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Varietal characteristics of new Cordyceps militaris
‘Dowonhongcho 2ho’ improved by mating type molecular

markers
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ABSTRACT: The mushroom species Cordyceps militaris has been studied and cultivated as a medicinal mushroom due to
its multiple valuable biological and pharmaceutical activities. For breeding new strains of C. militaris, multiplex PCR assays
were performed using primers specific for its mating type genes, MAT1-1 and MAT7-2. Mating types and mating status
were confirmed, as evidenced by DNA bands at 233-bp and 191-bp for MAT7-1 and MAT1-2 respectively. The novel
'Dowonhongcho 2ho’ was developed through mating; they were found to possess high-quality fruiting bodies when grown
in artificial media. The stromata of the new strain were club-shaped, with a bright orange-red color, and measured 7.1 cm
in length. They had an average cordycepin content of 0.33%. Compared to 'Dowonhongcho,' the new strain had a 7%
higher yield, as well as firm fruiting bodies. The optimum temperature for mycelial growth was 20~25°C, and the optimum
temperature for stroma development was 18~22 °C. The fruiting bodies developed after 49.1 days from inoculation. The
use of mating type molecular markers improved the breeding efficiency of the new strain 'Dowonhongcho 2ho.” Thus, they
may be valuable for artificial cultivation and industrial-scale production of C. militaris with excellent characteristics.
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sinensis syn. Ophiocordyceps sinensis)®]tH(Zhou et al,
2009). o] FFstx AEA L FAQ ALke S8l B2
=8s sigtoyt o7k AEskAl ERTH(Guo and
Yang, 1999; Liu et al, 1999; Jiang and Yao, 2003). o]}
e A<l Hi Az 2=, F2 7HAol ofgt
e AjFH 5 259 M vlaaa ko] of
5% o]3l= z;ﬁ\_o}qj/ﬂ Aol 1Z4E T th(Huang et
al, 2009).

SEvEtel] x| e EA e E 555t
2(C. militaris (L.) Link)= 8<% W& (Lepidoptera)®]
He|7]e] 714 8t= 2% 7148+ (Entomopathogenic fungi)
S BA 2F FF, HHl7], A% ol AYste] o5 7]
F=2 AAAE P4 sl (Holliday and Cleaver, 2008). &
T o7 A Gt (Ascomycota), AP (Ascomycetes),
S35 (Hypocreales) ™ ZY+2}(Clavicipitaceae), &% 5}
%225 (Cordyceps)©l| 381 oW k=2 H|E|A F=F,
A&, =, =240], Ul 5 A AAZ LR 40099F, =
el 8040l AL = A= U# A AUTH(Mains,
1958; Hawkworth and Rossman, 1997; Liang, 2001;
Isaka et al, 2005; Stensrud et al, 2005; Ma et al, 2007,
Sung et al, 2007; Wang et al, 2008). 53] NAujF, &

H] = W] 55 o] &3 thFeh miR oA QlFAful 7t
7V53aL (Harada et al, 1995; Choi et al, 1999; Sato and
Shimazu, 2002; Sung et al, 1999, 2002; Gao, 2008; Jo
et al, 2008), D}Okﬁ]- xgagl-/\é%go] Z:xﬂg}_‘: o=z ¢
AR 7k vV sEekxe] Fa AddEdE
de3zl AT M (Cordycepin) o] AR Be fo 2
AZHAH(Wu er al, 1996; Oh et al, 2003; Wei et al,
2004; Gu et al, 2006; Yu et al, 2006; Das et al, 2010).
SRl el Hel 715 v thpstel FFYF, WY
24, G9%, Yulolelz, Py, Yo, WG, v
A ol W Be A7t o]FolHgrhH(De Julian-
Ortiz et al, 1999; Yoo et al, 2004; Masuda et al, 2007,
Wong et al, 2010; Wu et al, 2011; Patel and Ingalhalli,
2013). olst o] Welekel 2 e MAMY 5
shzsh ALE kg 7HRI7E Qo] T DA AFH
A 2L A AdS 7}111 ATHTan et al, 2011).

dEjelels FFetxe o544 ARelF (bipolor
heterothallic) A2 i/\i (Shrestha er al, 2004), A&
o2 F o] Wl S (MAT) 75 = MATI-13F MATI-29)
g]gﬁ J—JV_HHQ :g]_zﬂ- ol Hgg]_zﬂ-o] QXJE]J_ U\/oﬂ 9]3l =4
Holol @z}t wHl Y o] B3 MEL FFo] SAH
3 ATH(Che et al, 2004; Sung et al, 2006; Choi et al,
2009; Jeong et al, 2009; Du et al, 2010). MAT A=
9l AR a-BOXE AL U= MATI-13
HMG-BOXE 7HA 3L U= MATI-2ZE FEE 3L, ZHze]
FrAAtel] SolHgl Zetol (primer)E TSt i
B e RE B @ 4 Qe EAEsR olgHt

(Turgeon, 1998; Turgeon and Yoder, 2000; Yokoyama et
al, 2004). o9} 7+& ExlupAE o] 8-31H HEZHQ WY
o 15k BEA Bel, A Azt YAeln g o
ST S, IS 9 AL A S &
85E A7 53R W8S 498 29 5 9ok

B ATt Aeees $59% vEAvE gy

wel el WS BAAE Fal #Rls Az o
2 iy 7o) awelel Auade AR S48 AW
S40] 4 N2 e BEokE EATE 2579 F29
EEEHS wusad B

B APl olg8 #FE
ol A Delee) s 50
of BAIAE

_
al
A e frs@omowl o F 5% g Ao
©

ATz 2502 EFF E’ﬂ 0}9?\3]'. ‘?_}J‘ZJ} ;.:ﬂ‘{—
WA(Water agar)if#|7} B8 dlEtH o] APdEAE
atete] 24°C AFHolE oAl 2U7F WolA|Z] - o3
T2 FAHE HAHE 2 B8] YMA(Yeast
malt agar)dl|Z]oll HE3ste] 24°Cel] 1047F vijfet &
THUOE ARSI

WS ERlsh|

o= T1u

213l NucleoSpin Microbial DNA kit
(Macherey-nagel, Jermany)E °]-&3le] HAAIZHE
Genomic DNAE F&31%].2, primer MATI-1-2 accession
no. ABI124614 (forward, 5-CCATCTCATCGCGGATG-3";
reverse 5-GGGCAAAACGACCATTG-3'), MATI-2= accession
no. AB124626 (forward, 5'-ACATACGCTTGTCAAGA-
3"; reverse 5-AGGAGAGCCTTCTTGAT-3)Z ]3I
3l (Yokoyama et al, 2004; Zhang and Liang, 2013), PCR
%/ template DNA 2 Lol ZHke] 10 pM  primer
1 uL, Bd5F 14 uL= ¥ final volume 20 pL7} %=
= stsith. PCR WH82212 04°Coll M 3w7k wkeA12l ],

94°CollA] 30%, 53°CollA 30%, 72°CollA 30%& ¥ 35
cycleg AAIBIH oM, F DNA 2 72°CAlA 10
02 3o multiplex PCRES Al&Ysl Tt S2¥ PCR
2= 4% agarose gelold 7] FET F, Gel
Documentation system< AH8-3}] DNA bandE €<l st
ATh.

AR g oA HAKAES SA] A8 g
7] 10, 15, 20, 25, 30°CollA] 20Y A}E 3urEo =z 3l
HHEt 3ukgkoll A A% o Ha kS ARESIITh 4

zke] A AR YMA iAol A AFetal e
AR 7PEAE] B FEelA A7 Smme #ES W
W 553tz dAMIEe] YEsHE MCM(Mushroom
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complete media), SDAY(Sabouraud’s dextrose agar yeast
extract), YMA vJ|X| & A28}t (Lee et al, 2013). 9]
oF 2 MiAE P Ad R 3HE- 02 23] HAjE}
ATH.

ARAA] QRS 91314 += Polypropylne ¥l (850 ml)
o dr] 80 gt F/S 100 mIE o] 3087 2t Ht
sto] ztzte] waal Fejataol tigh AdA B Ahdzts
ARz WHoRE WS SRIsGlaL, o|FA =<l
H SEFFE 24°C, 2% 500lux 2719 YMB(Yeast
Malt Broth) A A] ol 2~3L7F E3HHF sl W&
AN &, BAlEelE Sl S 20-22°C, 2=
500lux, 5= 80~90% Z7S F-ASHHA] 50~60493F I
SAHEAE G A

YA thgk BREAS Nano  Space  SI-1
(Shiseido, Japan), Culumn Water PLC C-18& A}-&-3}
qom, 25°CE FA5HA 20nM-KH,PO, &8
1.0 p/minZ2 EHHEY oW UV HAE7|2 254 nmollA &

BEE SSIT. dE A AOACH N T3t
TS FEATH B R A=A mELAYel o

1A

2 AekrstEe Tywring oz AA2E KjeldahlW,
P,0.= HAW | CaO, MgO 2 7 K0% AAESEAWo
=2, pH—‘ AZANR 5g8 S7F 25 mlol 3087 HHA]
71 % pH-Meter(Fisher model-50)2.2 ¥4 =43},
e 22 AXA| (Chromameter, CR-200, Minolta, Japan)
£ o83t L(BE)w, aFME)R/ B b(EHNEREE 5
A3IAIL MIHAE) = v (L-L)+(a-a’)+(b-b’ Y 2.2 A
skl

dallo|HA EAo] 3t FFE o]g-ste] wule} At
HZE AXA A}, ojdol| 4% NEF S8k ‘=
AEZ 259 FAHE YMA Hi=| oA -zr%‘%ﬂ% w,
A= A g oltk(Fig. 1). ‘E=H8E 23°9 A}

Fig. 1. Mycelium(left) and Fruiting body(right) of new
Cordyceps militaris cv ‘Dowonhongcho 2ho.
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F fAR] Eo]zFol ZgolWE ALREle] HojR
PCR 248 MATI-13} MATI-29) thate] z+2; 233-bp2t
191 bpow DNA HI=E A3, o|& B3l A&E%

2% 2308 hREE EAZT 20 wHlE A=
]\MT]-IJ% MATI-2 5 $75 X33 202 b}EM -
g dseH, ‘=d%x 2
3o wHlE 8] AR deldTe 7 MATI—IPJr
MATI-29] §HA¥ S 23 sl 2oz ERIFUG

F

FF 2F e AL 8

ANEF YT 25 ¢ EUT R0 2 FAMY
S B F FF 25 15°C~25°C WY ol gEstgle
30°ColA= #ARe] Aol dA A =Rt
s } 12 B AES =982 257 gR2EF
AZZ el 3l FAYFo] Tha FSgh o= L}E}w
on, ‘=hTx 25°9 AF 20°C ¥ 25°ColA T
ol wls| AR Aol 7P mEA YERd Zlo = i
o} FAMEA 2L-8 20°C~25°CE FHHE TH(Fig. 3).
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Fig. 2. PCR assay for the identification of C. militaris mating
types (MATI-1, MATI-2). M: 100bp DNA ladder, 1:
‘Dowonhongcho 2ho, 2: CM031209-29, 3: CM031238-63, 4:
‘Dowonhoncho.
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Fig. 3. Mycelial growth of new Cordyceps militaris cv
‘Dowonhongcho 2ho’ at different temperatures on SDAY
medium.
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Fig. 4. Mycelial growth of new Cordyceps militaris cv
‘Dowonhongcho 2ho’ on different media.
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Aujd 4L BH gujgAlde T F570 H o
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201 & YeRET, B35k AEE ‘=95 % 23
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= 34.1Y0] g o] HERE A A AA A
FUFE 49790001 | =AFTX00] 4563} v
o 4.190] AA= UK Table 1).

FEoR AEF ‘9T E 23509 ALA 9] HeF
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Table 1. Cultural characteristics of new Cordyceps militaris cv
‘Dowonhongcho 2ho.

Period(days)
Strain Primordial Development
. . Total
formation of fruit body
Dowonhongcho 2ho 15.6 34.1 49.7
Dowonhongcho 154 30.2 45.6

Table 2. Characteristics of fruiting body of new Cordyceps
militaris cv ‘Dowonhongcho 2ho.

Thickn f L f
No of stroma lckness o ength o

Strain (No/bottle) stroma stroma
(mm) (cm)
Dowonhongcho 2ho 124 3.5 7.1
Dowonhongcho 141 3.1 6.2

Table 3. Color value comparison of the fruiting body of new
Cordyceps militaris cv ‘Dowonhongcho 2ho.

Strain L a b AE
Dowonhongcho 2ho  61.52 21.37 44.63 213
Dowonhongcho 61.64 23.14 45.81 0

°L : lightness, a : redness, b : yellowness; AE(color difference) =
V(L-L'Y+(a-a)+H(b-b'Y.

Table 4. Comparison of cordycepin, hardness and yield of
the fruiting body of new Cordyceps militaris cv
‘Dowonhongcho 2ho.

Cordycepin  Hardness Yield  Yield

Strain (%) (kg/p5mm) (g/bottle) index
Dowonhongcho 2ho 0.33+0.019 0.31 402a 107
Dowonhongcho  0.31+0.024 0.28 37.6b 100

* LSD(5%)=1.0514.

Uepd o 24 7| 540] =& 102 IhAEITH(Table 2).

o
= Yeile L#, ANEE el agt, NES
Bl btel Zhzt 61.52, 21.37, 44.630.2 ZAMEATH
N2EF "=AT %9 Lgh, azk, byt 61.64, 23.14,
45813} H]wE wf 2FFQ] ‘E=UTE 2509 AL d
AT} oha 7HAEI9 00, AE gl 2.138 UEhye] &
Qe PREE A ZFo] 7} SQ1E I Th(Table 3).
sEokxd FHE AuAEe gt 2 its), st
HAaZ7r 59 g3 By93 Avh(Kim er al, 2001;
Ying et al, 1987; Lee et al, 2004). |2 Q&) 7154121
AR FENA JoBM FHolxe] FHS AWse
I oshue] 24 Y] . =98 % 23549 A

A T 033%F ‘E=YUTRE 031%E ‘=9Fx 2
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Table 5. Comparison of nutrients proximate constituents in the fruiting body of new Cordyceps militaris cv ‘Dowonhongcho

2ho.
Strain Calorie Moisture Crude protein Crude lipid Carbohydrate Ash
(kcal/100g) (%) (%) (%) (%) (%)
Dowonhongcho 2ho 52.24 86.25 5.04 0.12 7.75 0.84
Dowonhongcho 52.43 86.06 5.12 0.11 7.74 0.97
Table 6. Inorganic elements contents in the fruiting body of new Cordyceps militaris cv ‘Dowonhongcho 2ho.
Strain Concentration (mg%)
Ca Cu Fe K Mg Mn Na P Zn
Dowonhongcho 2ho 282 0.24 391 184.9 27.5 0.21 9.1 141.3 231
Dowonhongcho 27.5 0.21 3.82 181.7 26.7 0.26 9.6 137.7 2.04
5°9) o] thi ETH(Table 4). @ 859 QoI & 2RI e RS Welow, AN e
Ame WEA Aol & T ARROR, ARV % 0.33%U3L ARe] F719F Aol A7 3.5 mmSt 7.0 em
S22 AgAo) FEAT FENGANN AL+ AW Aok EAFR 9 MR o, e TUEE 25
Fo] gA o]FofAA] Geth ‘EUETR 2549 Are FEE %/t STFEIJYL At 22 5HS Bt
0.31 kg/pSmm= ‘=UFZ9] 0.28 kg/pSmmel H|3l = FAMEES] A2 20~25°CHL WA A A2
UL, FTHL 402 g/HMOE EAFT R0 37.6 g/ H] 18~22°Cl o, HFolAMFE AA] BA71A] <] 717
3l 7% FTEACH mEb AEFSS Al e FEFE 497U0] AQEHY. AES (EUSR2S T WY &

S A A 2 KoM fels a]le]l 2 A

© 2 7|dEth(Table 4).
AR & o] & MEF

Aslel Qe Bael A9

o] P oF 86%0L, ¥

e

=5 =98 x 2% A
Aol A =2he ALA

[
FIE FolM Eslee

lo Mz

7~8%, AL oF 5%2 FAEIOH, A B 3T
T2 vFos EAS. T FF Zel i &

Fo 7] A Ao 2 ZAE QI THTable 5).

NEZE F28% L9TX 25 AUA ) F8 F71A4
2o K9} P7F 7P BSER, 2 TS0 2 Ca, Mg, Na
o]Rem, 1 2]9| Fe, Zn, Cu, Mn 5& 2% 7 A5
ATH(Table 6). TH5 Aol AEHA Roh=dl, o=
AANEEAN F5dS Yele Aoz dAdE. o)
A B dRe] HEEEE 558k AFES AMA
As g FEd ol ZoAE, deld ) g8y ]
A Fol FHEt FUte NER A5de] 2 o=
el

L

[e)

T,

5 Q

2 dATe dEERlE sFekxe weld Al
MATI-13} MATI-2 7 £579) 5ol4¢l Zglo|HE AL
ste] multiplex PCRE AAsa, 7 A3 A€

191-bpell4] DNA
AR A 5
FE540 SFFH 2L TF59x ‘=4

WEsATh AES =dETx 2509 AEA

__'0
MATI-13+ MATI1-291 thg+ 233-bpe}
3}o

WES Fal il L ol
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