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* New Zealand has a unique geographic location
 questions remain about the genetic basis and
ecology of host specificity and niche adaptation
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Study overview
Study 1: Population structure, evolution and host association of
Campylobacter jejuni in New Zealand

Study 2: Use of phenotypic microarrays to identify phenotypic
characteristics of a range of host associated related

genotypes

Study 3: Seasonality of a common Campylobacter jejuni
genotype which is associated with human infections

Study 4: Evidence of in vivo HGT between two examined isolate
lineages
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Population structure, evolution and host association
of Campylobacter jejuni in New Zealand

* Campylobacter is able to colonize multiple hosts, and therefore a number of
different niches

* the understanding of the relationship between host niche and the lineage
structure is important for attempts to reduce the disease

* examining niche segregation and genetic admixture within the New Zealand
Campylobacter strains

* test of two hypothesis: first, the existence of lineages with low levels of
horizontal gene transfer, and their relation to niche specialism and second that
C. jejuni sequence types is a predictor for host origin
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1,641,481

gltA ~,

aspA L
atpA (uncA)

* nucleotide sequence stretches of
400 to 600 bp from 7 housekeeping
genes

* each internal gene fragment is

1, {CQOOO

characterized by a unigue number
NC_002163 MLST
1,641,481 bp

* jsolate is characterized by seven
numbers building an allelic profile |

* ST is defined by allelic profile

* (CCs are cluster of closely related STs

000'008

Chicken 9 25 2 10 22 3 6 52 52
Environment Duck faeces 2 1 21 3 2 1 5 53 21
Environment Starling faeces 2 1 21 3 2 1 5 53 21
Chicken 2 1 21 3 2 1 5 53 21
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Dataset

Dataset: ~ 4200 Campylobacter jejuni isolates typed by MLST

animal populations represented by the isolates:

farmed: chicken, ruminants (sheep, cattle), turkey, farmed ducks
non-farmed: water birds (wild ducks, geese), rails, starlings, gulls

* environmental and human isolates have been excluded from this study
(non amplifying host)

Software used: BAPS, ClonalFrame, MEGA5

References:
BAPS: J. Corander and P. Marttinen. Bayesian identification of admixture events using
Multilocus molecular markers. Molecular ecology, 15(10):2833-2843, 2006
ClonalFrame: X. Didelot and D. Falush. Inference of bacterial microevolution using multilocus sequence
data. Genetics, 175(3):1251-1266, 2007
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Proportions of isolates (%) in each BAPS- defined cluster which were collected from nine sources

Source | 1(47) 2(54) 3(532) 4(106) 5(55) 6(52) 7(144) 8(422) 9(85) 10(20) 11(24) 12(81) 13(65) 14(107) 15(56) 16(33) 17(92)

farmed 003 003 029 006 003 003 008 023 005 000 001 004 001 004 001 0.02 0.05

chicken 000 004 026 009 003 o000 0112 031 006 o000 o001 001 001 002 0.02 0.02 0.01
farmed ducks| 0.00 0.00 0.04 0.00 000 000 0.00 002 000 000 002 000 000 092 0.00 0.00 0.00
sheep 011 o001 033 o000 004 016 002 004 004 o000 001 013 o000 o000 000 o000 0.12
turkey 000 o000 018 o000 000 o000 000 018 000 000 000 o000 o000 o065 000 000 0.00

cattle 007 001 048 000 004 003 004 003 000 000 000 012 000 000 0.00 0.01 o0.16

non-farmed | 001 0.00 003 0.00 000 0.00 000 010 000 017 009 003 003 025 030 0.00 0.00

ducks &
geese 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.11 0.00 0.02 0.01 0.00 0.48 0.28 0.07 0.00 0.00
gulls 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.00 0.00 0.00 0.05 0.19 0.00 0.67 0.00 0.00
rails 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00

starlings 000 000 005 000 00O 000 000 000 OO0 042 023 005 012 009 005 0.00 0.00
1332,

692, 1304, 177, 1034, 1275,

Dominant CC| 403 52 21 48 48,206 21 48 45 1034  U/A 677 42 U/A 354 U/A 257 61

The number of isolates in each cluster is given in brackets next to the cluster number.
The weighted sum of isolates (%) from farmed and non- farmed subcategories is given in bold.
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Farm bird mix

® Farm animal and wild bird
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ClonalFrame tree
visualized in MEGA5
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Venn diagram of host associated STs in C.jejuni

Ruminants

Rural
birds

Chickens

Farmed ducks

Starlings
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Clarke, KR (1993). Non-parametric
multivariate analyses of changes
in community structure.
Australian Journal of Ecology 18:
117-143.
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» findings show host specific lineages in New Zealand and strains with low/ high
levels of horizontal gene transfer

* C. jejuni genotype is a predictor for host or niche (farmed?) origin

* results are consistent with previous research where distinct Campylobacter
lineages were associated with different host species

 dominance of genetically similar or identical ‘farm-type’ C.jejuni, present in
organisms as distantly related as cattle and chickens, may suggest that
selection for these types transcends host species in the farmed environment

* manipulation of the host niche may have contributed to genetically distant
domestic animals (chickens and cattle) sharing similar genotypes

an wison centre - FEIEEY "EpilLab
N\ ’”MI‘H(QJ'MRMQC“Q ( FOR MOLECULAR ECOLOGY AND EVOLUTION E p I La 12 mEpiLub.mussey-ut-"z



= MASSEY

Q,. UNIVERSITY
V TE KUNENGA KI PUREHUROA

UNIVERSITY OF NEW ZEALAND

Study overview

Study 2: Use of phenotypic microarrays to identify phenotypic
characteristics of closely related strains
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e ST-474, rarely found anywhere outside New Zealand, accounts for quarter
of notified human Campylobacter cases

* insertion between ORFs Cj1069-Cj1070 with >99% identity to ykgC
(pyridine nucleotidedisulfide - oxidoreductase protein)

* rareinST-42 (4/21) and ST-474 (6/47), common ST-61

e association of ykgC with ruminants or ruminant faeces may indicate a
specific niche for this ST-474 variant

* ykgC insertion associated with particular
phenotype? Distinct differences?
* PM system will be described later

Biggs PJ, Fearnhead P, Hotter G, Mohan V, Collins-Emerson J, et al. (2011) Whole-Genome R
Comparison of Two Campylobacter jejuni Isolates of the Same Sequence Type Reveals Multiple ‘\1 TEE
Loci of Different Ancestral Lineage. PLoS v

ONE 6(11): e27121. d0i:10.1371/journal.pone.0027121
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ykgC phylogeny network vs. 16S phylogeny tree T o
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the Omnilog system

* high throughput phenotypic microarray (PM) system
 upto20 96-well plates

* each well of the array (96) is designed to test the ability of the bacteria to
utilise different sources of nutrient (e.g. carbon, nitrogen, sulphur,...) or to test
for varying effects of osmotic, pH environment...

* plates are incubated for up to 96h
* respiration leads to reduction of
tetrazolium dye
* intensity of the colour is recorded  ..........

...........
...................

every 15 min by a CCD camera A ¢ A REe:
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Main Incubator Reader
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C. coli
ykgC insert
Sequence
Host Type + = + - strain ID
Human 474 \'J H22082
Poultry 474 v P110b
Poultry 474 Vv P694a
Ruminant 474 Vv S168b
Human 474 v 73020
Ruminant 474 ) S330a
Ruminant 2026 Vv S22b
Human 2026 v 28548
Human 42 Vv H180
Human 42 v H550
Ruminant 42 Vs M602b
Ruminant 42 v S355b
Ruminant 42 v S263b
Human 61 Vv H450b
Ruminant 61 V' S276b

* Ruminants and humans body temperature:
~ 38°C, poultry body temperature: ~ 42°C

Biggs PJ, Fearnhead P, Hotter G, Mohan V, Collins-Emerson J, et al. (2011) Whole-Genome
Comparison of Two Campylobacter jejuni Isolates of the Same Sequence Type Reveals Multiple
Loci of Different Ancestral Lineage. PLoS

ONE 6(11): e27121. doi:10.1371/journal.pone.0027121
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Level plot across all isolates and assays

PMO01 (Carbon Sources)

1020 30 40 102032040 1020 30 40 10 203040 1020 30 40 1020 3040 102032040 1020 30 40

N A v 111111 I 1|
Ma 04022013)06 15122012)85 04022013082 2011201420 03052013}0a 0402201326 10112012 }42 20112012fPb 04022013 |06 10022013[6b 18112012

| L] 1
F0 03052013 [3b 30112012

H12 (Ethanclamine

H10 |
HOg |L—Ga|ac:mn|cﬁ.c|d—g— i I:I
HOT | (%Iumgmlc
HO& -L—Lyxcrse
HD5 (D-Fsicose
HE Hycroxy-Pheniascre Ao
p—H Phen*,rl acetic Acid
vd H)I(]'(1—|GI —L | F'I::'ollcl:':e
G1 —Malic Acid
G11 {‘D—Mﬂlc Ac:u:l

200

_ G
GO4 L— hreonine

Sernns
earp e
GOt (G L—Glultaam:g Aeid
e

- 150

FD3 (myo—Inositol

Flil_% c Acid

| b

. 2 (Adenosine

E11 |_2—Decng—ﬂdem_51m

E1 ggahntnqﬁe

08 [o- ED Mnn!fjnl
Methyl-D-Glucoside

EO7 [a-Hydroxy-Butyric Acid

E0E {a-Hydroxy- GhnzncAEld EF acmne

e '?:—é?use— BHSEE

Eﬂ1 'L Glutamlne
n

Well
9
§§

~ 100

DB {a—Meth Galar.tn-sl:le
D%a{rn@{ Ty

D04 (1.2-Propanediol
D-Glusosamnt Acid
02 (D-As ic Acid
DO (L- am |ne

c11 éD Mellbﬂ]ﬁe

CDD |‘D—Gluecrse
c Acid

Mrcis

08 [L-Rhamnose

05 (Tween 20

204 (D-Ribose

03 [D,L-Malic Acid

€02 (D-Galactonic Acid-g-Lactone
o1 | D—GB|L1IIX35-E—E hosphate

o e i

- 50

annitol
EII% d‘.‘ﬁ;@upﬂhﬂg
BO7 (D.L-a-Glyeern|-] Phnsg;mte

(D—Gluconic Acid
BOS |D—%I|5qumn|c Acid

AOB (Ll F'rollne
AD? |L .kspa'ucﬁ. ||:I
08 |D-Gala
.A.DE |"'3uccn||:: Acld
A4 (D-Sacchanc Acid
A3 (N-Acetyl-D-Glucosamine

MEHAHZEéEl A’?Dntn:ﬁ

i

e

1
|

TTTTTTTTTIT I T I T I T I T T A T T I T I T I T T I T T I I T T I T T T T I T T I T I T T T I I T T I T T I T I T T I T T I T I I I T I I T T T T T T T T

R — .‘Ei

rrrrrrrrrrrrrrrrrrorrrrrrrrrrrrrrrrrrrrrr T T T Tr T T T T T T T T T r T T T T i T T T T T T T T T T T T Tl T T
102030 40 10 20 20 40 10203040 1020 3040 1020 3040 102030 40 10 202040 1020 30 40

~ ALLAN WILSON CENTRE
) I D ReC ( FOR MOLECULAR ECOLOGY AND EVOLUTION ..
\/

Infectious Disease Research Centre

Time

“EpiLab




Value [Omnilog units]

'§ Infectious Disease Research Centre

300
200
100

300
200
100

1 1 | 1 1

]

]
1 1

XY- plot on selected assays

PMO1 (Carbon Sources)

73020 03052013 _38
HZ2082_30112012_38

F110b_15122012_38
S1688h_04022013_38

5330a_04022013_38

28548 30112012_38

] — = [
[} m =T Lo
L L

1 | | 1 1

S276b_19112012_38
H550_03052013_38
MBEOZD_19112012_38
S263b_30112012_38
S355b_19112012_38
H180_04022013_38

[ ] — = [
— [} m =T Lo
1 1 1 | L

1 11 | 1 1 | 1

[}

—

© MASSEY

UNIVERSITY

TE KUNENGA KI PUREHUROA

UNIVERSITY OF NEW ZEALAND

=
[

1

—
m
1

= [
=T Lo
| 1

A01 (Megative Cortrol)

ADS (Succinic Acid)

AO7 (L-Aspartic Acid)

A03 (L-Proling) B9 (L-Ladic Acid)

B10 (Sodium Formate)

B12 (L-Glutamic &cid)

D06 (a-Keto-Glutaric Acid)

— 300
__ [~ 200
~ 1= 100

FO2 (Citric Acid)

F OS5 (F um aric Acid)

i

———

G0 (M ethyl P yruvate)

511 (D-Malic Acid)

I
fa

I 1 I T I
= = o} ] =
— [} o -+ Lo

1

; ALLAN WILSON CENTRE

( FOR MOLECULAR ECOLOGY AND EVOLUTION

e &

"EpiLab

PAON  mEpiLab.massey.ac.nz



225 MASSEY
@ UNIVERSITY
U TE KUNENGA KI POUREHUROA

UNIVERSITY OF NEW ZEALAND

Utilisation across replicates

ST 474 | | ST 61 | | ST 42 | | ST 2026

H22082(+) P110b(-) P694a(+) S168b(+) 73020(-) S330a(-)  H450b(+)  S276b(+)  M602b(+)  S355b(-)  H180(-) H550(-)  S263b(-)  28548(-) S22b(-)
AO5 (Succinic Acid) + + + + + + o+ o+ o+ + + 4+ +++ - - - + o+ o+ + o+ o+ + + + o+ + 4+ o+ o+ o+ + 4+ + o+ o+ + + o+ + + o+ s
AO7 (L-Aspartic Acid) + 0+ + o+ 4+ + -+ o+ + 4+ + 4+ + o+ o+ o+ -+ o+ o+ o+ o+ + o+ o+ o+ o+ o+ o+ o+ + o+t o+ o+ o+ + o+ o+ + + I
A08 (L-Proline) - -+ o+ -+ -+ o+ + + 4+ + 4+ + - - - -+ o+ + o+ o+ + o+ + o+ + 4+ o+ o+ o+ + o+ 4+ o+ o+ o+ + o+ o+ + o+ 4
BO9 (L-Lactic Acid) + + + + + + o+ o+ o+ + + 4+ + 4+ + o+ 4+ o+ + o+ o+ + o+ o+ + + + o+ + 4+ o+ o+ o+ + 4+ + o+ o+ + + o+ + + o+ 4
B10 (Sodium Formate) + o+ + -+ o+ -+ 4 -+ -+ -+ o+ + o+ o+ o+ o+ + o+ o+ o+ o+ -+ o+ + o+t o+ o+ o+ + o+ o+ + o+ 4
B12 (L-Glutamic Acid) + 0+ + 4+ + + o+ o+ 4 + + 4+ + 4+ + o+ 4+ o+ + o+ o+ + o+ o+ + o+ + o+ -+ o+ o+ o+ + o+ 4+ o+ o+ o+ + o+ o+ + o+ 4
€03 (D,L-Malic Acid) + + + + + + o+ o+ o+ + + 4+ + 4+ + o+ 4+ o+ + o+ o+ + o+ o+ + o+ + o+ - - + o+ o+ + 4+ + o+ o+ + + o+ + + o+ 4
DO1 (L-Asparagine) + 0+ 4+ + 4+ + o+ 4+ + 4+ ++ o+ ++ o+ o+ o+ T S + o+ o+ o+ o+ o+ o+ o+ + o+t o+ o+ o+ + o+ o+ + o+ 4
D06 (a-Keto-Glutaric Acid) + + + + + + o+ o+ o+ + + 4+ + 4+ + + 4+ o+ - - - - - - + o+ + o+ -+ o+ o+ o+ + o+ 4+ o+ o+ o+ + o+ o+ + o+ -
E01 (L-Glutamine) - - - - - - - -+ R i S - - - - - - + o+ + o+ - - -+ o+ + o+ + o+ o+ o+ - - - - -
E07 (a-Hydroxy-ButyricAcid) ~ + + + + - + - - + 4 + + + + + + + + + - + o+ - + o+ o+ - - + o+ o+ + o+ + o+ o+ 4 + o+ o+ + o+ 4
FO2 (Citric Acid) + 0+ + + + + o+ + o+ + + 4+ + 4+ + o+ - - -+ o+ - -+ - - - - - - + o+ - + - + - - - - - + o+ 4
FO5 (Fumaric Acid) + + + + + + o+ o+ o+ + + 4+ + 4+ + o+ 4+ o+ + o+ o+ + o+ o+ + o+ + o+ o+ - + o+ o+ + 4+ 4+ o+ o+ + + o+ + + o+ 4
FO6 (Bromo-Succinic Acid) - -+ 4+ o+ o+ -+ + 4+ + o+t - - - -+ - - - - + o+ o+ - - -+ o+ -+ o+ -+ o+ + o+ o+ + o+ 4
F09 (Glycolic Acid) - - - - - - - - - - - - -+ + - - - - - - - - - + - + = = - -+ 4 + SN + + + + + + + + + =
GO1 (Glycyl-L-Glutamic Acid) = S ar ar oar ar an o ap a7 ar ar ar ar ar - Il - 2o e = = = = = = = o | = = = = = = = = = © = = © - - .
GO3 (L-Serine) ar AF 9 S = a8 S = = + Il + 5 - + B - - - + - = = o Foar 97 ar | ar = + - P sF ar S T SFoaroar aF o o=r o
G10 (Methyl Pyruvate) ar EEEEE + s a0 = = aF i - - SF AP oar = = A + Bl + aF o ar ar ar = ar CEREEN = ar aF aF sroar S aF - ae ar = -
G11 (D-Malic Acid) ar Foas B s - - “r ar “r SFoar er P er A - - - - - - ar ar - - - s ar B aF s ar S B ar AP A e
G12 (L-Malic Acid) A AP G P o7 AP a9 + i or SF AP oF P cr 2 SFoar a- P ar i ar 97 ar | as =0 i - s ap a7 as =r ar a0 e

Key: consistent across all 3 replica

2 out of 3
poor repeat
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Statistical based analysis...

* Relationship between phenotype and genotype?
— Phenotype — carbon source assay
— Genotype — ykgC (presence/absence), MLST type
— Random effect —isolate (replicates)
— Outcome variable: A-value (maximum height of the curve)

* Possible approaches:
- Generalised linear models (without random effect)
- Linear mixed effects models (with stratification and random variables)
- REEM trees (Regression Trees with Random Effects for Longitudinal Data)

- Permanova
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Comparison of the different regression models

Ime_random model predicted vs actual values across utilised wells

150 200
| |

Fredicted values
100
|

B g0
FEAEES TR o o 474
oot o o 42
o -4 ® ° B
o ° 2026
l l l l
50 100 150 200
Actual valuss
Ime_random <-Ime(value ~ variable/(MLST + ykgC) , random="~1|isolate, data=data_long) AIC value 8561.595
loglik: -4178.797
glm:  Aicvalue 9284.6 REEMtree: IogLik: - 4570.27
Imer: AIC value 8562

loglLik: -4179
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Permanova results SO A
Factors
Name Abbrev. Type Levels
e MLST ML Fixed 5
e jsolate is Random 16
* ykgC vk Fixed 2

PERMANOVA table of results

Unique
e Source df SS MS Pseudo-F P(perm) perms
e MLST 4 1.584 3.96 13.269 0.0001 9915
* ykgC 1 1.634 1.63 0.5475 0.6832 9951
* Res 40 1.194 2.98
* Total 45 2.835
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REEMtree output
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B, PO, PO, PO, G, GO, G

root assigning data to different assays T
MLST
divided into ST-42 and ST-61 on one / \

474,2026
branch and ST-474 and ST-2026 on the 4261 \
other branch /

variable division based variable

/ / \ on ykgC f I"u,
division of ST42 and ST61 into rorcs 603610
different wells / \ /

variable ykgC G03,G10 F02,F06
FO2: Citric Acid 2 Fos 1o
FO6: Bromo- Succinic Acid e T e R T e T T
GO03: L-Serine - .
| | 20— _'_ Frl i 20 T 20
G10: Methyl Pyruvate ! E %
T i
— - : a8 188 _|_ - o
_'_ |
i
M - | o 0o 100 o0 on
|
! i
= =0 | I 50 E 0+ s
i
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Findings so far...

* |dentified a carbon source for PM4 and PM9 used consistently
by examined isolates

* Differences in phenotypic profiles related to MLST type but
not to the presence or absence of ykgC (in carbon utilisation)
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K[cc Glycolysis / Gluconeogenesis - Campylobacter jejuni RM1221

[ Pathway menu | Organism menu | Pathway entry | Download KGML | Hide description | User data mapping ]

Glycolysis is the process of converting glucose inte pyruvate and generating small amounts of ATP (energy) and NADH (reducing
power}. It is a central pathway that produces important precursor metabolites: six-carbon compounds of glucose-6P and fructose-
6P and three-carbon compounds of glycerone-P, glyceraldehyde-3P, glycerate-3P, phosphoenolpyruvate, and pyruvate
[MD:M00001]. Acetyl-CoA, another important precursor metabolite, is produced by oxidative decarboxylation of pyruvate
[MD:M00307]. When the enzyme genes of this pathway are examined in completely sequenced genomes, the reaction steps of
three-carbon compounds from glycerone-P to pyruvate form a conserved core module [MD:M0O0002], which is found in almost all
organisms and which often corresponds to operon structures in bacterial genomes. Gluconeogenesis is a synthesis pathway of
glucose from noncarbohydrate precursors. It is essentially a reversal of glycolysis with minor variations of alternative paths
[MD:MO0003].

[ Campylobacter jejuni RM1221 B (co) [55%

— () * Kinetic data output from Omnilog is

. able to connect directly to KEGG
ESEE) | —— oo :
oo [T L M (Kyoto Encyclopaedia of Genes and Genomes)
. I e SR e W and identify enzymes associated with the
e e ws i carbon source of interest
i o FETT ] 3&?.4? EFTE ] o . . .
[ F— | * Last non-commercial version is from 2011
pminy ” | * Limited identified pathways for C.jejuni,
T e other possibilities are to identify enzyme in

B E.coli and find orthologous in C.jejuni

o R through Brenda or NCBI

(]

The Comprehensive Enzyme Information System

|

§ 1 Hyptmey.
— M o = . [t ‘I - o T &REM@A
(s ) H e : : ‘
FTNE 314] _E" [ . - - " : ‘

o000 1180}
{c}) Kanwhur Labomiones
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Next steps...

 Completion of the PM9 study

 |dentification of enzymes/ operon complexes related to the
carbon sources of interest

* |dentification of SNPs and possible relatedness to phenotypic
differences

* Analysis of pathways in Campylobacter jejuni
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