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Abstract

Parasites are expected to hybridise in similar ways to free living organisms, although this may be modified by their reduced
genome architecture. Recombinant strains and taxa of hybrid origin can be studied in nature where hosts come into secondary
contact. Here we apply genome-wide analysis to parasites from a contact previously characterised for many individuals using
classical markers. The host contact is the European house mouse hybrid zone; the parasites are lung fungus Pneumocystis
and gut pinworm Syphacia. The multilocus and multi-individual datasets are broadly consistent in scale and centering. Whole
mitogenome comparisons confirm earlier suggestions that parasite divergence is low compared to their hosts, perhaps due to
reduced genome stabilising selection. In the recombining genome we are able to show blocks of parasite genome of alternating
host origin, including one Pneumocystis strain which appears to be an F3+ cross and one recombinant Syphacia strain found
over multiple localities. Functional analyses of introgressing genes show enrichment for genes likely important for parasitic
lifestyle.

Hosted file

Manuscript_-_final_version_-_fin (1).doc available at https://authorea.com/users/886532/
articles/1264557-comparative-genomic-analysis-of-co-occurring-hybrid-zones-of-house-
mouse-parasites-pneumocystis-murina-and-syphacia-obvelata-using-genome-polarisation

1

https://authorea.com/users/886532/articles/1264557-comparative-genomic-analysis-of-co-occurring-hybrid-zones-of-house-mouse-parasites-pneumocystis-murina-and-syphacia-obvelata-using-genome-polarisation
https://authorea.com/users/886532/articles/1264557-comparative-genomic-analysis-of-co-occurring-hybrid-zones-of-house-mouse-parasites-pneumocystis-murina-and-syphacia-obvelata-using-genome-polarisation
https://authorea.com/users/886532/articles/1264557-comparative-genomic-analysis-of-co-occurring-hybrid-zones-of-house-mouse-parasites-pneumocystis-murina-and-syphacia-obvelata-using-genome-polarisation


P
os

te
d

on
31

Ja
n

20
25

|
T

he
co

py
rig

ht
ho

ld
er

is
th

e
au

th
or

/fu
nd

er
.

A
ll

rig
ht

s
re

se
rv

ed
.

N
o

re
us

e
w

ith
ou

t
p

er
m

is
si

on
.

|
ht

tp
s:

//d
oi

.o
rg

/1
0.

22
54

1/
au

.1
73

83
31

66
.6

60
86

56
1/

v1
|

T
hi

s
is

a
pr

ep
rin

t
an

d
ha

s
no

t
b

ee
n

p
ee

r-
re

vi
ew

ed
.

D
at

a
m

ay
b

e
pr

el
im

in
ar

y.

2



P
os

te
d

on
31

Ja
n

20
25

|T
he

co
py

ri
gh

t
ho

ld
er

is
th

e
au

th
or

/f
un

de
r.

A
ll

ri
gh

ts
re

se
rv

ed
.

N
o

re
us

e
w

it
ho

ut
pe

rm
is

si
on

.
|h

tt
ps

:/
/d

oi
.o

rg
/1

0.
22

54
1/

au
.1

73
83

31
66

.6
60

86
56

1/
v1

|T
hi

s
is

a
pr

ep
ri

nt
an

d
ha

s
no

t
be

en
pe

er
-r

ev
ie

w
ed

.
D

at
a

m
ay

be
pr

el
im

in
ar

y.

0.25 0.5 0.75
HI

0.2

0.4

0.6

0.8

1.0

p(HET)

SK2698-103

SK2698-102

SU1517-56 SU1596-55

SK2694-107

SK1282-95
SK1287-80

SU1533-46
SU1638-36

SK1013-58

SK1820-88

SU1417-50

SK1299-91

sDOM sMUS

F1 female

7



P
os

te
d

on
31

Ja
n

20
25

|T
he

co
py

ri
gh

t
ho

ld
er

is
th

e
au

th
or

/f
un

de
r.

A
ll

ri
gh

ts
re

se
rv

ed
.

N
o

re
us

e
w

it
ho

ut
pe

rm
is

si
on

.
|h

tt
ps

:/
/d

oi
.o

rg
/1

0.
22

54
1/

au
.1

73
83

31
66

.6
60

86
56

1/
v1

|T
hi

s
is

a
pr

ep
ri

nt
an

d
ha

s
no

t
be

en
pe

er
-r

ev
ie

w
ed

.
D

at
a

m
ay

be
pr

el
im

in
ar

y.

SU
41

90
-1

4
SU

41
90

-1
5

SU
41

46
-3

4
SK

12
78

-8
2

SK
26

73
SU

14
91

-1
08

SK
13

04
-5

3
SK

27
69

SK
12

17
-2

3
SU

14
22

-4
9

SU
16

15
-4

0
SK

18
29

-1
01

SU
15

33
-4

6
SU

16
38

-3
6

SK
10

54
-6

0
SK

10
54

-5
9

SK
18

29
-8

9
SK

27
89

-7
7

SK
27

81
-1

05
SK

26
94

-1
07

SK
10

13
-5

8
SU

15
17

-5
6

SU
14

17
-5

0
SU

15
96

-5
5

SK
26

98
-1

03
SK

26
98

-1
02

SK
18

20
-8

8
SU

15
91

-3
8

SU
14

02
-9

2
SU

14
03

-9
3

SK
12

75
-5

2
SK

12
87

-8
0

SK
12

82
-9

5
SK

12
99

-9
1

SU
15

54
-4

3
SK

27
71

-7
2

SK
27

71
-1

04
SU

15
36

-4
1

SK
12

60
-9

6
SU

40
57

-1
8

SU
40

57
-1

9
SK

12
60

-9
4

SK
11

85
-1

2
SK

26
65

SK
11

85
-1

1
SK

26
82

0

20

40

60

80

100

0.
14

19
0.

15
59

0.
19

38
0.

13
6

0.
11

42
0.

14
84

0.
16

64
0.

14
24

0.
12

51
0.

12
23

0.
15

67
0.

16
13

0.
21

33
0.

16
41

0.
18

7
0.

20
14

0.
16

68
0.

19
19

0.
19

14
0.

54
18

0.
56

86
0.

56
28

0.
60

25
0.

54
81

0.
33

29
0.

55
67

0.
78

45
0.

77
32

0.
84

4
0.

90
59

0.
83

32
0.

78
62

0.
69

6
0.

82
27

0.
83

72
0.

82
3

0.
89

51
0.

86
62

0.
87

88
0.

90
44

0.
91

56
0.

82
67

0.
86

38
0.

86
93

0.
83

0.
86

51

8



P
os

te
d

on
31

Ja
n

20
25

|T
he

co
py

ri
gh

t
ho

ld
er

is
th

e
au

th
or

/f
un

de
r.

A
ll

ri
gh

ts
re

se
rv

ed
.

N
o

re
us

e
w

it
ho

ut
pe

rm
is

si
on

.
|h

tt
ps

:/
/d

oi
.o

rg
/1

0.
22

54
1/

au
.1

73
83

31
66

.6
60

86
56

1/
v1

|T
hi

s
is

a
pr

ep
ri

nt
an

d
ha

s
no

t
be

en
pe

er
-r

ev
ie

w
ed

.
D

at
a

m
ay

be
pr

el
im

in
ar

y.

S
K
2682

S
K
1185

-
11

S
K
2665

S
K
1185

-
12

S
K
1260

-
94

S
U
4057

-
19

S
U
4057

-
18

S
K
1260

-
96

S
U
1536

-
41

S
K
2771

-
104

S
K
2771

-
72

S
U
1554

-
43

S
K
1299

-
91

S
K
1282

-
95

S
K
1287

-
80

S
K
1275

-
52

S
U
1403

-
93

S
U
1402

-
92

S
U
1591

-
38

S
K
1820

-
88

S
K
2698

-
102

S
K
2698

-
103

S
U
1596

-
55

S
U
1417

-
50

S
U
1517

-
56

S
K
1013

-
58

S
K
2694

-
107

S
K
2781

-
105

S
K
2789

-
77

S
K
1829

-
89

S
K
1054

-
59

S
K
1054

-
60

S
U
1638

-
36

S
U
1533

-
46

S
K
1829

-
101

S
U
1615

-
40

S
U
1422

-
49

S
K
1217

-
23

S
K
2769

S
K
1304

-
53

S
U
1491

-
108

S
K
2673

S
K
1278

-
82

S
U
4146

-
34

S
U
4190

-
15

S
U
4190

-
14

SK2682
SK1185-11

SK2665
SK1185-12
SK1260-94
SU4057-19
SU4057-18
SK1260-96
SU1536-41
SK2771-104
SK2771-72
SU1554-43
SK1299-91
SK1282-95
SK1287-80
SK1275-52
SU1403-93
SU1402-92
SU1591-38
SK1820-88
SK2698-102
SK2698-103
SU1596-55
SU1417-50
SU1517-56
SK1013-58
SK2694-107
SK2781-105
SK2789-77
SK1829-89
SK1054-59
SK1054-60
SU1638-36
SU1533-46
SK1829-101
SU1615-40
SU1422-49
SK1217-23

SK2769
SK1304-53
SU1491-108

SK2673
SK1278-82
SU4146-34
SU4190-15
SU4190-14

0.25

0.50

0.75

1.00

1.25

1.50

0.0 0.2 0.4 0.6 0.8 1.0
Frequency based HI

0.0

0.2

0.4

0.6

0.8

1.0

Ge
no

m
ic 

HI

0.0 0.2 0.4 0.6 0.8 1.0
Frequency based HI

0.0

0.2

0.4

0.6

0.8

1.0

Ge
no

m
ic 

HI

9



P
os

te
d

on
31

Ja
n

20
25

|T
he

co
py

ri
gh

t
ho

ld
er

is
th

e
au

th
or

/f
un

de
r.

A
ll

ri
gh

ts
re

se
rv

ed
.

N
o

re
us

e
w

it
ho

ut
pe

rm
is

si
on

.
|h

tt
ps

:/
/d

oi
.o

rg
/1

0.
22

54
1/

au
.1

73
83

31
66

.6
60

86
56

1/
v1

|T
hi

s
is

a
pr

ep
ri

nt
an

d
ha

s
no

t
be

en
pe

er
-r

ev
ie

w
ed

.
D

at
a

m
ay

be
pr

el
im

in
ar

y.

*

10



P
os

te
d

on
31

Ja
n

20
25

|T
he

co
py

ri
gh

t
ho

ld
er

is
th

e
au

th
or

/f
un

de
r.

A
ll

ri
gh

ts
re

se
rv

ed
.

N
o

re
us

e
w

it
ho

ut
pe

rm
is

si
on

.
|h

tt
ps

:/
/d

oi
.o

rg
/1

0.
22

54
1/

au
.1

73
83

31
66

.6
60

86
56

1/
v1

|T
hi

s
is

a
pr

ep
ri

nt
an

d
ha

s
no

t
be

en
pe

er
-r

ev
ie

w
ed

.
D

at
a

m
ay

be
pr

el
im

in
ar

y.

4.0E-4

SU1548

ST9508

SU1660

SK2751

SU1590

SK2666

SU4201

NC_020332_reference

SK2780

SK1855

SK2769

SK1843

SK2673

SU1576

SK2776

SK2786

SK1151

ST9485

SU1579

SU1502

0.97

1

1

1

0.87

0.99

1
0.84

0.93

1

0.98

4.0E-4

SK2781-105
SK1829-89

SK1185-11

SK2771-72

SK101-58

SK2694-107

SK1185-12

SK1278-82

SK2769

SU4057-19

SU4190-15

SK1275-52

SU1615-40

SK2673-Reference

SK1304-53

SK1287-80

SK1054-60

SK2682

SK1299-91

SK1820-88

SK1054-59

SK1829-101

SK1217-23

SU1422-49

SK2789-77

SK1282-95

SU1596-55

SK1260-96

SK2698-102

SU1554-43

SU4057-18

SU1517-56

SU1417-50

SU1491-108

SK2665

SU4190-14

SU1403-93

SK2698-103

SU1402-92

SU1533-46

SU1638-36

SK1260-94

SU1536-41

SK2771-104

SU1591-38

SU4146-34

0.93

1

1

1

1

1

0.99 0.9

0.97

0.65

1

1

0.98

1

1

1

0.5

1

1

1

1

1

1

1

1

1
1

1

1

0.94

0.82

1

0.002

9_SU1502

5_SK2780

19_SU1548

13_SU1579

3_SK2751

6_SK2666

8_ST9485

1_SK2673

ST9508

4_SK2786

12_SK1843

16_SU1660

14_SK2776

7_SK1855

15_SU1590

17_SU1576

11_SU4201

10_SK1151

2_SK2769

1

0,77

0,63

0,99

1

1

1

1

1

11



P
os

te
d

on
31

Ja
n

20
25

|T
he

co
py

ri
gh

t
ho

ld
er

is
th

e
au

th
or

/f
un

de
r.

A
ll

ri
gh

ts
re

se
rv

ed
.

N
o

re
us

e
w

it
ho

ut
pe

rm
is

si
on

.
|h

tt
ps

:/
/d

oi
.o

rg
/1

0.
22

54
1/

au
.1

73
83

31
66

.6
60

86
56

1/
v1

|T
hi

s
is

a
pr

ep
ri

nt
an

d
ha

s
no

t
be

en
pe

er
-r

ev
ie

w
ed

.
D

at
a

m
ay

be
pr

el
im

in
ar

y.

0 500 1000 1500 2000 2500
Coverage

0

1000

2000

3000

4000

Fr
eq

ue
nc

y

12



P
os

te
d

on
31

Ja
n

20
25

|T
he

co
py

ri
gh

t
ho

ld
er

is
th

e
au

th
or

/f
un

de
r.

A
ll

ri
gh

ts
re

se
rv

ed
.

N
o

re
us

e
w

it
ho

ut
pe

rm
is

si
on

.
|h

tt
ps

:/
/d

oi
.o

rg
/1

0.
22

54
1/

au
.1

73
83

31
66

.6
60

86
56

1/
v1

|T
hi

s
is

a
pr

ep
ri

nt
an

d
ha

s
no

t
be

en
pe

er
-r

ev
ie

w
ed

.
D

at
a

m
ay

be
pr

el
im

in
ar

y.

aa
_m

eta
bo

lism

an
ae

rob
ic_

gro
wth

ap
tas

e

car
bo

hy
dra

te_
meta

bo
lism

cel
l_s

ign
alli

ng

cla
thr

in

cof
act

or_
meta

bo
lism

gly
can

_m
eta

bo
lism

his
ton

e

lipi
d_m

eta
bo

lism
mati

ng

nu
cle

oti
de

_m
eta

bo
lism

pe
pti

da
ses

pro
tea

som
e

rec
om

bin
ati

on rrm

spl
ice

oso
me

Gene Set

0

20

40

60

80

100

120

140

SN
V 

nu
m

be
r

Pneumocystis
Syphacia

exp
ect

ed
 va

lue
s

aa
_m

eta
bo

lism

an
ae

rob
ic_

gro
wth

ap
tas

e

car
bo

hy
dra

te_
meta

bo
lism

cel
l_s

ign
alli

ng

cla
thr

in

cof
act

or_
meta

bo
lism

gly
can

_m
eta

bo
lism

his
ton

e

lipi
d_m

eta
bo

lism
mati

ng

nu
cle

oti
de

_m
eta

bo
lism

pe
pti

da
ses

pro
tea

som
e

rec
om

bin
ati

on rrm

spl
ice

oso
me

0.0

0.2

0.4

0.6

0.8

1.0

SN
V 

pr
op

or
tio

n

int
ovm
barr

exp
ect

ed
 va

lue
s

aa
_m

eta
bo

lism

an
ae

rob
ic_

gro
wth

ap
tas

e

car
bo

hy
dra

te_
meta

bo
lism

cel
l_s

ign
alli

ng

cla
thr

in

cof
act

or_
meta

bo
lism

gly
can

_m
eta

bo
lism

his
ton

e

lipi
d_m

eta
bo

lism
mati

ng

nu
cle

oti
de

_m
eta

bo
lism

pe
pti

da
ses

pro
tea

som
e

rec
om

bin
ati

on rrm

spl
ice

oso
me

0.0

0.2

0.4

0.6

0.8

1.0

SN
V 

pr
op

or
tio

n

int
ovm
barr

13



P
os

te
d

on
31

Ja
n

20
25

|T
he

co
py

ri
gh

t
ho

ld
er

is
th

e
au

th
or

/f
un

de
r.

A
ll

ri
gh

ts
re

se
rv

ed
.

N
o

re
us

e
w

it
ho

ut
pe

rm
is

si
on

.
|h

tt
ps

:/
/d

oi
.o

rg
/1

0.
22

54
1/

au
.1

73
83

31
66

.6
60

86
56

1/
v1

|T
hi

s
is

a
pr

ep
ri

nt
an

d
ha

s
no

t
be

en
pe

er
-r

ev
ie

w
ed

.
D

at
a

m
ay

be
pr

el
im

in
ar

y.

sp
lic

eo
so

m
e

pe
pt

id
as

es

pr
ot

ea
so

m
e

ce
ll_

sig
na

llin
g

gl
yc

an
_m

et
ab

ol
ism

ca
rb

oh
yd

ra
te

_m
et

ab
ol

ism rrm

hi
st

on
e

cla
th

rin

co
fa

ct
or

_m
et

ab
ol

ism

aa
_m

et
ab

ol
ism

re
co

m
bi

na
tio

n

lip
id

_m
et

ab
ol

ism

an
ae

ro
bi

c_
gr

ow
th

m
at

in
g

nu
cle

ot
id

e_
m

et
ab

ol
ism

ap
ta

se

Gene Set

0

10

20

30

40

50

Nu
m

be
r o

f G
en

es

Match
Mismatch

Hosted file

Table1_assembly_stats.xlsx available at https://authorea.com/users/886532/articles/1264557-
comparative-genomic-analysis-of-co-occurring-hybrid-zones-of-house-mouse-parasites-
pneumocystis-murina-and-syphacia-obvelata-using-genome-polarisation

Hosted file

Table2_genic_content.xlsx available at https://authorea.com/users/886532/articles/1264557-
comparative-genomic-analysis-of-co-occurring-hybrid-zones-of-house-mouse-parasites-
pneumocystis-murina-and-syphacia-obvelata-using-genome-polarisation

Hosted file

Table3_category_content.xlsx available at https://authorea.com/users/886532/articles/1264557-
comparative-genomic-analysis-of-co-occurring-hybrid-zones-of-house-mouse-parasites-
pneumocystis-murina-and-syphacia-obvelata-using-genome-polarisation

Hosted file

Table4_pneumocystis_contingency_table.xlsx available at https://authorea.com/users/886532/
articles/1264557-comparative-genomic-analysis-of-co-occurring-hybrid-zones-of-house-
mouse-parasites-pneumocystis-murina-and-syphacia-obvelata-using-genome-polarisation

Hosted file

Table5_syphacia_contingency_table.xlsx available at https://authorea.com/users/886532/
articles/1264557-comparative-genomic-analysis-of-co-occurring-hybrid-zones-of-house-
mouse-parasites-pneumocystis-murina-and-syphacia-obvelata-using-genome-polarisation

Hosted file

Table6_intbarr_ratios.xlsx available at https://authorea.com/users/886532/articles/1264557-
comparative-genomic-analysis-of-co-occurring-hybrid-zones-of-house-mouse-parasites-
pneumocystis-murina-and-syphacia-obvelata-using-genome-polarisation

14

https://authorea.com/users/886532/articles/1264557-comparative-genomic-analysis-of-co-occurring-hybrid-zones-of-house-mouse-parasites-pneumocystis-murina-and-syphacia-obvelata-using-genome-polarisation
https://authorea.com/users/886532/articles/1264557-comparative-genomic-analysis-of-co-occurring-hybrid-zones-of-house-mouse-parasites-pneumocystis-murina-and-syphacia-obvelata-using-genome-polarisation
https://authorea.com/users/886532/articles/1264557-comparative-genomic-analysis-of-co-occurring-hybrid-zones-of-house-mouse-parasites-pneumocystis-murina-and-syphacia-obvelata-using-genome-polarisation
https://authorea.com/users/886532/articles/1264557-comparative-genomic-analysis-of-co-occurring-hybrid-zones-of-house-mouse-parasites-pneumocystis-murina-and-syphacia-obvelata-using-genome-polarisation
https://authorea.com/users/886532/articles/1264557-comparative-genomic-analysis-of-co-occurring-hybrid-zones-of-house-mouse-parasites-pneumocystis-murina-and-syphacia-obvelata-using-genome-polarisation
https://authorea.com/users/886532/articles/1264557-comparative-genomic-analysis-of-co-occurring-hybrid-zones-of-house-mouse-parasites-pneumocystis-murina-and-syphacia-obvelata-using-genome-polarisation
https://authorea.com/users/886532/articles/1264557-comparative-genomic-analysis-of-co-occurring-hybrid-zones-of-house-mouse-parasites-pneumocystis-murina-and-syphacia-obvelata-using-genome-polarisation
https://authorea.com/users/886532/articles/1264557-comparative-genomic-analysis-of-co-occurring-hybrid-zones-of-house-mouse-parasites-pneumocystis-murina-and-syphacia-obvelata-using-genome-polarisation
https://authorea.com/users/886532/articles/1264557-comparative-genomic-analysis-of-co-occurring-hybrid-zones-of-house-mouse-parasites-pneumocystis-murina-and-syphacia-obvelata-using-genome-polarisation
https://authorea.com/users/886532/articles/1264557-comparative-genomic-analysis-of-co-occurring-hybrid-zones-of-house-mouse-parasites-pneumocystis-murina-and-syphacia-obvelata-using-genome-polarisation
https://authorea.com/users/886532/articles/1264557-comparative-genomic-analysis-of-co-occurring-hybrid-zones-of-house-mouse-parasites-pneumocystis-murina-and-syphacia-obvelata-using-genome-polarisation
https://authorea.com/users/886532/articles/1264557-comparative-genomic-analysis-of-co-occurring-hybrid-zones-of-house-mouse-parasites-pneumocystis-murina-and-syphacia-obvelata-using-genome-polarisation
https://authorea.com/users/886532/articles/1264557-comparative-genomic-analysis-of-co-occurring-hybrid-zones-of-house-mouse-parasites-pneumocystis-murina-and-syphacia-obvelata-using-genome-polarisation
https://authorea.com/users/886532/articles/1264557-comparative-genomic-analysis-of-co-occurring-hybrid-zones-of-house-mouse-parasites-pneumocystis-murina-and-syphacia-obvelata-using-genome-polarisation
https://authorea.com/users/886532/articles/1264557-comparative-genomic-analysis-of-co-occurring-hybrid-zones-of-house-mouse-parasites-pneumocystis-murina-and-syphacia-obvelata-using-genome-polarisation
https://authorea.com/users/886532/articles/1264557-comparative-genomic-analysis-of-co-occurring-hybrid-zones-of-house-mouse-parasites-pneumocystis-murina-and-syphacia-obvelata-using-genome-polarisation
https://authorea.com/users/886532/articles/1264557-comparative-genomic-analysis-of-co-occurring-hybrid-zones-of-house-mouse-parasites-pneumocystis-murina-and-syphacia-obvelata-using-genome-polarisation
https://authorea.com/users/886532/articles/1264557-comparative-genomic-analysis-of-co-occurring-hybrid-zones-of-house-mouse-parasites-pneumocystis-murina-and-syphacia-obvelata-using-genome-polarisation





