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Genetic diversity analysis of Monascus strains using internal transcribed space, partial
B-tubulin gene and sequence-related amplification polymorphism markers
WANG Meimei', ZHANG Jianzhong® , LI Fengqin'
(1. NHC Key Laboratory of Food Safety Risk Assessment, China National Center for Food Safety
Risk Assessment, Beijing 100021, China; 2. National Institute for Communicable Disease Control
and Prevention, Chinese Center for Disease Control and Prevention, Beijing 102206, China)

Abstract: Objective Based on the sequence-related amplification polymorphism ( SRAP) technology and the sequence
similarity of internal transcribed space (ITS), B-tubulin and combined with morphological identification method, the
phylogenetic relationships of different species of Monascus were inferred and a reliable method for rapid and accurate
identification of Monascus was developed. Methods Using the Monascus genome as template, ITS and partial B-tubulin
gene sequence were amplified and sequenced. Phylogenetic tree was constructed by using the maximum likelihood method
with Mega 7. 0 software. SRAP specific binding sequences were also amplified and the phylogenetic tree was built by using
unweighted pair-group method with arithmetic means (UPGMA) algorithm with FigTree software in R phangorn package. A
rapid and reliable identification method was built by analyzing the phylogenetic relationships of different species of
Monascus. Results Combined with phenotypic analysis and two molecular identification method, 16 strains of Monascus
was identified as Monascus anka, Monascus aurantiacus and Monascus purpureus. Conclusion SRAP identification method
had more detailed classification basis and could identify Monascus species quickly and accurately when combined with
phenotypic analysis.

Key words: Internal transcribed space; B-tubulin; sequence-related amplification polymorphismtechnology; Monascus;

phylogeny; species identification
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P b R RN, 200 9 Fhanith & [ A B s (M.
pilosus) £T {0, 21 W 55 (M. ruber) . %2 {6 21 i) 5 (M.
purpureus ) % HIK 4 #i &= (M. floridanus) (4 41
i (M. eremophilus) .45 1 2L W 2 ( M. pallens) . IfiL
ZLerith % (M. sanguineus) 7 7 %5 1 21 ith % (M.
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[X (internal transcribed space,ITS) "’ s L BT
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chain reaction, RAPD)  fij BA 8 & JF % £ & ¥ (inter-
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(sequence-related amplification polymorphism, SRAP)
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%75 DHS« B384k pMD18-T #)y H H 4 Takara,
11,2 EBAUHR5E
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DNA A0 (Jbnt 22X 4 E%) , DNA Marker,
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BRBHOES, 2RO ERIES S50
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ZIih A5 B 40 DNA 5 fir 4 DNA 284 [ g i R il
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1.2.3 PCR F DNA il F¢

ITS J B-tubulin #8435 A ¥ 51 09§~ 34 51 4 L
F2,ITS {94 14 R H @ F 51 %) ITS1/1TS4, 5 1 &
25 pl,}i@ﬁif{:y\j DNA # g 1 wl,2 x SuperMix
Buffer 12.5 pl,5[#4 1 pl, &5 LA ddH,0 % 5% &
ERZE 25 plo AR :94 C FZZE P 3 min,
94 C AR 30 5,55 CiB &k 30 5,72 CIEAf 90 s, Ik
35 PR ;72 CHEAH S min, T 4 C {17, B-
tubulin &8 53 FE AP 90 0 51 W) B 3+ Ko 9 35 2 BROSCRR
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2 min, 72 °C#E{# 2 min, 3£ 30 MEFF ;72 °C %E fi
5 min, T 4 CI}-4F .
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Table 1  Strains and corresponding sequence information

] LIRS i KR/ 53 88 R ITS J¥#31% B-tubulin J7 515
1 CGMCC 3. 4452 [ 50 21l 25 (M. barkeri) HA,— MKO087171 MK091718
2 CGMCC 3. 5834 L e 2L M B (M. barkeri) *E,— MK087173 MK091721
3 CGMCC 3. 4617 R WA (M. anka) R E R MK087172 MK091719
4 CGMCC 3. 4811 ZRL M (M. anka) ohE L ar il ok MKO087145 MK091720
5 CGMCC 3. 15740 KA L il B (M. rutilus) b KR MKO087174 MK091722
6 CGMCC 3. 0888 KL L (M. rutilus) O MK087166 MK091710
7 CGMCC 3. 0897 NE LT M8 (M. pilosus) hE K MKO087168 MKO091711
8 CICC 40710 L i % (M. pilosus) hE MKO087175 MK091723
9 CGMCC 3.2160 €5 21 i 2 (M. fuliginosus) hiE, R EER MK087170 MK091715
10 CGMCC 3. 1098 0,20 # 85 (M. fuliginosus) L SE A MKO087169 MK091713
11 CGMCC 3.2839 021 1 & (M. rubiginosus) HiE,— MKO087147 MKO091716
12 CGMCC 3.2093 K 8,21 1t 55 (M. fumeus ) hE Kk B MK087146 MK091714
13 CGMCC 3. 4384 ¥ 0,41 1t B (M. aurantiacus) R MK087149 MK091717
14 CGMCC 3.978 28 (0 21 il 85 (M. purpureus) HE,— MKO087150 MKO091712
15 GMCC 3. 568 K LT i B (M. albidulus) N MK087167 MK091709
16 SJS-1 21 il % ( Monascus sp. ) S A MKO087151 MK091724
17 SJs-2 21 1 5% ( Monascus sp. ) S 0 2 PR MK087152 MK091725
18 SJS-3 21 i % ( Monascus sp. ) SIS AR R MKO087165 MK091726
19 SJS-6 21 i % ( Monascus sp. ) S 3 T MKO087153 MKO091727
20 SJS-8 21 i1 % ( Monascus sp. ) S 2 MKO087154 MK091728
21 SJs-11 21 11 % ( Monascus sp. ) S 06 = AR PR MKO087148 MK091729
22 SJS-12 21 i % ( Monascus sp. ) ST I S AR R MKO087155 MKO091730
23 SJS-13 21 1 % ( Monascus sp. ) S A MKO087156 MK091731
24 SJS-14 21 [l % ( Monascus sp. ) S 5 AR MKO087157 MK091732
25 SJS-15 21 i % ( Monascus sp. ) S AR R MKO087158 MK091733
26 SJS-16 21 i % ( Monascus sp. ) S I8 3 T MKO087159 MKO091734
27 SJS-17 21 fh % ( Monascus sp. ) S 3 T MKO087160 MKO091735
28 SJS-18 21 [l % ( Monascus sp. ) S 3 AR MKO087161 MK091736
29 SJS-19 21 i % ( Monascus sp. ) SIS AR R MKO087162 MKO091737
30 SJS-20 21 i % ( Monascus sp. ) S I S AR R MKO087163 MKO091738
31 SJS-21 21 1 % ( Monascus sp. ) S B MKO087164 MK091739
32 JCM 22619 @ LB (M. purpureus) JCM JN942661 —

33 JCM 22614 20 2T 8 (M. ruber) JcM IN942658 —

34 CBS 135. 60 AT % (M. ruber) CBS KY635850 —

35 M. anka LRl E (M. anka) whE,— AF458473 —

36 CBS 286. 34 AT LT 1 B (M. pilosus) CBS KY635852 —

37 M. fumeus N1 T K €2 21 i B (M. fumeus ) LI/ PN} FJ974048 —

38 M. fumeus JE R 0, 21 11 55 (M. fumeus ) hE,— JF776162 —

39 M. fuliginosus MY11 I o 21 5 (M. fuliginosus) o E R HM188446 —

40 M. fuliginosus Q5 A6, 21 B (M. fuliginosus ) =N | HM188443 —

41 IMI 82587 % B 1k 21 fh 5 (M. floridanus) HpE,— AY629418 —

42 BCRC 33309 [ 52 21t B ( M. barkeri) BCRC — D(0299895
43 BCRC 33310 B Bk 21 B (M. floridanus) BCRC — DQ299896
44 ATCC 16384 21 (0 21 i1 85 (M. ruber) ATCC — AY498592
45 CICC 40269 440,47 i 2 (M. purpureus) cIcc — KP259286
46 CICC F1B AT L1 % (M. pilosus ) cice — KT075275

F—FRR LS 5L COMCC ;[ X3 falc A 40 1 (048 T ep s 5 CLCC: Hh [ T 9 24 00 B ol 5 0 A0 BB v 5 JOML: I S R 2 0 R P o
CBS : i 22 fol A= 9 B8 b £ 58 0 s BCRC : 3 18 A2 W) B IRAR A TR BF 5 P 5 ATCC 2 5 [ S 250 B ol % 3G v 0

I BEIRRIR =W 22 1% 1 BrONEWE B e vl Dk A I
el K/, DNA gl A i) & 2l AL J5 % 2 40{& pMDI8-T
AR5 A T DHS o, Bk 38 BH A4 % A6 3% BRI 7,
FEAIE B3 % GenBank , fHEFH 5 L 1,

1.2.4 ITS Fl B-tubulin #8435 K] )5 5] Lo %t Az 32 1k
A
W Mega 7.0 # 44 Alignment Explorer & bt

A9 Align by ClustaW Xf ITS 45 B-tubulin 43 %k & i
17279 HoXE, 5 BR FEXE 45 5 57/ 373 A L X | 1Y
Xk, % FH B KA 8K A4 ( maximum likelihood, ML)
WERGELKEW .
1.2.5  SRAP 19 54 KA o0

WY 2% 2 B 5I SRAP IE I 1| 519, ok o 7

Xt (mel-em2 ., mel-em4, mel-em5, me2-em4 ., me3-
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2 ITS B-tubulin #4355 K K SRAP £ VLY H 1Y P HG 0 7 ) b UK T B L B A R Y 25 N B

5197 51
Table 2 Primer sequence used for ITS, partial

B-tubulin gene and SRAP amplification

519 4 Fr JF3I(5'-3")

ITS1 CCGTAGGTGAACCTGCGG
ITS4 CCTCCGCTTATTGATATGC
B-tubulin-F CAACTGGGCTAAGGGTCATT
B-tubulin-R GTGAACTCCATCTCGTCCATA
mel TGAGTCCAAACCGGATA
me2 TGAGTCCAAACCGGAGC
me3 TGAGTCCAAACCGGAAT
me4 TGAGTCCAAACCGGACC

me5 TGAGTCCAAACCGGAAG
em2 GACTGCGTACGAATTTGC
em4 GACTGCGTACGAATTTGA
em5 GACTGCGTACGAATTAAC
emb6 GACTGCGTACGAATTGCA

7 smel ~meS I [i] ;em2 .emd ~ em6 5 [4]
em2 . me3-em6 med-em4) %I%éﬁ/a\m] LU 31 BR(FE
g5 1 ~31 BT AR) £0 M2 LD 20 DNA S
BodH 5K R BAR 2wl B M 1wl 2 x
SuperMix Buffer 12.5 wl, 3+ L ddH,0 #5514k R &
25 plo ¥ 38 25194 C FAEPE 5 min, 94 °C A5
1 min,35 CiE Kk 1 min,72 CZEffi 1 min JZ W5 PDE
,94 CAEPE 1 min, 50 CiB & 1 min, 72 °C %iE it
1 min JZ ¥ 35 NMES,BJG 72 °C ZE{H 10 min, IFF
4 CHAF. VA1 5% B NEMEBEIE i Uk , 120 'V LYk
1 b, BEIE AR AL 25 1 O

28 NG 8 e F DRI, 3 IR AIE S5 AL 2 Y
S G AT SO RURRAE 450 B gt it A R 5

TR 25 A A, 2 PR v AN ] ok Gl A3 A [R] B9 4%
(o s ol A Pk e 1y 55407 ) (B 1, JCA (B A O,
MU 7 FL U 1, 3 S R P RO 3R R DR £ B
Fed B AR B o 20 & SRAP 204 M HT R {4
phangorn {1 1) FigTree R FRE47 M, i FH BR AL AL
Xt (UPGMA ) i 0 H i A7 2K 70 Hr

2 R
2.1 21l AR R A

% Wa CYA Fl G25N /R4 25 CHi% 7 d
(4 T V8 TE SRR AE 2. Wa FRSF AL 25 CREFR 7 d 11
40 £ W A4BE TSR (4B, 15 T 24
T HEAT LI, 45 5 0L 3, 16 MR ok 45 A B Rh 40
i B 28 N [R]85 95 4 AR R 04y BT 2 B, 21 il 5 S)S-1 .
SJS-2.SJS-8, SJS-11 ~ SJS-21 5 & % W # CGMCC
3.978 7 Wa Ri R SR R A T HETE R0 25 ~
30 mm , B8 % V-3 H AT 58 B 80, RO T 2 BRIV
AR (3 2% 1 £, 3 2B i 1 3R OB ol {8 AL R 1]
FEERR, FEEA TR, K/ANA R 6 ~T7 pum x5 ~
5.5 pm, 54 HAE CYA 1 G25N 53R BB 3 45 14 1
TE 52 AR L BUAT & 0 20 th 5 10 B 5 24 R AE [
eI R TR R 5 e L i B . LA ) 4y
Mror ik, 41 #h % SIS-3 5 £ 2% [ # CGMCC 3. 4811
a2 R ih & M & E R 1E, 21 1 5 SIS-6 5%
Bk CGMCC 3. 4384 15 & 16 (0 21l 5 (1) 2 & 2 4y
fiE, L RT A IAAE 16 Bk %5 2 B Al 0 s bk s T4t
AN HE I SANE ] AN i o

#3016 BREL M AL T v Y SRR Y SR R A5 2R
Table 3 Cluster results of 16 strains of Monascus based on morphological characteristics
HHIL A (25 THIET d) BORIE A (Wa 25 C R 7 d)
A Bk 44 R fif
Wa CYA G25N I GE- 2 THAT

HAE:25~30mm H £ 17 ~ H & 18 ~ JRARER M R EOR TEAR - 1 (B 2
SJS-1 .SJS-2 . JEoR S 4H A 8 20 mm 20 mm BRI Bt @ KRAh:6~7 pm
SJS-8 .SIS-11 ~ o 4T 1 e JEAR -3 2N 5 RAEWZ: BA 26 x5 ~5.5 pm
SJs-21., (M. purpureus) ~~VERZHAR  REWZ R LR Z A6 SO
COMCe 3. 978 B W G B GE Yk BR

Py ae Bl

BHAE:18 ~22 mm  EHAE:17 mm HAE:14 mm IR R A 2N S TN TEAR - 1 I8

TEAR A AR JEIR 3 N B LR URFAN R K/N:6 ~7 pm
SJS-3 . ey CVERZR UERZE CUERZ M RUEWZ RE Re X4 ~5 pm
CGMCC 3. 4811 (M. anka) R AN ARG AR ) P 208 IR s

K AN 2L gl K s

a

HA%:33 mm H #&: 26 ~ JLEARAEK JE AR« 5] B4 Y TEAR : Bk 2N FA

JEAR B P 28 mm AWk K/N:6 ~7 pm
SEER maamy TH R FH x4 ~5.5 pm

CGMCC 3. 4384

(M. aurantiacus)

AW DR
RGNS g i)

UL W
B 1
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2.2 ITS FI B-tubulin F& A (5048 5211 5 40 #r

I ITS1/1TS4 58 51 0 4 15 48 15 31 R0 ih
B ITS J7 5, S R 8 I i Uk 2 I DNA Marker £
B8 K/ 520 bp (LR 7R L, Y J5
FH ML 354 31 BRI TR PR B2 10 #% H GenBank %%
PEPE (21 P g Bk 32 ~41 B BRFES) F iy ITS
POV R, I ERELEEWN, WE 1 (£),
4 145 ANITS s 0y P ¥ s Z B 5 (D) 24 0. 010,
FH 2E A AR 25 S A3 B & 3,41 BREL T 4 TTS I3 51 53k
34K HE 4T i B SIS-1 ~ SJS-3 . SJS-6 ., SJS-8 . SJS-
11 ~ 8JS-21, :k 41 fa 21 fifi & CGMCC 3.15740,
CGMCC 3.0888, 4 £ f#f & CGMCC 3.4617,
CGMCC 3.4811, AF458473, % {1, 41 il & CGMCC
3.978 JN942661 , 15 {0, 4T f1 5 CGMCC 3. 4384 B H

— @SJS-11

® CGMCC 3.0888 M. rutilus
® CGMCC 3.4617 M. anka
® CGMCC 3.15740 M. rutilus

86 |@SJS-15

S-1
- O AF458473 M. anka
Q© IN942661 M. purpureus
® CGMCC 3.978 M. purpureus

® CGMCC 34811 M. anka
® CGMCC 3.2839 M.rubiginosus
O IN942658 M.ruber
O KY635850 M.ruber
O KY 635852 M.pilosus
O F1974048 Mfumeus
O JF776162 M, fumeus
O HM 188446 M. fuliginosus
O HM 188443 M. fuliginosus
@® CICC 40710 M.pilosus
® CGMCC 3.5834 M. barkeri
® CGMCC 34452 M.barkeri
® CGMCC 3.2160 M,fuliginosus
® CGMCC 3.1098 M, fuliginosus
® CGMCC 3.0897 M.pilosus
® CGMCC 3.2093 M. fumeus
® CGMCC 3.568 M.albidulus
O AY629418 M.floridanus

® CGMCC 3.4384 M. aurantiacus

— i BITIX 24 BREDIN & MR % X R AR, 41
2 SJS-1 ~ SJS-3 . SJS-6,SJS-8  SJS-11 ~ SJS-21 wf
Dk AN R AN AR AN RN g SEAN =% K (5
o or i & o — Fh; 40 o2 il B IN942658
KY635850, M\ & 41 i % KY635852 ., CICC 40710,
CGMCC 3. 0897 , Hil J% {a.21 | % FJ974048 JF776162 .
CGMCC 3.2093, JH fu 2 i # HMI188446
HM188443 CGMCC 3.2160 ,CGMCC 3. 1098, % 4
4r M % CGMCC 3.568, [ 7% 40 fff & CGMCC
3.4452 CGMCC 3.5834 Fl 4% {4 21 # % CGMCC
3.2839 Ry — UL FIR MRS OC R KT ;M
% KL AR AY629418 Sk 5 — K, i W] 1
B LIk o1 iy B AH X At 7 N 2 i TR, R &
X AR NS BRI,

@ CGMCC 3.15740 M. rutilus
- ®5)S-8
®5IS-6

10

S

OKP259286 M.pupureus
® CGMCC 3.978 M.purpureus
@ CGMCC 3.4811 M. anka
® CGMCC 3.4617 M. anka
{. CGMCC 3.0888 M. rutilus

® CGMCC 3.4384 M. aurantiacus

®5Is-2
8 @sis-1
65'@8JS-16
® CGMCC 3.1098 M. fuliginosus
® CGMCC 3.2093 M. fiumeus
® CGMCC 32160 M. fuliginosus
® CGMCC 3.2839 M.rubiginosus
® CGMCC 34452 M.barkeri
® CGMCC 3.568 M.albidus
og | ®CGMCC 3.5834 M.barkerio
O AY498592 M.ruber
® CICC 40710 M.pilosus
O DQ299895 M.barkeri
@ CGMCC 3.0897 M.pilosus
QKT075275 M.pilosus
O DQ299896 M. floridanus

—
0.02

T - JE0 10 A AR U B M 5 25 00 [ D NCBI v B9 255 1 bk
Bl 1 BT ITS(ZE) Fl B-tubulin (A7) FF AR ML R 58 % 7 W

Figure 1

31 BREL %S B-tubulin (13 3 & K3l & PCR
AT BE UK (BB R R ) R i BER/NA
1 000 bp,i# i Mega 7. 0 B/, 2R H 5 ITS #)AH [F] &
P 031 MRS AR 5 AR (1 R4Sk 42 ~ 46
KR T 1) >k B GenBank %45 FE rh (4 41 th 55 B-
tubulin JP 8 HEATEEA AT, 45 R LB 1 (£) o 35 4>
B-tubulin i 4f A 1Y ~F- 3 35t 4% B 25 Oy 0. 018, H 4338
5 ITS 43 AHRL, [ A 53 3 R anih & SIS-1 ~
SJS-3 SJS-6 . SJS-8  SIS-11 ~ SJS-21, K 2T {8, 21 i &
CGMCC 3.15740, CGMCC 3.0888, % & 4T #h %
CGMCC 3.4617, CGMCC 3.4811, % 1 4 i) &
CGMCC 3.978 . KP259286, 15 o 4T i & CGMCC
3.4384 RO KRR E 5 ITS 5 2641

Maximum likelihood phylogenetic tree based on ITS(lift) and spartial B-tubulin(right) sequence tree

A7 9 AR B AR A i 36 1E S 2 2% Wk 1 A B
21 {8 KT075275 (E4 5 21 il % DQ299895 Fl 41 4 £1.
M8 AY498592 ;2 2%tk B HL ik 21 i B DQ299896
YER AN, TR FE SR T P Z 5

PARK %"/ | H] ITS 1 B-tubulin 3 43 3 B 43
e AR KN AN 11| RO N CEAN | % | EAR AN
Hi B (08 A R AL 56 R 2 B, DA B 40 il 35 AT €2 21 il
BRERSF LAV E 2R B A% T B
Tia] T4 ATl 5 kg — 2 T 22 R 40 i B AR €8 21 i
BRI —R XERBRER—3. B 1 Wik
T 235 L B AR BB A K AN [R) b 21 il 2 43 41, (FUAH [R) b 21
M (ES2 L) MR TR BIH R — Rl A5
S AR AT B A S BT B R T F0RR i IR 4 4
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Figure 2 Amplification products generated from tested strains with SRAP markers
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Figure 3 Dendrograms of 31 Monascus strains based on

simple matching matrix from SRAP markers
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