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Figure S1. Phylogenetic relationships between six fungal species (Cordyceps and related species, and a closely related medicinal

fungus) based on their ntDNA-ITS sequences. Numbers at the nodes are the bootstrap values from 1000 replicates. The ntDNA-
ITS sequence of Nectria cinnabarina (AB237663) was used as an outgroup.
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Figure S2. Comparison of nrDNA-ITS sequences and positions of species-specific primers for the development of SCAR markers. Sequences were
aligned using the ClustalW alignment tool of the BioEdit program (version 7.2.6). The arrow boxes indicate primer sequences and their polarities. The
primer names are given in the boxes. Dots (.) and dashes (-) indicate identical nucleotides and gaps, respectively, when compared with C. militaris
KACC 43316, to maximize sequence alignment presentation.
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Figure S3. Establishment of the real-time PCR assay for distinguishing Cordyceps and the related species, and the results from real-time PCR assays
of commercial products. (A) C. militaris, (B) C. pruinosa, (C) I. cicadae, (D) I. tenuipes, and (E) O. sinensis. Right panels: Real-time PCR data for
five serial dilutions of the control genomic DNA template (15 ng, 1.5 ng, 150 pg, 15 pg, and 1.5 pg) and commercial products. Left panels:
Quantification data for five serial dilutions of the control genomic DNA and commercial product templates.



Molecules 2018, 23, 1932

A

BROHOOOOOOOOO000000000000000000000000000N0N0000000Q0Q0CO0OHMHOOO

. militaris CM F3

sinensis 2-2016-F027

. pruinosa KACC43329

cicadae RACC43335
tenuipes KACC43336

. bassiana KACC43338

acicularis JND49820
agriotidis AB968403
appendiculata JN943325
arborescens ABI68398
anstralis KF9537349
clavata JHN943327
cocecidiicola AB968404
coenomyia AB9GB396
communis GU723768
dipterigena AY245629
entomorrhiza AJTB6560
ferranginosa ABIGB405
gracilis HM1429542
heteropoda FJ765027
irangiensis AY646400
lloydii KP200892
longissimi AB968406

. macroacicularis EROD5829
. myrmecophila MHO28143

nigrella JHN049853

nutans AB176463

rhizoidea GU723769
robertsii AJ309335
rubiginesiperitheciata JN94
sobolifera AB968409
sphecocephala JN943350
stylophora JHD49828
tricentri AJ309364
unilateralis GU723756

. xnefengensis REY429942

tuberculata GQ250005
spegazzinii BEQ248195
scarabaeicola AY245639
roseostromata AY245637

. psendomilitaris JN943305
. plenricapitata JN943304

ninchokispora AY245642

. memorabilis JN116706

hawkesii AJ309341

gunnii AJ309340

fratricida JQ349068
eylindrica GU980041
coccidioperitheciata JND498
cardinalis RF937320

. brongniartii AB100036
. bifusispora AY245627

japonica AF200370
hepiali HM135170
anisopliae ABO71711

CTCq

TC.

CT
TC.
TC.

10 20
B
JCAACCCTT TG TGAACATA
e ALLCEC, . Cuulan
I emeeeen c..

O c..

N c..

T R A c..
.C.A..CCC.. C....CG
A.....CC .. C....C.
G..A..CCC.. C .cc
AL c.

20 40
I [
cofares TTGCTT
cca. JGCA. .C.
Y B T

I P

[ T
TACCA. |GAAC G....C.
TA.QCA. .CG....C.
TACC. .4CA L.CL
.C.

A
G
JALLCCCLA- AG. LA TACC. CTA .C.
TC. JA..A..CAC.. ..C.
.. .ALLCAC. . .C.
JT.ALLCAC. .
..C.
TC. . ‘. ..C.
TCT{.G.A..C-C.. o
A.. .C.
.q.C.ATTC.C
AL
.
oA
oA
WAL
oA
TCT Al
GC. AL
TC.
TC.
TC.
TC.
caT I N SRR
e de JALCARATG. .0l A.QT TCAG......
TC. {T. AL C.. [
T it W | FURRRE L R pEpEp
C - Bl LA
TC.JA. .o Tiu—iannnss B N S
.CC .TT TACCTTT. T

oo

EmHNONONNN00NNNNNNNN00N00000N0000000000000000000000WHHA0D

. militaris CM R3

sinensis 2-2016-F027
pruinosa KACC43329
cicadae RACC43335
tennipes KACC43336
bassiana KACC43338
acicularis JND49820
agriotidis AB968403
appendicnlata JN943325
arborescens AB968398
anstralis KF937349
clavata JHN943327
coccidiicola AB968404
coenomyia AB968396
communis GU723768
dipterigena AY245629
entomorrhiza AJ786560
ferrnginosa AB96B405
gracilis HM142942
heteropoda FJ765027
irangiensis AYE46400
lloydii KP2008952
longissimi AB968406
macroacicularis KRO0O5829
myrmecophila MHO28143
nigrella JN049853
nutans AB176463
rhizoidea GU723769
robertsii AJ309335
robiginosiperitheciata JN94
sobolifera AB968409
sphecocephala JN943350
stylophora JHNO49828
tricentri AJ309364
unilateralis GU723756
xunefengensis EY429942
tuberculata GQ250005
spegazzinii HQ248195
scarabaeicola AY245639
roseostromata AY245637
psendomilitaris JN943305
plenricapitata JN943304
ninchukispora AY245642
memorabilis JN116706
hawkesii AJ309341
gunnii AJ309340
fratricida JQ349068
cylindrica GU9B0041
coccidioperitheciata JHND498
cardinalis RKF937320
brongniartii AB100036
bifusispora AY245627
japonica AF200370
hepiali HM135170
anisopliae ABO71711

6 of 11

10 z0 30 40 50 €0
I P [
TCAGA AAAACTECT AGATACACT GTT TGGGG CCPCCGAC GGCCGC

TG AGAG.TG.CHC.GC..C.GG GG.G.C. . GGT..[r...G. G
..... G.G. C. ...A...GA ..TG...T P R«
..... G.G...]a. G -GG ..GC.T T.["...G.
..... G.GG. . JAC .......G0 ..GC.T. T. I
..... A G.TG..J. AL AG A...TGA..T o GLCG L.
GC CGAG.TG.CJ|C.G.C. GTC GGAG.C.T GGC. .M. ..G. ..G..
T CGAT.GT.CHC.G. .G. GGAG.C. GGT. .. ..G. G
TC.GAG AGA. .TG.CAC.GC..C.GG AGAG.CC. GGT..[r...G. G..
TC.GAG AGA. .TG.CJC.GC..C G AGAG.C T GGT..[...G. ..G.
TCAG. .G.TAATAA A, . .ATA. AGCA.T.ATAAAACT .TIF.T.G.A..TT
..... GG GGC.CCG. . |.G6GC.GA.GG. CG.GCC. T G T...G..G. .G..G
TC.GAG AGC. .TG.CJC.GC..C.GG AGAG.C..... GGT..[r...G. ..G...
..... GGACGGCGCG . CETCCCCGG CG.GCGGA. . .CGGTTT|IT.A.GA.CTT.G
..... GC AATGC.T.CYT.CA. LA GAG.T T PO Y Y < P
TC.G.A.TCAGT....AC AG.G.T..CTT GGG..pA...G.A..T.T.
..... A G.C.TCE. . AGA.G...G G.G.TC...T F...G. ..G..G
G..GG GGA.CC. . TAGA. AG. AGAG.TC.... GGT..[f...G. ..G.
..... GGACGACGCG . CECCCGCGE CG.GCGG.C. . TTG.A.GA.TTT.G
..... GG AGA. .TT.C|CC C.C.GGG.GTAATGCAAGAGAG.T T... GTC..[FG..G. ..G...
TCAG. .G GT.A. ... LAG AGT TTAGGTT. .['TT.G.A.TTTCT
Hoinformati
..G..A GATGCC..CJCGTG. .A. .G GGAG.T.A... G T..[...G. -GG
TC.GAG AGA. .TG.CAC.GC..C.GG AGAG.C....T GGT..[...G. ..G...
CACTAA. . TGTCYCAA . A. . GGT TTTAGGGT . .|I.T.G.A. .GGCT
..... GG TATCGCG.C GCG CG.GCGGA. . .G TT[FT . . GGGC
TGAG. . .GACTTGA.A. A. AGCG.T. TAAAAGTT. . .G.AT.TACT
TC GGAGGG. .GJC.GGA. .. C GGAG.CGT. . T.. .G.-..G.
TC.GAG AGA. .TG.CAC.GC..C.GG AGAG.C.... GGT.. .G.C..G
TC GTAG.TG.CHC.GC..C.GG AG.G.C.... ~GGT.. .G. G...
. .G..GT GCTGCC. .CATGCG. . A GGAG.TC...T-G T. .G, . .GG

TCAG. .GACTAGGTATA. A CGAG.T. . GGTT GGCA.G.CT
TC.GAG AGA. .TG.CAC.GC..C. G AGAG.C...T ~GGT.. .G

TCAC. .GAG|C.ATA. ..AC CA.G.TG. GGT. .[.TT.G

TCAG.GG. . |C.CT.CCGA. GGCTC AGCGAC.T.CTCCTC. .|MG. .G.

AGAG.TG.CAC.GC. .C.GG AG.G.C....ATGGT..|'...G.

G.TG - AL .GGG T.G.G. . T.[l...G.
..... G.T. A.G.......GG i=resen T.}...G.
..... A G.TG A AL ... LAG G...TA T.IM...G.
.................. G.
..... A G.G. CA.....GAA GAG.T.AT T.r...G.
..... T -GATGCCG.C].GG.TGC. .G AGTGAG.CT G-T..r...G.
..... G.G. C. ...A...GA .. TG...T P L= P
..... G- AATGCC ACTA.A.C.AT..A GAG.T. .AT. TG, ..G..
..... CGGTAT.C. . TACAGT .A.G.G. AATACA CGAG.T. .A.T T....G. .AG..
..... CGGTAT.C. . TAGAGT .A.G.G. AATACA GAG.T.AA.T G LAG. .
..... [od ATGC.TTCRAGA.T.C.G. A GAG.T....T N N L I
..... GA GTAG.G.GC|CCGCAGGGGE . GCGATGCAGGAGT . . TGC. . T-GTC. .[fG..G. . .G..
..... A G.GG..|A. - .A.....GA .. .TG. T.I"...G.
..... A G.G. ACCAL L. LGA GAG.G. .T. r...G.
..... A GGTG A.--A.....AG A...TAA.. PIPY P =
..... G.G...|]A. G . .GG ..GC.T T.r...G.
..... G.GG. . JAC.......GG ..GC.T T ..G.
..... A G.T AG- A ..GA .. .TG.. T.[f...G.
..... A--GAT.CTTA.TAAA.A..T..G AAGGT.T... T.}...G.




Molecules 2018, 23, 1932 7 of 11

(@)
O

pruinosa CP F1
sinensis 2-2016-F027
militaris KACC43316
cicadae KACC43335
tennipes KACC43336
bassiana FACC43338
acicunlaris JHNO49820
agriotidis AB968403
appendiculata JN943325
arborescens AB3968B398
australis EF937349%
clavata JN943327
coccidiicola AB968404
coenomyia ABIG6B8396
communis GU723768
dipterigena AY245629
entomorrhiza AJTB6560
ferruginosa AB9S6B405
gracilis HM142942
heteropoda FJ765027
irangiensis AY646400
1lloydii KP200892
longissimi AB96B406
macroacicularis KRD05829
myrmecophila MHD28143
nigrella JHO49853
natans AB176463
rhizoidea GU723769
robertsii AJ309335
rubiginosiperitheciata JN94
sobolifera ABI968409
sphecocephala JN943350
stylophora JHO49828
tricentri AJ309364
unilateralis GU723756
xuefengensis KY429942
tuoberculata GQ250005
spegazzinii HQ248195
scarabaeicola AY245639
roseostromata AY245637
pseundomilitaris JN943305
pleuricapitata JN943304
ninchukispora AY245642
memorabilis JHN116706
hawkesii AJ309341
gannii AJ309340
fratricida JQ349068
cylindrica GU9B0041
coccidioperitheciata JN0498
cardinalis KF937320
brongniartii AB100036&
bifusispora AY245627
japonica AF200370
hepiali HM135170
anisopliae ABO71711

BERMHOOOOOOOONDNONONON0NO00NO0O000NO0O0000000000NNO00000000HMHMNON

CAA

10 20 30
bacTCGA - Cce CTCCTCGCGGGA

Je.. . ... ceceoee. ..

e .GT C...G.G..

e .GT .C...G.

e .GT .C..CG.

P [ C...T.G.

e. .G.A. CG.

.{C.. .GG. C. .CTAG.
PRI ¢ P, CCCCC.AG.C.CG
Ceveea—0.. CGGCT
«TA.T.TA.TTAATATTAAGTATA T.TT|
e cC C..CA......
C.. CGCCTCGG
C.. Cc..C..

C. .LC.TC.AG....
C..TA.G C TGT.G..TAG
C....GG.. C..CTCGC...
C...AGG. .. CCGCGAC. .CA...TC
c.. .G.. C..CA.
C. .G. .. .C..C..G...q
... .AA.GA.GCTATATGG. .T.TC T.TT|.
PCTG. .TG. TG CGGTGAT . ..... C.
C.....G... GCCGCGGCG.C.CTCTCO
€.....G... -CCCTC.G..C.CG.
...ALL.CA G.AGTCTA-T.TT
C.....G... -CCGCG.
A.G.ATTTATACCT . GTATAGT . TT|
C.....G... CGGCT . GG
C.....G... -CCCTC.GG.C.CG
C.....G.. C.uCuvvnnnn
C.....G.. CG..GAG.C..
...A..GG.TGCTATAGTAGGGT . TT.AT|
C. .G...--CCCCA.C..C.CG
.+ .AA.GA.ACTATATGTG. . . TT-TATT
C....GG.G. -GCGCCG. . .C.CGTCC.
C.....G... -CCGC--CG.CA..CCT]
.C.G.G.
C. .GT .C..
c.. LTT .C.T.
C.....-.GT .C..
C.....G.T .C..
C...AGG. C..
C. P L s s
CovesT=us CGGCTT.T..T...
C. CCCCCG . .GCG.CT.
C. CCCCCG « .GCGTCT.
C. TG..G6..T.CG
C.. . cC C. .o
C.. .T +C.TC..G..A,
C.. C...T.G. A,
C. LC-T.T.G..AAL....
C.. .C..Ca. A e
C.. .C..CG. AQ
C..... L.C.T.T.G. .AN
C...A.GT.. C.TGT. .4

PEEE

Y
[GTCGG

eGGe.

«JeC.C.
GG

GA.A
CC.C.

G..T
f°C.CC

LGA.C

LGALA

JGeT.

PGTAA

LGALA
[CGG. .
cC. ..

BEMHOOOOOOOO0O000000000000000000000000000NN0C00000QCQOOEHHOON

pruinosa CP R1
sinensis 2-2016-F027
militaris KACC43316
clcadae KACC43335
tenuipes KACC43336
bassiana FACC43338
acienlaris JND49820
agriotidis AB968403
appendiculata JN943325
arborescens AB368398
australis EKF937349
clavata JN943327
coccidiicola AB968404
coenomyia ABI6B8336
communis GU723768
dipterigena AY245629
entomorrhiza AJ7BE560
ferruginosa AB96B405
gracilis HM142942
heteropoda FJT765027
irangiensis AY646400
1lloydii KP200892
longissimi ABS68406
macroacicularis RRO05829
myrmecophila MHO28143
nigrella JHD49853
natans AB1T76463
rhizoidea GU723769
robertsii AJ309335
rubiginesiperitheciata JN94
sobolifera AB968409
sphecocephala JN943350
stylophora JNO49828
tricentri AJ309364
unilateralis GU723756
xuefengensis KY429942
tuberculata GQ250005
spegazzinii HQ248195
scarabaeicola AY245639
roseostromata AY245637
pseundomilitaris JN943305
pleuricapitata JN943304
ninchukispora AY245642
memorabilis JHN116706
hawkesii AJ309341
gunnii AJ309340
fratricida JQ349068
cylindrica GU980041
coccidioperitheciata JND498
cardinalis RF937320
brongniartii AB10003&
bifusispora AY245627
japonica AF200370
hepiali HM135170
anisopliae ABDO71711

p L)

leeealmeeaeee
joTCCCG GTGCGAC

20 30
[y P
TGGT GTH
GT.CTCAGT - GA.CT|
T.G

CT. T A
GT .CTCGGGAGA .
GT.TC.CGAGGA .
GT .CTCAGG GA.

T.CTCTGG GA.

C. . . T.GT.v s
CCT..CG......
! | P

« . TTAAAAA. .CTTCCAATTATG
LCgCcaG. . .G--C.T.C
SCYC-TT.CG. v v v u s G GT.CTCTGG GA.
LCJC .C.CTGT
« « JCCT .G CGT.C
PN -G CT.AACG
«WCYC--T.CG. . v ot G .C..AAG - .
CCYCG. . .CG. .. .u GCTT.CC. TAGCGCTCT|- T.
PRaH a L.C.CTGT LT ..
PR a ..G GTGT..G CT|.
T.CHAGT . TTCCAA. . TTGCAA . TAAA TCT}. - .
. G.G.CCTCC...G ATCAGT|. .- ...
G.CJCC...CGA. . ... GCGT.T.CT
LCJC TT.CG. .. ... G GT.CTCTGG GA.CT| ........
JQC.A.TATAA. .A. TGCAA. TAGT JT) .. TTA. .A
informati
CGA.TTCT. . .ATTTGTA.C.TT T. . .CTA. . A
LCcL . .G C.AA TCT|. . -
..CJC-TT.CG...... G GT.CTCTGG GA.CT| .. ......
LCJC LG.CG.L ... G GT.CTCAGG GA.CT|
LLCJCC. L LCGAL L ... GCGT.TC.T T ..
T.CHAAT. . TCCA .ATGGCGA . TAAAA GTCT|. ..
L.CJC .G, ..G GT.CTCTGG GA.CT[. ...
CTAAT . TTCCA . . TTGTGAAT . AT T ..
LCOQCGT. .CGTC. . .GA GGTCGT[. .. ....G.
. T.CTCTGG GA.CT| o vv e

T.G--T CT|evveve v

LT.G AGT|. ...
.T. G AT . AL
G .T.G CGT) AL
AL

G GT.AT G T.T. .
T .CTCGTG CT.CT]

GT.ATTT

ACT|. . . A. .
GT. TGT +CT - AL .
. GT. TGT CT. . A
G GT .GTAT oo Ths AL
G GT.T.CT T .
G .T.G ACT + e v v s
G GC.A T LOT] L AL
-G T ] A.T|. A
G TGT|
C TGT|
T G AT A
G T.CTTT ACT|




Molecules 2018, 23, 1932

BERMHOOOONOOOOOO0NO00NO0N00NO0000NO0000000000NMNO00000000HAONDOH

cicadae IC F3
sinensis 2-2016-F027
militaris KACC43316
pruinosa KACC43329
tennipes KACC43336
bassiana KACC43338
acienlaris JND49820
agriotidis ARS68403
appendicnlata JN943325
arborescens AB96B398
anstralis KF937349
clavata JN943327
coccidiicola AB968404
coenomyia AB96B396
communis GU723768
dipterigena AY245629
entomorrhiza AJTBE560
ferruginosa ABI68405
gracilis HM142942
heteropoda FJ765027
irangiensis AY646400
lloydii KP200852
longissimi ABSGBA06
macroacicnlaris KRO0S5829
myrmecophila MHO28143
nigrella JHD49853
rmatans AB176463
rhizoidea GU723769
robertsii AJ309335
rubiginosiperitheciata JN94
sobolifera AB96B409
sphecocephala JN943350
stylophora JHO49828
tricentri AJ309364
unilateralis GU723756
xuefengensis KY429942
tuberculata GQ250005
spegazzinii HQ248195
scarabaeicola AY245639
roseostromata AY245637
psendomilitaris JN943305
plenricapitata JN943304
ninchukispora AY245642
memorabilis JH116706
hawkesii AJ309341
guannii AJ309340
fratricida JD349068
cylindrica GUSB0D41
coccidicoperitheciata JNO498
cardinalis EKF537320
brongniartii AB100036
bifusispora AY245627
japonica AF200370
hepiali HM135170
anisopliae ABD71711

R
ACTCCCA
CTC..

10 Z0
Y R Y [
(A CCCTTCTGTGAACC
A...CCTG C..

« A

.TT

30 4
TACGC
CC. .AGCA
.CT
-CA
.C.
.« CT .
G...CACTG.A
T...C-C ACG
C...C.CAC.
T...CACACG .
A..TATCTT.A -TT|
G.GAC.CCCGGAAG .

G... .CGCG
. TACAGC G
A...C ATAC
cesessa-T...C
ALAG. .A-A...C.CTAC
G...C CAGC
T...CTCA
......... CA...CTATA
oinformat i on=—————l
...CACA C
T...CAC ACG
B .GT.AACCTACCTA
A...CG.G C.C GC.TA.CGTC .
AATTC.... A.GTATAT .. - TT|
A ACTG....... . CGCAAG
A CCTG ...... C...CTCAC.
JALLCGTG .. .a .. G...CTC G
AL T...CGCAAC
Al . A...CTATA.
A...CCTG ...... G...C.CACG
AA. CA. . viunun T-G.C.CTAT
AL CA.GAGA.C CGTCGGA - AACGA]
AL « CAC-ACG
AL .C. G.
.CT . 2
.............. .CT .C T
CT.. e n . G ..CT .
AL AAAL ... ... A .CTC--TC
A...CCTGTGA.C.G .C. G.
Lo CA .C
A...C.G..AA A .TTA C
A...C.G..AACTTA .CTATA C
A C.G..AACTTA .CTATA C
A C.G..AACTTA ...CAC —.A
A CCTGAC. ... G...CAC A
LC.TCTGTG. .A .CT .C
JARAL . A .CT TC
..... Aceivnans .CT
.C.
.C. . 2
..CT .
C.G..AA TTA .CTTTA. . T

ERMHOOOAOOOO000000000000N00000N00000000000NN000000000HONOM

cicadae IC R3
sinensis 2-2016-F027
militaris KACC43316
pruinosa_ RACC43329
tenunipes RACC43336
bassiana RACC43338
acicularis JNO49820
agriotidis AB968403
appendicalata JN943325
arborescens ABSG8398
australis RF937349
clavata JN943327
coccidiicola AB968404
coenomyia ABIG8396
communis GUT23768
dipterigena AY245629
entomorrhiza AJTE6560
ferruginosa ABIG8405
gracilis HM142942
hetercpoda FJ765027
irangiensis AY646400
lloydii KP200892
longissimi ABO68406
macroacicularis KRO0S5829
myrmecophila MHO28143
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brongniartii AB100036
bifusispora AY245627
japonica AF200370
hepiali HM135170
anisopliae ABO7T1711
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. xunefengensis EY429942

tuberculata GQ250005
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cylindrica GU9B0041
coccidioperitheciata JNO498
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japonica AF200370
hepiali HM135170
anisopliae ABO71711
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Figure S4. Confirmation of primer specificity by the alignment of specie-specific SCAR primer regions used for both conventional and real-time PCR
assay. (A) Primer CM F3, (B) Primer CM R3, (C) Primer CP F1, (D) Primer CP R1, (E) Primer IC F3, (F) Primer IC R3, (G) Primer IT F4, (H) Primer
IT R3, (I) Primer OS F1, and (J) Primer OS R2. The boxes indicate primer sequences. Dots (.) and dashes (-) indicate identical nucleotides and gaps,
respectively, when compared with corresponding primer region, to maximize sequence alignment presentation.



