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‘Th t l f ki d’‘The great plague of mankind’

The world’s neglected helminths
• Schistosomes – 250 million
• Food‐borne trematodes – 80 million
• Taeniid cestodes – >50 million
• Soil transmitted helminths – ~2 billionSoil transmitted helminths  2 billion
• Filarial nematodes – 160 million



S il t itt d h l i thiSoil transmitted helminthiases

• Ascaris lumbricoides – 1.2 billion
• Necator americanus
• Ancylostoma duodenale

750 million
• Ancylostoma duodenale
• Trichuris trichiura – > 800 million
• Strongyloides stercoralis – 100 million??
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a major new resource of a key neglected parasite
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Ascaris and ascariasisAscaris and ascariasis



Sequencing the A. suum q g
genome

MEROPs peptidase homologues

Serine Proteases
Metalloproteases
Cysteine Proteases
Threonine Proteases
Asparagine Proteases
U k P t
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Genome summaryGenome summary
Genome size: 273 Mb (N50: 408 kb)

GC  38%GC content: 38%

Repetitive sequence: 4%Repetitive sequence: 4%

Genes: 18,542

14

16

8

10

12

ta
ge

 o
f b

as
es

(%
)

2

4

6

Pe
rc

en
t

0
<10 20-29 40-49 60-69 80-89 100-109 120-129 140-149 160-169 180-189 >200

Sequencing depth (X)



ImmunomodulationImmunomodulation

L3



Differential transcriptionDifferential transcription
Migrating larvae

Secreted peptidases

Female reproductive tissue

Egg laying / oogenesisSecreted peptidases 
e.g., C1, C2A, S9, S33, M1 and M12

Olfactory chemosensory molecules 
e.g., egl-4, grk-2, kin-29, tax-4, odr-1, 3, 4 and 10

Egg laying / oogenesis
e.g., cat-1,  chs-2, unc-54, cbd-1 and pqn-74

Vulva development
e.g., noah-1, nhr-25, cog-1 and pax-3

Immunomodulators
e.g., c-type lectins, serpins, cystatins, oxidoreductases,   
pafα and mif-4

Embyrogenesis
e.g., cam-1 and unc-6

Male reproductive tissue

Sperm / spermatogenesis
e g fer 1 spe 4 6 9 10 15 and 41 alg 4 and msp 2e.g., fer-1, spe-4, 6, 9, 10, 15 and 41, alg-4 and msp-2, 
3, 57, 78

Kinases
e.g., CK1s and CAMKs

Phosphatases
e.g., PTPs and STPs

PeptidasesPeptidases
predominantly metalloproteases



Dru able enomeDruggable genome

Predicted targets: 204

Single copy ‘essential’ chokepoints
•CDP-diacylglycerol-inositol 3-phosphatidyltransferase
•G protein-coupled receptor kinase 5
•Phosphoribosylformylglycinamidine synthasep y y g y y
•Inosine-5'-monophosphate dehydrogenase
•Phospho-N-acetylmuramoyl-pentapeptide-transferase



The Trichuris suis draft genome
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T i h i i diTrichuriasis ‐ disease



H l i th i l tiHelminth exposure vs immunoregulation

Weinstock et al, Nature, 2012



T iT. suis ova
S l G l 2005Summers et al, Gastroenterol, 2005



S li i d l iSampling, sequencing and analysis

MEROPs peptidase homologues
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M l d f l T iMale and female T. suis genome
Table 1| Features of the T. Suis male and female genomesTable 1| Features of the T. Suis male and female genomes

Male genome Female genome
Kmer (17) estimated genome size (Mb) 83.6 87.2
Total read data; estimated coverage 11 73 Gb; 140x 12 36 Gb; 142xTotal read data; estimated coverage 11.73 Gb; 140x 12.36 Gb; 142x
Total assembly size (in Mb; total contigs) 81.3; 60,856 76.0; 42,663
Total base pairs (Mb)  in scaffolds > 200 bp; total number 74.2; 4,293 71.0; 3,288
Largest contig (Mb) 1.59 1.44 
N50 in kb (contigs > 200 bp) 500 440 
N90 in kb (contigs > 200 bp); total number > N90 length 81.0; 185 104; 168
% GC content (whole genome; contigs > 200 bp) 43.9; 43.6 43.6; 43.5
% Repetitive sequence (contigs > 200 bp) 31.7 32.3
% Coding (exonic; including introns) 28.9; 68.8 29.2; 64.4% Coding (exonic; including introns) 28.9; 68.8 29.2; 64.4
Number of putative coding genes 14,540 14,395
Gene size (mean kb) 3.7 3.9
Exons per gene (mean) 5 4 5 7Exons per gene (mean) 5.4 5.7
Exon length (mean bp) 271 270
Introns per gene (mean) 4.4 4.7

l h ( b )Intron length (mean bp) 511 509
Number of transfer RNAs 991 1,021



Sti h l i h d t i tiStichosome cladeStichosomal‐enriched transcriptionStichosome clade

Transcription changes:
3 721 St i h d t i t M d F Femaleclade3,721 St‐enriched transcripts vs Mp and Fp Female clade

Key features (St‐enriched)
• Porins (41 genes and 85 isoforms) ‐ TT47 homologue L l l dPorins (41 genes and 85 isoforms)  TT47 homologue
• Secreted proteases (S1 and S8)
• PININs with high (>65%) host homology (amino acid)

Larval clade

• Secreted/membrane‐bound small molecule transporters
• Endocytosis/vescile formation
• Lysozyme/peroxisome and associated metabolic pathways
• Variety of immunomodulators: e.g., serpins, apyrase and 

calreticulins
Male clade

calreticulins

L1/L2 L3 L4 Am AfMp Fp St



ES products

I

p

Immunomodulators

Secreted proteases
Small molecule 
transporters

p

I
I

I Porins

CU V
I

P P

Metabolism

Peroxisome
OL

V

P

L Lysosome
OL

L

H l l

V Endocytic vesicle

I

Host molecules

STC

MU
Small molecules
Muc2I

BC
STC

Muc5α



S1 (t i lik ) i tS1 (trypsin‐like) serine proteases
Hasnain et al . PLoS NTD, 2012

Hietsch, Drug News Perspect, 2000 
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N di RNANon‐coding RNAs
RNAi pathway completeRNAi pathway complete

450 million reads450 million reads
23,013 small RNA clusters
2 million consensus small RNAs2 million consensus small RNAs

siRNAs ‐ 22G/26G uncommonsiRNAs 22G/26G uncommon
3,500 siRNA regulated genes

piwiRNAs ‐ 21U‐RNAs uncommon
‐ 200,000 anti‐sense to TE,
‐ role in germline?

miRNAs ‐ 319 predicted



iRNA RNA i t timiRNA:mRNA interactions
300,042 supported 
interactions

Genomeinferred peptide

Transcriptinferred peptideinteractions
Transcript

3’ UTR5’ UTR

45 (62) miRNAs and 3,205 
(3 877) genes

3  UTR5  UTR

(3,877) genes

miR‐61, miR‐228, miR‐236 
and miR‐252 key y
(maturation / sexual‐diff.)



iRNA RNA i t timiRNA:mRNA interactions
L4 to adulthood: miR‐61 / miR‐228 down

‐ 447 ‘co‐regulated’ genes in adults

Stichosome clade

Female cladeg g
‐ embryonic/genital development, reproduction, 
growth, metabolism (e.g., tbx2, vps16 and dyc1)

Larval clade

Male‐enriched: miR228 up
L1/L2 L3 L4 Am AfMp Fp St

Male clade

‐ 320 ‘regulated’  genes in males
‐ vulval/germline development, egg production, 

b i ( 4 29 58 b t 1)embryogenesis (e.g., exc4, unc29, 58, bcat1)

Female enriched: miR 236 / miR 252 upFemale‐enriched: miR‐236 / miR‐252 up
‐ 205 ‘regulated’ genes in females
‐ spermatogenesis male mating/development‐ spermatogenesis, male mating/development, 
chemosensation (e.g., cogc5, goa1 and grk2) L1/L2 L3 L4 Am Af Mp Fp St



Other STH enome projectsOther STH genome projects

N t  i  WUSTL ( l  l t )Necator americanus – WUSTL (nearly complete)
Ancylostoma caninum – SANGER (under way)ncy ostoma can num S NGE  (under way)
Strongyloides spp. – SANGER (under way)
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