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1. Some background detalls



DNA is transcribed into mRNA, which is translated into amino acids

Central Dogma: DNA -> RNA -> Protein
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Genes are made up of introns and exons. Introns can be very long and are
removed by splicing in gene expression.
This leads to concatenated exons for each gene (equivalent to the coding sequence or “CDS”)
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As well as introns within genes, there are large gaps of non-coding sequence between genes. In
fact, only around 1% of the mammalian genome is made up of coding DNA)

Exons (regions of genes coding
for protein, rRNA, or tRNA) (1.5%)

Simple sequence Large-segment
DNA (3%) duplications (5-6%)



Exons (coding parts of the gene) tend to be relatively conserved across taxa. Introns are more
variable. Below we can see part of an exon and an intron.
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TATTCTTGCATTAAT AT GACATTAACAACALSETAAGCCTCGETTTC T GEATT ST CT TGO CA TR G A
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TATTCTTGCCTTSAT AT GACATTAACAACAALCGTAAGTCTTCGETTCTSEETTGTCCTTGCCAT CA!!
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TATTCTTGCTCTCATGCGATCACATTAACAACALCGCGTAAGTCTGERIT G ARRATTCCC DTG CATRIC A G
TATTCTTGCTCTCATGCGATCACATTAACAACALCCTGAGTCTTRRITCTICTGCAATSTCCTTGCCACHCACE
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CATTCTCGCCTTCATGCGATCACATTAACAACALCGGTAAGTCTAGHGCTCGCGETTSTCTTT GO CATEC A G
CATTCT OGO T TSAT S AT CACATTAACAACAL ST HAGTCTA ST TT AT T ST CTT ST AT A G
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We use PCR to amplify DNA

PCR : Polymerase Chain Reaction

30 - 40 cycles of 3 steps :
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2. Current and future sequencing

Until 2007 we all used Sanger sequencing.

Several large genome projects were conducted at
huge expense

In 2007 several companies released technologies,
termed “Next Generation Sequencing”

(shotgun sequencing of small reads)

This means more and more genomes are now
being produced
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Based on shotgun sequencing

« Adaptors containing universal priming sites are ligated to ends of the
DNA fragment

« DNA templates amplified clonally to get clusters

b Illumina/Solexa
Solid-phase amplification
One DNA molecule per cluster

Sample preparation y
Template

dNTPs
and

polymerase
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NGS by Illumina

Up to 6.5 Gb per day Up to 25 Gb per day
640 million paired-end reads 2 billion paired-end reads

~60x coverage of a human genome in a single run for under $10,000
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Other existing bat “genome” projects

2019
Hipposideros armiger
Rhinolophus ferrumequinum
Rhinolophus sinicus
Rhinolophus affinis
Rhinolophus yunanensis
Megaderma lyra

Eidolon helvum

Pteronotus parnellii
Pteropus vampyrus
Tadarida brasiliensis
Eptesicus fuscus

And many more........

_—— Tasmanian devil genome
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Gorilla and Gibbon genome

A Myotis genome
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Affordability?

Cost per Human Genome

13 years
\ *-. ~$3,000,000,000

., q <2 Weeks
A 51,000

2009 2012

*Gene sequencers outpace microchips

Numerous companies promise genomes for 1K USD within just 2-5 years
*This means these methods will be within our financial reach.

*Some predict a genome will be less than 100 dollars in a few years.



Within one or two years from now

» Single molecule approaches (this could mean our museum samples are
useful for genome sequencing)

« Ultra portable sequencers (could be useful for field work)

Oxford Nanopore’s “minlON”



So how will we benefit from these methods?

Development of new DNA markers
Examples of using genome comparative data

Future of phylogenomics and population genomics



Development of new DNA markers |

- Microsatellite discovery by mining published genome data

Shikano et al. (2010) BMC Genomics 11: 334
Sequenced genomes for microsatellite marker development in nine-spined sticklebacks

- Microsatellite development by low coverage genome sequencing

Abdelkrim (2009) BioTechniques 46: 185-192
blue duck DNA — 454 sequencing — 17215 reads — >200 loci — 24 primer sets

Table 2. Summary Results of the Development of Microsatellite Markers Following the Genomic Approach on Three Other Species

Minimum Number of Number of
number of microsatellites potential primer
repeats* detected pairs

niversity of Ctago)
omas Buckley (Landcare Research)




Development of new DNA markers |l

- Non-coding and coding DNA from mining genome data

“Transmembrane channel-like protein 17 gene

10 30 40 a0 &l 70
TATTCTTGOCTT AT SEAT SAGATTAACALCALSGTAAGTEITAATGTC TEEATTETCCTTGCCATHCASCATETTACT
TATTCTTGCATTAATHEAT ZAGATTAACAACAAGETAAGCCTITGETTTC TEEATTET COTT GO CATEA A AGTETTETT
TATTOTTGCATTAATSEAT SAGATTAACALCALGGTAAGACTTGETTTC TEEATTETCOTTGCOCATHARSAGTETTETT
TATTCTT GCATTAAT AT SAGAT TAACAACAAGETAAGCCITGETTTC TEEATTGT COTT GO CATEAAZASTETTTT
TATTCOTTGCATTAATSEAT SAGATTAACALCALGGTAAGCCTICGETTTC TEEATTETCCTTECOCATHARASAGTSTTETT
TATTCTTAAAAT CATHEAT ZACATTAACAATAAGGTAAGCCTECETETCTHEACTETCCT TECTTTRC A T =TT
TATTCTTGOC T TGAT SEAT AGATTAACALCALGGTLAAGOCTRCETETCTGEATTGTCCT TiEC CATRC A T =TT
TATTCOTT GO TTAATGEAT SAGATTALCALCALSGTAAGCCTGEETETC TEEATTET TOT TGO CATHET A S AGTETTSTT
TATTCTTGOCTTGATSEAT SAGATTAACALCALGGTAAATCITGETGTC TEEATTETCOTTGCCATHCASCATETTETT
TATTOTTGOCCTGATGEAT SAGATTALCALCAASGTAAATCTTGHETGTC TEEATTET COTTECCATHECAGCACKATTSTT
TATTCTTGOC T TGAT SEAT CACATTAACALCALGGTAAGTCTTEETETC TEGEETTGET CCT TiEC C AT
TATTOTTGOCTTGATGEAT SAGATTALCALC AL SGTAAGTATTARTA T T GAT TET T O T T G S0 A Tl Ol T Tl =T T
TATTCTTGOCTTGATSEAT SAGATTAACALCALGETGAGTCITGETATC TEEATTETTCTTGECATCAZAGTZTTATT
TATTOTT GO TTGATGEAT SAAATTALCAACALGGTAAACCATGHETGEC TECETTET COTTACT TTAT C A R =T =T T
TATTOTTGCATTGATSGAT SAGATTAACALCAAGETAAGCTTTARTGTCTEGCATTETCTTTGCCACECASTGTATTTT
TATTCT TGO T T GATGEATGASATCALCALCAAGETAAGCATT Gl T i T T T = (' A TR A G TS T ST TATT
TATTCTT OO P T AT SEAT SACATTAACAACAAGETAAACTTTGETETCTEEATTETCTTTGTCATA A SCATATC TTE
TATTOTTGOCTTGATSEAT SAGATTALCAACAAGGTAAAATGTARTGTCTEEITTETCOTGECGATEGASCATETCT T
TATTOTT OO P TEATGEAT SACATTALCALCALGGTAAACTTTGETCTC TEEATTET CTTTGTCATHALSCATATTTTT
TATTCT TGO TCTGATSEAT SAGATTAACALCALGGTAAGTCTGEETETCAALATTECCCTTECCATHCASCTEEATTT
TATTCTTGOTC T AT AT SAGATTAACAACAASGTGAGTC T TRETTC TEEALTET COTTECCACH A SETETATTAC
TATTCTGECCCTCATSEAT CACATTAACALCALSGTAAACTTTGETCTCCAATTEAT CCTREACATHT AT =T GTEAR
CATTCTCGOCTT AT SEAT AGATTAACALCARSGTAAGTCTAGHEGETCGCEFTTET CTT T iEC C A TR A GEIT =T GO C A A
CATTCTCGOCTTGATGCAT SAGATTAACALCALGGTGAGTCTAGHGSTCTTCATTETCCTTGTCATECA ST TGO A
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- Non-coding and coding DNA from mining genome data

“Transmembrane channel-like protein 17 gene

40 50 a0 70
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“Exon-primed intron-crossing
sequences” (EPICs)

—

AATTGTTGTTCCATT

10 30 40 a0 &l 70
TATTCTTGOCTT AT SEAT SAGATTAACALCALSGTAAGTEITAATGTC TEEATTETCCTTGCCATHCASCATETTACT
TATTCTTGCATTAATHEAT ZAGATTAACAACAAGETAAGCCTITGETTTC TEEATTET COTT GO CATEA A AGTETTETT
TATTOTTGCATTAATSEAT SAGATTAACALCALGGTAAGACTTGETTTC TEEATTETCOTTGCOCATHARSAGTETTETT
TATTCTT GCATTAAT AT SAGAT TAACAACAAGETAAGCCITGETTTC TEEATTGT COTT GO CATEAAZASTETTTT
TATTCOTTGCATTAATSEAT SAGATTAACALCALGGTAAGCCTICGETTTC TEEATTETCCTTECOCATHARASAGTSTTETT
TATTCTTAAAAT CATHEAT ZACATTAACAATAAGGTAAGCCTECETETCTHEACTETCCT TECTTTRC A T =TT
TATTCTTGOC T TGAT SEAT AGATTAACALCALGGTLAAGOCTRCETETCTGEATTGTCCT TiEC CATRC A T =TT
TATTCOTT GO TTAATGEAT SAGATTALCALCALSGTAAGCCTGEETETC TEEATTET TOT TGO CATHET A S AGTETTSTT
TATTCTTGOCTTGATSEAT SAGATTAACALCALGGTAAATCITGETGTC TEEATTETCOTTGCCATHCASCATETTETT
TATTOTTGOCCTGATGEAT SAGATTALCALCAASGTAAATCTTGHETGTC TEEATTET COTTECCATHECAGCACKATTSTT
TATTCTTGOC T TGAT SEAT CACATTAACALCALGGTAAGTCTTEETETC TEGEETTGET CCT TiEC C AT
TATTOTTGOCTTGATGEAT SAGATTALCALC AL SGTAAGTATTARTA T T GAT TET T O T T G S0 A Tl Ol T Tl =T T
TATTCTTGOCTTGATSEAT SAGATTAACALCALGETGAGTCITGETATC TEEATTETTCTTGECATCAZAGTZTTATT
TATTOTT GO TTGATGEAT SAAATTALCAACALGGTAAACCATGHETGEC TECETTET COTTACT TTAT C A R =T =T T
TATTOTTGCATTGATSGAT SAGATTAACALCAAGETAAGCTTTARTGTCTEGCATTETCTTTGCCACECASTGTATTTT
TATTCT TGO T T GATGEATGASATCALCALCAAGETAAGCATT Gl T i T T T = (' A TR A G TS T ST TATT
TATTCTT OO P T AT SEAT SACATTAACAACAAGETAAACTTTGETETCTEEATTETCTTTGTCATA A SCATATC TTE
TATTOTTGOCTTGATSEAT SAGATTALCAACAAGGTAAAATGTARTGTCTEEITTETCOTGECGATEGASCATETCT T
TATTOTT OO P TEATGEAT SACATTALCALCALGGTAAACTTTGETCTC TEEATTET CTTTGTCATHALSCATATTTTT
TATTCT TGO TCTGATSEAT SAGATTAACALCALGGTAAGTCTGEETETCAALATTECCCTTECCATHCASCTEEATTT
TATTCTTGOTC T AT AT SAGATTAACAACAASGTGAGTC T TRETTC TEEALTET COTTECCACH A SETETATTAC
TATTCTGECCCTCATSEAT CACATTAACALCALSGTAAACTTTGETCTCCAATTEAT CCTREACATHT AT =T GTEAR
CATTCTCGOCTT AT SEAT AGATTAACALCARSGTAAGTCTAGHEGETCGCEFTTET CTT T iEC C A TR A GEIT =T GO C A A
CATTCTCGOCTTGATGCAT SAGATTAACALCALGGTGAGTCTAGHGSTCTTCATTETCCTTGTCATECA ST TGO A



Nuclear protein coding loci
(NPCL)

—

AATTGTTGTTCCATT
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TATTCTTGOCTT AT SEAT SAGATTAACALCALSGTAAGTEITAATGTC TEEATTETCCTTGCCATHCASCATETTACT
TATTCTTGCATTAATHEAT ZAGATTAACAACAAGETAAGCCTITGETTTC TEEATTET COTT GO CATEA A AGTETTETT
TATTOTTGCATTAATSEAT SAGATTAACALCALGGTAAGACTTGETTTC TEEATTETCOTTGCOCATHARSAGTETTETT
TATTCTT GCATTAAT AT SAGAT TAACAACAAGETAAGCCITGETTTC TEEATTGT COTT GO CATEAAZASTETTTT
TATTCOTTGCATTAATSEAT SAGATTAACALCALGGTAAGCCTICGETTTC TEEATTETCCTTECOCATHARASAGTSTTETT
TATTCTTAAAAT CATHEAT ZACATTAACAATAAGGTAAGCCTECETETCTHEACTETCCT TECTTTRC A T =TT
TATTCTTGOC T TGAT SEAT AGATTAACALCALGGTLAAGOCTRCETETCTGEATTGTCCT TiEC CATRC A T =TT
TATTCOTT GO TTAATGEAT SAGATTALCALCALSGTAAGCCTGEETETC TEEATTET TOT TGO CATHET A S AGTETTSTT
TATTCTTGOCTTGATSEAT SAGATTAACALCALGGTAAATCITGETGTC TEEATTETCOTTGCCATHCASCATETTETT
TATTOTTGOCCTGATGEAT SAGATTALCALCAASGTAAATCTTGHETGTC TEEATTET COTTECCATHECAGCACKATTSTT
TATTCTTGOC T TGAT SEAT CACATTAACALCALGGTAAGTCTTEETETC TEGEETTGET CCT TiEC C AT
TATTOTTGOCTTGATGEAT SAGATTALCALC AL SGTAAGTATTARTA T T GAT TET T O T T G S0 A Tl Ol T Tl =T T
TATTCTTGOCTTGATSEAT SAGATTAACALCALGETGAGTCITGETATC TEEATTETTCTTGECATCAZAGTZTTATT
TATTOTT GO TTGATGEAT SAAATTALCAACALGGTAAACCATGHETGEC TECETTET COTTACT TTAT C A R =T =T T
TATTOTTGCATTGATSGAT SAGATTAACALCAAGETAAGCTTTARTGTCTEGCATTETCTTTGCCACECASTGTATTTT
TATTCT TGO T T GATGEATGASATCALCALCAAGETAAGCATT Gl T i T T T = (' A TR A G TS T ST TATT
TATTCTT OO P T AT SEAT SACATTAACAACAAGETAAACTTTGETETCTEEATTETCTTTGTCATA A SCATATC TTE
TATTOTTGOCTTGATSEAT SAGATTALCAACAAGGTAAAATGTARTGTCTEEITTETCOTGECGATEGASCATETCT T
TATTOTT OO P TEATGEAT SACATTALCALCALGGTAAACTTTGETCTC TEEATTET CTTTGTCATHALSCATATTTTT
TATTCT TGO TCTGATSEAT SAGATTAACALCALGGTAAGTCTGEETETCAALATTECCCTTECCATHCASCTEEATTT
TATTCTTGOTC T AT AT SAGATTAACAACAASGTGAGTC T TRETTC TEEALTET COTTECCACH A SETETATTAC
TATTCTGECCCTCATSEAT CACATTAACALCALSGTAAACTTTGETCTCCAATTEAT CCTREACATHT AT =T GTEAR
CATTCTCGOCTT AT SEAT AGATTAACALCARSGTAAGTCTAGHEGETCGCEFTTET CTT T iEC C A TR A GEIT =T GO C A A
CATTCTCGOCTTGATGCAT SAGATTAACALCALGGTGAGTCTAGHGSTCTTCATTETCCTTGTCATECA ST TGO A
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We need to be prepared for these new methods and technologies.

It is important to think about how we maximise the potential benefit of our samples,
particularly for our ongoing collecting and research



Collecting and storing genetic resources

The best approaches to collecting and storing bat material for
genetic analysis will depend on the needs of the samples

Very often we cannot predict the future technologies so it is

important to take care now to safeguard the value of our material
in the future



Most genetic analyses are based on DNA
Uses of DNA work include:

Sequencing for phylogenetic and phylogeographic analyses
Species identification via bar coding (COIl) and other loci
Species ID etc

Microsatellite genotyping

Functional genes



Advantages of DNA

Relatively stable

Evenly distributed across all cells
(same result from muscle versus wing versus liver)

Advantages of using introns as a source of variation



Disadvantages of DNA

Introns and inter-genic areas can also make primer design
difficult

Exonic within genes areas might be far apart from each other

Lots of Intergenic sequence



Work on RNA is becoming more important

RNA can be studied to determine expression in different tissue
types

No introns or Intergenic regions, so get more gene sequence
per dollar



Disadvantages of RNA

Degrades rapidly
Need more material to get enough
Need multiple tissue to obtain all genes

For amplification, need to convert to DNA first



DNA and RNA need to collected and stored differently



Tissue preservation methods

RNAlater Liquid nitrogen
100% Ethanol Dry ice

70% Ethanol Tissue lysis buffer
Formulin AllProtect

IMS Silica gel

VTM Freezing (-20)

DMSO Freezing (-80)

32



Why do phylogenetic trees sometimes disagree with
other datasets?



Why do phylogenetic trees sometimes disagree with
other datasets?

1. Incomplete sorting



human chimp gorilla orangutan

State HC1 State HC2 State HG State CG

V.Y

human chimp gorilla human chimp gorilla human chimp gorilla human chimp gorilla




For 1% of genome, humans more closely related to orang utans than to chimps

<€— 12-16 Myr

Genome Res. 2011 March; 21(3): 349-356.






Only a few genes will
show divergence/

sorting with species
divisions




Why do phylogenetic trees sometimes disagree with
other datasets?

1. Incomplete sorting

2. Long branch attraction



Why do phylogenetic trees sometimes disagree with
other datasets?

1. Incomplete sorting
2. Long branch attraction

3. Introgression



Introgression

Movement of genes from one taxon to another following mating
Previous thought to be uncommon in wild mammals

Now known to be widespread in mammals, incl. bats!



Hybridization between black (Pteropus alecto) and grey-headed (P. poliocephalus).
Webb & Tidemann (1995) Australian Mammalogy, 18, 19-26.

Hybridization in Peters’ tent-making bat (Uroderma bilobatum: Phyllostomidae).
Hoffmann et al (2003) Molecular Ecology, 12, 2981-2993.

Berthier et al (2006) Hybridization between Myotis myotis and Myotis blythii.
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Example 1: Rhinolophus pearsoni and Rhinolophus yunanensis
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Example 1: Rhinolophus pearsoni and Rhinolophus yunanensis

R. yunanensis

R. p. pearsoni
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Mt DNA tree (2 genes)



Example 1: Rhinolophus pearsoni and Rhinolophus yunanensis
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Nuclear intron networks
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History of the nuclear genes studied
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Example 2: Rhinolophus affinis himalayanus and R. a. macrurus
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Example 2: Rhinolophus affinis himalayanus and R. a. macrurus
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Detecting Introgression

Taxa must have a contact zone or have been in contact in the past
Often a geographical pattern

More commonly detected in mtDNA (barcoding caveat)

More common where one taxon has undergone population expansion

Neutral genes typically flow from resident taxon to the invading taxon



Why do phylogenetic trees sometimes disagree with
other datasets?

1. Incomplete sorting
2. Long branch attraction
3. Introgression

4. Homoplasy



Bayesian tree of Murina based on mtDNA COl
(637 bps)
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144 M. recondita
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* 4

M

A — 8 repeats

Forward primer

LECT CCAGE T TAGACTT CTTCT T T TC T TOCTTC T TCT T CGCACT T TAACGATACGS. |« .«
LT OCAAT CTGAL G AGA A AL A DA AGARGARSCGTGARAT T GOUT AT GO,
-
Reverse primer

B — 7 repeats

Forward primer

. GCTCCAGGCTTAGACT TCTTCTTETTCT TETTET TCGEACTTTAACGATACGS. | .

- - CEAGGT CCGAAT CTGAAGAAGAAGAAGARGAAGAAGCGTEARATTGCTATGCC . | .

4 =

Ravarse primer

C - QO repeats

Ferward primsr

.
=

GO T CCAGECTTAGACT ICTTCT TCTTC T TCTTCTTCTTCTTCGCACT TTAACGATACGG. &
LOGAGGTCCEALRT CTGAAGCAAGARGAL CAAGALSAACAMCALCOCTGARRTTSCTAT SO, L
-

Reversa primer
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M. gracilis M. recondita
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M. gracilis M. recondita
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13 loci: without locus “A9”
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Recent hybridization? Or homoplasy?
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Sequencing the flanking regions of loci showing mixed

ancestry for some individuals (1):

Predictions:

If hybridization: some M. gracilis will phylogenetically

group with M. recondita, and vice versa.

If homoplasy: samples of different species will be

phylogenetically separate
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Flanker sequencing result for locus “A9”

M. gracilis <

M. recondita <




Flanker sequencing result for locus “A9”

M. gracilis <

M. recondita <

The sequencing result for another locus “A122" (209 bp) is also

consistent with the prediction of the allele size homoplasy



Why do phylogenetic trees sometimes disagree with
other datasets?

1. Incomplete sorting

2. Long branch attraction
3. Introgression

4. Homoplasy

5. Adaptive convergence
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Prestin gene tree using ML
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ASSLS (gene - species tree)
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Results from 1200 genes

900
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Photoreceptor neurotransmitter release
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Retinitis pigmentosa 1 (autosomal dominant)
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Fat storage
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