
Fig S1. Identification of BoLA-DRB3.2 variants. Based 
on the digestion activity of the BstYI enzyme (New England 
Biolabs Inc., MA, USA), three distinct BoLA-DRB3.2 
variants were identified within the studied population of 
cows (Additional File 4), named BstYa (n = 24), BstYb (n = 
25), and BstYc (n = 5). DNA fragments were visually 
detected by conducting vertical electrophoresis on Mini-
Protein III unit (Bio-Rad Laboratories, Missisauga, ON, 
Canada) using 10% Mini-PROTEAN® TBE gels (Bio-Rad 
Laboratories) at 300 mA for 45 min. pBR322 DNA-MspI 
Digest (New England Biolabs Inc., MA, USA) was used as 
ladder for measurement of DNA fragment size.       
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Fig. S2. Beta-diversity of the bacterial communities of intramammary secretions during the first week of 
lactation. Principal coordinate analysis (PCoA) was used for visualization of Jaccard binary distances of the 
bacterial communities of intramammary secretions. Color codes and symbols were used to differentiate samples 
based on a) days in milk (DIM), b) BstYI variants within day 0, c) BstYI variants within day 1, and d) BstYI 
variants within day 6. Prior to calculation of Jaccard distance matrix, the OTU table was rarefied at an even depth 
of 6000 sequences/sample. PERMANOVA (9999 permutations) was performed on a repeated measurement 
model that included DIM, BstYI variants, and the interaction between DIM and BstYI variants as fixed factors and 
the effect of individual cows as a random factor nested within the BstYI variants. For all tests, p-values < 0.05 
were considered significant.  
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Fig. S3. Beta-diversity of the fungal communities of intramammary secretions during the first week of 
lactation. Principal coordinate analysis (PCoA) was used for visualization of Jaccard binary distances of the 
fungal communities of intramammary secretions. Color codes and symbols were used to differentiate samples 
based on a) days in milk (DIM), b) BstYI variants within day 0, c) BstYI variants within day 1, and d) BstYI 
variants within day 6. Prior to calculation of Jaccard distance matrix, the OTU table was rarefied at an even 
depth of 5000 sequences/sample. PERMANOVA (9999 permutations) was performed on a repeated 
measurement model that included DIM, BstYI variants, and the interaction between DIM and BstYI variants as 
fixed factors and the effect of individual cows as a random factor nested within the BstYI variants. For all tests, 
p-values < 0.05 were considered significant.  
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Fig S4. Association of lactation stage and BoLA-DRB3.2 polymorphism with  
interrelationship patterns and hub species of intramammary bacterial communities. 
Co-occurrence Network inference (CoNet) was used to measure the impact of BoLA-DRB3.2 
polymorphism on the interrelationship (connectedness) patterns of intramammary bacterial 
communities during the first week of lactation. Stacked bar charts show the hub bacterial 
OTUs (i.e. those showing the highest number of significant positive or negative relationships) 
within the microbiota of each BoLA-DRB3.2 variant at different sampling time points (a-c: 
days in milk 0, 1, and 6). Color codes have been used to depict the type of relationships; 
green for positive (co-occurrence) and red for negative (mutual exclusion) relationships. 
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Fig S5. Bacterial co-occurrence and co-exclusion networks. Correlation network 
analysis (CoNet) was used to explore microbial co-occurrence/mutual-exclusion 
relationships. In this ensemble method, a combination of diverse measures of correlation 
(including Pearson's and Spearman's rank correlation coefficients) and dissimilarity 
(Bray-Curtis and Kullback-Leibler) were used to overcome major challenges in the 
inference of co-occurrence and/or co-exclusion patterns. Networks (a-f) show significant 
relationships (FDR corrected q < 0.05; supported by at least 3 methods) among bacterial 
OTUs within intramammary microbiota of different BoLA-DRB3.2 variants (BstYa and 
BstYb) at different sampling time points (days in milk 0, 1, and 6). Nodes (representative 
OTUs) are colored based on originating phyla, and edges (represent significant co-
occurrence/co-exclusion relationships) are colored based on the type of relationships (red 
= negative relationship or mutual co-exclusion and green = positive relationship or co-
occurrence).	
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Fig S6. Unsupervised cluster analysis of day 0 colostrum samples based on the distribution of fungal OTUs. Rows 
correspond to individual fungal OTUs (relative abundance > 0.1% of the community). Columns correspond to individual 
samples, color coded based on BoLA-DRB3.2 variants (BstYa) and (BstYb). The "Normalized Abundance" key relates colors to 
the normalized proportions of OTUs across samples. The top dendrogram shows the result of complete-linkage hierarchal 
clustering of samples based on the Bray–Curtis dissimilarities of their fungal communities. The left dendogram shows how 
OTUs correlate (co-occur) with each other based on their Spearman's correlation coefficient. The "Phylum" key relates the left 
annotations to the corresponding phylum of each OTU. Color codes have been used to highlight statistically significant 
associations between the proportion of OTUs and BoLA-DRB3.2 variants (identified using Linear Discriminant Analysis Effective 
Size (LEfSe)). Bray-Curtis resemblance matrix was created based on the proportions of the abundant fungal OTUs and 
subjected to PERMANOVA (9999 permutations) in order to test the significance of the clustering pattern of samples based on 
BoLA-DRB3.2 variants. A p-value < 0.05 was considered significant.  



C
ap
no
di
al
es
.s
p_
O
TU
11

A
sp
er
gi
llu
s.
fu
m
ig
at
us
_O
TU
19

Th
er
m
om
yc
es
.d
up
on
tii
_O
TU
44

P
en
ic
ill
iu
m
.il
er
da
nu
m
_O
TU
32

G
eo
sm
ith
ia
.s
p_
O
TU
39

A
sp
er
gi
llu
s.
qu
ad
ril
in
ea
tu
s_
O
TU
16

M
ic
ro
as
cu
s.
ci
rr
os
us
_O
TU
51

C
hr
ys
os
po
riu
m
.lo
ba
tu
m
_O
TU
20

D
eb
ar
yo
m
yc
es
.h
an
se
ni
i_
O
TU
52

P
ae
ci
lo
m
yc
es
.fu
lv
us
_O
TU
63

M
ic
ro
as
ca
ce
ae
.s
p_
O
TU
60
4

C
an
di
da
.s
ak
e_
O
TU
10
1

C
ep
ha
lo
tri
ch
ie
lla
.p
en
ic
ill
at
a_
O
TU
11
0

P
en
ic
ill
iu
m
.p
sy
ch
ro
se
xu
al
is
_O
TU
22

R
ho
do
to
ru
la
.ta
iw
an
en
si
s_
O
TU
98

E
ur
ot
ia
le
s.
sp
_O
TU
69

M
ag
nu
si
om
yc
es
.c
ap
ita
tu
s_
O
TU
12
6

Tr
ic
ho
de
rm
a.
lo
ng
ib
ra
ch
ia
tu
m
_O
TU
95

W
al
le
m
ia
.s
eb
i_
O
TU
41

W
al
le
m
ia
.m
el
lic
ol
a_
O
TU
10
0

A
sc
om
yc
ot
a.
sp
_O
TU
14
5

W
al
le
m
ia
.m
ur
ia
e_
O
TU
99

P
en
ic
ill
iu
m
.c
ap
su
la
tu
m
_O
TU
97

A
sp
er
gi
llu
s.
au
st
ro
af
ric
an
us
_O
TU
36
4

A
sc
om
yc
ot
a.
sp
_O
TU
37

Le
ca
ni
ci
lli
um
.m
us
ca
riu
m
_O
TU
35
8

C
an
di
da
.s
ak
e_
O
TU
52
3

M
on
as
cu
s.
pu
rp
ur
eu
s_
O
TU
65

G
eo
m
yc
es
.a
ur
at
us
_O
TU
43
3

P
en
ic
ill
iu
m
.c
hr
ys
og
en
um
_O
TU
55
6

P
se
ud
al
le
sc
he
ria
.b
oy
di
i_
O
TU
8

P
ic
hi
a.
m
an
sh
ur
ic
a_
O
TU
18
6

C
an
di
da
.s
ak
e_
O
TU
55
3

C
an
di
da
.s
ak
e_
O
TU
38
8

D
ot
hi
de
om
yc
et
es
.s
p_
O
TU
25

S
or
da
rio
m
yc
et
es
.s
p_
O
TU
13
7

Tr
ic
ho
m
on
as
cu
s.
ci
fe
rr
ii_
O
TU
15
9

A
sp
er
gi
llu
s.
pe
ni
ci
lli
oi
de
s_
O
TU
49

S
or
da
rio
m
yc
et
es
.s
p_
O
TU
30

A
lte
rn
ar
ia
.in
fe
ct
or
ia
_O
TU
6

S
or
da
ria
le
s.
sp
_O
TU
14

S
ce
do
sp
or
iu
m
.p
ro
lif
ic
an
s_
O
TU
7

C
an
di
da
.x
yl
op
so
ci
_O
TU
4

E
xo
ba
si
di
om
yc
et
es
.s
p_
O
TU
50

S
or
da
rio
m
yc
et
es
.s
p_
O
TU
28

A
cr
em
on
iu
m
.p
er
si
ci
nu
m
_O
TU
38

P
se
ud
al
le
sc
he
ria
.b
oy
di
i_
O
TU
62
0

A
cr
em
on
iu
m
.s
p_
O
TU
24

A
cr
em
on
iu
m
.a
lte
rn
at
um
_O
TU
57

A
sp
er
gi
llu
s.
am
st
el
od
am
i_
O
TU
2

S
ce
do
sp
or
iu
m
.s
p_
O
TU
10
9

To
rr
ub
ie
lla
.s
p_
O
TU
66

Tr
ic
ho
sp
or
on
.c
ut
an
eu
m
_O
TU
17

C
an
di
da
.s
ak
e_
O
TU
83

C
an
di
da
.s
ak
e_
O
TU
28
7

D
ot
hi
de
om
yc
et
es
.s
p_
O
TU
13

Tr
ic
ho
sp
or
on
.a
st
er
oi
de
s_
O
TU
14
8

A
ur
eo
ba
si
di
um
.m
ic
ro
st
ic
tu
m
_O
TU
59
9

B
ul
le
ro
m
yc
es
.a
lb
us
_O
TU
15

H
an
na
el
la
.o
ry
za
e_
O
TU
71

M
ic
ro
as
cu
s.
br
ev
ic
au
lis
_O
TU
33

A
sc
om
yc
ot
a.
sp
_O
TU
62

P
le
os
po
ra
le
s.
sp
_O
TU
15
6

R
as
am
so
ni
a.
cy
lin
dr
os
po
ra
_O
TU
10
3

W
ic
ke
rh
am
om
yc
es
.a
no
m
al
us
_O
TU
35

A
lte
rn
ar
ia
.s
p_
O
TU
17
7

S
ar
oc
la
di
um
.s
tri
ct
um
_O
TU
93

Th
er
m
om
yc
es
.d
up
on
tii
_O
TU
9

P
ha
eo
sp
ha
er
ia
ce
ae
.s
p_
O
TU
45

S
te
m
ph
yl
iu
m
.h
er
ba
ru
m
_O
TU
12

A
sp
er
gi
llu
s.
pe
ni
ci
lli
oi
de
s_
O
TU
94

A
lte
rn
ar
ia
.a
lte
rn
at
a_
O
TU
1

D
io
sz
eg
ia
.h
un
ga
ric
a_
O
TU
82

P
yr
en
op
ho
ra
.tr
iti
ci
.re
pe
nt
is
_O
TU
5

C
ry
pt
oc
oc
cu
s.
vi
ct
or
ia
e_
O
TU
21

C
ry
pt
oc
oc
cu
s.
vi
ct
or
ia
e_
O
TU
47
7

S
po
ro
bo
lo
m
yc
es
.ru
be
rr
im
us
_O
TU
26

E
xo
ba
si
di
om
yc
et
es
.s
p_
O
TU
29

P
se
ud
os
pi
ro
m
as
tix
.te
nt
ac
ul
at
a_
O
TU
61

Zy
m
os
ep
to
ria
.h
al
op
hi
la
_O
TU
24
4

S
po
rid
io
bo
la
le
s.
sp
_O
TU
40

S
or
da
rio
m
yc
et
es
.s
p_
O
TU
18
0

B
ul
le
ra
.g
lo
bo
sp
or
a_
O
TU
11
3

C
ry
pt
oc
oc
cu
s.
m
ag
nu
s_
O
TU
68

A
sc
om
yc
ot
a.
sp
_O
TU
58

S
po
ro
bo
lo
m
yc
es
.c
op
ro
sm
ae
_O
TU
78

Fu
sa
riu
m
.p
oa
e_
O
TU
61
6

D
ot
hi
de
om
yc
et
es
.s
p_
O
TU
24
7

G
ib
be
re
lla
.z
ea
e_
O
TU
36

C
ry
pt
oc
oc
cu
s.
sp
_O
TU
53

BstY
BstY_a
BstY_b

Normalized Abundance

0
0.2
0.4
0.6

Phylum
Ascomycota
Basidiomycota

C
ap
no
di
al
es
.s
p_
O
TU
11

A
sp
er
gi
llu
s.
fu
m
ig
at
us
_O
TU
19

Th
er
m
om
yc
es
.d
up
on
tii
_O
TU
44

P
en
ic
ill
iu
m
.il
er
da
nu
m
_O
TU
32

G
eo
sm
ith
ia
.s
p_
O
TU
39

A
sp
er
gi
llu
s.
qu
ad
ril
in
ea
tu
s_
O
TU
16

M
ic
ro
as
cu
s.
ci
rr
os
us
_O
TU
51

C
hr
ys
os
po
riu
m
.lo
ba
tu
m
_O
TU
20

D
eb
ar
yo
m
yc
es
.h
an
se
ni
i_
O
TU
52

P
ae
ci
lo
m
yc
es
.fu
lv
us
_O
TU
63

M
ic
ro
as
ca
ce
ae
.s
p_
O
TU
60
4

C
an
di
da
.s
ak
e_
O
TU
10
1

C
ep
ha
lo
tri
ch
ie
lla
.p
en
ic
ill
at
a_
O
TU
11
0

P
en
ic
ill
iu
m
.p
sy
ch
ro
se
xu
al
is
_O
TU
22

R
ho
do
to
ru
la
.ta
iw
an
en
si
s_
O
TU
98

E
ur
ot
ia
le
s.
sp
_O
TU
69

M
ag
nu
si
om
yc
es
.c
ap
ita
tu
s_
O
TU
12
6

Tr
ic
ho
de
rm
a.
lo
ng
ib
ra
ch
ia
tu
m
_O
TU
95

W
al
le
m
ia
.s
eb
i_
O
TU
41

W
al
le
m
ia
.m
el
lic
ol
a_
O
TU
10
0

A
sc
om
yc
ot
a.
sp
_O
TU
14
5

W
al
le
m
ia
.m
ur
ia
e_
O
TU
99

P
en
ic
ill
iu
m
.c
ap
su
la
tu
m
_O
TU
97

A
sp
er
gi
llu
s.
au
st
ro
af
ric
an
us
_O
TU
36
4

A
sc
om
yc
ot
a.
sp
_O
TU
37

Le
ca
ni
ci
lli
um
.m
us
ca
riu
m
_O
TU
35
8

C
an
di
da
.s
ak
e_
O
TU
52
3

M
on
as
cu
s.
pu
rp
ur
eu
s_
O
TU
65

G
eo
m
yc
es
.a
ur
at
us
_O
TU
43
3

P
en
ic
ill
iu
m
.c
hr
ys
og
en
um
_O
TU
55
6

P
se
ud
al
le
sc
he
ria
.b
oy
di
i_
O
TU
8

P
ic
hi
a.
m
an
sh
ur
ic
a_
O
TU
18
6

C
an
di
da
.s
ak
e_
O
TU
55
3

C
an
di
da
.s
ak
e_
O
TU
38
8

D
ot
hi
de
om
yc
et
es
.s
p_
O
TU
25

S
or
da
rio
m
yc
et
es
.s
p_
O
TU
13
7

Tr
ic
ho
m
on
as
cu
s.
ci
fe
rr
ii_
O
TU
15
9

A
sp
er
gi
llu
s.
pe
ni
ci
lli
oi
de
s_
O
TU
49

S
or
da
rio
m
yc
et
es
.s
p_
O
TU
30

A
lte
rn
ar
ia
.in
fe
ct
or
ia
_O
TU
6

S
or
da
ria
le
s.
sp
_O
TU
14

S
ce
do
sp
or
iu
m
.p
ro
lif
ic
an
s_
O
TU
7

C
an
di
da
.x
yl
op
so
ci
_O
TU
4

E
xo
ba
si
di
om
yc
et
es
.s
p_
O
TU
50

S
or
da
rio
m
yc
et
es
.s
p_
O
TU
28

A
cr
em
on
iu
m
.p
er
si
ci
nu
m
_O
TU
38

P
se
ud
al
le
sc
he
ria
.b
oy
di
i_
O
TU
62
0

A
cr
em
on
iu
m
.s
p_
O
TU
24

A
cr
em
on
iu
m
.a
lte
rn
at
um
_O
TU
57

A
sp
er
gi
llu
s.
am
st
el
od
am
i_
O
TU
2

S
ce
do
sp
or
iu
m
.s
p_
O
TU
10
9

To
rr
ub
ie
lla
.s
p_
O
TU
66

Tr
ic
ho
sp
or
on
.c
ut
an
eu
m
_O
TU
17

C
an
di
da
.s
ak
e_
O
TU
83

C
an
di
da
.s
ak
e_
O
TU
28
7

D
ot
hi
de
om
yc
et
es
.s
p_
O
TU
13

Tr
ic
ho
sp
or
on
.a
st
er
oi
de
s_
O
TU
14
8

A
ur
eo
ba
si
di
um
.m
ic
ro
st
ic
tu
m
_O
TU
59
9

B
ul
le
ro
m
yc
es
.a
lb
us
_O
TU
15

H
an
na
el
la
.o
ry
za
e_
O
TU
71

M
ic
ro
as
cu
s.
br
ev
ic
au
lis
_O
TU
33

A
sc
om
yc
ot
a.
sp
_O
TU
62

P
le
os
po
ra
le
s.
sp
_O
TU
15
6

R
as
am
so
ni
a.
cy
lin
dr
os
po
ra
_O
TU
10
3

W
ic
ke
rh
am
om
yc
es
.a
no
m
al
us
_O
TU
35

A
lte
rn
ar
ia
.s
p_
O
TU
17
7

S
ar
oc
la
di
um
.s
tri
ct
um
_O
TU
93

Th
er
m
om
yc
es
.d
up
on
tii
_O
TU
9

P
ha
eo
sp
ha
er
ia
ce
ae
.s
p_
O
TU
45

S
te
m
ph
yl
iu
m
.h
er
ba
ru
m
_O
TU
12

A
sp
er
gi
llu
s.
pe
ni
ci
lli
oi
de
s_
O
TU
94

A
lte
rn
ar
ia
.a
lte
rn
at
a_
O
TU
1

D
io
sz
eg
ia
.h
un
ga
ric
a_
O
TU
82

P
yr
en
op
ho
ra
.tr
iti
ci
.re
pe
nt
is
_O
TU
5

C
ry
pt
oc
oc
cu
s.
vi
ct
or
ia
e_
O
TU
21

C
ry
pt
oc
oc
cu
s.
vi
ct
or
ia
e_
O
TU
47
7

S
po
ro
bo
lo
m
yc
es
.ru
be
rr
im
us
_O
TU
26

E
xo
ba
si
di
om
yc
et
es
.s
p_
O
TU
29

P
se
ud
os
pi
ro
m
as
tix
.te
nt
ac
ul
at
a_
O
TU
61

Zy
m
os
ep
to
ria
.h
al
op
hi
la
_O
TU
24
4

S
po
rid
io
bo
la
le
s.
sp
_O
TU
40

S
or
da
rio
m
yc
et
es
.s
p_
O
TU
18
0

B
ul
le
ra
.g
lo
bo
sp
or
a_
O
TU
11
3

C
ry
pt
oc
oc
cu
s.
m
ag
nu
s_
O
TU
68

A
sc
om
yc
ot
a.
sp
_O
TU
58

S
po
ro
bo
lo
m
yc
es
.c
op
ro
sm
ae
_O
TU
78

Fu
sa
riu
m
.p
oa
e_
O
TU
61
6

D
ot
hi
de
om
yc
et
es
.s
p_
O
TU
24
7

G
ib
be
re
lla
.z
ea
e_
O
TU
36

C
ry
pt
oc
oc
cu
s.
sp
_O
TU
53

BstY��S�3(50$129$�� ������
BstY_a
BstY_b

Normalized Abundance

0
0.2
0.4
0.6

Phylum
Ascomycota
Basidiomycota

C
ap
no
di
al
es
.s
p_
O
TU
11

A
sp
er
gi
llu
s.
fu
m
ig
at
us
_O
TU
19

Th
er
m
om
yc
es
.d
up
on
tii
_O
TU
44

P
en
ic
ill
iu
m
.il
er
da
nu
m
_O
TU
32

G
eo
sm
ith
ia
.s
p_
O
TU
39

A
sp
er
gi
llu
s.
qu
ad
ril
in
ea
tu
s_
O
TU
16

M
ic
ro
as
cu
s.
ci
rr
os
us
_O
TU
51

C
hr
ys
os
po
riu
m
.lo
ba
tu
m
_O
TU
20

D
eb
ar
yo
m
yc
es
.h
an
se
ni
i_
O
TU
52

P
ae
ci
lo
m
yc
es
.fu
lv
us
_O
TU
63

M
ic
ro
as
ca
ce
ae
.s
p_
O
TU
60
4

C
an
di
da
.s
ak
e_
O
TU
10
1

C
ep
ha
lo
tri
ch
ie
lla
.p
en
ic
ill
at
a_
O
TU
11
0

P
en
ic
ill
iu
m
.p
sy
ch
ro
se
xu
al
is
_O
TU
22

R
ho
do
to
ru
la
.ta
iw
an
en
si
s_
O
TU
98

E
ur
ot
ia
le
s.
sp
_O
TU
69

M
ag
nu
si
om
yc
es
.c
ap
ita
tu
s_
O
TU
12
6

Tr
ic
ho
de
rm
a.
lo
ng
ib
ra
ch
ia
tu
m
_O
TU
95

W
al
le
m
ia
.s
eb
i_
O
TU
41

W
al
le
m
ia
.m
el
lic
ol
a_
O
TU
10
0

A
sc
om
yc
ot
a.
sp
_O
TU
14
5

W
al
le
m
ia
.m
ur
ia
e_
O
TU
99

P
en
ic
ill
iu
m
.c
ap
su
la
tu
m
_O
TU
97

A
sp
er
gi
llu
s.
au
st
ro
af
ric
an
us
_O
TU
36
4

A
sc
om
yc
ot
a.
sp
_O
TU
37

Le
ca
ni
ci
lli
um
.m
us
ca
riu
m
_O
TU
35
8

C
an
di
da
.s
ak
e_
O
TU
52
3

M
on
as
cu
s.
pu
rp
ur
eu
s_
O
TU
65

G
eo
m
yc
es
.a
ur
at
us
_O
TU
43
3

P
en
ic
ill
iu
m
.c
hr
ys
og
en
um
_O
TU
55
6

P
se
ud
al
le
sc
he
ria
.b
oy
di
i_
O
TU
8

P
ic
hi
a.
m
an
sh
ur
ic
a_
O
TU
18
6

C
an
di
da
.s
ak
e_
O
TU
55
3

C
an
di
da
.s
ak
e_
O
TU
38
8

D
ot
hi
de
om
yc
et
es
.s
p_
O
TU
25

S
or
da
rio
m
yc
et
es
.s
p_
O
TU
13
7

Tr
ic
ho
m
on
as
cu
s.
ci
fe
rr
ii_
O
TU
15
9

A
sp
er
gi
llu
s.
pe
ni
ci
lli
oi
de
s_
O
TU
49

S
or
da
rio
m
yc
et
es
.s
p_
O
TU
30

A
lte
rn
ar
ia
.in
fe
ct
or
ia
_O
TU
6

S
or
da
ria
le
s.
sp
_O
TU
14

S
ce
do
sp
or
iu
m
.p
ro
lif
ic
an
s_
O
TU
7

C
an
di
da
.x
yl
op
so
ci
_O
TU
4

E
xo
ba
si
di
om
yc
et
es
.s
p_
O
TU
50

S
or
da
rio
m
yc
et
es
.s
p_
O
TU
28

A
cr
em
on
iu
m
.p
er
si
ci
nu
m
_O
TU
38

P
se
ud
al
le
sc
he
ria
.b
oy
di
i_
O
TU
62
0

A
cr
em
on
iu
m
.s
p_
O
TU
24

A
cr
em
on
iu
m
.a
lte
rn
at
um
_O
TU
57

A
sp
er
gi
llu
s.
am
st
el
od
am
i_
O
TU
2

S
ce
do
sp
or
iu
m
.s
p_
O
TU
10
9

To
rr
ub
ie
lla
.s
p_
O
TU
66

Tr
ic
ho
sp
or
on
.c
ut
an
eu
m
_O
TU
17

C
an
di
da
.s
ak
e_
O
TU
83

C
an
di
da
.s
ak
e_
O
TU
28
7

D
ot
hi
de
om
yc
et
es
.s
p_
O
TU
13

Tr
ic
ho
sp
or
on
.a
st
er
oi
de
s_
O
TU
14
8

A
ur
eo
ba
si
di
um
.m
ic
ro
st
ic
tu
m
_O
TU
59
9

B
ul
le
ro
m
yc
es
.a
lb
us
_O
TU
15

H
an
na
el
la
.o
ry
za
e_
O
TU
71

M
ic
ro
as
cu
s.
br
ev
ic
au
lis
_O
TU
33

A
sc
om
yc
ot
a.
sp
_O
TU
62

P
le
os
po
ra
le
s.
sp
_O
TU
15
6

R
as
am
so
ni
a.
cy
lin
dr
os
po
ra
_O
TU
10
3

W
ic
ke
rh
am
om
yc
es
.a
no
m
al
us
_O
TU
35

A
lte
rn
ar
ia
.s
p_
O
TU
17
7

S
ar
oc
la
di
um
.s
tri
ct
um
_O
TU
93

Th
er
m
om
yc
es
.d
up
on
tii
_O
TU
9

P
ha
eo
sp
ha
er
ia
ce
ae
.s
p_
O
TU
45

S
te
m
ph
yl
iu
m
.h
er
ba
ru
m
_O
TU
12

A
sp
er
gi
llu
s.
pe
ni
ci
lli
oi
de
s_
O
TU
94

A
lte
rn
ar
ia
.a
lte
rn
at
a_
O
TU
1

D
io
sz
eg
ia
.h
un
ga
ric
a_
O
TU
82

P
yr
en
op
ho
ra
.tr
iti
ci
.re
pe
nt
is
_O
TU
5

C
ry
pt
oc
oc
cu
s.
vi
ct
or
ia
e_
O
TU
21

C
ry
pt
oc
oc
cu
s.
vi
ct
or
ia
e_
O
TU
47
7

S
po
ro
bo
lo
m
yc
es
.ru
be
rr
im
us
_O
TU
26

E
xo
ba
si
di
om
yc
et
es
.s
p_
O
TU
29

P
se
ud
os
pi
ro
m
as
tix
.te
nt
ac
ul
at
a_
O
TU
61

Zy
m
os
ep
to
ria
.h
al
op
hi
la
_O
TU
24
4

S
po
rid
io
bo
la
le
s.
sp
_O
TU
40

S
or
da
rio
m
yc
et
es
.s
p_
O
TU
18
0

B
ul
le
ra
.g
lo
bo
sp
or
a_
O
TU
11
3

C
ry
pt
oc
oc
cu
s.
m
ag
nu
s_
O
TU
68

A
sc
om
yc
ot
a.
sp
_O
TU
58

S
po
ro
bo
lo
m
yc
es
.c
op
ro
sm
ae
_O
TU
78

Fu
sa
riu
m
.p
oa
e_
O
TU
61
6

D
ot
hi
de
om
yc
et
es
.s
p_
O
TU
24
7

G
ib
be
re
lla
.z
ea
e_
O
TU
36

C
ry
pt
oc
oc
cu
s.
sp
_O
TU
53

BstY
BstY_a
BstY_b

Normalized Abundance

0
0.2
0.4
0.6

Phylum
Ascomycota
BasidiomycotaComplete linkage dendrogram based on the�GLVVLPLODULW\�PDWUL[ Bray-Curtis 

U
PG

M
A

 d
en

dr
og

ra
m

 b
as

ed
 o

n 
th

e 
Sp

ea
rm

an
's

 c
or

re
la

tio
n 

of
 O

TU
s 

Capnodiales.sp_OTU11
Aspergillus.fumigatus_OTU19
Thermomyces.dupontii_OTU44

Aspergill
Mic

C rys
b

Penicillium.ilerdanum_OTU32�
Geosmithia.sp_OTU39

us.quadrilineatus_OTU16�
roascus.cirrosus_OTU51�

h� osporium.lobatum_OTU20�
De� aryomyces.hansenii_OTU52�

Paecilomyces.fulvus_OTU63�
Microascaceae.sp_OTU604�

Candida.sake_OTU101�
Cephalotrichiella.penicillata_OTU110�
Penicillium.psychrosexualis_OTU22�
Rhodotorula.taiwanensis_OTU98�

Eurotiales.sp_OTU69�
Magnusiomyces.capitatus_OTU126�

Trichoderma.longibrachiatum_OTU95�
Wallemia.sebi_OTU41

Wallemia.mellicola_OTU100�
Ascomycota.sp_OTU145
Wallemia.muriae_OTU99

Penicillium.capsulatum_OTU97�
Aspergillus.austroafricanus_OTU364�

Ascomycota.sp_OTU37�
Lecanicillium.muscarium_OTU358�

Candida.sake_OTU523
Monascus.purpureus_OTU65�
Geomyces.auratus_OTU433�

Penicillium.chrysogenum_OTU556�
Pseudallescheria.boydii_OTU8�
Pichia.manshurica_OTU186�

Candida.sake_OTU553
Candida.sake_OTU388�

Dothideomycetes.sp_OTU25�
Sordariomycetes.sp_OTU137�

Trichomonascus.ciferrii_OTU159�
Aspergillus.penicillioides_OTU49�

Sordariomycetes.sp_OTU30�
Alternaria.infectoria_OTU6�
Sordariales.sp_OTU14�

Scedosporium.prolificans_OTU7�
Candida.xylopsoci_OTU4�

Exobasidiomycetes.sp_OTU50�
Sordariomycetes.sp_OTU28�

Acremonium.persicinum_OTU38�
Pseudallescheria.boydii_OTU620�

Acremonium.sp_OTU24�
Acremonium.alternatum_OTU57�
Aspergillus.amstelodami_OTU2�

Scedosporium.sp_OTU109�
Torrubiella.sp_OTU66

Trichosporon.cutaneum_OTU17�
Candida.sake_OTU83
Candida.sake_OTU287�

Dothideomycetes.sp_OTU13�
Trichosporon.asteroides_OTU148�

Aureobasidium.microstictum_OTU599�
Bulleromyces.albus_OTU15�
Hannaella.oryzae_OTU71�

Microascus.brevicaulis_OTU33�
Ascomycota.sp_OTU62�

Pleosporales.sp_OTU156�
Rasamsonia.cylindrospora_OTU103�
Wickerhamomyces.anomalus_OTU35�

Alternaria.sp_OTU177
Sarocladium.strictum_OTU93�
Thermomyces.dupontii_OTU9�
Phaeosphaeriaceae.sp_OTU45�
Stemphylium.herbarum_OTU12�
Aspergillus.penicillioides_OTU94�

Alternaria.alternata_OTU1
Dioszegia.hungarica_OTU82�

Pyrenophora.tritici.repentis_OTU5�
Cryptococcus.victoriae_OTU21�
Cryptococcus.victoriae_OTU477�

Sporobolomyces.ruberrimus_OTU26�
Exobasidiomycetes.sp_OTU29�

Pseudospiromastix.tentaculata_OTU61�
Zymoseptoria.halophila_OTU244�

Sporidiobolales.sp_OTU40�
Sordariomycetes.sp_OTU180�
Bullera.globospora_OTU113�
Cryptococcus.magnus_OTU68�

Ascomycota.sp_OTU58�
Sporobolomyces.coprosmae_OTU78�

Fusarium.poae_OTU616�
Dothideomycetes.sp_OTU247�

Gibberella.zeae_OTU36�
Cryptococcus.sp_OTU53

BstYBstY_a
BstY_b

N
orm

alized
A

bundance

0 0.2
0.4
0.6

Phylum
A
scom

ycota
B
asidiom

ycota

Fig S7. Unsupervised cluster analysis of day 1 colostrum samples based on the distribution of fungal OTUs. Rows 
correspond to individual fungal OTUs (relative abundance > 0.1% of the community). Columns correspond to individual samples, 
color coded based on BoLA-DRB3.2 variants (BstYa) and (BstYb). The "Normalized Abundance" key relates colors to the 
normalized proportions of OTUs across samples. The top dendrogram shows the result of complete-linkage hierarchal clustering of 
samples based on the Bray–Curtis dissimilarities of their fungal communities. The left dendogram shows how OTUs correlate (co-
occur) with each other based on their Spearman's correlation coefficient. The "Phylum" key relates the left annotations to the 
corresponding phylum of each OTU. Color codes have been used to highlight statistically significant associations between the 
proportion of OTUs and BoLA-DRB3.2 variants (identified using Linear Discriminant Analysis Effective Size (LEfSe)). Bray-Curtis 
resemblance matrix was created based on the proportions of the abundant fungal OTUs and subjected to PERMANOVA (9999 
permutations) in order to test the significance of the clustering pattern of samples based on BoLA-DRB3.2 variants. A p -value < 
0.05 was considered significant. 



Bacterial	community	–	Observed	OUTs	 Bacterial	community	–	Chao1	richness	 Bacterial	community	–	Shannon	diversity	

Fungal	community	–	Observed	OUTs	 Fungal	community	–	Chao1	richness	 Fungal	community	–	Shannon	diversity	

a) b) c) 

d) e) f) 

Figure S8. Rarefaction curves of of richness (Observed-OTUs and Chao1) and diversity (Shannon) indices for bacterial (a-c) and fungal (d-f) 
communities.   


