basic logic of Pedigree Discovery of de novo mutations (DNMs)

(figure from Bergeron et al., 2023)



Computational Aspects of de novo mutation (DNMs) Discovery

(figure from Bergeron et al., 2023)



• Count number of mutations
• Divide by size of the genome
• # mutations/size of genome = rate

Measuring de novo mutation rate:

Easy, right?





• Depth of coverage (some mutations will be called with more 
confidence than others)

• Genome assembly really, really matters (need long contigs to 
avoid, as much as possible, missing or misassembled regions 
due to highly repetitive regions)

• The number of “mutations” caused by sequencing error will 
VASTLY exceed biological mutations (replication errors)

• Ironically then, due to extreme filtering stringency the false 
negative rate can be just as error prone (if not more so) than 
the false positive rate

Problems (just a few):



Estimating the de novo mutation rate for the 
gray mouse lemur (Microcebus murinus) 

C. Ryan Campbell

2021



”Trio” studies:  sequence the genomes of parents and their offspring, and 
“count” the mutations in offspring that are not observed in the parents. 

Estimating mutation rate



2021

Rate is higher than expected and mutational spectrum surprising!



Mouse Lemur Mutation Spectrum



Campbell, Tiley, et al. (2021)

Punch line: substitution rate analysis 
yields same result regarding low 
values of CpG rate

human

chim
p

oranguta
n

green

monke
y

marm
ose

t

mouse

lemur



• High de novo rate – makes sense, right? 😎
• Low paternal bias – getting a little worrisome 🧐
• Very low CpG bias – biological nonsense? 🤪

Key Findings



Even with 
sequencing 
accuracy of 
99.999% you 
will have ~ 

28,000 errors 
in 2.8 Gb 

genome …



Playing around with computational filters

Campbell et al. (2021)



Playing around with computational filters

Can have enormous impact on estimated rate
Campbell et al. (2021)



Playing around with computational filters

Has little impact on estimate of mutational spectrum
Campbell et al. (2021)



Lucie Bergeron

Working towards best practices: 
standardize methods so that results are comparable!

2022



“We report almost a two-fold variation in the 
final estimated rate among groups using 

different post-alignment processing, calling, 
and filtering criteria and provide details into 

the sources of variation across studies.”



Evan Eichler



Hypothesized DNM transmissions Transmission validation (~50% heritability)



Complexities of calculating 
generation times (a few) …



Estimating generation times:

Key parameters
• Age at onset of first offspring to last 

reproductive event
• Number of offspring produced from first to 

last reproduction
• Probability of surviving to age of last 

reproduction 



Stable, high-quality 
environments

• Low mortality (oldest old ~ 8 
years)

• Breed at age = 1 year

• Only one litter per year



Low-quality, 
unpredictable 
environments

• High mortality (oldest old ~ 3 
years)

• Breed very early ( < four 
months)

• Multiple litters per year (i.e., 
overlapping generations 
within a single year)



These behaviors have a complex relationship with the capacity for 
torpor in mouse lemurs; they can undergo a “metabolic switch” that 
leads to fattening and prolonged torpor/hibernation … seems to be 
highly flexible by species and environment



Tiley et al. (2020)

MRCA = 8 – 10 Ma
(concatenation)

MRCA ~ 1.5 Ma
(MSC)



You might now be pretty freaked out:
Let’s take a break!



Back to speciation: three case studies:

1.Intraspecific divergence driven by natural climate 
change (incipient?)

2.Lineage diversification in close geographic proximity 
(ongoing?)

3.Reproductive isolation in sympatry (complete?)



Story # 1

Yoder et al., 2016



Slide courtesy of Marina Blanco







~ 1 Km



“Geogenetic
patterns” indicate 

that there were forest 
“bridges” across 

Madagascar that 
must have entirely 

disappeared by ~ 50K 
ybp

Yoder et al., 2016

SpaceMix
(Bradburd et al., 2016)



Microcebus berthae



Microcebus rufus



●

●

●

●

●

●

●

●

●

●

●

●

●

●

species
●

●

●

berthae

myoxinus

rufus

berthae-myoxinus-rufus

~ 50 kya

Adult Body 
Weight = 30 

grams!



Yoder et al. (2016)

Wide credible intervals 
around the age 

estimates = uncertainty



Using directly estimated mutation rate has a big impact 
on estimated divergence times …

Campbell et al. (2021)



Summary of Story 1:
• Forest fragments that are believed to be 

anthropogenetic may actually be “museums” of 
genetic diversity

• The Central Plateau of Madagascar may have 
long been characterized by mixed savannah 
and woodlands

• Either way, there must have been forest 
corridors across the island as recently as 50 kya
that no longer exist

• Rivers appear to be potent biogeographic 
barriers (at least, for mouse lemurs)



Follow-up study: Intraspecific divergence 
driven by natural climate change? 

(Goodman’s mouse lemur, M. lehilahytsara)

George Tiley

Tiley et al. (Mol. Ecol., 2022)
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Tiley et al. (Mol. Ecol., 2022)
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Increased geographic sampling confirms previous results:  LOTS 
of population structure congruent with grassland hypothesis 

Tiley et al. (Mol. Ecol., 2022)



Tiley et al. (Mol. Ecol., 2022)

PSMC analysis shows TWO episodes of population crash:  One 
congruent with LGM and a second one congruent with human arrival



Story # 2

2021

Jelmer Poelstra



Five metapopulation lineages appear to be 
independently evolving in small geographic area

Poelstra et al. (2021)



Phylogenetic analysis of RADseq data revealed brand-new unnamed lineage



Two areas of sympatric co-occurrence:

M. mittermeieri
& 

M. macarthuri

M. lehilahyisara
& 

M. sp.nov3



No gene flow detected 
between either pair



GPhoCS without migration yields very different divergence time for species 
pair #2 versus with migration

(~100 ka ago versus 400 ka ago)
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Poelstra et al. (2021)



PSMC analysis reveals that new species (M. jonahi)
is in steep decline 

Poelstra et al. (2021)
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Summary of Story 2:

• Have discovered a new microendemic species 
of acute conservation concern

• We discovered two areas of microendemism
where two lineages co-occur without gene flow

• Divergence time estimates suggest that 
reproductive isolation (RI) can evolve rapidly … 
< 700 kya in this case



Story #3

Poelstra et al. (2022)
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• 80 individuals from two 
contact zone sites

• 20 individuals from 
nearby micro-allopatric 
sites

• 38 individuals from 
distant allopatric sites

• 3 outgroup individuals 
(M. rufus)

Poelstra et al. (2022)



Site 1: syntopic overlap Site 2: “micro-allopatry”

Poelstra et al. (2022)



Both ADMIXTURE and PCA indicate that putative hybrids 
are pure parental species

Poelstra et al. (2022)



Slide courtesy of Jörg Ganzhorn



Very low levels of gene flow since initial divergence

Zero at present

GPhoCS (with migration)

Poelstra et al. (2022)



Summary of Story 3:

• Microsatellite data can be misleading
• Genome-scale data and MSC analysis have 

provided new and contradictory insights
• Two species that diverged less than 1 mya ago 

appear to have achieved complete reproductive 
isolation (RI)

• We have no idea what are the mechanisms 
driving and maintaining RI



Complete RI in < 800,000 ybp!

How?

Why?

What?



Future Directions
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Hunnicutt et al., 2019
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Movement Ecology
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Hi Anne,
...  We are here now and they are so interesting!! Much more difficult to catch, very aggressive and 
feisty. They have huge ears in proportion to their body and look like an intermediate from grey and 
brown. This ecosystem is fascinating. Anyway I hope we finish fast here so I can have a sit and hopefully 
get good internet to look at those sequences. It would be nice to create an export link to send to Ziheng. 
Cheers
Caro Yesterday!!!


