


Cellular/molecular/microscopy	  protocols	  for	  pathogen	  
detec6on,	  isola6on,	  and	  diagnos6cs	  

	  
	  
•  Inves&ga&ng	  diversity	  of	  host-‐associated	  microbes	  
	  
•  PCR	  primers	  to	  exclude	  co-‐amplifica&on	  of	  host	  &ssue	  
	  
•  Long-‐range	  PCR	  to	  generate	  long	  amplicons	  for	  improved	  systema&cs,	  

phylogene&c	  inference,	  and	  development	  of	  diagnos&c	  assays	  
	  	  
•  Metagenomic	  approaches	  to	  pathogen	  detec&on	  and	  diversity	  assessment	  
	  	  
•  Differen&al	  detec&on	  of	  pathogens	  from	  DNA	  and	  RNA	  star&ng	  material:	  is	  

RNA	  a	  more	  reliable	  indicator	  of	  infec&ons?	  	  
	  
•  Laser	  Dissec&on	  Microscopy	  (LDM)	  and	  molecular	  characterisa&on	  of	  

parasites	  	  
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PCR	  primers	  to	  exclude	  co-‐amplifica6on	  of	  host	  6ssue:	  	  
contra-‐metazoan	  primers	  (18S	  V4)	  

Most	  
Metazoa	  

%	  match	  to	  
diversity	  in	  
GenBank	  



Shore	  crab	  (Carcinus	  maenas)	  infected	  with	  i)	  Hematodinium;	  ii)	  a	  microsporidian	  
	  
V9	  primer	  region,	  amplified	  with	  1389F	  and	  1510R,	  including	  blocking	  primer	  to	  
shore	  crab	  (&	  other	  crustaceans)	  

Hematodinium	   microsporidian	  

0.25	  μm	  block	  revealed	  significantly	  more	  non-‐host	  diversity	  than	  no	  block	  
Doesn’t	  surmount	  problem	  of	  amplifying	  v.	  divergent	  sequences	  (e.g.	  microsporidian)	  

PCR	  primers	  to	  exclude	  co-‐amplifica6on	  of	  host	  6ssue:	  	  
host-‐blocking	  primers	  (18S	  V9)	  

NO	  BLOCK	  
0.25	  μm	  	  
BLOCK	  

1	  μm	  	  
BLOCK	  

HOST…........	  
NO	  BLOCK	  

0.25	  μm	  	  
BLOCK	  

1	  μm	  	  
BLOCK	  



Occurrence of host-associated lineages in broadly-targeted eukaryotic eDNA datasets 

Syndiniales	  /	  (some)	  gregarines	  /	  chytrids	  

Rozellida	  

Aphelids	  

Oomycetes	  

Perkinsids	  

Mesomycetozoea	  

Phytomyxids	  

Haplosporida	  /	  Paramyxida	  /	  Mikrocy&da	  /Microsporidia	  
Plasmodium	  &	  other	  haemosporidians	  /	  

Cryptosporidium	  /	  Toxoplasma	  /	  Trypanosoma&ds	  

Paradinids	  (e.g.	  Paradinium)	  

Increasing	  	  
host-‐associa6on?	  

Increasing	  gene6c	  
(marker)	  divergence	  

PCR	  primers	  to	  exclude	  co-‐amplifica6on	  of	  host	  6ssue:	  	  
group-‐specific	  primers	  (18S)	  



Group-‐specific	  PCR	  detec&on	  of	  Haplosporidia	  

Har&kainen	  et	  al	  2014,	  	  
ISME	  J	  

Ecological	  distribu&on	  	  
(&me	  &	  space)	  

Freshwater	  clades	  
Soil	  clades	  
More	  diverse	  hosts	  

Brackish	  
lagoon	  

Rocky	  
shore	  



FRESHWATER SNAILS 

AMPHIPODS	  

AMPHIPOD,	  GASTROPOD,	  
TUBIFEX	   PERIWINKLE	  

TUBEWORM,	  	  
CLAM,	  GASTROPOD	  

EDIBLE	  CRAB	  

AMPHIPODS,	  
CLAM,	  SHRIMP	  
GASTROPODS,	  	  
Incl.	  f/w	  

Where are the others? 

Ward	  et	  al,	  in	  prep.	  

MANY	  SMALL	  	  
f/w	  INVERTS	  
&	  PLANKTONIC	  

PLANKTONIC	  

MYTILUS	  EDULIS	  

PLANKTONIC	  



Minchinia	  my*li	  	  
in	  My*lus	  edulis	  
	  
Ward	  et	  al	  2019	  	  



(Mud	  crab)	  

0.2

Haplosporidium nelsoni

 Bonamia sp.

 Haplosporidium ex. Ostrea edulis

Haplosporida ex. Ruditapes

Minchinia mytili n. sp.

UK marine water

 Haplosporidium edule
 Haplosporidium littoralis 

 Minchinia tapetis

Haplosporidium ex. Mytilicola

Haplosporida ex. Haliotis

Haplosporidium louisiana

Urosporidium ex. trematode

 Haplosporidium pickfordi

Haplosporidium costale

Haplosporida ex. Pandalus

ex. Welsh Mytilus edulis

 Haplosporidium diporeiae

Minchinia chitonis

Gromia oviformis

Minchinia ex. Florida marsh clam

 Haplosporidium lusitanicum

Haplosporidium ex. Mytilus edulis

 Bonamia sp.

 Bonamia ostreae

Haplosporidium ex. Ostrea edulis (Norway)

Haplosporidium ex. Saccostrea palmula

Haplosporidium ex. Penaeus vannamei

Gromia oviformis
Filoreta marina

Bonamia	  
(oysters)	  

UK	  mussels	  	  ~	  30%	  prevalence	  
Minchinia	  
(molluscs)	  

Haplosporidium	  I	  
(molluscs,	  

crustaceans)	  

Urosporidium	  

Basal	  haplosporids	  
(molluscs,	  crustaceans)	  

UK	  mussels	  

Hyperparasite	  (copepod)	  

Novel	  oyster	  
parasite	  (Norway)	  

Haplosporidium	  II	  

Cockles,	  mussels,	  
oyster	  spat	  	  

Order	  
Haplosporida	  



Metagenomic	  sequencing	  and	  data	  mining	  for	  diversity	  studies	  and	  pathogen	  ID	  



Current	  
Biology,	  	  
2014	  

0.06

UK marine water

Paramikrocytos canceri

Mikrocytos sp. Spain

ex. Palaemonetes

Panama brackish water

ex. Cancer pagurus

Mikrocytos veneroides

Mikrocytos donaxi

Mikrocytos mimicus

ex. Mytilus edulis

Mikrocytos boweri

Haplosporidium littoralis

ex. Cerastoderma

Mikrocytos mackini

ex. Winkle

UK estuarine water

Mikrocytos sp. DFO Atlantic, Canada, China

Florida marine sediment0.8

ex. Cerastoderma
ex. Cerastoderma

UK freshwater

Borneo brackish water
South Africa brackish water

UK marine water
UK marine water

ex. Donax trunculus
ex. Donax trunculus

Florida marine water

UK marine water
ex. Cerastoderma

Paramikrocytos	  
(crabs)	  

Mikrocytos	  
(bivalves)	  

Novel	  bivalve	  clade	  

Freshwater/brackish	  
clade	  



Genera&ng	  and	  assembling	  rRNA	  arrays	  from	  metagenomic	  sequencing	  
is	  high-‐cost	  and	  can	  be	  prone	  to	  errors	  

Many	  diagnos&c	  primer	  sets	  produce	  small	  amplicons	  (<500	  bp)	  

Phylogene&c	  interpreta&ons	  complicated	  by	  low	  signal	  to	  background	  
noise	  ra&os	  

Missing	  fragments	  when	  Sanger	  sequencing	  ‘walk-‐through’	  methods	  
are	  used.	  

Challenges	  for	  modern	  molecular	  diagnos6cs	  
Previously	  unknown	  hyper-‐diversity	  of	  pathogen	  lineages	  

These	  ‘diagnos&c’	  gene	  regions	  are	  unable	  to	  dis&nguish	  between	  
closely	  related	  lineages	  –	  therefore	  danger	  of	  false	  posi&ves	  

Therefore	  single	  read/single	  molecular	  sequencing	  approaches	  are	  
needed	  
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Dis&nct	  18S	  sequences,	  	  
But	  OIE	  diagnos&c	  +ve	  

	  



18S	   28S	  

	  	  	  	  	  	  ITS1	  	  	  ITS2 	  	   	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  IGS
	  

Short	  ‘diagnos6c’	  gene	  regions	  need	  to	  be	  revised	  /	  are	  insufficient	  
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Marteilia	  refringens/
pararefringens	  



Marteilia	  cochillia	  

P	  

P	   10	  
µm
	  

Diagnos&c	  primers	  indicated	  that	  M.	  cochillia	  
was	  infec&ng	  cockles	  at	  several	  sites	  in	  Wales,	  UK	  
	  
However,	  histopathology	  showed	  differences	  
between	  infec&ons	  in	  Wales	  and	  Spain	  
	  
Are	  these	  parasites	  the	  same?	  



18S
	  

28S
	  

5.8S
	  

	  	  	  	  	  	  ITS1	  	  	  	  ITS2 	   	   	   	  
	  

Marteilia	  cochillia	  
Forward	  primer	  specific	  to	  M.	  cochillia	  

Generic	  endomyxan	  reverse	  primer	  



18S	   28S	  5.8S	  

	  	  	  	  	  	  ITS1	  	  	  ITS2	  
5	  

signatures	   9	  
signatures	  

8	  
signatures	  

Marteilia	  ‘cochillia’:	  Spain	  vs	  wales	  





Spanish	  
M.	  cochillia	  

Welsh	  
M.	  cochillia	  

M.	  
refringens	  

M.	  
pararefringens	  

Marteilia	  hi-‐res	  phylogeny	  

18S
	  

28S
	  

5.8S
	  

	  	  	  	  	  	  ITS1	  	  	  	  	  ITS2 	   	   	   	  
	  

Hooper	  et	  al,	  in	  prep	  



Bonamia	  ostreae	   Haplosporidium	  spp	  

Sequence	  more	  lineages,	  create	  reference	  datasets,	  improve	  diagnos&cs	  

PacBio	  sequencing	  of	  amplicons	  

Future	  Work	  

~	  3.5	  kb	  



Sequencing	  of	  the	  IGS?	  

28S	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   	  	   	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  IGS
	  

18S	   5.8S	  

	  	  	  	  	  	  	  	  ITS1	  	  
ITS2	   	  	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	  



Group-‐specific	  studies	  of	  parasi6c	  groups:	  
discovery	  of	  novel	  parasites,	  lifecycle	  and	  
ecological	  insight	  



Pathobiome:	  	  
set	  of	  host-‐associated	  organisms	  (prokaryotes,	  
eukaryotes,	  and	  viruses)	  associated	  with	  reduced	  
health	  status,	  as	  a	  result	  of	  interac&ons	  between	  
symbionts,	  host,	  and	  environment.	  

Pathobiome	  concept	  

Trends	  in	  Ecology	  and	  Evolu&on,	  2019	  


