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Abstract

This protocol describes the primers used for bark beetles and associated fungi.

This protocol is part of the Bark Beetle Mycobiome (BBM) Research Coordination Network. For more information

on the BBM international network: Hulcr J, Barnes I, De Beer ZW, Duong TA, Gazis R, Johnson AJ, Jusino MA,

Kasson MT, Li Y, Lynch S, Mayers C, Musvuugwa T, Roets F, Seltmann KC, Six D, Vanderpool D, & Villari C. 2020.

Bark beetle mycobiome: collaboratively defined research priorities on a widespread insect-fungus symbiosis.

Symbiosis 81: 101–113 https://doi.org/10.1007/s13199-020-00686-9.

Troubleshooting
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Diluting primers
Reconstituting lyophilized primers to create 100X stock:

Resuspend to 100 uM/L concentration: for 28.5 nM of lyophilized primer, add 285 ul water (10 times more, in uL).

Dilute to make working solution :

To 10uL of the working stock above, add 90 uL of water, to make 10 uM/L (or 10 pM/ul) solution.

Working concentration: Use 1uL of the working solution above in 25uL reaction (10/25=0.4pM per rxn).

Primers we use

GEN
E

PRI
MER
COD
E

SEQ REF
ERE
NCE

16S 1492
R

GGT
TAC
CTT
GTT
ACG
ACT
T

16S 27F AGA
GTT
TGA
TCC
TGG
CTC
AG

16S
bact
rev

338
R

TGC
TGC
CTC
CCG
TAG
GAG
T

Ama
nn
et al.
1995
.
Micr
obiol
.
Rev.
59,
143–
169.

16S
bact
+arc
haea
for

515F GTG
CCA
GC
MG
CCG
CGG
TAA

Berg
man
n et
al
2011
(Fier
er
lab)

16S
bact
+arc

806
R

GGA
CTA
CVS

Berg
man
n et
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haea
rev

GGG
TAT
CTA
AT

al
2011
(Fier
er
lab)

28S A40
53
(alt_
nam
e:
A1)

TCC
KGT
KTT
CAA
GAC
GGG
GTC

Whit
ing
et al.
1997

28S A42
21
(alt_
nam
e:
A160
)

CGC
CTC
TTC
TCG
CAA
TGA
GA

Seq
ueira
et al,
200
0

28S A42
85
(alt_
nam
e:
A24
7)

CCT
GAC
TTC
GTC
CTG
ACC
AGG
C

Seq
ueira
et al,
200
0

28S A43
94
(alt_
nam
e:
A33
5)

TCG
GAR
GGA
ACC
AGC
TAC
TA

Whit
ing
et al.
1997

28S D2F1 ACT
GTT
GGC
GAC
GAT
GTT
CT

Jord
al
etal.
(200
8)

28S D3R
2

TCT
TCG
CCC
CTA
TAC
CC

Jord
al
etal.
(200
8)

28S f109
4

GGA
TCG
TCG
CAA
GAC
GGA
CAG
AAG

Seq
ueira
et al,
200
0
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28S f116
(alt_
nam
e: e)

CTG
GTT
GAT
CCT
GCC
ACG
T

Ham
by &
Zim
mer
1988

28S f140
3

CGG
AAG
GAT
TGA
CAG
ATT
GAG
AG

Seq
ueira
et al,
200
0

28S f420 GGC
GAC
GCA
TCT
TTC
AAA
TGT
CTG

Seq
ueira
et al,
200
0

28S r109
4
(alt_
nam
e: P)

CGC
TTT
CGT
AAA
CGG
TT

Ham
by &
Zim
mer
1988

28S r113
8

CGC
CTT
CGA
ACC
TCT
AAC

Seq
ueira
et al,
200
0

28S r162
6

GGC
ATC
ACA
GAC
CTG
TTA
TTG
CTC
AAT
CTC

Seq
ueira
et al,
200
0

28S r185
6
(alt_
nam
e: Q)

CAG
CGA
GGA
TGG
CTA
ACT
TA

Ham
by &
Zim
mer
1988

28S r803 CCA
CCG
GCA

Seq
ueira
et al,
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GGA
CGT
CTC

200
0

28S S36
90F

GAG
AGT
TMA
ASA
GTA
CGT
GAA
AC

Dow
ton
&
Aust
in
1998

28S S40
72
(alt_
nam
e:
S1)

GAC
CCG
TCT
TGA
AMC
AMG
GA

Whit
ing
et al.
1997

Ap10
98re
v2

ATA
TTR
TTK
GGC
ARY
TGD
CCK
CCC

[not
e:
TmD
61.1
°C]
[pri
mer_
refer
ence
:Dan
forth
et al.
200
6]

Ap7
87fo
r2

TGC
TTY
GAR
CCD
AGY
CTH
GAT
TAY
TG

[not
e:
TmD
60.0
°C]
[pri
mer_
refer
ence
:Dan
forth
et al.
200
6]

Ap8
35re
v1

GCA
THA
CYT
CHC
CCA
CRC
TYT
TC

[not
e:
TmD
59.8
°C]
[pri
mer_
refer
ence
:Dan
forth
et al.
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200
6]

ApC
ADfo
r1

GG
WTA
TCC
CGT
DAT
GGC
BMG
WG
C

[not
e:
TmD
62.1
°C]
[pri
mer_
refer
ence
:Dan
forth
et al.
200
6]

ApC
ADfo
r2m
od

GAT
GGG
AYC
TNR
GNA
ART
TYC

[not
e:
TmD
53.1
°C]
[pri
mer_
refer
ence
:Dan
forth
et al.
200
6]

ApC
ADfo
r3

CTC
HGT
KGA
RTT
YGA
TTG
GTG
YGC

[not
e:
TmD
60.9
°C]
[pri
mer_
refer
ence
:Dan
forth
et al.
200
6]

ApC
ADfo
r4

TGG
AAR
GAR
GTB
GAR
TAC
GAR
GTG
GTY
CG

[not
e:
TmD
63.1
°C]
[pri
mer_
refer
ence
:Dan
forth
et al.
200
6]
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ApC
ADfo
r4

TGG
AAR
GAR
GTB
GAR
TAC
GAR
GTG
GYC
G

This
is
not
goo
d,
do
not
use.

ApC
ADre
v1m
od

GCC
ATY
RCY
TCB
CCY
ACR
CTY
TTC
AT

[not
e:
TmD
62.2
°C]
[pri
mer_
refer
ence
:Dan
forth
et al.
200
6]

ApC
ADre
v1m
od

GCC
ATY
RCT
CBC
CTA
CRC
TYT
TCA
T

This
is
not
goo
d,
do
not
use.

ApC
ADre
v4a

GGC
CAY
TGN
GCN
GCC
ACY
GTG
TCT
ATY
TGY
TTN
ACC

[not
e:
TmD
68.6
°C]
[pri
mer_
refer
ence
:Dan
forth
et al.
200
6]

ArgK ArgK
-
forB
2

GAY
TCC
GG
WAT
YGG
WAT
CTA
YGC
TCC

Dole
et al.
2010
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ArgK ArgK
-
revB
1

TCN
GTR
AGR
CCC
ATW
CGT
CTC

Danf
orth
et al.
200
5

ArgK ArgK
-
revB
2

GTA
TGY
TCM
CCR
CGR
GTA
CCA
CG

Dole
et al.
2010

cello
bioh
ydrol
ase

fung
CBH
1f

cello
bioh
ydrol
ase

fung
CBH
1r

CO1 1495
b

AAC
AAA
TCA
TAA
AGA
TAT
TGG
RAC

Smit
h
and
Cog
nato,
2014

CO1 A22
37R

CCG
AAT
GCT
TCT
TTT
TTA
CCT
CTT
TCT
TG

CO1 A241
1R

GCT
AAT
CAT
CTA
AAA
ACT
TTA
ATT
CC
WGT
WG

CO1 HCO
2198

TAA
ACT
TCA

Heb
ert
et al.
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GGG
TGA
CCA
AAA
AAT
CA

200
3

CO1 LCO
1490

GGT
CAA
CAA
ATC
ATA
AAG
ATA
TTG
G

Heb
ert
et al.
200
3

CO1 LepF
1

ATT
CAA
CCA
ATC
ATA
AAG
ATA
TTG
G

Heb
ert
et al.
200
4

CO1 Lep
R1

TAA
ACT
TCT
GGA
TGT
CCA
AAA
AAT
CA

Heb
ert
et al.
200
4

CO1 r750 GAA
ATT
ATN
CCA
ATT
CCT
GG

Smit
h
and
Cog
nato,
2014

CO1 S171
8F

GGA
GGA
TTT
GGA
AAT
TGA
TTA
GTT
CC

EF1a A104
3

GTA
TAT
CCA
TTG
GAA
ATT
TGA
CCN

Nor
mar
k et
al.
1999
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GGR
TGR
TT

EF1a S149 ATC
GAG
AAG
TTC
GAG
AAG
GAG
GCY
CAR
GAA
ATG
GG

Nor
mar
k et
al.
1999

efTu 52F Lud
wig
et al

ITS
(end
of
SSU
)

ITS1 TCC
GTA
GGT
GAA
CCT
GCG
G

ITS
(in
5.8S
, for)

ITS3 GCA
TCG
ATG
AAG
AAC
GCA
GC

ITS
(in
5.8S
,
rev)

ITS2 GCT
GCG
TTC
TTC
ATC
GAT
GC

ITS
(rev,
start
of
LSU)

ITS4 TCC
TCC
GCT
TAT
TGA
TAT
GC

ITS
fung
al
(like
ITS1,
basi
dio)

ITS1
-F

CTT
GGT
CAT
TTA
GAG
GAA
GTA
A
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LSU
(28S
)

JH-
LSU
-91

AGT
AAC
GGC
GAG
TGA
AG

prob
ably
univ
ersal
for
fung
i, not
for
inse
ct,
posit
ion
91 in
S.
cere
visia
e
28S

LSU
(28S
)

LR0
R

ACC
CGC
TGA
ACT
TAA
GC

ident
ical
in
inse
ct
and
fung
i

LSU
(28S
) rev

JH-
LSU
-377

TTT
TCA
AAG
TGC
TTT
TC

almo
st
ident
ical
to
LR2
but
with
one
bp
mor
e
spec
ific
to
filam
ento
us
asco
s,
posit
ion
377
in S.
cere
visia
e;
does
n’t
work
very
well

LSU
(28S

JH-
LSU

GGT
CCG

reve
rse
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) rev -638 TGT
TTC
AAG
AC

com
plem
ent
to
Vilga
lis’s
LR3
R
(whi
ch is
not
the
sam
e as
reve
rse
com
plem
ent
of
LR3)

LSU
(28S
) rev

JH-
LSU
-643

CTC
CTT
GGT
CCG
TGT
TTC

teste
d
with
Raff
aele
a
spp.,
inco
nsist
ent
prod
uct

LSU
(28S
) rev

JH-
LSU
-830

GTT
TCC
TCT
GGC
TTC
ACC
C

teste
d
with
Raff
aele
a
spp.,
inco
nsist
ent
prod
uct

LSU
(28S
) rev

LR2 TTT
TCA
AAG
TTC
TTT
TC

Whit
e et
al.,
from
yeas
t,
1bp
diffe
renc
e
from
filam
ento
us
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asco
s

LSU
(28S
) rev

LR3 CCG
TGT
TTC
AAG
ACG
GG

ident
ical
for
beetl
es
and
fung
i

SSU
(18S
)
gen
eral

NS1 GTA
GTC
ATA
TGC
TTG
TCT
C

euka
ryot
es?

SSU
(18S
)
gen
eral

NS4 CTT
CCG
TCA
ATT
CCT
TTA
AG

euka
ryot
es?

SSU
fung
al

AU2 TTT
CGA
TGG
TAG
GAT
AGD
GG

Van
denk
oorn
huys
e et
al.
200
2,
Scie
nce
295:
2051

SSU
fung
al

AU4 RTC
TCA
CTA
AGC
CAT
TC

Van
denk
oorn
huys
e et
al.
200
2,
Scie
nce
295:
2051

SSU
fung
al

JH-
SSU
-304

CCC
TAT
CAA
CTT
TCG
ATG

upst
rea
m of
AU2,
2bp
diffe
renc
e
from
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Curc
ulion
idae,
can
use
with
NS2
for
240
bp
cons
erve
d
prod
uct
or
with
JH-
SSU
-822
for
~50
0bp
of
varia
ble
prod
uct

SSU
fung
al
(rev)

JH-
SSU
-164
6

CTA
AGC
CAT
TCA
ATC
GGT
A

6bp
upst
rea
m of
AU4,
2bp
diffe
renc
e
from
Curc
ulion
idae

SSU
fung
al
(rev)

JH-
SSU
-822

CTA
GAA
ACC
AAC
AAA
ATA
G

2bp
upst
rea
m of
SR4,
4bp
diffe
renc
e
from
Curc
ulion
idae

SSU
rev

NS2 GGC
TGC
TGG
CAC
CAG

550
in S.
cere
visia
e;
euka
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ACT
TGC

ryot
es?

R= A G (purine) D= G A T

Buying primers
ITS1 example CType: DNA Oligos – modified & non-modified

Oligo Name: …

Synthesis Scale: 0.025 µmol

Purification: Desalt

Sequence (5′ to 3′): …

Format: Lab-ready

Number of Tubes per Oligo: 1

Concentration (µM): NA
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