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Rollerston Rangepossum 2011 2

Rollerston Range cow 2011 8

Rollerston Range pig 2011 ]

Strain #| Source | Year Host REA # and Type VNTR type Whataroa possum 1985 19

2 |mt. Algidus | 2011 | possum | 19 A1 A4/0A4| 2 3 4 3 5 3 9 4(15)5(10)

8 |MtAgidus| 2011 | cow |19 A1 A4/0A4| 2 3 4 3 5 3 9 4(15)5(10)

Mackenzie country deer 1988 11
1 |Mt. Oakden| 2011 pig 19 Al A4/0A4| 2 3435 39 4(15)5(10)

19 |whataroa | 1985 | possum | 19 A1 A4/0A4| 2 3 4 3 5 3 9 4(15)5(10)

11 |Mackenzied 1988 | deer |19 A1 A4/0A4| 2 3 4 3 5 3 9 4(15)5(10)

21 |Taramakau | 2010 cow |299 A17A4/0A4| 2 3 4 3 5 3 9 4(15)5(10) Taramakaucow 2010 91
same VNTR different REA
Whataroa | 2004 |  cow 19 A1 A4/0A4| 2 3 435 39 4(15)5(10)
3 |otaki 2007 pig 19 A1 A4/0A4| 2543539 4(5)5 6

Whataroa cow 2004 5

North Island pig 2007 3
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C u rre nt typ I n g Syste m Rollerston Rangecow 2011 8

Rollerston Range pig 2011 1

Whataroa possum 1985 19

Results of pilot WGS study

Mackenzie country deer 1988 171

Taramakau cow 2010 21
VNTR different REA

Next steps

Whataroa cow 2004 5

North Island pig 2007 3
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MEW ZEALAND

* TB control assists in maintaining the production

a
TBfree and reputation of dairy, beef and deer exports,
worth around $14 billion a year to NZ

NEW ZEALAND

THE PROGRAMME OF THE
ANIMAL HEALTH BOARD

* Eradication efforts are
hampered by wildlife
reservoirs mainly the
Australian brush tall
possum

*There are six regions in NZ where wildlife

carry bovine TB
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NZ M. bovis Types

Distinguishing frequent M. bovis isolates aids in control of bovine TB

* DNA typing of Mycobacterium bovis has
A been used for over 30 years as a tool to study
| r— \?,# i . . . . .
200 km ¥es, the epidemiology of bovine tuberculosis in
1 New Zealand and as an aid for optimising
b TR g wildlife control operations
1. Central North Island ——5 & e d
'::,, "115 ,!.-”- i
L T 100 21 ) _
7 RSy, e, *There are over 300 different types- 8 major
% ﬂ\sfvsf Wellington families with variants and minor subgroups
o \37172

oy —g . .
N\ e il Many types are isolated only from certain
< T regions of the country

] Wide
& ; ’19877151 spread
f‘.‘l :._' 13'1-71:‘164%:"_:— E_D'lagﬂ'

.&— 6. Southland .
ﬁ,;'*z * The same types are usually found in farmed

animals and wildlife in the same area.



Evolution of NZ M. bovis Typing Methods

Whole Genome Sequencing

Rollerston Range possum 2011 2
‘Rnllerstnn Rangecow 2011 8

Rallerston Range pig 2011 1q

\Whataroa possum 1985 "9

Mackenzie country deer 1388 11
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North Island pig 2007 3
same REA different WYNTR

1985 1995 2005 2015 2020
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Variable Number Tandem Repeat Assay (VNTR)

repeat

\ } Section of the bacteria’s genome

10-50
DNA bases

|_> > > ><_| Isolate 1

|_> > > b » »‘“l Isolate 2

PCR amplified and analysed by electrophoresis
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VNTR /DR TYPING OF NZ BOVINE TB ISOLATES

Comparison of 45 variable number tandem repeat (VNTR) and two direct
repeat (DR) assays to restriction endonuclease analysis for typing isolates
of Mycobacterium bovis

Veterinary Microbiology 150(2011) 107-114

Marian Price-Carter, Serena Rooker !, Desmond M. Collins *

AgResearch, Natonal Centre for Biosecurity and Infectious Disease, Wallaceville, P.O. Box 40063, Upper Hutt, New Zealand

VNTR region

TCGGCTAGCCGAGCAGGGCGTCGACGAATGCGGCGGG TTCGAAAGGCGCCAGGTCATCGGGGCCT
TCACCAAGCCCGACCAGCT TCACCGGCACCCCAAGTTCCTGTTGAACGCGGAACACAATGCCGCC
CTTGGCCGTTCCGTCCAGTTTGGTGAGCACCGCGCCGCTGATGTCGACGACCTCGGCGAACACTC
TGGCCTGCGCCAACCCGTTCTGTCCGATCGTGGCATCGAGCACCAGCAACACCTCGTCAACGGAC
GCTCGCCGAGTCACCACGCGCT TGACCTTGTCCAGCTCGTCCATCAGGCCAACCT TGGTGTGCAG
CCGCCCGGCTGTATCGATGAGCACGACGTCTGCGCCGGCGGCGATGCCCTTGTCGACGGCGTCGA
ACGCCACCGATGCCGGGTCGGCGCCTTCGGGCCCGCGAACCACCGCTGCGCCAACCCGCGCCGCC
CAGGTCTGTAGCTGAT CGGCGGCGGCCGCACGGAAGGTGTCAGC

CCGTGGCGAT CGCAAGCGCGGCGCAGCCGCGCGCAGCGGGTCGCCACCATCAGACC
CCGTGGCGATCGCAAGCGCGGCGCAGCCGCGCGCAGCGGGTCGCCACCATCAGACC
CCGTGGCGATCGCAAGCGCGGCGCAGCCGCGCGCAGCGGGTCGCCACCATCAAACC
CCGTGGCGATCGCAAGCGCGGCGCAGCCGCGCGCAGCGGGTCGCCACCATCAAACC
CCGTGGCGATCGCAAGCGCGGCGCAGCCGCGCGCAGCGGGTCGCCACCATCAAACC
CCGTGGCGATCGCAAGCGCGGCGCAGCCGCGCGCAGCGGGTCGCCACC

TCGGCTAGCCGAGCAGGGCGTCGACGAATGCGGCGGGTTCGAAAGGCGCCAGGTCATCGGGGCCT
TCACCAAGCCCGACCAGCT TCACCGGCACCCCAAGTTCCTGTTGAACGCGGAACACAATGCGCCC
TTGGGAGCTTCACCGGCACCCCAAGTTCCTGTTGAACGCGGAACACAAT GCCGCCCTTGGAGGCT
TGACAGCTAGTCGAACTTCTCCTTGTCATGGGAACTCGAGGGCGGT GCCTACAGCGGAAGGATGC
TGGTGAGTTCAGCGCTCCTGCTGTTGATGACGGCGGGTCTAGT TCA
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DR regiOn (exploited in spoligotyping)

AGAGGGRAATGGCAATGATGGETCGACGAA

TCAAAANCGGGGACGGCATGCTGCATGCCCTAACGTCET

CAGCGCAGACGGCAGCCCCGAGTACTCGCTCTCCTCAG

CAGCGCAGACGGCAGCCCCGAGTACTCGCTCTCCTCAG

CTAAGCCCGCTAATCCCGCACAAGTGGETCAGARALARL

CTGATGATTGGTCGGCGTATGACGTGCTACTGAGGTGTT

ACCCCTGAGCCACGGCATGTGCACGGCTCCGTGTTCAA

TCGATGAATGATGCGCGCCAGCGGTAACGCGTGGGATGT
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VHTR TEST REPORT

Batch Mumber ReportiD: Cats Rasult sent:
g m[2) g g
Sample X [a) == -
Sorple | caseto | anmap | Host | Locstin Acea pocv |2 |E|E(E(D[B|5|2|B|E|8
= oOla|© o
1 ‘Wi2G49s  DIt00ST3Y  Bowie Terariarai Taurnorar J. Sinclaie
2 WZ0E34  DRTODETET  Bovne Middiemanch Oiago B. Paterson
L] WH20535  DMEODSFAT  Bowine Tape Yiest Cogst 84, Medl
4 WiZ0538 DMIODETIZ  Bowine Karames West Cozst M. Meil
5 Widiesd DRt00GetD Bovine Keramea Vst Corst [
<] Wi20574  DEAt006828 Bovine TForaneiay Wesi Coast M. el
7 WiZ06IG DA00EEEE Bowme Cremata Otago B Patarson
Anziyzed by

« This VNTR/DR method is now accredited and is currently used routinely
for distinguishing NZ isolates

Isolate type information is stored in a NZ M. bovis VNTR database (>800 entries)
and compared to information in the NZ M. bovis REA database (>3,800 entries)



 VNTR typing is often sufficient for sourcing herd breakdowns

 Because a particular DNA type is often found across a wide
region or in some instances multiple regions, it can sometimes
be difficult to determine the source of infection

* On these occasions a more discriminating typing method could
Improve the efficiency of control measures.



* The 11 repeated sequences used for distinguishing NZ M. bovis

isolates are a tiny fraction of the bacteria’s genome (< 0.2%)

Whole Genome Sequencing (WGS)

4,337 kb

1,000 kb 2,000 kb 2,000 kb
I, " I | I " | I |
A | | | L\

Sl L e

4,000 kb
/ll \ i;
QUB26 \
NZ2
QUB11a ETRE

MIRU40 QuUB18 DR1 QUB3232

* More resolution can be achieved by comparing differences
throughout the genome



Mycobacterial relationships are well suited
for analysis by WGS

* They evolve slowly

« They evolve by mutation- almost no horizontal gene transfer

* Most species do not harbour plasmids

WGS studies compare SNP content of isolates

mresearch



Data processing

« Python scripts for
Data trimming — Dynamictrim software

Mapping - Burrows Wheeler Aligner (BWA) software
aligned to Genebank M. bovis reference AF2122/97
|dentification of SNPs and other variants-

SAM Tools and Variant Call Format software

 Filtering erroneous data
lterative evaluation of filter parameters

Scripts developed by Rudiger Brauning



1espace Help

]| w |[ef|NC_0029453]:2,214,130-2,214,227| Go| T @ O = &2
I
99 bp

'14,150 bp 2,214,160 bp 2,214,170 bp 2,214,180 bp 2,214,190 bp 2,214,20¢C
| | | | | | | | | | |

pPANNNOonNnNonNnnNonnNn AnnNAnNAANANAnNnNANANAANANAANnAnnnAnn W

AGATGCCGCAGGTCTTGGCCCATCAGGGCGACGTCGGCGGTTTCGATGGCGACC

research

SNP Filtering

» Each detected SNP must be carefully characterised
* Erroneous SNPs disregarded
Is it in a region where there is good quality data?
Do all the reads have the base change?

Are there lots of other SNPs nearby?




Out Breaks Investigated by WGS
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Waikato Outbreak Investigation

Very similar VNTR and REA type

el PENINSULA

, Shos'| + The Aldermen 1g

Patetonga
Farm

___Te Aroha
14 385

b TIMayor 1

Strain# Source | Year | Host REA # and Type VNTR type : B e
Patetonga | 2011 cow 161 B2 A5/3 C1 2 4 4 35 4(10)3(12)5 7 " Yot '!ﬁ\i‘i .
200 161 B2A5/3C1 ; #hdh ,y*”‘,} oo
Patetonga 7| cow / 2 4 435 4(10)3(12)5 7 ':_{Jﬁ&@:o
" " .'l'\ & g _'f"' o l!."'
Patetonga | 2004 | cow 151 B2 A5 Cl| 5 4435 4(10)3(12)5 7 o '}":r'.
Patetonga 1997 | ferret 151 B2 A5 C1 24 235 4(10)4(12)5 9 sabarel J
Hatepe 2011 |possum 115 B1 A5 C1 24435 4(10)3(12)5 7
Te Aroha 1994 cow 115 B1 A5 C1 24435 4(10)3(12)5 7




WGS = and adds resolution to VNTR REA

Waikato Outbreak Investigation Patetonga

SN PENINSULA
Shos - The Aldermen 1s

"Slipner |

A T
<. Te Aroha

Very similar VNTR and REA type

Strain # Source | Year | Host REA # and Type VNTR type

Patetonga | 2011 | cow 161 B2A5/3C1 2 4 435 4(10)3(12)5 7
Patetonga | 2007 | cow 161 B2 A5/3C1 2 4 4 35 4(10)3(12)5 7
Patetonga | 2004 cow 151 B2 A5 C1 24 435 4(‘10’)3(‘12’)5 7
Patetonga | 1997 | ferret | 151 B2 A5 Cl | 5 4 5 3 g5 4(10)4(12)5 9
7
7

xxxx

Hatepe 2011 |possum 115 B1 A5 Ci1 2 4 435 4(10)3(12)5
Te Aroha 1994 cow 115 Bl A5 Ci1 2 4 4 35 4(10)3(12)5

ke 1;-‘-:; .
»
a . . .l‘ﬁﬁld.ﬁ"_
!'.-'. .-’. N : Hatepe
I}a S :df L 57 3% Hatepe possum 2011 (115) k]
| 5 IR i 2L Te Aroha cow 1994 (115)

w

° WGS adds resolutlon 2 |j: Patetonga cow 2011 (161)

Patetonga cow 2007 (161)

39 Patetonga ferret 1997 (151)

researc h 48 Patetonga cow 2004 (151) m
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Outbreak
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Waiuku Outbreak

TB 2004-5




Waiuku Outbreak

|solates for WGS analysis

2000 yenind | 2010 .
. ot > \, / -
2008 A’
% x
: 2., o ot » /
Sourced from Waiuku stock NN NN v o
T TN
mm———— --Z-QQ.G__TO Turua [ \
Sourced from stock moved /2008 | @ 08 ToTurua > 2007
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~
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Sourced from elsewhere in
the Central North Island

All identical by VNTR and REA
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These North Island isolates are very similar when compared with VNTR

Sample REA
ID | Year Host Location | TYPE| M40 | ETRD | ETRC| ETRE| NZ2 | Q18 |Qlla| Q26 | DR2 | DR1 Q3232
54 | 2007 | cow Turua 115 | 2 4 4 3 5 4 10 3 12 5 7
24 | 2008 | cow Waiuku 115 | 2 4 4 3 5 4 10 3 12 5 7
33 | 2010 | cow Awhitu 115 | 2 4 4 3 5 4 10 3 12 5 7
40 | 2007 cow Morrinsville | 115 | 2 4 4 3 5 4 10 3 12 5 7
46 | 2013 | cow Waiuku 2 4 4 3 5 4 10 3 12 5 7
8 | 2013 | cow Waiuku 2 4 4 3 5 4 10 3 12 5 7
48 | 2013 | cow Waiuku 2 4 4 3 5 4 10 3 12 5 7
35 | 2010 cow Pukehina 115 | 2 4 4 3 5 4 10 3 12 5 7
2013 cow Te Aroha 2 4 4 3 5 4 10 3 12 5 7
2013 cow Te Aroha 2 4 4 3 5 4 10 3 12 5 7
2013 cow Te Aroha 2 4 4 3 5 4 10 3 12 5 7
2013 | cow Pukekohe 2 4 4 3 5 4 10 3 12 5 7
2010 Aria 115 | 2 4 4 3 5 4 10 3 12 5 7
2011 | possum Hatepe 115 | 2 4 4 3 5 4 10 3 12 5 7
1994 | cow Te Aroha 115 | 2 4 4 3 5 4 10 3 12 5 7
2011 | cow Patetonga | 161 @ 2 4 4 3 5 4 10 3 12 5 7
2007 | cow Patetonga | 161 @ 2 4 4 3 5 4 10 3 12 5 7
2004 | cow Patetonga | 151 | 2 4 4 3 5 4 10 3 12 5 7
1997 | ferret Patetonga | 151 | 2 4 2 3 5 4 10 4 12 5 9




The genomes of these isolates are >95 % identical
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Single Nucleotide Polymorphisms (SNPs) detected by WGS
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Single Nucleotide Polymorphisms (SNPs) detected by WGS
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Conclusions

-

« WGS data has already added clarity to unresolved situations
Involving NZ M. bovis infections

 The more precise sourcing of M. bovis outbreaks will
enable more directed and efficient control

e Much needs to be worked out before it can used as a routine
typing method



Development of NZ M. bovis WGS typing system
Paul Livingstone and DCMs at TB Free NZ

Mutation rate
Molecular Clock estimates for CNI and Marlborough / NC bovine TB cycles

Josephine Bryant, Simon Harris, James Wood & Julian Parkhill

Molecular Clock estimates for West Coast bovine TB cycles
Rowland Kao and Thom Doherty

Variation in a population
Dan Thompkins, Carlos Rouco, Bryce Buddle and Nigel French
shedders Vs spreaders project



Current Studies:

 Relatedness of different families of M. bovis

A
-
200 km ‘{' § ’*;_
i P
O
1. Central North Island . e
Ity
i X
g rﬁ: & sl
3. Nelson / —-“FJ",% e — 2. Wellington
West Coast Sl lisar
{ i ."
Ul .
,*.f 4. Marlborough /
by e North Canterbury

" <<— 5. Otago
FoL€X— 6. Southland
T’

dr

b E}:\iﬁ iy

Define SNP lineages of important families
Determine significance of changes in REA/VNTR
Deletions
Optimal filtering

(so far 60 genomes from recent breakdowns NZGL)




Molecular clock-

How LOOOONG??7?

“*\\|— Rollerston Rangepossum 2011 2

e |Rollerston Rangecow 2011 8

Rollerston Range pig 2011 ]

— Whataroa possum 1985 19

n Mackenzie country deer 1988 11

— . Taramakau cow 2010 2 1
same VNTR different REA

“Whataroa cow 2004 5

North Island pig 2007 3
same REA different VNTR



Molecular clock- How LOOOONG???7?

Vector risk / Vector free?

Latent Vs active? Doubling time?

<

Time to most recent common ancestor — mutation rate



Current Studies: | Eimation of NZ bovine TB cycle

molecular clocks
mutation rate of different types

mutation rate in different regions
(312 genomes Welcome Trust Sanger and Glasgow)

i &
200 km 3

1. Central North Island

Welcome Trust- Sanger-
Josephine Bryant, Simon Harris, Julian Parkhill & James Wood
(218 genomes)

3. Nelson / _ . %y - 2. Wellington

West Coast

4. Marlborough /
i o North Canterbury

& ' <=— g Otago

_;‘:—7— 6. Sguthland
b

Welcome Trust- Glasgow-
Rowland Kao & Thom Doherty (94 genomes)



Current Studies mutation rate estimations:

1996-2007
@4

1983-1999
@4 W6

1988-2002
@6 Ml

@ Livestock
B Wildlife

1994-2001
@584

1994-1996
@3

1990-2008

N T | .| ewom?

1992-2008
@8l
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Questions?
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