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Visit the MalariaGEN website for the complete animation




And foday...artemisinin
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What about artemisinin resistance?@

“Delayed parasite clearance observed after freatment with
an artesunate monotherapy, or after treatment with an
artemisinin-based combination therapy (ACT)"” [WHQO]

Declining efficiency observed in Southeast Asia
O From 2.5h to >5h

O Complete tfreatment failure observed in western Cambodia due
to resistance to partner drug

Urgent priority for global health

O Hard to measure clinical phenotype

O Genetic marker would enable large-scale surveillance
O Hopefully marker leads to causal mutations




The kelch 13 gene

A molecular marker of artemisinin resistance has been
identified in vitro [Ariey et al. Dec 2013].

Different mutations in the kelch 13 propeller domain were
shown to be associated with delayed parasite clearance.

nature
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Open gquestions

How many genes are involved?

Are all parasites equally likely to acquire a resistance-causing
mutatione

What is the geographical distribution of the mutations that
cause resistance and of the genetic predisposing factorse

s it spreading due to migration of resistant parasites, or does it
have multiple origins in different locations?



TRAC/NIH GWAS

1,612 clinical samples
O Full genome sequence
O 1,063 with phenotypes

15 locations (+2 in Africa)

O Cambodia, Vietham, Laos,
Thailand, Myanmar and
Bangladesh

High genetic and
geographical resolution
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GWAS result
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Linear mixed model (Fast-LMM) to account

for population structure Miotto, Amato et al., underreview
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KELCH propeller domain

BTB/POZ domain

Kelch Mutations
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C580Y mutations in kelch13 has a p-value of 1E-26

O Why the other mutations are not there or why is this mutations
there?

Other loci have significant p-values

At least 20 non-synonymous mutations in the propeller domain
of kelch13 have a phenotypic effect

O How does this compare to the rest of the world?
O How does this compare to the rest of the genome?
O Are the mutations in kelch13 all born equal?



Emergence vs spreading
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Resistance is emerging
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Compelling evidences of different origins
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Haplotype homozygosity
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Predisposing genefic
background




3,500 samples




Different fopologies

Africa

Cambodia




E)SEA has low endemicity

The spatial distribution of Plasmodium falciparum malaria endemicity in 2010
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Population structure:

Principal Component Anal

P N
" , 7 q
> — Western Cambodia | 4 jf
= ’
(o]
o —
[am ]
Africa
N 3
O o
o o DS
\
S 1
S N
e V4
Y 4
[T'p]
S
N & Burkina Faso
| | | | | | | & Chana
-0.015 -0.010 -0.005 0.000 0.005 0.010 0.015 i ﬁﬂlfﬂhia
yiall
& Thailand
PC1 & Vfjetnam
e MNE Cambodia
* W Cambodia

Miotto et al., Nat Gen 2013



PC 2
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Evidence for multiple founder eftects
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Surface-associated interspersed genes

m Haplotypes (Hs m Hs shared by < 5 | Hs shared by >= 5

0

65 62 59 3 0
26 22 20 2 0
13 13 13 0 0
113 102 11 0

270 213 46 11

31 28 3 0

Founder 1 Founder 2

il m

Extremely rapid clonal expansion



Parasite Clearance Half-life
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“Founder drift”




/ founder populations strongly associated with arfemisinin

resistance
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kelch13 and the background alleles have similar geographical

distributions
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The genetic background is extremely differentiated even on a

short geographic distance
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Contextualizing kelch 13

Within the genome and across countries



Geographical distribution of the samples

Sample Country Sample
counts counts
6

Burkina Faso 5
Cameroon 134
Ghana 478
957  Gambia, The 73
Guinea 124
Mali 87
Nigeria 5
Kenya 52
Madagascar 18
East Africa 410 Malawi 260
Tanzania 68
Uganda 12 - -
Central Africa 279  D.R.Congo 279 - g =
South America 27 Celoniia i
Peru 11
outh Asia 75 Bangladesh 75
West Southeast Asia 494 Myanmar 109
Thailand 385
Cambodia 815
1154 Laos 120
Vietham 219

- 5.
Indonesia (Papua) 17 Malarla :

Oceania 139 GENOMIC EPIDEMIOLOGY NETWORK

Papua New Guinea 122



Density of the variants in AFR and SEA
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Distribution of the mutations within kelch 13
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Conservation score
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Excess of frequent NS mutations in SEA
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N/S ratio
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