
 

Genomic Tools Reveal Changing Plasmodium falciparum
Populations

 

 

(Article begins on next page)

The Harvard community has made this article openly available.
Please share how this access benefits you. Your story matters.

Citation Daniels, Rachel Fath.  2013.  Genomic Tools Reveal Changing
Plasmodium falciparum Populations.  Doctoral dissertation,
Harvard University.

Accessed April 17, 2018 4:05:35 PM EDT

Citable Link http://nrs.harvard.edu/urn-3:HUL.InstRepos:11108707

Terms of Use This article was downloaded from Harvard University's DASH
repository, and is made available under the terms and conditions
applicable to Other Posted Material, as set forth at
http://nrs.harvard.edu/urn-3:HUL.InstRepos:dash.current.terms-of-
use#LAA

http://osc.hul.harvard.edu/dash/open-access-feedback?handle=1/11108707&title=Genomic+Tools+Reveal+Changing+Plasmodium+falciparum+Populations&community=1/1&collection=1/4927603&owningCollection1/4927603&harvardAuthors=fe5fe4086823dda6b641a604c29f7b7c&department=NONE
http://nrs.harvard.edu/urn-3:HUL.InstRepos:dash.current.terms-of-use#LAA
http://nrs.harvard.edu/urn-3:HUL.InstRepos:dash.current.terms-of-use#LAA






















1























2





π

S



p2, 2pq, q2, p q

p+ q = 1

D

D

π S/a

a =
i=1∑

n−1

1

i

n

D

N



k

(2N)!

k!(2N − k)!
pkq2N−k

p q = 1−p

N

1/(2N)

2ln(2N)

1/(2N) 4N

π S



µ



N

s



Ne



2N

Ne

Ne

(1 + FI) FI

Ne

Nm Nf

4NmNf

Nm +Nf

9NmNf4Nm+2Nf
Nf

2



Ne s |Nes| " 1

|Nes| # 1

|Nes| ≈ 1

Ne

π = 4Neµ π = 2Neµ

Ne

Ne

Ne

Ne

Ne

5

Ne



1/(2Ne)

2Ne U
1

(2Ne)
× 2Ne × U = U

|Nes| # 1





δaδi



δaδi

dN/dS

dN/dS

dN/dS > 1 dN/dS < 1

dN/dS = 1



D D

H



FST =
(HT −HS)

HT
,

HS HT

FST

FST

HS HT





3









◦

µ

µ

µ µ

µ



G
en

e
A

ss
ay

 S
N

P 
ID

Fo
rw

ar
d 

Pr
im

er
 (5

'>
3'

)
R

ev
er

se
 P

rim
er

 (5
'>

3'
)

Pr
ob

e 
(5

'>
3'

)

pf
AT

Pa
se

6
L2
63

C
AT
G
C
TG

TT
AT
AG

AA
TC

AA
AT
AG

TG
AA

G
AT
AC

TC
AA
TT
AA
TA
AT
C
C
AT
AC

AG
TT
AC

AC
AT
AT
TA
C
AA

AA
AT
G
A

AA
AA
TC

G
AT
TT
AT
TT
G
G
TC

AA
C
A-
bl
oc
k

E4
31

TT
TT
TT
AA
TA
AA
TT
AA

AA
G
AT
G
AA

G
G
AA

AT
G
TT
G
AA

G
C

C
AT
TT
TC

TT
AC

TA
TC

AC
TA
G
AA

AA
AT
AA
TC

AC
TA
TA
TG

G
AT
TG

AT
C
C
TT
C
TT
C
TC

C
AT
C
AT
C
C
-b
lo
ck

A6
23

TG
AA
TG

AA
AA
TG

AT
AA

G
AA
TT
TA
AA

G
AA
TG

C
TA
AC

C
AT
G
C
TC

AA
AT
G
TA
TT
TT
C
TC

C
TA
TA
G
C
TT

TA
C
AG

C
TC

AG
G
C
AA

C
AA

C
AA

AT
-b
lo
ck

S7
69

AA
AT
G
AA

AT
TC

AT
AA
TA
AG

AT
TC

AA
AA
TA
TG

G
G
A

AA
AT
C
TT
G
TT
C
TA
AT
TT
AT
AA
TA
AT
C
AT
C
TG

TA
TT
C
T

C
TT
TG

C
TT
AT
AA

AA
AA
TT
AA

G
TA
G
TA
AA

G
AT
-b
lo
ck

pf
cr

t
C
72
/M
74
/N
75
/K
76

G
TA
AA

AC
G
AC

G
G
C
C
AG

TT
TC

TT
G
TC

TT
G
G
TA
AA
TG

TG
C
TC

A
C
AG

G
AA

AC
AG

C
TA
TG

AC
C
G
G
AT
G
TT
AC

AA
AA

C
TA
TA
G
TT
AC

C
AA
T

G
TG

TA
TG

TG
TA
AT
G
AA
TA
AA

AT
TT
TT
G
-b
lo
ck

H
97

TT
TG

C
TA
AA

AG
AA

C
TT
TA
AA

C
AA

AA
TT
G
G
TA
AC

TA
AT
TT
AT
C
TT
AC

TT
TT
G
AA
TT
TC

C
C
TT
TT
TA
TT
TC

C
A

C
AT
AC

AA
AT
AA

AG
TT
G
TG

AG
TT
TC

G
G
AT
G
TT
AC

-b
lo
ck

A2
20

G
C
TC

AG
G
TC

G
TT
G
AA

AC
AC

AA
G
AA

G
AA

AA
TT
C
TA
TC

G
C
TC

AG
G
C
TG

AA
AC

AA
AG

TT
TA
AG

TG
TT
AA
TA
TA
TA
TT
AA

AT
AT
TA
C

G
TC

TT
AA
TT
AG

TG
C
C
TT
AA
TT
G
TA
-b
lo
ck

N
32
6

C
G
AG

C
AT
TT
TT
TA
G
AA

AA
C
C
TT
C
G
C
AT
TG

T
TT
C
AT
C
C
TT
TT
TA
TT
C
TT
AC

AT
AG

C
TG

C
TT
C
TT
TG

AC
AT
TT
G
TG

AT
AA
TT
-b
lo
ck

I3
56

G
C
TC

AG
G
TC

G
AA

AT
TT
TC

TA
C
C
AT
G
AC

AT
AT
AC

TA
TT
G

C
AC

C
TG

AC
TG

AT
TT
AT
AT
AT
TT
AT
AT
C
TT
TT
TA
AT
TC

TT
AC

G
G
C

G
TC

C
AG

C
AA

C
AG

C
AA
TT
G
C
T-
bl
oc
k

pf
cy

tB
Y2
68
/M
27
0

G
TA
AA

AC
G
AC

G
G
C
C
AG

TT
G
AT
AA
TG

C
TA
TC

G
TA
G
TA
AA
TA

C
AT
AT
G
TT
AC

TC
C
TT
TG

TT
C
TG

C
TA
AT
AA

G
AA
TA
AT
AA
TT
G
TA
AT
G
A

AA
C
AT
TG

C
AT
AA

AA
TG

G
TA
G
AA

AG
TA
C
-b
lo
ck

pf
D

H
FR

N
51
/C
59

AC
AT
TT
AG

AG
G
TC

TA
G
G
AA

AT
AA

AG
G
AG

T
AT
AT
TT
AC

AT
C
TC

TT
AT
AT
TT
C
AA
TT
TT
TC

AT
AT
TT
TG

AT
TC

AT
TC

AC
AA

AT
G
TA
AT
TC

C
C
TA
G
AT
AT
G
AA

AT
AT
TT
TT
G
TG

C
AG

-b
lo
ck

I1
64

AC
AA

AG
TT
G
AA

G
AT
C
TA
AT
AG

TT
TT
AC

TT
G
G
G

C
TG

G
AA

AA
AA
TA
C
AT
C
AC

AT
TC

AT
AT
G
TA
C
TA
TT
TA
TT
C
TA

AA
TG

TT
TT
AT
TA
TA
G
G
AG

G
TT
C
C
G
-b
lo
ck

S1
08

C
TG

TG
G
AT
AA
TG

TA
AA
TG

AT
AT
G
C
C
TA
AT
TC

TA
G
AC

AA
TA
TA
AC

AT
TT
AT
C
C
TA
TT
G
C
TT
AA

AG
G
T

G
G
AA

G
AA

C
AA

G
C
TG

G
G
AA

AG
C
AT
-b
lo
ck

pf
D

H
PS

S4
36
/A
43
7

G
AA
TG

TT
TG

AA
AT
G
AT
AA

AT
G
AA

G
G
TG

C
TA

C
AG

G
AA

AC
AG

C
TA
TG

AC
G
AA

AT
AA
TT
G
TA
AT
AC

AG
G
TA
C
TA
C
TA
AA
TC

TC
T

AT
C
C
TC

TG
G
TC

C
TT
TT
G
TT
AT
AC

C
-b
lo
ck

K5
40

G
TG

TT
G
AT
AA
TG

AT
TT
AG

TT
G
AT
AT
AT
TA
AA
TG

AT
AT
TA
G
TG

C
G
TT
TA
TC

C
AT
TG

TA
TG

TG
G
AT
TT
C
C
TC

TT
TA
AT
C
C
AG

AA
AT
TA
TA
AA

AT
TA
TT
AA

AA
AA

AA
AA

AA
C
-b
lo
ck

A5
81

C
TT
G
TA
TT
AA

AT
G
G
AA
TA
C
C
TC

G
TT
AT
AG

G
A

AG
TG

G
AT
AC

TC
AT
C
AT
AT
AC

AT
G
TA
TA
TT
TT
G
TA
AG

TT
G
G
AT
TA
G
G
AT
TT
G
C
G
AA

G
AA

AC
AT
G
AT
C
A-
bl
oc
k

A6
13

C
TC

TT
AC

AA
AA
TA
TA
C
AT
G
TA
TA
TG

AT
G
AG

TA
TC

C
AC

TT
C
AT
G
TA
AT
TT
TT
G
TT
G
TG

TA
TT
TA
TT
AC

AA
C
AT
TT
TG

A
AA

G
AT
TT
AT
TG

C
C
C
AT
TG

C
AT
G
A-
bl
oc
k

pf
M

D
R

N
86

TT
AT
TA
TT
TA
TA
TC

AT
TT
G
TA
TG

TG
C
TG

TA
TT
AT
C
AG

G
C
AG

G
AA

AC
AG

C
TA
TG

AC
AT
C
AT
TG

AT
AA
TA
TA
AA
TT
G
TA
C
TA
AA

C
C
TA
TA
G
AT
AC

T
G
AA

C
AT
G
AA
TT
TA
G
G
TG

AT
G
AT
AT
TA
AT
C
C
-b
lo
ck

Y1
84

AG
TT
C
AG

G
AA
TT
G
G
TA
C
G
AA

AT
TT
AT
AA

C
A

AC
G
C
AA

G
TA
AT
AC

AT
AA

AG
TC

AA
AC

G
C
C
TT
TT
TA
G
G
TT
TA
TA
TA
TT
TG

G
TC

AT
-b
lo
ck

R
37
1

AT
G
G
TG

C
C
TC

AG
TT
AT
AT
C
C
AT
TT

TT
TG

TT
G
C
TT
C
TA
AA

G
C
TT
TC

AT
AT
AT
TC

TG
T

G
G
TG

TA
C
TT
AT
TA
G
TA
TG

TT
TA
TG

TT
AA

C
-b
lo
ck

S1
03
4

AA
AT
AA

AG
G
AC

AA
AA

AA
G
AA

G
AA
TT
AT
TG

TA
AA
TG

C
AG

AA
G
G
AT
C
C
AA

AC
C
AA
TA
G
G
C

AG
C
G
C
TT
TG

AC
TG

AA
TC

C
C
C
A-
bl
oc
k

N
10
42

AA
G
AA
TT
AT
TG

TA
AA
TG

C
AG

C
TT
TA
TG

G
G

G
G
AT
TT
C
AT
AA

AG
TC

AT
C
AA

C
TA
AT
AT
AG

TA
C
C
TC

C
AA
TT
AT
TT
AT
TA
AT
AG

TT
TT
G
C
C
TA
T-
bl
oc
k

D
12
46

G
C
AG

AA
G
AT
TA
TA
C
TG

TA
TT
TA
AT
AA
TA
AT
G
G
AG

A
TT
TC

AT
AT
AT
G
G
AC

AT
AT
TA
AA
TA
AC

AT
G
G
G
T

G
TG

AT
TA
TA
AC

TT
AA

G
AG

AT
C
TT
AG

AA
AC

T-
bl
oc
k



◦ ◦ ◦

◦ ◦

◦

◦ ◦

◦ ◦ ◦

◦

µ

◦



→
→

→



Normalized Melting Peaks

Temperature  C

65

0
0.05
0.10
0.15
0.20
0.25
0.30
0.35

0
0.05

-0.05

0.10
0.15
0.20
0.25
0.30

0
0.05
0.10
0.15
0.20
0.25
0.30
0.35
0.40

A

B

C

66 67 68 69 70 71 72 73

50 52 54 56 58 60 62 64 66 68

58 60 62 64 66 68

Temperature  C

Temperature  C

Figure 1

Re
la

tiv
e 

Si
gn

al
 (%

)
Re

la
tiv

e 
Si

gn
al

 (%
)

Re
la

tiv
e 

Si
gn

al
 (%

) C;M;N;K

C;I;E;T

S;M;N;T

Genotype or Haplotype

H

Q

N

Y + F (mixed)

Y



Normalized Melting Peaks

A

Figure 2

Genotype or Haplotype

C

0
0.05
0.10
0.15
0.20
0.25
0.30
0.35

52 54 56 58 60 62 64 66

Re
la

tiv
e 

Si
gn

al
 (%

)

Temperature  C

-0.05

C;M;N;K

S;M;N;T

C;I;E;T

Temperature  C

6854 56 58 60 62 64 66 70

0

0.05

0.10

0.20

0.15

Re
la

tiv
e 

Si
gn

al
 (%

)

S;G

F;G

0

40

60

100

80

-d
(F

lu
or

es
ce

nc
e)

/d
T

20

Temperature  C

8045 50 55 60 65 70 75 85 9040

B

Normalized Melting Peaks Genotype or Haplotype

Melting Peaks

105

105





Normalized Melting Peaks

Re
la

tiv
e 

Si
gn

al
 (%

)
Re

la
tiv

e 
Si

gn
al

 (%
)

65

0.0
0.0
0.1
0.1
0.1
0.1
0.2
0.2
0.2
0.3
0.3
0.3

A

B

50 51 52 53 54 61 62 63 6455 56 57 58 59 60

Temperature  C

51 52 53 54 61 62 63 6455 56 57 58 59 60

Temperature  C

Figure 3

!

0.00

0.03

-0.03

0.06

0.09

0.12

0.15

0.18

0.21

0.24

0.27

0.30

0.33

0.36



S
am

pl
e

O
ri

gi
n

S
am

pl
e 

Ty
pe

C
72

M
74

N
75

K
76

H
97

A
22

0
N

32
6

I3
56

N
86

Y
18

4
R

37
1

S
10

34
N

10
42

D
12

46
S

43
6

A
43

7
K

54
0

A
58

1
A

61
3

Y
26

8
M

27
0

L2
63

A
62

3
E

43
1

S
76

9
N

51
C

59
I1

64
S

10
8

H
B

3
H

on
du

ra
s

cu
ltu

re
 a

da
pt

at
io

n
C

M
N

K
H

A
N

I
N

F
R

S
N

D
S

A
K

A
A

Y
M

L
A

E
S

N
C

I
N

D
d2

In
do

ch
in

a
cu

ltu
re

 a
da

pt
at

io
n

C
I

E
T

H
S

S
T

F
Y

R
S

N
D

F
G

K
A

S
Y

M
L

A
E

S
I

R
I

N

M
P

24
75

M
al

aw
i

cu
ltu

re
 a

da
pt

at
io

n
C

M
N

K
H

A
N

I
N

Y
R

S
N

D
S

G
K

A
A

Y
M

L
A

K
S

I
R

I
N

M
P

25
33

M
al

aw
i

cu
ltu

re
 a

da
pt

at
io

n
C

M
N

K
H

A
N

I
N

F
R

S
N

D
S

G
K

A
A

Y
M

L
A

E
S

I
R

I
N

P
S

18
9

M
al

i
cu

ltu
re

 a
da

pt
at

io
n

C
M

N
K

H
A

N
I

N
F

R
S

N
D

S
G

K
A

S
Y

M
L

A
E

S
N

C
I

S
3D

7
N

et
he

rla
nd

s
cu

ltu
re

 a
da

pt
at

io
n

C
M

N
K

H
A

N
I

N
Y

R
S

N
D

S
G

K
A

A
Y

M
L

A
E

S
N

C
I

S

A
P

O
41

N
ig

er
ia

cu
ltu

re
 a

da
pt

at
io

n
C

I
E

T
H

S
N

I
N

F
R

S
N

D
S

A
K

A
A

Y
M

L
A

E
S

I
R

I
N

N
29

.0
7

N
ig

er
ia

cu
ltu

re
 a

da
pt

at
io

n
C

M
N

K
H

A
N

I
N

F
R

S
N

D
S

G
K

A
A

Y
M

L
A

E
S

N
C

I
S

N
59

N
ig

er
ia

cu
ltu

re
 a

da
pt

at
io

n
C

M
N

K
H

A
N

I
N

Y
R

S
N

D
S

G
K

A
A

Y
M

L
A

K
S

I
R

I
N

N
60

N
ig

er
ia

cu
ltu

re
 a

da
pt

at
io

n
C

I
E

T
H

S
N

I
N

Y
R

S
N

D
S

G
K

A
A

Y
M

L
A

E
S

I
R

I
N

N
62

N
ig

er
ia

cu
ltu

re
 a

da
pt

at
io

n
C

I
E

T
H

S
N

I
Y

F
R

S
N

D
S

G
K

A
A

Y
M

L
A

E
S

I
R

I
N

N
92

N
ig

er
ia

cu
ltu

re
 a

da
pt

at
io

n
C

M
N

K
H

A
N

I
N

Y
R

S
N

D
S

G
K

A
A

Y
M

L
A

K
S

I
R

I
N

P
31

.0
1

P
ik

in
e,

 S
en

eg
al

cu
ltu

re
 a

da
pt

at
io

n
C

M
N

K
H

A
N

I
N

F
R

S
N

D
S

A
K

A
A

Y
M

L
A

E
S

N
C

I
S

P
05

.0
2

P
ik

in
e,

 S
en

eg
al

cu
ltu

re
 a

da
pt

at
io

n
C

I
E

T
H

S
S

I
Y

F
R

S
N

D
A

!
K

A
A

Y
M

L
A

K
S

I
R

I
N

P
11

.0
2

P
ik

in
e,

 S
en

eg
al

cu
ltu

re
 a

da
pt

at
io

n
C

M
N

K
H

A
S

I
N

F
R

S
N

D
S

A
K

A
A

Y
M

L
A

E
S

N
C

I
S

P
27

.0
2

P
ik

in
e,

 S
en

eg
al

cu
ltu

re
 a

da
pt

at
io

n
C

M
N

K
H

A
N

I
Y

F
R

S
N

D
S

G
K

A
A

Y
M

L
A

E
S

I
R

I
N

P
51

.0
2

P
ik

in
e,

 S
en

eg
al

cu
ltu

re
 a

da
pt

at
io

n
C

I
E

T
H

S
S

I
Y

F
R

S
N

D
S

G
K

A
A

Y
M

L
A

E
S

I
R

I
N

P
60

.0
2

P
ik

in
e,

 S
en

eg
al

cu
ltu

re
 a

da
pt

at
io

n
C

M
N

K
H

S
N

I
N

F
R

S
N

D
S

A
K

A
A

Y
M

L
A

E
S

N
C

I
S

P
08

.0
4

P
ik

in
e,

 S
en

eg
al

cu
ltu

re
 a

da
pt

at
io

n
C

M
N

K
H

A
N

I
N

F
R

S
N

D
A

!
K

A
A

Y
M

L
A

E
S

I
R

I
N

P
09

.0
4

P
ik

in
e,

 S
en

eg
al

cu
ltu

re
 a

da
pt

at
io

n
C

M
N

K
H

A
N

I
N

Y
R

S
N

D
S

G
K

A
A

Y
M

L
A

E
S

I
R

I
N

P
19

.0
4

P
ik

in
e,

 S
en

eg
al

cu
ltu

re
 a

da
pt

at
io

n
C

M
N

K
H

A
N

I
N

Y
R

S
N

D
S

G
K

A
A

Y
M

L
A

E
S

I
R

I
N

P
26

.0
4

P
ik

in
e,

 S
en

eg
al

cu
ltu

re
 a

da
pt

at
io

n
C

I
E

T
H

S
N

+S
I

Y
F

R
S

N
D

S
A

K
A

A
Y

M
L

A
E

S
I

R
I

N
Tg

00
1.

07
Th

ie
s,

 S
en

eg
al

fil
te

r p
ap

er
C

M
N

K
H

A
N

I
N

Y
R

S
N

D
F

A
K

A
A

Y
M

L
A

E
S

I
R

I
N

Tg
00

6.
07

Th
ie

s,
 S

en
eg

al
fil

te
r p

ap
er

C
M

N
K

H
A

N
I

N
Y

R
S

N
D

F
A

K
A

A
Y

M
L

A
E

S
N

C
I

S
Tg

06
0.

07
Th

ie
s,

 S
en

eg
al

fil
te

r p
ap

er
C

M
N

K
H

A
N

I
N

F
R

S
N

D
S

G
K

A
A

Y
M

L
A

E
S

I
R

I
N

Tg
10

3.
07

Th
ie

s,
 S

en
eg

al
fil

te
r p

ap
er

C
I

E
T

H
S

N
T

N
Y

R
S

N
D

F
A

K
A

A
Y

I
L

A
E

S
I

R
I

N
Ts

00
1.

07
Th

ie
s,

 S
en

eg
al

fil
te

r p
ap

er
C

M
N

K
H

A
N

I
N

F
R

S
N

D
S

A
K

A
A

Y
M

L
A

E
S

N
C

I
S

Ts
00

2.
07

Th
ie

s,
 S

en
eg

al
fil

te
r p

ap
er

C
I

E
T

H
S

N
T

N
Y

R
S

N
D

S
G

K
A

A
Y

M
L

A
E

S
I

R
I

N
Ts

00
7.

07
Th

ie
s,

 S
en

eg
al

fil
te

r p
ap

er
C

M
N

K
H

A
N

I
N

Y
R

S
N

D
S

G
K

A
A

Y
M

L
A

E
S

I
R

I
N

Ts
00

9.
07

Th
ie

s,
 S

en
eg

al
fil

te
r p

ap
er

C
M

N
K

H
A

N
I

N
F

R
S

N
D

S
G

K
A

A
Y

M
L

A
K

S
I

R
I

N
Ts

01
1.

07
Th

ie
s,

 S
en

eg
al

fil
te

r p
ap

er
C

M
N

K
H

A
N

I
N

F
R

S
N

D
S

A
K

A
A

Y
M

L
A

E
S

N
C

I
N

Ts
01

2.
07

Th
ie

s,
 S

en
eg

al
fil

te
r p

ap
er

C
M

N
K

H
A

N
I

N
F

R
S

N
D

S
G

K
A

A
Y

M
L

A
E

S
I

R
I

N
Ts

01
3.

07
Th

ie
s,

 S
en

eg
al

fil
te

r p
ap

er
C

M
N

K
H

A
N

I
N

Y
R

S
N

D
S

A
K

A
A

Y
M

L
A

E
S

N
C

I
N

Ts
01

5.
07

Th
ie

s,
 S

en
eg

al
fil

te
r p

ap
er

C
M

N
K

H
A

N
I

N
F

R
S

N
D

S
A

K
A

A
Y

M
L

A
E

S
I

R
I

N
Ts

01
8.

07
Th

ie
s,

 S
en

eg
al

fil
te

r p
ap

er
C

I
E

T
H

S
N

T
N

F
R

S
N

D
F

G
K

A
A

Y
M

L
A

E
S

I
C

I
N

Ts
03

1.
07

Th
ie

s,
 S

en
eg

al
fil

te
r p

ap
er

C
M

N
K

H
A

N
I

N
F

R
S

N
D

S
A

K
A

A
Y

M
L

A
E

S
I

R
I

N
Ts

05
5.

07
Th

ie
s,

 S
en

eg
al

fil
te

r p
ap

er
C

M
N

K
H

A
N

I
N

N
+F

R
S

N
D

S
G

K
A

A
Y

M
L

A
+E

E
S

I
R

I
N

Ts
05

8.
07

Th
ie

s,
 S

en
eg

al
fil

te
r p

ap
er

C
M

N
K

H
A

N
I

N
+Y

F
R

S
N

D
F

G
K

A
A

Y
M

L
A

E
S

I
R

I
N

Ts
06

2.
07

Th
ie

s,
 S

en
eg

al
fil

te
r p

ap
er

C
M

N
K

H
A

N
I

N
F

R
S

N
D

S
G

K
A

A
Y

M
L

A
E

S
I

R
I

N
Ts

06
3.

07
Th

ie
s,

 S
en

eg
al

fil
te

r p
ap

er
C

M
N

K
H

A
N

I
N

Y
R

S
N

D
F

A
K

A
A

Y
M

L
A

E
S

I
R

I
N

Ts
07

9.
07

Th
ie

s,
 S

en
eg

al
fil

te
r p

ap
er

C
M

N
K

H
A

N
I

N
F

R
S

N
D

S
G

K
A

A
Y

M
L

A
E

S
I

R
I

N
Ts

09
8.

07
Th

ie
s,

 S
en

eg
al

fil
te

r p
ap

er
C

I
E

T
H

S
N

T
N

F
R

S
N

D
F

A
K

A
A

Y
M

L
A

E
S

I
R

I
N

Ts
10

4.
07

Th
ie

s,
 S

en
eg

al
fil

te
r p

ap
er

C
M

N
K

H
A

N
I

N
F

R
S

N
D

S
G

K
A

A
Y

M
L

A
E

S
I

R
I

N
Ts

10
6.

07
Th

ie
s,

 S
en

eg
al

fil
te

r p
ap

er
C

M
N

K
H

A
N

I
N

Y
R

S
N

D
S

G
K

A
A

Y
M

L
A

K
S

I
R

I
N

Ts
10

7.
07

Th
ie

s,
 S

en
eg

al
fil

te
r p

ap
er

C
M

N
K

H
A

N
I

Y
N

+F
R

S
N

D
S

G
+A

K
A

A
Y

M
L

A
E

S
I

R
I

N
Ts

10
8.

07
Th

ie
s,

 S
en

eg
al

fil
te

r p
ap

er
C

M
N

K
H

S
N

I
N

F
R

S
N

D
S

G
K

A
A

Y
M

L
E

E
S

I
R

I
N

Ts
14

2.
07

Th
ie

s,
 S

en
eg

al
fil

te
r p

ap
er

C
I

E
T

H
S

N
T

N
F

R
S

N
D

S
G

K
A

A
Y

M
L

A
E

S
I

R
I

N
Ts

14
7.

07
Th

ie
s,

 S
en

eg
al

fil
te

r p
ap

er
C

I
E

T
H

S
N

T
N

F
R

S
N

D
S

G
+A

K
A

A
Y

M
L

A
E

S
I

R
I

N
Ts

16
4.

07
Th

ie
s,

 S
en

eg
al

fil
te

r p
ap

er
C

M
N

K
H

A
N

I
N

F
R

S
N

D
S

A
K

A
A

Y
M

L
A

E
S

I
R

I
N

Th
10

.0
4 

D
10

Th
ie

s,
 S

en
eg

al
cu

ltu
re

 a
da

pt
at

io
n

C
M

N
K

H
A

N
I

Y
F

R
S

N
D

S
G

K
A

A
Y

M
L

A
K

S
N

C
I

S
Th

10
.0

4 
H

7
Th

ie
s,

 S
en

eg
al

cu
ltu

re
 a

da
pt

at
io

n
C

M
N

K
H

A
N

I
Y

F
R

S
N

D
S

A
K

A
A

Y
M

L
A

K
S

N
C

I
S

Th
01

5.
04

Th
ie

s,
 S

en
eg

al
cu

ltu
re

 a
da

pt
at

io
n

C
I

E
T

H
S

N
I

N
F

R
S

N
D

S
G

K
A

A
Y

M
L

A
E

S
I

R
I

S
Th

02
6.

04
Th

ie
s,

 S
en

eg
al

cu
ltu

re
 a

da
pt

at
io

n
C

I
E

T
H

S
N

T
Y

F
R

S
N

D
S

A
K

A
A

Y
M

L
A

E
S

I
R

I
N

Th
02

8.
04

Th
ie

s,
 S

en
eg

al
cu

ltu
re

 a
da

pt
at

io
n

C
I

E
T

H
S

N
I

N
F

R
S

N
D

Y
!

K
A

A
Y

M
L

A
K

S
I

R
I

N
Th

10
5.

07
Th

ie
s,

 S
en

eg
al

cu
ltu

re
 a

da
pt

at
io

n
C

M
N

K
H

A
N

I
N

F
R

S
N

D
A

!
K

A
A

Y
M

L
A

E
S

N
C

I
N

Th
07

4.
08

Th
ie

s,
 S

en
eg

al
cu

ltu
re

 a
da

pt
at

io
n

C
M

N
K

H
A

N
I

N
F

R
S

N
D

S
G

K
A

A
Y

M
L

A
K

S
I

R
I

N
Th

23
0.

08
Th

ie
s,

 S
en

eg
al

cu
ltu

re
 a

da
pt

at
io

n
C

M
N

K
H

A
N

I
N

Y
R

S
N

D
S

A
K

A
A

Y
M

L
A

E
S

I
R

I
N

Th
23

1.
08

Th
ie

s,
 S

en
eg

al
cu

ltu
re

 a
da

pt
at

io
n

C
I

E
T

H
S

N
T

N
F

R
S

N
D

S
G

K
A

A
Y

M
L

A
E

S
I

R
I

N
Th

23
2.

08
Th

ie
s,

 S
en

eg
al

cu
ltu

re
 a

da
pt

at
io

n
C

M
N

K
H

A
N

I
N

Y
R

S
N

D
S

G
K

A
A

Y
M

L
A

E
S

I
R

I
N

Th
02

6.
09

Th
ie

s,
 S

en
eg

al
cu

ltu
re

 a
da

pt
at

io
n

C
I

E
T

H
S

N
I

N
+Y

F
R

S
N

D
S

G
K

A
A

Y
M

L
A

E
S

I
R

I
N

Th
13

0.
09

Th
ie

s,
 S

en
eg

al
cu

ltu
re

 a
da

pt
at

io
n

C
M

N
K

H
A

N
I

N
F

R
S

N
D

S
G

K
A

A
Y

M
L

A
E

S
I

R
I

N
V

34
.0

4
Ve

lin
ga

ra
, S

en
eg

al
cu

ltu
re

 a
da

pt
at

io
n

C
I

E
T

H
S

N
I

Y
F

R
S

N
D

F
G

K
A

A
Y

M
L

A
E

S
N

C
I

S
V

35
.0

4
Ve

lin
ga

ra
, S

en
eg

al
cu

ltu
re

 a
da

pt
at

io
n

C
M

N
K

H
A

N
I

N
F

R
S

N
D

S
A

K
A

A
Y

M
L

A
E

S
N

C
I

S
V

42
.0

5
Ve

lin
ga

ra
, S

en
eg

al
cu

ltu
re

 a
da

pt
at

io
n

C
I

E
T

H
S

N
I

N
Y

R
S

N
D

S
A

K
A

A
Y

M
L

A
E

S
I

R
I

N
V

92
.0

5
Ve

lin
ga

ra
, S

en
eg

al
cu

ltu
re

 a
da

pt
at

io
n

C
M

N
K

H
A

N
I

N
F

R
S

N
D

S
A

K
A

A
Y

M
L

A
E

S
N

C
I

N
TM

90
C

6B
Th

ai
la

nd
cu

ltu
re

 a
da

pt
at

io
n

C
I

E
T

Q
S

S
T

N
F

R
C

D
Y

S
G

K
G

A
S

M
L

A
E

S
N

R
L

N

G
en

e 
an

d 
S

N
P

 lo
ca

tio
n

pf
cr

t
pf

m
dr

pf
dh

ps
pf

AT
P

as
e6

pf
D

H
FR

cy
tB

Ta
bl

e 
2:

 S
am

pl
e 

an
d 

G
en

ot
yp

e 
In

fo
rm

at
io

n







Normalized Melting Peaks

Re
la

tiv
e 

Si
gn

al
 (%

)

0
0.05
0.10
0.15
0.20
0.25
0.30
0.35

61 646362 65 66 67605958

Temperature  C

Figure 4

A

Re
la

tiv
e 

Si
gn

al
 (%

)

Temperature  C

-0.05

0.05
0.10
0.15

0.20
0.25

6256 64 66 68 7054 605852

Y;M

Y;I

S;M

Genotype or Haplotype

A;A

S;A

F;G

S;G

0 Y;G

B





µ





4





P



B

A

Figure 1

81 2 2 2

p-value=0.009, R =0.8482

0 

0.2 

0.4 

0.6 

0.8 

1 

2006 2007 2008 2009 2010 2011 Pr
op

or
tio

n 
of

 u
ni

qu
e 

in
fe

ct
io

n 

Year 

2006

2007

2008

2009

2010

2011

0% 25% 50% 75% 100%

81

44

55

53

37

45

2

2

2 2

2 2 2 2

3

2232 2 2 2 2 2 2

2 2 2 2 2 3 4 5

2 2 2 2 2 2 2 2 2 3 4 5 6 8 8 11

22 2 2 2 2 3 3 3 4 5 8 29

2



0 

0.1 

0.2 

0.3 

0.4 

0.5 

2006 2007 2008 2009 2010 2011 

Pr
op

or
tio

n 
of

 m
ix

ed
 in

fe
ct

io
n 

Year 

Mixed infection rate 

Figure 2

S
A



2006 20082007 2009 20112010

2–5

6–10

11–15

>16

1

Figure 3



2006 2007 2008 2009 2010 2011
IA

S -0.0049 0.0049 0.0306 0.0072 0.0293 0.1111
P-value 0.989 0.162 <1 x 10-4 0.021 <1 x 10-4 <1 x 10-4

IA
S -0.0059 0.002 0.0012 0.0038 0.0042 0.0041

P-value 0.997 0.332 0.329 0.151 0.145 0.128

All samples

Unique barcodes only

Table 1
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Table 2

 Likelihood method 
 Mean 95% Confidence Interval 
2006-2007 ND (226, ND) 
2007-2008  19 (9, 49) 
2008-2009 29 (12, 90) 
2009-2010 18 (9, 42) 
2010-2011 10 (6, 18) 

  * ND represents “Not Determinable”. 
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is the case with multiple repeat regions) to alterations
from season to season or during culture adaptation. The
molecular barcode is simpler to perform than capillary
electrophoresis with msp-1 and -2 and requires only an
RT-PCR device; thus, it is amenable to field deployment.
The molecular barcoding is used in the present study: a)
to evaluate the performance of the tool in clinical sam-
ples which are likely to be a mixture of multiple clones,
and b) to understand the possible quantitative proportion
data provided by this technique in field samples.
The initial approach was to explore the performance of

the molecular barcode in autopsy tissue and blood in
patients with retinopathy-positive and retinopathy-negative
cerebral malaria, comparing the barcode results with msp-1
and -2 data [5]. The molecular barcode was then analysed
exclusively in the peripheral blood of living patients with
clinically defined cerebral malaria, comparing results in
patients with and without malarial retinopathy.
Three hypotheses were tested:
1 The P. falciparum variant(s) in the peripheral blood

mirror those in the tissues (as suggested from indirect
evidence [6]). Support for this hypothesis would facili-
tate studies of malaria pathogenesis because parasites in
the peripheral blood are more readily accessible than
those in the relevant tissues.
2 The molecular barcode corroborates previously pub-

lished data suggesting that more severe malaria illnesses
are associated with less complex infections [5,7-11].
Important co-factors were included in this analysis, one
of these being the date of admission (i.e. time point in
the malaria season), since increasing acquisition of

immunity during the course of a season might have an
effect on clinical infections.
3 Patients with cerebral malaria have a single predo-

minant parasite genotype.

Methods
Definition of cerebral malaria
The World Health Organization’s (WHO) clinical defini-
tion of cerebral malaria (CM) includes the following: a
Blantyre coma score ≤ 2, P. falciparum parasitaemia by
blood film, and no other evident cause of coma (e.g.
meningitis, post-ictal state, hypoglycaemia) [12]. The
definitive diagnosis of CM relies on post-mortem exami-
nation of the brain either by autopsy or supra-orbital
sampling. Finding malarial retinopathy on ophthalmo-
scopy in a comatose paediatric patient supports a diagno-
sis of CM [13-17]. Patients meeting the clinical case
definition, but who do not have malaria retinopathy, are
clinically heterogeneous; on autopsy there is very little
histological evidence of sequestered parasites in the
microvasculature of the brain and other organs, and
usually another cause of death is found [18].

Study design and patients
Two cohorts of patients were included in this study,
which was nested within the clinic-pathological study in
the Paediatric Research Ward (PRW) of Queen Eliza-
beth Central Hospital in Blantyre, Malawi (Figure 1).
The autopsy series includes 19 autopsies (January 1999
to June 2001) in which genotypes were previously
assessed (characterized by msp-1 and -2) of tissue-

628 Patients admitted to 
Malaria Research Ward

137 Patients admitted 
to MRW

602 patients 
discharged/died without 

post-mortem

25 patients with insufficient 
DNA (13 with negative 
peripheral parasitaemia)

26 Patients had 
autopsies performed

Molecular Barcode 
Performed (n = 112)

7 patients excluded due to 
low or negative 9 patients excluded because

> 5 SNP calls were missing

Autopsy Series
January 1999 to  February 2001

Clinical Series
January 2009 - June 2009

parasitaemia

19 Patients included in 
this study

Molecular Barcode 
Analysed (n = 103)

Figure 1 Flowchart of patients and samples collected for these studies.

Milner et al. Malaria Journal 2012, 11:35
http://www.malariajournal.com/content/11/1/35
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blood, were the same as those found in the brain - Figure
2 and Additional File 3) in patients with retinopathy-
positive CM (with or without severe anaemia). It is
important to note that this included some mixed infec-
tions (i.e. many heterozygous calls), primarily in the CM
+ SMA patients, that were still conserved across tissues,
suggesting the total body population was composed of
the same mixture of P. falciparum genetic variants. More
complex infections with heterogeneity across tissues were
found more commonly in the patients without evidence
of retinopathy who had a range of other demonstrable
causes of death. In addition, the peripheral blood
reflected the extent of parasite complexity found in tis-
sues (Additional File 3).

Hypothesis 2: Prospective clinical study shows limited
parasite complexity in peripheral blood of patients with
cerebral malaria
When comparing retinopathy-positive to retinopathy-
negative clinical patients, 77% of retinopathy-positive
patients had single/low complexity infections including
28 samples with zero heterozygous calls suggesting a
single genotype (Figure 3). The unadjusted OR for hav-
ing positive malarial retinopathy in individuals with a
low complex infection was 3.70. A sensitivity analysis
was performed using only molecular barcodes with one
failure, etc. up to five failures within an individual bar-
code and the same unadjusted odds ratio was calculated
(3.7-4.2), which was significant (P-value < 0.01). Patients
with and without malaria retinopathy were clinically
similar except for haematocrit (retinopathy-positive < <
retinopathy-negative; Table 2). When adjusted for hae-
matocrit, parasite density (confounding variable), and
the effect of time, the OR for a single/less complex (ci

Table 1 Comparison of baseline characteristics of (A) the 19 autopsy patients presented in the first part of the study
and (B) the admitted patients presenting with or without features of malaria retinopathy in the second part of the
study
Characteristic Cerebral Malaria (+/− SMA) Non-CM (including SMA) P*

(N = 10) (N = 9)

Median (IQR)

Age [months] 24 (18-70) 25.5 (17-39) 0.64

Time [weeks]† 13.6 (9.4 - 16.4) 10 (9-14.3) 0.49

Haematocrit [%] 18 (14-31) 29.5 (22-40) 0.15

Parasitaemia [p/ul] 275,200 (11,399-572,880) 98,518 (4,716-286,850) 0.25

Characteristic Retinopathy Positive (N = 69) Retinopathy Negative (N = 34) P*

Median (IQR)

Age [months] 38 (25-56) 51 (31-67) 0.19

Time [weeks]† 7.4 (4.3, 12.9) 10.4 (4.1, 17.4) 0.44

Haematocrit [%] 22 (18, 27) 30 (25, 34) 0.0003

Parasitaemia [p/ul] 101,176 (31,590-366,070) 70,230 (42,871-211,680) 0.71

Table 2 Comparison of the major alleles encountered in
the Malawi consecutive patient data set in one season
(n = 112) compared with the same allele for the set of
global parasites previously published (n = 114).
Assay Malawi Original Difference z-score p-value

1 0.6446 0.8690 0.2244 -7.1029 <0.05

2 0.9099 0.8475 0.0625 1.8546 NS

3 0.6591 0.6885 0.0294 -0.6786 NS

4 0.8182 0.6446 0.1736 3.8716 <0.05

5 0.7653 0.7698 0.0045 -0.1150 NS

6 0.6269 0.6154 0.0115 0.2520 NS

7 0.6270 0.4640 0.1630 3.4894 <0.05

8 0.8130 0.8034 0.0096 0.2576 NS

9 0.7481 0.5873 0.1608 3.4871 <0.05

10 0.6391 0.6111 0.0280 0.6130 NS

11 0.6529 0.3220 0.3309 7.5603 <0.05

12 0.5620 0.4274 0.1346 2.9058 <0.05

13 0.6504 0.5289 0.1215 2.5985 <0.05

14 0.7241 0.6239 0.1002 2.2087 <0.05

15 0.5489 0.5124 0.0365 0.7791 NS

16 0.7652 0.4872 0.2780 5.9392 <0.05

17 0.5556 0.6032 0.0476 -1.0392 NS

18 0.6330 0.5124 0.1206 2.5768 <0.05

19 0.5909 0.6250 0.0341 -0.7519 NS

20 0.6692 0.6230 0.0462 1.0183 NS

21 0.5231 0.4318 0.0913 1.9671 <0.05

22 0.5766 0.3953 0.1813 3.9591 <0.05

23 0.6866 0.6518 0.0348 0.7795 NS

24 0.9231 0.5897 0.3333 7.2356 <0.05

Thirteen assays are significantly different from the population observed in the
original study with the differences ranging from 9.1 to 41.0%. Assay 24 is non-
informative in the Malawi population
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more complex) infection having retinopathy was 4.8
(Table 3).

Hypothesis 3: There is not a single genotype that causes
cerebral malaria
Despite the preponderance of single/less complex para-
site populations in cerebral malaria patients, there was
no unique genotype or group of genotypes associated
with cerebral malaria in different patients.

Observation: The genetic complexity of infections
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The complexity of infections in both patient groups
decreased over the six months during which data were
collected (i.e. from start to end of the malaria season).
Retinopathy-positive CM patients had consistently and
significantly fewer heterozygous calls per patient (p-
value = 0.00007, Figure 4) than retinopathy-negative
patients, throughout the period of study.

Figure 2 Molecular barcoding results for 18 autopsy patients are shown with the consensus barcode in the first row and the
individual barcodes for frontal lobe (FL), cerebellum (CB), brainstem (BS), heart (H), lung (L), and colon (C). Among the eight non-CM
patients, the diagnoses were SMA (1), pneumonia (3), sepsis (1), giant cell myocarditis (1), ruptured arteriovenous malformation (1), and traumatic
skull fracture (1). Where the individual barcode matches the consensus, an * is used. Where the individual barcode differs from consensus, the
reported allele is given (A, G, C, or T). When the consensus barcode call is not conserved across all tissues, the consensus call is highlighted in
black with white text. For those samples which were either not available or the reaction failed, a dash (−) is used to denote missing. For a
heterozygous consensus call, the IUPAC code (Additional File 4) is used and BOTH bases denoted by the code are present.
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blood, were the same as those found in the brain - Figure
2 and Additional File 3) in patients with retinopathy-
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Figure 3 Molecular barcodes were grouped by number of heterozygous calls (range = 0-19) after excluding barcodes missing in more
than five assays and were then categorized by malaria retinopathy (presence or absence). A one unit decrease in heterozygous calls is
associated with a increased risk of presenting with malaria retinopathy: adjusted OR 1.11; 95% CI = 1.01, 1.22; P = 0.03.

Table 3 Association between malaria retinopathy and infections caused by a single/less complex genotypes (vs three
or more).

Single/Less Complex
Genotype

Multiple
Genotypes

(< 3 Het. Calls) (≥3 Het. Calls)

(N = 52) (N = 51)

Retinopathy 42 (81%) 27 (53%)

No retinopathy 10 24

Logistic Regression

(N = 67 with and 32 without retinopathy)

Unadjusted Model† OR (95% CI) P*

Single/Less Complex (vs. 3 Hets) 3.7 (1.51-9.10) 0.003

Adjusted Model†

Single/Less Complex (vs. ≥ 3 Hets) 4.82 (1.59-14.30) 0.003

Hematocrit 0.84 (0.79, 0.96) < 0.0001

Parasites/μl (natural logarithm) 1.36 (0.996, 1.85) 0.046

Time (weeks from January until date of sample collection) 0.87 (0.77-0.92) 0.001

Frequencies and odds ratios (OR) obtained in logistic regression models. Four patients were removed from regression modeling due to missing data
Het. = Heterozygous; OR = Odd Ratio; CI = Confidence Interval
*P-values were estimated using likelihood-ratio tests.
†c-statistic (corresponding to the area under the ROC curve of the fitted model) of the unadjusted model was 0.66 and of the adjusted model was 0.82.
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Discussion
Malaria parasites cause more than 200 million clinical
infections per year with 800,000 deaths, due primarily to
P. falciparum in sub-Saharan African children [12,20].
Paediatric malaria mortality is largely restricted to non-
and semi-immune children, and commonly results from
cerebral malaria (CM) [21]. The clinical diagnosis of
CM is strongly associated with the pathological finding
of parasite sequestration (attributable to cytoadherence
of parasites to endothelium) within the cerebral vascula-
ture [18,22]. The definitive diagnosis of CM relies on
post-mortem examination of the brain either by autopsy
or supra-orbital sampling [13]; yet, the pathogenesis of
CM and etiology of death in fatal cases remain poorly
understood.
Genotyping using msp-1 and -2 (or any polymorphic

locus by PCR without quantification) provides an accu-
rate count of the number of genotypes present in a sam-
ple. Because the majority of these assays are nested PCR

reactions, they can detect very small amounts of any con-
tributing genome; however, the relative contributions of
a given genome cannot be determined without specia-
lized secondary techniques (such as capillary electrophor-
esis). Previous work using standard msp-1 and -2
genotyping has shown that patients who have an acute
malaria illness (i.e. who present with symptoms and per-
ipheral parasitaemia) of any degree of severity tend to
have genetically less complex infections than asympto-
matic patients screened in the same population [7,10,11].
When quantitative methods are applied to msp-1 and -2
using capillary electrophoresis and fluorescent tags,
patients presenting with acute malaria illness have been
shown to present with a dominant msp allele (as deter-
mined by relative quantities of individual msp alleles)
[8,9]. These two observations, taken together, suggest
that patients with an acute malaria illness are often ill
with dominant genotypes (i.e. a single or small set of
similar genotypes composing the largest proportion of
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Figure 4 Changes in the number of heterozygous calls per barcode in individual patients (Y-axis) as days of sample collection
progressed (X-axis) in the malaria season of 2009 (January to June 2009). The crosses and dashed line (obtained from an over-dispersed
Poisson model) represent the malaria retinopathy-positive patients with a decrease of approximately 5.0 heterozygous calls over six months. The
diamonds and solid line (obtained in an over-dispersed Poisson model) represent the malaria retinopathy-negative patients with a less marked
decrease of approximately 3.6 heterozygous calls over six months. The trend suggests that over the course of the data collection period (i.e. the
malaria season in Malawi), the number of mixed infections decreases leading to more homogenous infections. Trends over time of patients with
and without malaria retinopathy were statistically significantly different (P-value = 0.0007).
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CM CM/SMA Pneumonia Other Cause P-Value

msp-1 & -2 1.9 2.9 3.3 2.8 <0.001

Barcode 1.6 3.6 6.5 3.4 <0.001

Barcode 3.5 5.8 0.018

Retinopathy NegativeRetinopathy Positive
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ut
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Additional File 1.Comparison of the number of msp-1 and -2 alleles found in peripheral blood and 
tissues of patients with different diagnosis with the number of heterozygous calls found using the 
molecular barcode demonstrates low complexity in cerebral malaria. Statistical comparison was made 
by ANOVA.  Comparison of the average number of heterozygous calls found using the molecular 
barcode in the clinical peripheral blood samples shows a significant difference between retinopathy 
positive and retinopathy negative.  The slightly higher average value of the retinopathy positives is due 
to the inclusion of patients who may be CM and SMA.  Statistical comparison was made by t-test of 
means.

t



Case Sample 1A 1B 2A 4A 5A 6A 6B 7A 7B 7C 7D 7E 7F 7G 7H 8A 9A 10A 10B 11A 11B 13A 13B 14A

FL T A C T C C A G A T C G T A A C C A C G C C G G
CB T A C T C C A G A T C G T A A C C A C G C C G G
BS T A C T C C A G A T C G T A A C C A C G C C G G
H T A C T C C A G A T C G T A A C C A C G C C G G
L T A C T C C A G A T C G T A A C C A C G C C G G
C T A C T C C A G A T C G T A A C C A C G C C G G

FL T A Y T C G R R A C T R Y M C C Y W A G M T T G
CB T A Y T C G R R A C T R Y M C C Y W A G M T T G
BS T A C T C G R R A C T R Y C C C Y A A G M T T G
H T A Y T C G R R A C T R Y M C C Y W A G M T T G
L T A C T C G X R A C T G C M C C Y X A G M T T G
C T A Y T C G R R A C T R Y M C C Y X A G M T T G

FL T A C T C C G G A C T G T C A A C A A G C T T G
CB T A C T C C G G A C T G T C A A C A A G C T T G
BS T A C T C C G G A C T G T C A A C A A G C T T G
H T A C T C C G G A C T G T C A A C X A G C T T G
L T A C T C C G G A C T G T C A A C X A G C T T G
C T A X X X X X X X X X X X X X X X X X X X X X X

PB C A C T C G G A A T T A T C C A C A A A A C T G
CB C A C T C G G A A T T A T C C A C X A A A C T G
H C A C T C G G A A T T A T C C A C A A A A C T G
L C X C T C G G A A T T A T C C A C X A A A C T G
C C A C T C G G A A T T A T C C A C A A A A C T G

PB C A C C C G G G A T C G T A C C T W C G M T T G
FL C A C C C G G G A T C G T A C C T A C G A T T G
CB C X C C C G G G A T C G X A C C T X C G A T T G
BS C A C C C G G G A T C G T A C C T A C G A T T G
H C A C C C G G G A T C G T A C C T A C G A T T G
L C A C C C G G G A T C G T A C C T A C G A T T G
C C A C C C G G G A T C G T A C C T X C G A T T G

FL C A C T C C A G A C C G C A A A T T A A C C T G
CB C A C T C C A G A C C G C A A A T T A A C C T G
BS C A C T C C A G A C C G C A A A T T A A C C T G
H C A C T C C A G A C C G C A A A T T A A C C T G
L C A C T C C A G A C C G C A A A T T A A C C T G
C C A C T C C A G A C C G C A A A T T A A C C T G

PB T A C T S S A G A C Y X X A C C X X M X C Y G G
FL T A C T G C A G A Y Y A T A C C Y X A G C C G G
CB T A C T S C A G A Y Y A T A C C Y A A G C Y G G
BS T A C T G C A G A Y Y R T A C C Y X A G C Y G G
H T X C T G C A G A Y C R T A C C Y A A G C Y G G
L Y A C T S S A G A Y Y R Y A C C Y X M G C Y G G
C Y A C T S S A G A Y Y R Y A C C Y A A G C Y G G

PB T A C X C G X G T T X X X X C X C A X G A X X G
FL T A C T C G X G T T T A X X C X C X C G M C T G
CB T A C T C G X G T T T A T A C C C X C G A C T G
H T A C T C G A G T T T A T A C C C X C G M C T G
L T A C T C G A G T T T A T A C C C X C G M C T G
C T A C T C G X G T T T A T A C C C X C G M C T G

PB Y A Y C C C A G W Y T A C A C A C W A G M T T G
FL Y A Y Y C C A G A Y T A C A C A Y W M G M T T G
CB Y A Y Y C C A G A Y T A C A C A Y W M G M T T G
BS Y A Y Y C C A G A Y T A C A C A Y W M G M T T G
H Y A Y Y C C A G A Y T A C A C A Y W M G M T T G
L Y A Y Y C C A G A Y T A C A C A Y W M G M T T G
C Y A Y Y C C A G A Y T A C A M A Y W M G M T T G

FL T A C T C G A G A T C G T C C C C A A R M C T G
CB T A C T C G A G A T C G T C C C C A A A A C T G
BS T A C T C G A G A C C G T C C C C A A R A C T G
H T A C T C G A G A T C G T C C C C A A G A Y T G
L T A C T C G A G A T C G Y C C C C A A R M C T G
C T A C T C G A G A Y C G T C C C C X A R M Y T G

Patient Sample 1A 1B 2A 4A 5A 6A 6B 7A 7B 7C 7D 7E 7F 7G 7H 8A 9A 10A10B11A11B13A13B14A
PB X A C T S C R G A Y Y X Y X M C Y X M X C Y T X
FL T A C T G C A G A C T G Y A C C Y X C G X C T G
CB Y A C T S C R G W Y Y R Y M M C Y X M G M Y T G
BS C A C T C C A G A C C G C A A A T T A A C C T G
H Y A C Y S C R G W Y Y R Y M M C Y A M G M Y T G
L Y A C T S C R G A Y Y R Y M M C Y W M G M Y T G
C Y A C Y S C R G A Y Y R Y M M C Y X M G M Y T G

FL C A C T S S R R A Y T R Y M M C Y X A G M Y G G
CB C A C T S S R R A Y T R Y A M C Y X A G M Y G G
BS Y A C T S S A R A Y T R Y M M C T X A G M Y G G

L T A C T C G A R A T Y G T C C C C X A G C C G G
C T A C T C S X R A T Y G T C C C C X A G C Y K G

PB T R C T S C R G A Y T X Y M C A X A M A M C T G
FL Y R C Y S S R G A Y T R Y A M M Y A A R C Y K G
CB Y R C X S C X G A Y T R Y A M X Y X A R C Y K G
BS Y R C Y S S G G A Y Y R C A C A Y X M R M Y X G
H Y R C T S S R G A X T R Y A C M Y A A G C Y K G
L Y R C Y S S R G A Y T R Y A C M Y X A R M Y K G
C Y R C T S S X G A Y T A T A C X Y X A G M Y T G

FL C X X X X C X X A C X X X X X X X X A X X X X X
CB C X X X C C X X A X X X X X X X X X A G X X X X
BS C A Y Y C C A G A C T A C A M M C X M G M T T G
H T A C T C G A G T T X A C A A C C X C G C T T G
L T A C T C G A G T T T A C A A C C X C G C T T G
C T A C T C G A G T T T A C A A C C X C G C T T G

PB C A C T C C A G W C C A C C C A T W C G C C T G
FL C X C T C C X G A X X X X C C X T X X X X C T G
CB X X X X X X X X X X X X X X X X X X X X X X X X
BS T A X X C X X X A C X X X X X X C X X X X X X G
H C A C T C C A G A C C A C C C A T A C G C C T G
L C A C Y C C A G A Y Y R C C C A Y X C G C C T G
C C A C T C C A G A C C A C C C A T A C G C C T G

FL X X X X X X X X X X X X X X X X X X X X X X X X
CB X X X X X X X X A X X X X X X X X X A X X X X X
BS X X C C C G X G X C X X X X C X X X M G X C T G

L X X X X X S X G X C X X X X X X X X X X X X T X
C T A C C C G A G A C C G C A C X Y X X G C C T G

FL T A C C C G A A A Y T A Y X C A C A A G A T K G
CB T A C Y C G A G A Y Y A Y A C A C X A G A T K G
BS T A C T C G A G A Y Y R T A C A C X A G A T T G
H Y A C T C S A G W T Y R Y A M X C X A G M T T G
L X X X X C C X X A X X X X X X X X X A X X X X X
C T A C Y C G R G X T T A T A C X C X A G M T T G

FL T A X X C G X G W Y C X X A C X C X C G X T T G
CB T A C T C G A G T Y C X C M C C C X M G M T T G
BS X X X X X X X X X X X X X X X X X X A X X X X X
H X A C X C G A G T T C X C A C C C X X G M X T G
L T A C T C G A G T T C X C M C C C A M G A T T G
C T A Y X C G A G T C C X C A C C C X C G A T T G

FL T A X X X X X X X X X X X X X X X X X X X X X X
CB T A X X X X X X X X X X X X X X X X X X X X X X
BS T A X X X X X X X X X X X X X X X X X X X X X X
H T A C T C C A G A Y T G C A C M T A M G M Y T G
L T A C T C C R G A Y T G C A C M T A C G C C T G
C Y A C T C C R G W Y Y R Y M M M Y A A G M Y K G

Additional File 3.   The complete molecular barcodes (24 TaqMan SNP Assay) for 19 patients who 
had pathological evidence of cerebral malaria at autopsy.  Peripheral blood DNA at the time of 
admission was available from 5 CM patients and 3 non-CM patients and generally showed the same 
genotype as tissues, with more variation in the CM+SMA patients and non-CM patients. Sample types 
include peripheral blood (PB), frontal lobe (FB), cerebellum (CB), brainstem (BS), heart (H), lung (L), 
and colon (C).  The major alleles are presented in a white background and the minor alleles are 
presented with a gray background.  The frequency of major and minor alleles for the population of 
Malawi parasites examined in this study were significantly different from those seen in the global 
population (Table 2).  For a heterozygous call, the IUPAC code is used and BOTH bases denoted by 
the code are present (orange/light-gray background). Failed reactions are shown as "X".  See Table S2 
for IUPAC codes used in this context. 
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Case Sample 1A 1B 2A 4A 5A 6A 6B 7A 7B 7C 7D 7E 7F 7G 7H 8A 9A 10A 10B 11A 11B 13A 13B 14A

FL T A C T C C A G A T C G T A A C C A C G C C G G
CB T A C T C C A G A T C G T A A C C A C G C C G G
BS T A C T C C A G A T C G T A A C C A C G C C G G
H T A C T C C A G A T C G T A A C C A C G C C G G
L T A C T C C A G A T C G T A A C C A C G C C G G
C T A C T C C A G A T C G T A A C C A C G C C G G

FL T A Y T C G R R A C T R Y M C C Y W A G M T T G
CB T A Y T C G R R A C T R Y M C C Y W A G M T T G
BS T A C T C G R R A C T R Y C C C Y A A G M T T G
H T A Y T C G R R A C T R Y M C C Y W A G M T T G
L T A C T C G X R A C T G C M C C Y X A G M T T G
C T A Y T C G R R A C T R Y M C C Y X A G M T T G

FL T A C T C C G G A C T G T C A A C A A G C T T G
CB T A C T C C G G A C T G T C A A C A A G C T T G
BS T A C T C C G G A C T G T C A A C A A G C T T G
H T A C T C C G G A C T G T C A A C X A G C T T G
L T A C T C C G G A C T G T C A A C X A G C T T G
C T A X X X X X X X X X X X X X X X X X X X X X X

PB C A C T C G G A A T T A T C C A C A A A A C T G
CB C A C T C G G A A T T A T C C A C X A A A C T G
H C A C T C G G A A T T A T C C A C A A A A C T G
L C X C T C G G A A T T A T C C A C X A A A C T G
C C A C T C G G A A T T A T C C A C A A A A C T G

PB C A C C C G G G A T C G T A C C T W C G M T T G
FL C A C C C G G G A T C G T A C C T A C G A T T G
CB C X C C C G G G A T C G X A C C T X C G A T T G
BS C A C C C G G G A T C G T A C C T A C G A T T G
H C A C C C G G G A T C G T A C C T A C G A T T G
L C A C C C G G G A T C G T A C C T A C G A T T G
C C A C C C G G G A T C G T A C C T X C G A T T G

FL C A C T C C A G A C C G C A A A T T A A C C T G
CB C A C T C C A G A C C G C A A A T T A A C C T G
BS C A C T C C A G A C C G C A A A T T A A C C T G
H C A C T C C A G A C C G C A A A T T A A C C T G
L C A C T C C A G A C C G C A A A T T A A C C T G
C C A C T C C A G A C C G C A A A T T A A C C T G

PB T A C T S S A G A C Y X X A C C X X M X C Y G G
FL T A C T G C A G A Y Y A T A C C Y X A G C C G G
CB T A C T S C A G A Y Y A T A C C Y A A G C Y G G
BS T A C T G C A G A Y Y R T A C C Y X A G C Y G G
H T X C T G C A G A Y C R T A C C Y A A G C Y G G
L Y A C T S S A G A Y Y R Y A C C Y X M G C Y G G
C Y A C T S S A G A Y Y R Y A C C Y A A G C Y G G

PB T A C X C G X G T T X X X X C X C A X G A X X G
FL T A C T C G X G T T T A X X C X C X C G M C T G
CB T A C T C G X G T T T A T A C C C X C G A C T G
H T A C T C G A G T T T A T A C C C X C G M C T G
L T A C T C G A G T T T A T A C C C X C G M C T G
C T A C T C G X G T T T A T A C C C X C G M C T G

PB Y A Y C C C A G W Y T A C A C A C W A G M T T G
FL Y A Y Y C C A G A Y T A C A C A Y W M G M T T G
CB Y A Y Y C C A G A Y T A C A C A Y W M G M T T G
BS Y A Y Y C C A G A Y T A C A C A Y W M G M T T G
H Y A Y Y C C A G A Y T A C A C A Y W M G M T T G
L Y A Y Y C C A G A Y T A C A C A Y W M G M T T G
C Y A Y Y C C A G A Y T A C A M A Y W M G M T T G

FL T A C T C G A G A T C G T C C C C A A R M C T G
CB T A C T C G A G A T C G T C C C C A A A A C T G
BS T A C T C G A G A C C G T C C C C A A R A C T G
H T A C T C G A G A T C G T C C C C A A G A Y T G
L T A C T C G A G A T C G Y C C C C A A R M C T G
C T A C T C G A G A Y C G T C C C C X A R M Y T G

Patient Sample 1A 1B 2A 4A 5A 6A 6B 7A 7B 7C 7D 7E 7F 7G 7H 8A 9A 10A10B11A11B13A13B14A
PB X A C T S C R G A Y Y X Y X M C Y X M X C Y T X
FL T A C T G C A G A C T G Y A C C Y X C G X C T G
CB Y A C T S C R G W Y Y R Y M M C Y X M G M Y T G
BS C A C T C C A G A C C G C A A A T T A A C C T G
H Y A C Y S C R G W Y Y R Y M M C Y A M G M Y T G
L Y A C T S C R G A Y Y R Y M M C Y W M G M Y T G
C Y A C Y S C R G A Y Y R Y M M C Y X M G M Y T G

FL C A C T S S R R A Y T R Y M M C Y X A G M Y G G
CB C A C T S S R R A Y T R Y A M C Y X A G M Y G G
BS Y A C T S S A R A Y T R Y M M C T X A G M Y G G

L T A C T C G A R A T Y G T C C C C X A G C C G G
C T A C T C S X R A T Y G T C C C C X A G C Y K G

PB T R C T S C R G A Y T X Y M C A X A M A M C T G
FL Y R C Y S S R G A Y T R Y A M M Y A A R C Y K G
CB Y R C X S C X G A Y T R Y A M X Y X A R C Y K G
BS Y R C Y S S G G A Y Y R C A C A Y X M R M Y X G
H Y R C T S S R G A X T R Y A C M Y A A G C Y K G
L Y R C Y S S R G A Y T R Y A C M Y X A R M Y K G
C Y R C T S S X G A Y T A T A C X Y X A G M Y T G

FL C X X X X C X X A C X X X X X X X X A X X X X X
CB C X X X C C X X A X X X X X X X X X A G X X X X
BS C A Y Y C C A G A C T A C A M M C X M G M T T G
H T A C T C G A G T T X A C A A C C X C G C T T G
L T A C T C G A G T T T A C A A C C X C G C T T G
C T A C T C G A G T T T A C A A C C X C G C T T G

PB C A C T C C A G W C C A C C C A T W C G C C T G
FL C X C T C C X G A X X X X C C X T X X X X C T G
CB X X X X X X X X X X X X X X X X X X X X X X X X
BS T A X X C X X X A C X X X X X X C X X X X X X G
H C A C T C C A G A C C A C C C A T A C G C C T G
L C A C Y C C A G A Y Y R C C C A Y X C G C C T G
C C A C T C C A G A C C A C C C A T A C G C C T G

FL X X X X X X X X X X X X X X X X X X X X X X X X
CB X X X X X X X X A X X X X X X X X X A X X X X X
BS X X C C C G X G X C X X X X C X X X M G X C T G

L X X X X X S X G X C X X X X X X X X X X X X T X
C T A C C C G A G A C C G C A C X Y X X G C C T G

FL T A C C C G A A A Y T A Y X C A C A A G A T K G
CB T A C Y C G A G A Y Y A Y A C A C X A G A T K G
BS T A C T C G A G A Y Y R T A C A C X A G A T T G
H Y A C T C S A G W T Y R Y A M X C X A G M T T G
L X X X X C C X X A X X X X X X X X X A X X X X X
C T A C Y C G R G X T T A T A C X C X A G M T T G

FL T A X X C G X G W Y C X X A C X C X C G X T T G
CB T A C T C G A G T Y C X C M C C C X M G M T T G
BS X X X X X X X X X X X X X X X X X X A X X X X X
H X A C X C G A G T T C X C A C C C X X G M X T G
L T A C T C G A G T T C X C M C C C A M G A T T G
C T A Y X C G A G T C C X C A C C C X C G A T T G

FL T A X X X X X X X X X X X X X X X X X X X X X X
CB T A X X X X X X X X X X X X X X X X X X X X X X
BS T A X X X X X X X X X X X X X X X X X X X X X X
H T A C T C C A G A Y T G C A C M T A M G M Y T G
L T A C T C C R G A Y T G C A C M T A C G C C T G
C Y A C T C C R G W Y Y R Y M M M Y A A G M Y K G

Additional File 3.   The complete molecular barcodes (24 TaqMan SNP Assay) for 19 patients who 
had pathological evidence of cerebral malaria at autopsy.  Peripheral blood DNA at the time of 
admission was available from 5 CM patients and 3 non-CM patients and generally showed the same 
genotype as tissues, with more variation in the CM+SMA patients and non-CM patients. Sample types 
include peripheral blood (PB), frontal lobe (FB), cerebellum (CB), brainstem (BS), heart (H), lung (L), 
and colon (C).  The major alleles are presented in a white background and the minor alleles are 
presented with a gray background.  The frequency of major and minor alleles for the population of 
Malawi parasites examined in this study were significantly different from those seen in the global 
population (Table 2).  For a heterozygous call, the IUPAC code is used and BOTH bases denoted by 
the code are present (orange/light-gray background). Failed reactions are shown as "X".  See Table S2 
for IUPAC codes used in this context. 
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Single Mixed Total
2006 90 41 131
2007 54 26 80
2008 95 13 108
2009 77 15 92
2010 100 25 125
2011 112 26 138

Mean 95% CI Mean 95% CI
All 
samples
2006-2007 ND* (70, ND) ND (226, ND)
2007-2008 18 (7, 46) 19 (9, 49)
2008-2009 24 (9, 67) 29 (12, 90)
2009-2010 16 (7, 36) 18 (9, 42)
2010-2011 9 (4, 16) 10 (6, 18)

2006-2007 ND (116, ND) ND (132, ND)
2007-2008 82 (16, ND) 85 (19, ND)
2008-2009 138 (21, ND) 197 (27, ND)
2009-2010 59 (14, ND) 77 (18, ND)
2010-2011 240 (22, ND) 214 (24, ND)

* ND represents “Not Determinable”.

Moment Likelihood

Ignoring duplicate barcodes



Sample'Name rs1
00
98
06

rs8
98
50
0

rs1
00
07
97

rs1
00
00
26

rs1
00
00
05

rs1
02
42
74
4

rs1
03
66
89

rs1
00
02
03

rs1
03
74
39

rs2
42
07
6

rs1
01
23
15

rs1
01
59
39

rs1
00
01
58

rs1
57
12
56

rs1
02
54
12

rs1
00
01
92

rs1
07
75
36
5

rs1
00
00
53

rs1
00
01
21

rs1
05
13
69
5

SenT005.11 TT AG GG CC CG AG GG TT AG AG AG CC GG AA GG GG GG CC CT GT
SenT014.11 CT AG ; CC CG AA GG TT AG AG AA ; GG AA GG GG AG CC CT GT
SenT018.11 TT AA ; CC GG GG GG TT AA AA AG ; AG AA GG GG GG CC CC GG
SenT019.11 TT AA GG CC GG AG AG TT AA AA AA CC GG AA AA AG GG CT CT GT
SenT021.11 TT AA GG CT GG AA AG TT GG AA AG ; AG AA AG GG ; CC CT TT
SenT026.11 TT AG GG CC CG GG GG TT GG AG GG ; GG AA AG GG GG CT TT GT
SenT054.11 TT AG GG CT CG AG AG TT AA AG AA ; GG AA GG GG GG CC CT GT
SenT064.11 TT AG GG CC CG GG GG TT AA ; AG CC ; AA AG GG GG CC CT TT
SenT078.11 TT AA GG CT GG AG AG TT AG AG GG CC GG AA AG AG GG CC TT TT
SenT095.11 TT AG ; CC GG AG GG TT AA AA AG CC GG AA AG GG GG CC CT TT
SenT098.11 TT GG GG CT GG AA GG TT AG AG GG ; AG AA AG GG GG CT TT GT
SenT101.11 CT AG ; CT CG AG GG TT AA AG AA CC AG AA AA GG GG CC TT TT
SenT103.11 TT AG ; CC GG GG AG TT AA AG AG CC GG AA GG GG GG CC TT TT
SenT104.11 TT AG ; CT GG AG GG TT AG AG AG ; GG AA GG GG GG CC CT GT
SenT105.11 TT AG ; CC GG AG AG TT GG AA GG CC AG AG GG GG GG CC TT TT
SenT106.11 CT AG GG CT CC AA GG TT AG AG GG CC GG AA AG AG GG CC CT TT
SenT110.11 TT AG GG CT CG AA GG TT AA AG AG CC AG AA GG GG GG CC TT TT
SenT111.11 CT AG GG CC CG GG AG TT AA AG AG TT GG AA AA AG GG CC CC TT
SenT117.11 TT AG GG CT GG AA AG TT GG AG GG CC AG AA AA AG AA CC ; TT
SenT122.11 TT GG GG CT GG AG GG TT AA AG AA CC AG AA AA GG GG CC CC TT
SenT123.11 CT GG ; CT GG AA GG TT AG AA AG CC AG AA AA GG GG CT TT TT
SenT127.11 CT AG GG CC CG AA GG CT AA AG AG ; AG AA AG ; AG CC CC TT
SenT132.11 TT AG GG CT GG AG ; TT AA AG AG ; GG AA AG ; GG CC CC GT
SenT134.11 CT GG GG CC GG AG GG TT GG AG AA CT GG AA GG GG GG TT CT GT
SenT135.11 TT AG GG CC CG AG GG TT AA AG GG CC ; AA AA GG GG CC CT TT
SenT136.11 TT AG ; CT CG GG AG TT AG AA AG CC GG AA AA AG AG CT TT GG
SenT145.11 TT AA GG CT GG AA AG TT AA AG AA CC AG AA AG AG GG CC CT TT
SenT146.11 CT AA ; CC GG GG GG TT AA AG AG CC GG AA GG GG GG CC CT TT



STR Locus Th 153.09 Th 093.09 Th 138.09 Th 142.09 Th 108.09 Th 109.09
D3S1358 16,18 15,16 17,18 15,- 15,16 15,16
vWA 15,18 19,20 13,16 15,20 15,16 15,16
FGA 24,26 21, (& 20?) 22,26 24,25(?) 22,23 21,24
Amelogenin X,Y X,Y X,X X,Y X,Y X,Y
D8S1179 11,14 12,- 15,16 14,15 15,- 13,16
D21S11 28,- 33,34 28,29 29,- 28,30 28,30
D18S51 11,15 12,19 16,17 17,20 17,18 17,18
D5S818 10,12 11,12 11,13 10,13 10,12 10,12
D13S317 12,13 12,14(?) 12,13 11,12 10,12 11,12
D7S820 10,11 11,- 10,- 8,10 9,13 9,-





Sample 1A 1B 2A 4A 5A 6A 6B 7A 7B 7C 7D 7E 7F 7G 7H 8A 9A 10A 10B 11A 11B 13A 13B 14A

MW.001 T A Y Y C C A R W T C G C A M C Y T A G M T G K
MW.002 Y X T T S S A G A X T X Y A M C X X X R M Y T G
MW.003 T X C T S C A G A C T X X C A A C A A G C C T G
MW.004 Y A C T S G A G T T T R C A A C T W A A C T K K
MW.005 T A Y Y C S R G A Y T A C M A C Y A M G C C T G
MW.006 Y A Y T S S R R W Y Y R C M M M Y T M R M Y T K
MW.007 T A C T G C R G A Y C R T A A C C W M G M T T K
MW.008 T A C T C C X G A T T A C C A A C A C G A C G G
MW.009 T A C T C G G G A T T G X A C C C T A A C T G G
MW.010 Y A C T S S R G A Y C A T A C M T A M R C Y K K
MW.011 T A Y T C S A G A Y Y G X M M C C A A G C T K G
MW.012 Y A Y C G C R G A Y Y R X M M M Y W M R A T K K
MW.013 T A C C C G A G A T T G T X A A T A C A C Y T G
MW.014 T X X T S S A G A T T R Y A C C Y X M G M Y G G
MW.015 T X C T C C A G A T T G Y A M C T W M G A T T K
MW.016 Y A Y T C C G G T T C A C A C C Y X A R C T T K
MW.017 Y A Y Y S S R R W Y Y R C A C C Y T M G C Y T G
MW.018 T X C X C G G A X T C G C A C C C A C G A T T G
MW.019 T R C T G G R G W T T G Y C C M Y A M R C Y G G
MW.020 T A T T C C A G A T C G C X M C C A M G C Y T G
MW.021 X X C X X C A X T T C A C X A C T A X G A T T G
MW.025 T R T T G C A G A C T G T A A C C A A G A C T G
MW.026 T A C T C C A G A T T A X A C A T A C A C T T G
MW.029 Y A T T C C X G A C X A T M M C C T A G C T T G
MW.030 C R Y T X S G R A C Y G C M C C C A M R M T K G
MW.031 X A C Y C C G R W T T G Y A M M Y A A G M Y K G
MW.032 X R C T X C G G A Y Y R Y A C C Y W C A A Y K G
MW.033 Y A Y T C S G G A Y T G Y M M C Y A M G C Y K G
MW.034 X A C T C C R G A Y Y R C A M C Y W M R C Y T G
MW.035 Y A C T C C G G A T C G C A C C C T A G C T T G
MW.036 T A C Y C G A G A T T G C A A C Y A A G M Y K G
MW.037 T A C T C C A G A T T G C A M A T A C G A T T G
MW.038 Y A T T C G A A A C T A C A M A T A A G C C T G
MW.039 X A C T C G A G A T C G X A M C C A A A C C T G
MW.040 T A Y T X S X G W Y Y R Y A M C Y A A R M Y T G
MW.041 C A C T C C A G T C T A T C A C T A C G A C T G
MW.042 X A C T X G G G W T C G Y C M M Y W M R A Y K G
MW.043 T A C T C C A G A C T G C A C A C A A A A T T G
MW.044 X A Y Y C S G G W Y Y G Y A C M Y T C R C Y K G
MW.045 X A C C X C G G A T X A C C C C T A C A A C T G
MW.046 Y A Y Y S S R G A Y C G C C C C T T M G C C G G
MW.047 X R Y Y C S R G W Y C R T C M M Y W M R A Y T G
MW.048 T A C T C G A G A T C A T A C C T A C G C C T G
MW.049 X A T C C G A G A T C X C A C A C A C G A C T G
MW.050 X A Y T C S A A W Y C A C C C C Y A A R C T G G
MW.051 C A Y Y X G A R A T C G T A C C T W C G A C T G
MW.053 C A T T X C A G A C C G C A A C T T A G A C K G
MW.054 Y A C T X S R R A Y C G T M C C C T C R M T T G
MW.055 Y A Y T X S R G W T C R C M M M Y W M G M T T G
MW.056 T A C T X C G G A T C G C C C A T A A A C C T G

Sample 1A 1B 2A 4A 5A 6A 6B 7A 7B 7C 7D 7E 7F 7G 7H 8A 9A 10A 10B 11A 11B 12A 13B 14A

MW.057 Y A T T X G A G A T C A T A A A C A C R C T T G
MW.058 T A C T X C A G A T C A X A C C Y T A G C Y T G
MW.059 Y A C T X G A G A T C G C C A C T A A G A C T G
MW.060 C A C C X G A A A T C A C A C C C T C A C T T G
MW.062 X X X X X X X X T X T A X X X X C X X X A X T G
MW.065 T R C T C C G G A T C G T A A C Y T A G A T T G
MW.067 X X X X X X X X X X C X X X X X X X X X X X X X
MW.068 Y R C Y X C A R T Y C R C A C C Y W A G M T T G
MW.069 X X C T X X G A A T C A Y A X C Y A X G A T X G
MW.070 T A T T X C A A A C C G C A C C C A A G C C K G
MW.072 X X X X X X X G X X C X T X X X X X X X X X T X
MW.076 T A T T X C G G A T C G C A C C T A A G C T G K
MW.077 X X X C X X A G A X C X X X A X X X C X X T T X
MW.078 T A C T X C A G A T C R Y A A C Y W A R M Y T G
MW.080 Y A C T G C A G A T C G C C A A C T M R M C T G
MW.081 T A Y T C C G G W T C A C A C C T A M G C T K G
MW.082 T A C T C G G G T T C X C C C C T A A A C T T G
MW.083 Y A T T S C A G T T C A T A A C C A M G C Y T G
MW.084 T A C Y C S A G A T C G C A A C Y A A R A Y T G
MW.085 Y A C T C G G G T T C A C A A C C T C A A T T G
MW.086 T A C T C C G G A C C A C A C C Y T C A A Y G G
MW.087 X X X X X C X X A X C G C A X X X X M G X X X X
MW.088 T A T T C C A G A C C G C C A C C A C G A T G G
MW.089 T A T T G C A X A T C A C A A A C T A G C C G G
MW.090 Y A C T C C G G A T C A C C C C C A C G C C G G
MW.091 Y A Y Y S S R G W Y C R Y M M C Y W M R C Y K G
MW.092 Y A Y T S S R R W Y C G T A M C C A A R M Y K G
MW.093 T A T T G C A G A C C A T A C C C T C A A T T G
MW.094 Y A C T C C A R A T C X C C C C C T A G A T T G
MW.096 T A T T X C A G A C C A C A A A Y T A A C T G G
MW.097 T A C T C S R G A C C R C A A C C A A G X T K G
MW.098 T A C T X G A G A T C A C A A A C A A G A C T G
MW.099 Y R Y T X S A G A Y C R C A C C C T A G A C K G
MW.100 T A C T C C A G A C C G C A C C C A C G A C G G
MW.101 T A Y T C C G G A T C A C C C A T T A G C T K G
MW.102 T A C T C S R G A Y C R Y A M C Y W M G C T T G
MW.104 T A C Y S G G R W T C R C A C C Y A M R M T K G
MW.105 T A C T C C G G A T T G C A A C C X C A A T T G
MW.106 X A C X C C A G W T C X C X C X C X X A C C T X
MW.107 C A T T C C A G A C C X C A A A C A A G A T T G
MW.109 T G C T C G A G A C C A C A X C T T A G C T T G
MW.110 T A Y T C C A G A Y X G Y M C C Y X A R M T T G
MW.111 Y A Y Y C S A G W Y Y G C A M C Y A M G C Y K G
MW.113 C A C T C C A R A T C A C C C C C A A G C C T G
MW.115 C A T T C C A G A C T G T A C C T X A G A T T G
MW.116 T A C T C G A A A C C A C C C C T T A G C T G G
MW.117 T A C T C C A G W C C A Y A M C Y X C G M T T G
MW.120 T A T T C G G A A C C G T A C A C X A A A C T G
MW.121 T A C T C C A G T T C X C C A C C A A G A C T G
MW.123 T A Y Y C S A G A T T G Y A M C Y A A A M T T G
MW.124 C A T T G C G A T T T A T A A C C X C G A C T G
MW.125 T A C T C X A G W T T R Y A M C C A A G M T T G
MW.126 T A C T G G A G A T C G T C A C T T C G C T G G
MW.128 X A C T G C A G T T C G C A A C T X A G A C G G
MW.131 C A C T C C G G A T C A C A C C C A C G C C T G
MW.133 C A C T C G A R A Y T R Y A X C Y X A G C Y K G
MW.134 C A T T C C G G A T T G T A A C C X A G A C T X

Sample 1A 1B 2A 4A 5A 6A 6B 7A 7B 7C 7D 7E 7F 7G 7H 8A 9A 10A 10B 11A 11B 12A 13B 14A

MW.136 C A C T C C A G A T C G C A C C T A A A A C T G
MW.137 C R C T S S R R A Y T G Y A M C T A A G C Y K G
MW.138 C A C T C C A G T C T G T A C A T A A A C T T G
MW.140 C A T T C C G G W T T X T A A C C A A G M T K G
MW.141 T A C T C S R G A C T G C A M C C T C G A T G G
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Single Nucleotide Polymorphism TaqMan Assays

Additional File 2. The barcodes for 112 consecutive patients with positive peripheral 
blood parasitemia and sufficient DNA for performance of the molecular barcode are 
shown.  The order of the patients displayed in the table is by study number and not by 
date (see Figure 4).

Sample 1A 1B 2A 4A 5A 6A 6B 7A 7B 7C 7D 7E 7F 7G 7H 8A 9A 10A 10B 11A 11B 13A 13B 14A

MW.001 T A Y Y C C A R W T C G C A M C Y T A G M T G K
MW.002 Y X T T S S A G A X T X Y A M C X X X R M Y T G
MW.003 T X C T S C A G A C T X X C A A C A A G C C T G
MW.004 Y A C T S G A G T T T R C A A C T W A A C T K K
MW.005 T A Y Y C S R G A Y T A C M A C Y A M G C C T G
MW.006 Y A Y T S S R R W Y Y R C M M M Y T M R M Y T K
MW.007 T A C T G C R G A Y C R T A A C C W M G M T T K
MW.008 T A C T C C X G A T T A C C A A C A C G A C G G
MW.009 T A C T C G G G A T T G X A C C C T A A C T G G
MW.010 Y A C T S S R G A Y C A T A C M T A M R C Y K K
MW.011 T A Y T C S A G A Y Y G X M M C C A A G C T K G
MW.012 Y A Y C G C R G A Y Y R X M M M Y W M R A T K K
MW.013 T A C C C G A G A T T G T X A A T A C A C Y T G
MW.014 T X X T S S A G A T T R Y A C C Y X M G M Y G G
MW.015 T X C T C C A G A T T G Y A M C T W M G A T T K
MW.016 Y A Y T C C G G T T C A C A C C Y X A R C T T K
MW.017 Y A Y Y S S R R W Y Y R C A C C Y T M G C Y T G
MW.018 T X C X C G G A X T C G C A C C C A C G A T T G
MW.019 T R C T G G R G W T T G Y C C M Y A M R C Y G G
MW.020 T A T T C C A G A T C G C X M C C A M G C Y T G
MW.021 X X C X X C A X T T C A C X A C T A X G A T T G
MW.025 T R T T G C A G A C T G T A A C C A A G A C T G
MW.026 T A C T C C A G A T T A X A C A T A C A C T T G
MW.029 Y A T T C C X G A C X A T M M C C T A G C T T G
MW.030 C R Y T X S G R A C Y G C M C C C A M R M T K G
MW.031 X A C Y C C G R W T T G Y A M M Y A A G M Y K G
MW.032 X R C T X C G G A Y Y R Y A C C Y W C A A Y K G
MW.033 Y A Y T C S G G A Y T G Y M M C Y A M G C Y K G
MW.034 X A C T C C R G A Y Y R C A M C Y W M R C Y T G
MW.035 Y A C T C C G G A T C G C A C C C T A G C T T G
MW.036 T A C Y C G A G A T T G C A A C Y A A G M Y K G
MW.037 T A C T C C A G A T T G C A M A T A C G A T T G
MW.038 Y A T T C G A A A C T A C A M A T A A G C C T G
MW.039 X A C T C G A G A T C G X A M C C A A A C C T G
MW.040 T A Y T X S X G W Y Y R Y A M C Y A A R M Y T G
MW.041 C A C T C C A G T C T A T C A C T A C G A C T G
MW.042 X A C T X G G G W T C G Y C M M Y W M R A Y K G
MW.043 T A C T C C A G A C T G C A C A C A A A A T T G
MW.044 X A Y Y C S G G W Y Y G Y A C M Y T C R C Y K G
MW.045 X A C C X C G G A T X A C C C C T A C A A C T G
MW.046 Y A Y Y S S R G A Y C G C C C C T T M G C C G G
MW.047 X R Y Y C S R G W Y C R T C M M Y W M R A Y T G
MW.048 T A C T C G A G A T C A T A C C T A C G C C T G
MW.049 X A T C C G A G A T C X C A C A C A C G A C T G
MW.050 X A Y T C S A A W Y C A C C C C Y A A R C T G G
MW.051 C A Y Y X G A R A T C G T A C C T W C G A C T G
MW.053 C A T T X C A G A C C G C A A C T T A G A C K G
MW.054 Y A C T X S R R A Y C G T M C C C T C R M T T G
MW.055 Y A Y T X S R G W T C R C M M M Y W M G M T T G
MW.056 T A C T X C G G A T C G C C C A T A A A C C T G

Sample 1A 1B 2A 4A 5A 6A 6B 7A 7B 7C 7D 7E 7F 7G 7H 8A 9A 10A 10B 11A 11B 12A 13B 14A

MW.057 Y A T T X G A G A T C A T A A A C A C R C T T G
MW.058 T A C T X C A G A T C A X A C C Y T A G C Y T G
MW.059 Y A C T X G A G A T C G C C A C T A A G A C T G
MW.060 C A C C X G A A A T C A C A C C C T C A C T T G
MW.062 X X X X X X X X T X T A X X X X C X X X A X T G
MW.065 T R C T C C G G A T C G T A A C Y T A G A T T G
MW.067 X X X X X X X X X X C X X X X X X X X X X X X X
MW.068 Y R C Y X C A R T Y C R C A C C Y W A G M T T G
MW.069 X X C T X X G A A T C A Y A X C Y A X G A T X G
MW.070 T A T T X C A A A C C G C A C C C A A G C C K G
MW.072 X X X X X X X G X X C X T X X X X X X X X X T X
MW.076 T A T T X C G G A T C G C A C C T A A G C T G K
MW.077 X X X C X X A G A X C X X X A X X X C X X T T X
MW.078 T A C T X C A G A T C R Y A A C Y W A R M Y T G
MW.080 Y A C T G C A G A T C G C C A A C T M R M C T G
MW.081 T A Y T C C G G W T C A C A C C T A M G C T K G
MW.082 T A C T C G G G T T C X C C C C T A A A C T T G
MW.083 Y A T T S C A G T T C A T A A C C A M G C Y T G
MW.084 T A C Y C S A G A T C G C A A C Y A A R A Y T G
MW.085 Y A C T C G G G T T C A C A A C C T C A A T T G
MW.086 T A C T C C G G A C C A C A C C Y T C A A Y G G
MW.087 X X X X X C X X A X C G C A X X X X M G X X X X
MW.088 T A T T C C A G A C C G C C A C C A C G A T G G
MW.089 T A T T G C A X A T C A C A A A C T A G C C G G
MW.090 Y A C T C C G G A T C A C C C C C A C G C C G G
MW.091 Y A Y Y S S R G W Y C R Y M M C Y W M R C Y K G
MW.092 Y A Y T S S R R W Y C G T A M C C A A R M Y K G
MW.093 T A T T G C A G A C C A T A C C C T C A A T T G
MW.094 Y A C T C C A R A T C X C C C C C T A G A T T G
MW.096 T A T T X C A G A C C A C A A A Y T A A C T G G
MW.097 T A C T C S R G A C C R C A A C C A A G X T K G
MW.098 T A C T X G A G A T C A C A A A C A A G A C T G
MW.099 Y R Y T X S A G A Y C R C A C C C T A G A C K G
MW.100 T A C T C C A G A C C G C A C C C A C G A C G G
MW.101 T A Y T C C G G A T C A C C C A T T A G C T K G
MW.102 T A C T C S R G A Y C R Y A M C Y W M G C T T G
MW.104 T A C Y S G G R W T C R C A C C Y A M R M T K G
MW.105 T A C T C C G G A T T G C A A C C X C A A T T G
MW.106 X A C X C C A G W T C X C X C X C X X A C C T X
MW.107 C A T T C C A G A C C X C A A A C A A G A T T G
MW.109 T G C T C G A G A C C A C A X C T T A G C T T G
MW.110 T A Y T C C A G A Y X G Y M C C Y X A R M T T G
MW.111 Y A Y Y C S A G W Y Y G C A M C Y A M G C Y K G
MW.113 C A C T C C A R A T C A C C C C C A A G C C T G
MW.115 C A T T C C A G A C T G T A C C T X A G A T T G
MW.116 T A C T C G A A A C C A C C C C T T A G C T G G
MW.117 T A C T C C A G W C C A Y A M C Y X C G M T T G
MW.120 T A T T C G G A A C C G T A C A C X A A A C T G
MW.121 T A C T C C A G T T C X C C A C C A A G A C T G
MW.123 T A Y Y C S A G A T T G Y A M C Y A A A M T T G
MW.124 C A T T G C G A T T T A T A A C C X C G A C T G
MW.125 T A C T C X A G W T T R Y A M C C A A G M T T G
MW.126 T A C T G G A G A T C G T C A C T T C G C T G G
MW.128 X A C T G C A G T T C G C A A C T X A G A C G G
MW.131 C A C T C C G G A T C A C A C C C A C G C C T G
MW.133 C A C T C G A R A Y T R Y A X C Y X A G C Y K G
MW.134 C A T T C C G G A T T G T A A C C X A G A C T X

Sample 1A 1B 2A 4A 5A 6A 6B 7A 7B 7C 7D 7E 7F 7G 7H 8A 9A 10A 10B 11A 11B 12A 13B 14A

MW.136 C A C T C C A G A T C G C A C C T A A A A C T G
MW.137 C R C T S S R R A Y T G Y A M C T A A G C Y K G
MW.138 C A C T C C A G T C T G T A C A T A A A C T T G
MW.140 C A T T C C G G W T T X T A A C C A A G M T K G
MW.141 T A C T C S R G A C T G C A M C C T C G A T G G
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Single Nucleotide Polymorphism TaqMan Assays

Additional File 2. The barcodes for 112 consecutive patients with positive peripheral 
blood parasitemia and sufficient DNA for performance of the molecular barcode are 
shown.  The order of the patients displayed in the table is by study number and not by 
date (see Figure 4).

Sample 1A 1B 2A 4A 5A 6A 6B 7A 7B 7C 7D 7E 7F 7G 7H 8A 9A 10A 10B 11A 11B 13A 13B 14A

MW.001 T A Y Y C C A R W T C G C A M C Y T A G M T G K
MW.002 Y X T T S S A G A X T X Y A M C X X X R M Y T G
MW.003 T X C T S C A G A C T X X C A A C A A G C C T G
MW.004 Y A C T S G A G T T T R C A A C T W A A C T K K
MW.005 T A Y Y C S R G A Y T A C M A C Y A M G C C T G
MW.006 Y A Y T S S R R W Y Y R C M M M Y T M R M Y T K
MW.007 T A C T G C R G A Y C R T A A C C W M G M T T K
MW.008 T A C T C C X G A T T A C C A A C A C G A C G G
MW.009 T A C T C G G G A T T G X A C C C T A A C T G G
MW.010 Y A C T S S R G A Y C A T A C M T A M R C Y K K
MW.011 T A Y T C S A G A Y Y G X M M C C A A G C T K G
MW.012 Y A Y C G C R G A Y Y R X M M M Y W M R A T K K
MW.013 T A C C C G A G A T T G T X A A T A C A C Y T G
MW.014 T X X T S S A G A T T R Y A C C Y X M G M Y G G
MW.015 T X C T C C A G A T T G Y A M C T W M G A T T K
MW.016 Y A Y T C C G G T T C A C A C C Y X A R C T T K
MW.017 Y A Y Y S S R R W Y Y R C A C C Y T M G C Y T G
MW.018 T X C X C G G A X T C G C A C C C A C G A T T G
MW.019 T R C T G G R G W T T G Y C C M Y A M R C Y G G
MW.020 T A T T C C A G A T C G C X M C C A M G C Y T G
MW.021 X X C X X C A X T T C A C X A C T A X G A T T G
MW.025 T R T T G C A G A C T G T A A C C A A G A C T G
MW.026 T A C T C C A G A T T A X A C A T A C A C T T G
MW.029 Y A T T C C X G A C X A T M M C C T A G C T T G
MW.030 C R Y T X S G R A C Y G C M C C C A M R M T K G
MW.031 X A C Y C C G R W T T G Y A M M Y A A G M Y K G
MW.032 X R C T X C G G A Y Y R Y A C C Y W C A A Y K G
MW.033 Y A Y T C S G G A Y T G Y M M C Y A M G C Y K G
MW.034 X A C T C C R G A Y Y R C A M C Y W M R C Y T G
MW.035 Y A C T C C G G A T C G C A C C C T A G C T T G
MW.036 T A C Y C G A G A T T G C A A C Y A A G M Y K G
MW.037 T A C T C C A G A T T G C A M A T A C G A T T G
MW.038 Y A T T C G A A A C T A C A M A T A A G C C T G
MW.039 X A C T C G A G A T C G X A M C C A A A C C T G
MW.040 T A Y T X S X G W Y Y R Y A M C Y A A R M Y T G
MW.041 C A C T C C A G T C T A T C A C T A C G A C T G
MW.042 X A C T X G G G W T C G Y C M M Y W M R A Y K G
MW.043 T A C T C C A G A C T G C A C A C A A A A T T G
MW.044 X A Y Y C S G G W Y Y G Y A C M Y T C R C Y K G
MW.045 X A C C X C G G A T X A C C C C T A C A A C T G
MW.046 Y A Y Y S S R G A Y C G C C C C T T M G C C G G
MW.047 X R Y Y C S R G W Y C R T C M M Y W M R A Y T G
MW.048 T A C T C G A G A T C A T A C C T A C G C C T G
MW.049 X A T C C G A G A T C X C A C A C A C G A C T G
MW.050 X A Y T C S A A W Y C A C C C C Y A A R C T G G
MW.051 C A Y Y X G A R A T C G T A C C T W C G A C T G
MW.053 C A T T X C A G A C C G C A A C T T A G A C K G
MW.054 Y A C T X S R R A Y C G T M C C C T C R M T T G
MW.055 Y A Y T X S R G W T C R C M M M Y W M G M T T G
MW.056 T A C T X C G G A T C G C C C A T A A A C C T G

Sample 1A 1B 2A 4A 5A 6A 6B 7A 7B 7C 7D 7E 7F 7G 7H 8A 9A 10A 10B 11A 11B 12A 13B 14A

MW.057 Y A T T X G A G A T C A T A A A C A C R C T T G
MW.058 T A C T X C A G A T C A X A C C Y T A G C Y T G
MW.059 Y A C T X G A G A T C G C C A C T A A G A C T G
MW.060 C A C C X G A A A T C A C A C C C T C A C T T G
MW.062 X X X X X X X X T X T A X X X X C X X X A X T G
MW.065 T R C T C C G G A T C G T A A C Y T A G A T T G
MW.067 X X X X X X X X X X C X X X X X X X X X X X X X
MW.068 Y R C Y X C A R T Y C R C A C C Y W A G M T T G
MW.069 X X C T X X G A A T C A Y A X C Y A X G A T X G
MW.070 T A T T X C A A A C C G C A C C C A A G C C K G
MW.072 X X X X X X X G X X C X T X X X X X X X X X T X
MW.076 T A T T X C G G A T C G C A C C T A A G C T G K
MW.077 X X X C X X A G A X C X X X A X X X C X X T T X
MW.078 T A C T X C A G A T C R Y A A C Y W A R M Y T G
MW.080 Y A C T G C A G A T C G C C A A C T M R M C T G
MW.081 T A Y T C C G G W T C A C A C C T A M G C T K G
MW.082 T A C T C G G G T T C X C C C C T A A A C T T G
MW.083 Y A T T S C A G T T C A T A A C C A M G C Y T G
MW.084 T A C Y C S A G A T C G C A A C Y A A R A Y T G
MW.085 Y A C T C G G G T T C A C A A C C T C A A T T G
MW.086 T A C T C C G G A C C A C A C C Y T C A A Y G G
MW.087 X X X X X C X X A X C G C A X X X X M G X X X X
MW.088 T A T T C C A G A C C G C C A C C A C G A T G G
MW.089 T A T T G C A X A T C A C A A A C T A G C C G G
MW.090 Y A C T C C G G A T C A C C C C C A C G C C G G
MW.091 Y A Y Y S S R G W Y C R Y M M C Y W M R C Y K G
MW.092 Y A Y T S S R R W Y C G T A M C C A A R M Y K G
MW.093 T A T T G C A G A C C A T A C C C T C A A T T G
MW.094 Y A C T C C A R A T C X C C C C C T A G A T T G
MW.096 T A T T X C A G A C C A C A A A Y T A A C T G G
MW.097 T A C T C S R G A C C R C A A C C A A G X T K G
MW.098 T A C T X G A G A T C A C A A A C A A G A C T G
MW.099 Y R Y T X S A G A Y C R C A C C C T A G A C K G
MW.100 T A C T C C A G A C C G C A C C C A C G A C G G
MW.101 T A Y T C C G G A T C A C C C A T T A G C T K G
MW.102 T A C T C S R G A Y C R Y A M C Y W M G C T T G
MW.104 T A C Y S G G R W T C R C A C C Y A M R M T K G
MW.105 T A C T C C G G A T T G C A A C C X C A A T T G
MW.106 X A C X C C A G W T C X C X C X C X X A C C T X
MW.107 C A T T C C A G A C C X C A A A C A A G A T T G
MW.109 T G C T C G A G A C C A C A X C T T A G C T T G
MW.110 T A Y T C C A G A Y X G Y M C C Y X A R M T T G
MW.111 Y A Y Y C S A G W Y Y G C A M C Y A M G C Y K G
MW.113 C A C T C C A R A T C A C C C C C A A G C C T G
MW.115 C A T T C C A G A C T G T A C C T X A G A T T G
MW.116 T A C T C G A A A C C A C C C C T T A G C T G G
MW.117 T A C T C C A G W C C A Y A M C Y X C G M T T G
MW.120 T A T T C G G A A C C G T A C A C X A A A C T G
MW.121 T A C T C C A G T T C X C C A C C A A G A C T G
MW.123 T A Y Y C S A G A T T G Y A M C Y A A A M T T G
MW.124 C A T T G C G A T T T A T A A C C X C G A C T G
MW.125 T A C T C X A G W T T R Y A M C C A A G M T T G
MW.126 T A C T G G A G A T C G T C A C T T C G C T G G
MW.128 X A C T G C A G T T C G C A A C T X A G A C G G
MW.131 C A C T C C G G A T C A C A C C C A C G C C T G
MW.133 C A C T C G A R A Y T R Y A X C Y X A G C Y K G
MW.134 C A T T C C G G A T T G T A A C C X A G A C T X

Sample 1A 1B 2A 4A 5A 6A 6B 7A 7B 7C 7D 7E 7F 7G 7H 8A 9A 10A 10B 11A 11B 12A 13B 14A

MW.136 C A C T C C A G A T C G C A C C T A A A A C T G
MW.137 C R C T S S R R A Y T G Y A M C T A A G C Y K G
MW.138 C A C T C C A G T C T G T A C A T A A A C T T G
MW.140 C A T T C C G G W T T X T A A C C A A G M T K G
MW.141 T A C T C S R G A C T G C A M C C T C G A T G G
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Single Nucleotide Polymorphism TaqMan Assays

Additional File 2. The barcodes for 112 consecutive patients with positive peripheral 
blood parasitemia and sufficient DNA for performance of the molecular barcode are 
shown.  The order of the patients displayed in the table is by study number and not by 
date (see Figure 4).

Sample 1A 1B 2A 4A 5A 6A 6B 7A 7B 7C 7D 7E 7F 7G 7H 8A 9A 10A 10B 11A 11B 13A 13B 14A

MW.001 T A Y Y C C A R W T C G C A M C Y T A G M T G K
MW.002 Y X T T S S A G A X T X Y A M C X X X R M Y T G
MW.003 T X C T S C A G A C T X X C A A C A A G C C T G
MW.004 Y A C T S G A G T T T R C A A C T W A A C T K K
MW.005 T A Y Y C S R G A Y T A C M A C Y A M G C C T G
MW.006 Y A Y T S S R R W Y Y R C M M M Y T M R M Y T K
MW.007 T A C T G C R G A Y C R T A A C C W M G M T T K
MW.008 T A C T C C X G A T T A C C A A C A C G A C G G
MW.009 T A C T C G G G A T T G X A C C C T A A C T G G
MW.010 Y A C T S S R G A Y C A T A C M T A M R C Y K K
MW.011 T A Y T C S A G A Y Y G X M M C C A A G C T K G
MW.012 Y A Y C G C R G A Y Y R X M M M Y W M R A T K K
MW.013 T A C C C G A G A T T G T X A A T A C A C Y T G
MW.014 T X X T S S A G A T T R Y A C C Y X M G M Y G G
MW.015 T X C T C C A G A T T G Y A M C T W M G A T T K
MW.016 Y A Y T C C G G T T C A C A C C Y X A R C T T K
MW.017 Y A Y Y S S R R W Y Y R C A C C Y T M G C Y T G
MW.018 T X C X C G G A X T C G C A C C C A C G A T T G
MW.019 T R C T G G R G W T T G Y C C M Y A M R C Y G G
MW.020 T A T T C C A G A T C G C X M C C A M G C Y T G
MW.021 X X C X X C A X T T C A C X A C T A X G A T T G
MW.025 T R T T G C A G A C T G T A A C C A A G A C T G
MW.026 T A C T C C A G A T T A X A C A T A C A C T T G
MW.029 Y A T T C C X G A C X A T M M C C T A G C T T G
MW.030 C R Y T X S G R A C Y G C M C C C A M R M T K G
MW.031 X A C Y C C G R W T T G Y A M M Y A A G M Y K G
MW.032 X R C T X C G G A Y Y R Y A C C Y W C A A Y K G
MW.033 Y A Y T C S G G A Y T G Y M M C Y A M G C Y K G
MW.034 X A C T C C R G A Y Y R C A M C Y W M R C Y T G
MW.035 Y A C T C C G G A T C G C A C C C T A G C T T G
MW.036 T A C Y C G A G A T T G C A A C Y A A G M Y K G
MW.037 T A C T C C A G A T T G C A M A T A C G A T T G
MW.038 Y A T T C G A A A C T A C A M A T A A G C C T G
MW.039 X A C T C G A G A T C G X A M C C A A A C C T G
MW.040 T A Y T X S X G W Y Y R Y A M C Y A A R M Y T G
MW.041 C A C T C C A G T C T A T C A C T A C G A C T G
MW.042 X A C T X G G G W T C G Y C M M Y W M R A Y K G
MW.043 T A C T C C A G A C T G C A C A C A A A A T T G
MW.044 X A Y Y C S G G W Y Y G Y A C M Y T C R C Y K G
MW.045 X A C C X C G G A T X A C C C C T A C A A C T G
MW.046 Y A Y Y S S R G A Y C G C C C C T T M G C C G G
MW.047 X R Y Y C S R G W Y C R T C M M Y W M R A Y T G
MW.048 T A C T C G A G A T C A T A C C T A C G C C T G
MW.049 X A T C C G A G A T C X C A C A C A C G A C T G
MW.050 X A Y T C S A A W Y C A C C C C Y A A R C T G G
MW.051 C A Y Y X G A R A T C G T A C C T W C G A C T G
MW.053 C A T T X C A G A C C G C A A C T T A G A C K G
MW.054 Y A C T X S R R A Y C G T M C C C T C R M T T G
MW.055 Y A Y T X S R G W T C R C M M M Y W M G M T T G
MW.056 T A C T X C G G A T C G C C C A T A A A C C T G

Sample 1A 1B 2A 4A 5A 6A 6B 7A 7B 7C 7D 7E 7F 7G 7H 8A 9A 10A 10B 11A 11B 12A 13B 14A

MW.057 Y A T T X G A G A T C A T A A A C A C R C T T G
MW.058 T A C T X C A G A T C A X A C C Y T A G C Y T G
MW.059 Y A C T X G A G A T C G C C A C T A A G A C T G
MW.060 C A C C X G A A A T C A C A C C C T C A C T T G
MW.062 X X X X X X X X T X T A X X X X C X X X A X T G
MW.065 T R C T C C G G A T C G T A A C Y T A G A T T G
MW.067 X X X X X X X X X X C X X X X X X X X X X X X X
MW.068 Y R C Y X C A R T Y C R C A C C Y W A G M T T G
MW.069 X X C T X X G A A T C A Y A X C Y A X G A T X G
MW.070 T A T T X C A A A C C G C A C C C A A G C C K G
MW.072 X X X X X X X G X X C X T X X X X X X X X X T X
MW.076 T A T T X C G G A T C G C A C C T A A G C T G K
MW.077 X X X C X X A G A X C X X X A X X X C X X T T X
MW.078 T A C T X C A G A T C R Y A A C Y W A R M Y T G
MW.080 Y A C T G C A G A T C G C C A A C T M R M C T G
MW.081 T A Y T C C G G W T C A C A C C T A M G C T K G
MW.082 T A C T C G G G T T C X C C C C T A A A C T T G
MW.083 Y A T T S C A G T T C A T A A C C A M G C Y T G
MW.084 T A C Y C S A G A T C G C A A C Y A A R A Y T G
MW.085 Y A C T C G G G T T C A C A A C C T C A A T T G
MW.086 T A C T C C G G A C C A C A C C Y T C A A Y G G
MW.087 X X X X X C X X A X C G C A X X X X M G X X X X
MW.088 T A T T C C A G A C C G C C A C C A C G A T G G
MW.089 T A T T G C A X A T C A C A A A C T A G C C G G
MW.090 Y A C T C C G G A T C A C C C C C A C G C C G G
MW.091 Y A Y Y S S R G W Y C R Y M M C Y W M R C Y K G
MW.092 Y A Y T S S R R W Y C G T A M C C A A R M Y K G
MW.093 T A T T G C A G A C C A T A C C C T C A A T T G
MW.094 Y A C T C C A R A T C X C C C C C T A G A T T G
MW.096 T A T T X C A G A C C A C A A A Y T A A C T G G
MW.097 T A C T C S R G A C C R C A A C C A A G X T K G
MW.098 T A C T X G A G A T C A C A A A C A A G A C T G
MW.099 Y R Y T X S A G A Y C R C A C C C T A G A C K G
MW.100 T A C T C C A G A C C G C A C C C A C G A C G G
MW.101 T A Y T C C G G A T C A C C C A T T A G C T K G
MW.102 T A C T C S R G A Y C R Y A M C Y W M G C T T G
MW.104 T A C Y S G G R W T C R C A C C Y A M R M T K G
MW.105 T A C T C C G G A T T G C A A C C X C A A T T G
MW.106 X A C X C C A G W T C X C X C X C X X A C C T X
MW.107 C A T T C C A G A C C X C A A A C A A G A T T G
MW.109 T G C T C G A G A C C A C A X C T T A G C T T G
MW.110 T A Y T C C A G A Y X G Y M C C Y X A R M T T G
MW.111 Y A Y Y C S A G W Y Y G C A M C Y A M G C Y K G
MW.113 C A C T C C A R A T C A C C C C C A A G C C T G
MW.115 C A T T C C A G A C T G T A C C T X A G A T T G
MW.116 T A C T C G A A A C C A C C C C T T A G C T G G
MW.117 T A C T C C A G W C C A Y A M C Y X C G M T T G
MW.120 T A T T C G G A A C C G T A C A C X A A A C T G
MW.121 T A C T C C A G T T C X C C A C C A A G A C T G
MW.123 T A Y Y C S A G A T T G Y A M C Y A A A M T T G
MW.124 C A T T G C G A T T T A T A A C C X C G A C T G
MW.125 T A C T C X A G W T T R Y A M C C A A G M T T G
MW.126 T A C T G G A G A T C G T C A C T T C G C T G G
MW.128 X A C T G C A G T T C G C A A C T X A G A C G G
MW.131 C A C T C C G G A T C A C A C C C A C G C C T G
MW.133 C A C T C G A R A Y T R Y A X C Y X A G C Y K G
MW.134 C A T T C C G G A T T G T A A C C X A G A C T X

Sample 1A 1B 2A 4A 5A 6A 6B 7A 7B 7C 7D 7E 7F 7G 7H 8A 9A 10A 10B 11A 11B 12A 13B 14A

MW.136 C A C T C C A G A T C G C A C C T A A A A C T G
MW.137 C R C T S S R R A Y T G Y A M C T A A G C Y K G
MW.138 C A C T C C A G T C T G T A C A T A A A C T T G
MW.140 C A T T C C G G W T T X T A A C C A A G M T K G
MW.141 T A C T C S R G A C T G C A M C C T C G A T G G
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Single Nucleotide Polymorphism TaqMan Assays

Additional File 2. The barcodes for 112 consecutive patients with positive peripheral 
blood parasitemia and sufficient DNA for performance of the molecular barcode are 
shown.  The order of the patients displayed in the table is by study number and not by 
date (see Figure 4).



Assay Number Assay ID Major Allele* Minor Allele Heterozygous**
1 1A T C Y
2 1B A G R
3 2A C T Y
4 4A T C Y
5 5A C G S
6 6A C G S
7 6B A G R
8 7A G A R
9 7B A T W
10 7C T C Y
11 7D C T Y
12 7E G A R
13 7F C T Y
14 7G A C M
15 7H C A M
16 8A C A M
17 9A C T Y
18 10A A T W
19 10B A C M
20 11A G A R
21 11B C A M
22 12A T C Y
23 13B T G K
24 14A G T K

Supplemental Table 2. Descriptions of the assays used in this study are shown including the derived major 
and minor allele frequencies for the Malawi data set as well as codes for heterozygous allele calls (both alleles 
present) in the standard IUPAC format.  For a complete list of chromosome positions, primer sequences, and 
probe sequences, please see Additional File 3 in previous publication 
([http://www.biomedcentral.com/content/supplementary/1475-2875-7-223-S3.pdf])

*Derived major allele for the Malawi samples included in this study. See Table S1 for comparsion of 
allele frequencies.

**Heterozygous allele calls derived from the IUPAC standard genetic code denoting (in this instance) 
that the position within the barcode is BOTH alleles.  Note that "U" is not a possible allele.
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