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FHEEHE 3 MIRZERRIEERR 5T

ok HAAT
(1. tPg R N BT ILig K 030006)
Q. PR AfrklEazbe 1PE KI5 030006)

B OE. (88 oW 3N e EOSAEE (cspl. MATI-1-1 A2 MATI-2-NETRR AL EEH
WA e oFidtte, [FE] A 125 MNEAREFEH ST 58538 espl. MATI-1-1 A= MAT1-2-1 3L B
B3, Pedish B A0 AF I AR 2 A X B EUR B R 6 F ) K RAZA, HedR T R RR B SRR
RIRPTM ) R %R FAIBANEM G £ 57, 047 3 MNRBARZ 69845 /F /142 DNA 200500, [4
RI3NEOHAEANNDT RO KELERE AR GERTF, BH 4.5%57%8 L H5; A
ASFRKELTE AR RTE, LA 1.8% 2% % F1z4. F 2 ARXBEALE,
MATI-1-1 89 E R FAKT MATI-2-1. AT 2T EALTHEGRALR B IBIEMH,
BATF2NREAARRINE T MR ZRAKL TR EMHRAEENR EZF. 3INEEQHLLAR
HRG N A LB R . A A9 R F DNA 1% 588 £40, {23 ANAERE R B8 K 8 B R4
FHRAE, (4] O TFARLEBARRLARNBL R RE RRAINE L LG £EF, Pk
FRA R B FEHAAD X, FiZFREMEA 5 AT AR F K.

KR ARAEH, LAREABLAR, RAULAE, 5Tk, gFET, 4

Molecular evolution of three protein-coding genes in the

Chinese caterpillar fungus Ophiocordyceps sinensis
ZHANG Shu' ZHANG Yong-Jie*"

(1. Institute of Applied Chemistry, Shanxi University, Taiyuan, Shanxi 030006, China)
(2. College of Life Sciences, Shanxi University, Taiyuan, Shanxi 030006, China)

Abstract: [Objective] To analyze the molecular evolution of three protein-coding genes (cspl,
MATI-1-1 and MATI-2-1) among various Ophiocordyceps sinensis isolates. [Methods] We amplified
partial cspl fragment and complete MATI-1-1 and MATI-2-1 gene sequences from 125 broadly
sampled O. sinensis isolates, and compared the topological difference of phylogenetic trees constructed
by exons and introns, and of those constructed by MATI-1-1 and MATI-2-1. We also measured
selection pressures and detected evidence of recombination for the three genes. [Results] The length of
exons of the three protein-coding genes was conserved among different O. sinensis isolates with
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4.5%—5.7% of variable sites. The length of introns was either identical or different among different
isolates with more than 1.8%—22% of variable sites. For the two mating-type genes, MATI-1-1 was less
variable than MAT1-2-1. Phylogenetic topology differences were significant between exons and introns,
and between MATI-1-1 and MATI-2-1 exon sequences. Each of the three genes was undergoing
purified selection. Recombination events were detected between different DNA sites within each gene,
but not obvious between different gene fragments. [Conclusion] Because different gene fragments and
different regions of a gene in O. sinensis might be evolutionarily different, we should use multiple gene
fragments in future evolution-related studies in O. sinensis.

Keywords: Ophiocordyceps sinensis, Serine protease gene, Mating-type gene, Molecular evolution,

Selection pressure, Recombination

K& MR EEG R 2 P2kt S AS
EFIFPR 2y = RF 7. Bl &R AR
Ophiocordyceps sinensis (Berk.) GH. Sung, J.M.
Sung, Hywel-Jones & Spatafora 5744 i = Jii =g LI

) A PR W (RO B R kR Thitarodes
Viette) 4] UM B B9 41 07 1A 5 B F R &
Ao BT RAMERRYZS A E, I EEFAE BRI
Wb MM, & R R B E NS RN
TR, WU IR AERE S AN . A
PR 22 A S A e A 7, (B3R i e A 4
B TS A AR R A R R A LR AL
CLZRSE RN P, (R4 B B ) S 5 A
Ik oS o Ry 1S A R A U B A Y
P, FRIEAT R T T s & U B 81 O i — R R
TR, AT A U R SRR AT, BRI A
Hu 5T H w4 O b B A9 < B 18 (The  national
fungus of China)"!,

A% U BT R [R) oA DX R R 22 5, DA
N 75 F R AN 0 AR (A5 A I R TR R B
BB st fe k. BRTE AR 2 T4 R R 5
1R ZFEERIESE TR, B FhRic GG REALY™
2 51 DNA (Random amplified polymorphic
DNA, RAPD). fiijH/y 41 8 & [A] X 43 2 &k
(Inter-simple sequence repeat, ISSR)F1—4E DNA H
Br(niZpEk DNA PIEE SRR IX | 38 i 7Y 5 A
MATI-2-DIFH BT 23R ¥ 50 53 BT 25
a2 MU LR B E 2SN, e 1
ITX 4 U B AR IR (TR R ) . 9. 55
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E R AL R A AR

ZHTHIBFFE L UE SN R] 4 B B B PR AE espl
MATI-1-1 1 MATI-2-1 3X 3 MRS EER T T
FAAER AR 02101 (A BAT Xk 4 R T 2R 1 G
TSR 1 o F AL TR AR 08T o espl BEH 4>
£ 1372 bp, H1 4 MANBEFFI 3 DN T, Y
) 22 AR A B (f5 5 1K 15 aa, AifK 90 aa, AL
K 285 aa)nl g S 54 U RLAFF 3 B U IARE (1)
Ryl MATI-1-1 FER 42K 1219 bp, &4 2 4W
ST, wmEEA 372 MEERMEA R,
MATI-2-1 3£ 4K 857 bp, &A1 2 MNE T, 4l
A 249 MR E AR MATI-1-1 A
MATI-2-1 AL, 2 54 B BENA
PEARSE . ABFIEIN 125 00 Ai T ILT i 22 7= 1
B & BB RS Py espl . MATI-1-1 F
MATI-2-1 B PP, e 3 M EHESMNE 5
GF, DA SBR[ b e R, b
CHERL R AT AR Z (PR 77, 134k DNA J4K)
RS . FRAT A A U B TR [ 2 [ e R LR D B
FER AN R X IRER B A T 25 5, Rk, JF
Jre 4%t SRR R AR AH O 1 I 9 B LI I A 1 22
AN B, DAREAR B IE R A3 #r s i 45 S 2%
1 MRET&®
1.1 ALK DNA 2B

DRI 125 A4k A AR (e E
VUREC. HHE. D)1 A, DAUKEE R
RT3 b X)) 2 H B BORE i, ELARRE R RS B S
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. Zhang ZFPSCHR, B A A R RORE S A SR )
F CTAB (F75%idt = H LR b4 i 3R IORE IR 41
DNA J&, BN DNA #itid 14 3 NS B
12 EFERBEY1E

A HU B i P A AT 3 3 BRI, BRI espl
(LB FREBESEN) . MATI-1-1 (5CHECR MATI-1
idiomorph FPAYIER)AI MATI-2-1 (3CECA! MAT1-2
idiomorph H LA, espl WP 34549 CSP1-ZF
(5-ATGAAGCTCTCCCTCCTCATCG-3") fil TSPa2
(5'-CGATGACAGCGGAGATGGTG-3)i T espl Ak
R A 5 2 | I N T 1 P 0y SR e 1 e
BT 3 DN TR espl FEFFS, 24 800 bp.
MATI-1-1 W 51 (A 508 %3 T) MATI-1F1
(5-ATTGTGTTCCTCTCGCCTTT-3") #l MAT1-1R1
(5'-CCGTGCCTTGAAATGTGCT-3")\i F MATI-1-1
B RS X, B X 2 AN
THITEHE MATI-1-1 ZEHFH, 91.4 kb, MATI-2-1
A 154 MAT1-2F1 (5-CCACCGATCCAAGTC
TCCT-3")Hl MAT1-2R2 (5'-CAGTTTCAGTCGCTG
TCGTG-3')si F MATI-2-1 55 I F iR XS,
JIr G XL 2 DN E IS RE MAT-2-1 %
KF51), 291.0 kb, PCR #"#4{A £ (50 uL): ddH,0
35.5 uL, 10xPCR buffer 5 uL, dNTPs (2.5 mmol/L)
5uL, IF S5 14#(10 pmol/L)4S 1.5 uL, Pfi (5 U/uL)
0.5 uL, DNA 1 pL. #3445 : 94 °C 5 min; 94 °C
40's, 53°C (cspl Fll MATI-1-1)8% 55 °C (MAT1-2-1)
40 s, 72 °C 60 s (cspl Fl MATI-2-1)E{ 90 s
(MATI-1-1), 35 ™ME¥R; 72 °C 10 min, § 34 7=i%
RTIEFEE AR O A R A R TINTE . espl
I MATI-2-1 HIF50 %555 W, Zhang PGB 1.
MATI-1-1 W5 5755 KR003998-KR004112,
1.3 FHITFSHh

W AN [] 2 H BT RS TR Pk (] — R PR e B i) 1) 4
HfE—i2, FIH MEGA 6.0! %/ iy Muscle!' 44
AT AL, 43 BIGETT A B XN B F X AR
SO RYECH o B s B RS B 1P

BRSNS, OO R 4 B 3 B Pk A 2 1 By
S92 5. FIH DnaSP 5.100 5k 4514 DNA K
BeAE A A R 1% B (SR LR 45— FP R E 1) DNA 7
G5 3BT KR AR AE 7 51 22 e A0 5, S
AT IR Z FEE RIS T Z AR AR 5L
14 RBGEAE DI RIAINEIILLE

Ki X F 951, A PAUP 4.0b10 fE e
(0B KR 207 (MP 15 JR R A 2R MP B, R 25
2 B XTSI AR 2 B (Gap)VE R ES 5 FIESE, 1000
W A B ML A P %], TBR (Tree-bisection-
reconnection)s> X A, fE PAUP 44351
H1d KH (Kishino-Hasegawa)Kiill . Templeton £l
#1 SH (Shimodaira-Hasegawa)f:ill, FLEAMNE T4
W& F R G0 B W Z ] 5 A~ 22 e 8 5L 4 5
ARG R FWZ BN R GAAEREES
15 EFEEHNSH

T B 3 ANER I gmAs SR DR 28 0 A R
IEm R, RGNS, 7£ MEGA 6.0/
it Z W5 (% Modified Nei-Gojobori method
with Jukes-Cantor correction) ¥ Wr %25 1 4 i &
(T FR AN 45 6 DR 2 9 A A g A ) SCRR A
(Non-synonymous substitution rate , dy)-5 [f] L LR
(Synonymous substitution rate, ds)Z [A] & 5 77 7F B 3%
225, FIH MEGA 6.0"Ipuik (1 HyPhy Jy k11504
BRSO dy 5 ds, T a5 ds T
{Ei(w)o >1 FIRARTR] SCHEABHE [ 7 (1 3K T A S
RAF, PLBHREINAZ# T IERE# (Positive selection);
o=1 JH P (Neutral selection); o<l LML
#(Negative selection),
16 EJH»H

R T AT RS A R T R  A E R A
fs8 (75 5, 78 DnaSP 5.101 k4R A Hudson
1 Kaplan 7 DU BT T4 361253 H1 A 7] DNA 37 5 (1
FALE Ah i R NS R e 91 [) i E 4 5 () s
I MultiLocus 1.3b! V&K (4 7 A7) 26 11 2 i K]
& i 5 B Z [\ % 81K F # (Linkage
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disequilibrium)Z3#71, 1144 I, (Index of association),

ra (I 788, JHBR T Ia 0P s B0t A4S
[f] #F 58 Z 8] #9 kb %8 ) #1 PcP (Percentage of
phylogenetically compatible pairs of loci), i Huis
WEAE S BEHLIMEE 1 000 AR M BHE AT 53T
Vax i

2 SR540
2.1 HEEBRTRSH

MBI 125 A4 U BRE S ARTG T espl Fl
MATI-2-1 FERBF5, AN 115 MG RS
T MATI-1-1 ZEHA P, HAth 10 SFE S (B 3
ASHARRES . 2 DNEIERESRT S AN VHERE 5B
PRI X 3 ANFREY XS A RS 2 4
WEFo SENS FIEAMAMMS, cspl R4
W& 0 FHOAGRA ;. MATI-1-1 I IN& 1
HOSEAADOL 1, 43 )4 A 22 S R A o R Y 2 1 1
Wy MATI-2-1 55 1 DN E T RN 2, MAER
PRI ST, S 2 NN & 20 1, fRA 2L
AR T .

SR ANGETT T AN B R B DX B I A S
(F 1) 3X 3 ANFEFSMNEF X FEAE A R B AR 1] 25
JERSTE, 1B 4.5%5. 7% s A AR L, 00
SRR A T BURAS  ESERR R A MUE 5 RIAKTE]
BEMRREEN 46%59%. N FTHITT,
MATI-1-1 #9 2 AT S MATI-2-1 19565 2 A
THERARIEBA K AL, A espl PN BT I
MATI-2-1 P55 1 A TR AT KR AR b F
L espl BB 1 ANET, BTF—B 19-20 bp 1Y
3 BBk B OB AN R (2—6 1K), R EOR [F]E R
Hoespl 55 1 NN S TFIIRIEGRAARRE, M 81 bp
#] 161 bp, BRIEZFIN, W& FRUAFE L0
LA SN R FEBR 22 HOX P AR 1R 2 7 s SR TR AR 1Y)
W T s, AR50 5 0 He S E] 1.8%
(MATI-2-155 2 & F)-22% (espl 55 2 & T)
(F Do NULEAHIATEH, &R AR
KRG A, (ARFEZEFE R, PURORRIZEER X
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SUENIEHM B EHN S, SNE TR NS
THEZHEMIEEE 1) HAKH, espl SMNET
A 15 MEEAEERE, MEEANE& T304 14 F
10 DNEERIER 3 MATI-1-1 A3 T4 19 257 5
R, WA N & 4 R 2 i S NSRRI
MATI-2-1 A 73 20 SRR, AL
TR S M2 ANRENIEN  MAT1-2-1 S+
KA N & TAEAR MATI-1-1 ¥ 16 115 DNEiRR
SRR 19, 5 R 2 NSRRI WREES IR
ST N & F AR IR TS, ABFELE espl
MATI-1-1 1 MAT1-2-1 "4 BRG] 25, 19 F1 21
AR

AR, AT R EREN) MATI-2-1
FERAPFOR R LB, B BB Y
= TAA, ARYEREEHE TGA. X MATI-1-1
B, T RS 2D F TAG X T espl,
EIRAWFFERY B BN 2 BT b A, (AR
PRICRT AR, k@ Tt TAG!Y,
22 NEBFEAETFRGABEXRMELER

H AT 5 W& F I B A SRR REOR
Al M5 FANE FRIN & TR SR BT,
AN BAFAEARTR] . Tee R AR
(EP25 AL AP RN & 10 58 487 91 A 7 ]
AORE R (B 1), IR AU AR N & S AL R A
(B 2), ANEEBINE F 5N & F It 2
S5 AR IR B A O R AP (R 2)
23 BIMREREEBELERKERRELE
KAEAMEEE

MATI-1-1 S MATI-2-1 B 2175 54 5
(60 vs. 52), BT MATI-1-1 (7K, HARR:
DL FEIUE T MATI-2-1 (R K F 4.9% vs.
6.1%; AN FIX 4.7% vs. 5.7%), AT TR ZHEE AR
FEFY ZAEVEFE R [ MAT1-2-1 (3 1)o MATI-1-1
Fl MATI-2-1 & A3 W58 7 S DR EC R AR A 2 i (3R
1), (HEFAFEDE AR S Al SO A S8 2 —5 R
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%1 3NEAREEEGHRREEBFIINTRAH
Table 1 Nucleotide and amino acid variations in three protein-coding genes
DNA ﬁﬁ%@ WiH Item espl MATI-1-1 MATI-2-1
DNA or amino acid
HHREL No. isolates 125 115 125 115
FHEGMNEF+HNET) KJ& Length (bp) 661-740 1219 857-862 857-862
Gene (exon+intron) AR S PR ® 129 (42, 4, 83) 60 (46, 14, 0) 52 (37, 10, 5) 51 (36, 10, 5)
Variable site®
S SR R) 25 (61) 19 (74) 21 (76) 20 (70)
No. alleles (frequency)”
WA R © 0.007 7£0.001 1 0.002 9+0.000 6  0.004 7+0.0008  0.004 6:£0.000 8
Nucleotide diversity
BAfER SRt © 0.741+0.039 0.573+0.053 0.619+0.050 0.619+0.052
Haplotype diversity*
SMEF Exon KJ¥ Length (bp) 529 1119 750 750
IVt 8 24 (22,2, 0) 53 (40, 13, 0) 43 (34,9, 0) 42 (33,9, 0)
Variable site
SV ISE(GES) 15 (62) 19 (74) 20 (76) 19 (70)
No. alleles (frequency)
F1INST KB Length (bp) 81-161 52 52-57 52-57
The 1" intron AR LA R 92 (9, 2, 81) 2(2,0,0) 8(3,0,5) 8(3,0,5)
Variable site
SEALEE R E IR 14 (61) 2 (111) 5 (113) 5(104)
No. alleles (frequency)
F2HET KJE Length (bp) 50-52 48 55 55
The 2™ intron EIL=YiVI=¢ 8 13 (11, 0,2) 5(4,1,0) 1(0,1,0) 1(0,1,0)
Variable site
SN LR BLBR) 10 (76) 5(107) 2 (124) 2 (114)
No. alleles (frequency)
ZHR Amino acid £E Length (aa) 175 372 249 249
A S R 8 (4.6) 22 (5.9) 14 (5.6) 14 (5.6)
Variable amino acid (%)
st XTSRS ANACY SRR AR, S B R AL AR S BRI A B LG T X T
#uﬁl 1 SHNAB BRSO N B H 55 B RS AR RIS L N S B RAREG ©: MR IR Z R A

RIZFEMERS RN, 75 X AR RSl DR, SEPR{E AT RER o — L.

Note:

* The total number of variable sites is given outside parentheses and that of phylogenetically informative sites, phylogenetically
uninformative sites, and indel sites are given individually within parentheses;
alleles, and those within parentheses are the number of individuals represented by the most dominant allele;

°. Numbers outside parentheses represent the total number of
. When calculating nucleotide

diversity and haplotype diversity indices, sites with gaps were excluded. Therefore, the actual value could be slightly higher.

P2 i R B

HIN R FIRIBIE R R R T
B, FATRBICIEMH 115 N FRIBA MATI-1-1 1
MATI1-2-1 ¥ 3kRER, 26 MYE MATI-1-1 K

MATI-2-1 ARRIZENFEH R (A 3),

19 Mtk

MATI-1-1 RFEEAEER RS, 8308 19 MR
MATI-2-1 RIRIEM R MRS, BTSSR RIS A
ST RGR B W Z I R OC R AR AR B
Z5(F 2).
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A $GS09_111 GS09 111 GS09 111 GS09 111
GS09”131 GS09” 131 GS09_131 GS09_131
GS09_ 121 stg(%log GS09_ 121 GS09 225
GS09 201 3 GS09 201 SC09 36
GS09 225 XZ07 Hl1 GS09 225 GS09 229
SC09736 GS09 121 SC09 36 GS10_10
XZ05 2 GS09201 XZ05 2 GS09°97
X Bs1o-10 X030, Xl
XZ09780 3 - 3
GS09 229 SC09 47 GS09 229 YN09 61
GS10_10 SC09_ 77 GS10_10 SC09 37
€097 SC09 97 SC0977 SC09 47
X207 108 YNO9 3 XZ07_108 SC09 77
YN09_3 XZ12_16 YN09_3 XZ07 108
$C09 97 XZ05 8 SC09 97 XZ05 2
X058 SC09 36 ~X2058 XZ06_260
X707 Hi GS09 225 XZ07 H1 XZ09 80
XZ12716 ID10_ XZ12716 YN09 3
YN09 61 YN09 22 YN09_61 GS09_ 121
IDI0_1 YN09 51 D10 1 GS09 201
SC09 37 YNO9 6 SC09 37 XZ05 8
SC09"47 XZ05 2 SC09”47 XZz07 Al
YNO9 22 XZ06_260 YN09 22 YN09_ 22
“ YN09™6 XZ09 80 ‘\ YN09 6 YNO9 6
YN09 51 YN09 61 YN09 51 YN09 51
C GS09 111 GS09 111 GS09 111 GS09 111
GS09_121 GS09_121 GS09_121 GS09_121
SC09 200 GS09_143 SC09 200 GS09_143
YN09 3 GS09 229 YN09 3 GS09 229
YN09 61 $C09 200 YN09_61 $C09 200
GS09_143 SC09 65 GS09_143 $C09 65
GS09 229 $C09 97 GS09 229 SC09 97
SC09 65 XZ07_H2 SC09 65 XZ05 2
SC09 97 XZ05 2 SC09 97 XZ05_6
XZ05_6 XZ05_6 XZ05_6 XZ06_260
ﬁ XZ09 95 XZ05 8 XZ09_95 XZ09 95
‘ L XZ06 260 XZ06_260 XZ06_260 YNO9 3
XZ05 8 XZ09 95 X705 8 YN09_61
‘ YN09_22 XZ12_16 YN09 22 YN09 22
YN09 51 YN09 3 YN09 51 YN09 51
| YN09 64 YN09_ 61 | YN09_64 YN09_64
| XZ07_H2 YNO9 22 | XZ07_H2 XZ07_H2
‘ XZ12_16 YN09 51 ‘ XZ12_16 XZ05 8
XZ05 2 YN09_64 X705 2 XZ12_16
E
GS09 111 GS09_111 ——GS09 111 GS09 111
GS09_121 GS09 121 GS09_121 GS09_121
ID10_1 GS09_225 ID10 1 GS09 225
QHO9 11 IDI10_1 QHO9_11 IDI0_1
$C09 65 NPI0_1 SC09 65 NP10_1
YN09 3 QH09 11 YNO9 3 QHO9_11
YN09 61 SC09_200 YN09 61 SC09_200
GS09 225 SC09 37 GS09 225 SC09 37
NP10_1 SC09_47 NPI10_1 SC09_47
$C09 200 SC09_ 65 r $C09 200 SC09_65
$C09_77 SC09 77 (7 SC09 77 SC09_77
$C09 37 X205 2 SC09 37 XZ05 2
SC09 47 YN09 3 ’ SC09_47 XZ05 8
XZ05 2 YN09 61 XZ05 2 XZ06_124
XZ05_8 XZ12_16 XZ05_8 XZ12_16
XZ06_124 YN09_22 “ XZ06_124 YN09_ 22
LXZ12_16 YN09 51 XZ12_16 YN09 51
~YN09 22 YN09_64 r YN09 22 YN09 6
“YNO9 6 YN09 6 ‘ L YNO9 6 YN09 61
YN09 51 XZ05_8 YN09 51 YN09_64
YNO9_64 XZ06_124 YN09 64 YN09 3

1 FIARKEESFMNERNHREBINEFENETFHRZLER
Figure 1 Comparison between exon and intron phylogenies based on representative individuals of each gene allele

e BFIREGN BTN F)SEMIEE, EHT 25, 19 f1 21 MRS espl (A, B). MATI-1-1 (C, D)FI MATI-2-1 (E, F)
BT AL C. B M AR espl (A). MATI-1-1 (C)F1 MATI-2-1 (E)SNB T 545N PRI EIEE 1 AN B. D, FASEH
i espl (B). MATI-1-1 (D)M MATI-2-1 (F)SMBF 54 ILH P X RS 2 SN E . FER—ERT, 2B FRELER, 0
HNEFRELKEN.

Note: In this figure, isolates representing cspl (25 isolates; A, B), MATI-1-1 (19 isolates; C, D), and MATI-2-1 (21 isolates; E, F) gene
alleles (i.e., based on both exon and intron sequences) were employed. Panels A, C, and E are comparisons between exons and the 1% introns

in espl (A), MATI-1-1 (C), and MATI-2-1 (E). Panels B, D, and F are comparisons between exons and the 2™ introns in cspl (B), MATI-1-1
(D), and MAT1-2-1 (F). Within each panel, the left tree is exon phylogeny, and the right one is intron phylogeny.
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1555
GS09 111 GS09 111
GS09 121 GS09 225
GS09 225 GS09 229
X206 260 SC09 77
GS09 229 XZ06_260
"NSC09 77 YN09 61
YN09 61 GS09_121
X705 8 XZ05_8
YN0O9 51 YN09 51
YN09 6 YN09 6
_-GS09 111 GS09 111
~ 8009 47 SC09 47
&& X705 8 XZ12_16
“~ \(‘—XZ12716 YN0O9 51
T yN09 51 X705 8

2 FRARRASFRFUERNHREBINE FERSFHRGLEN
Figure 2 Comparison between exon and intron phylogenies based on representative individuals of each intron allele

W TS TSR, BATBIER T 14 8% 10, 5. 5 DNHEMXS espl (A, B). MATI-1-1 (C)Fl MATI-2-1 (D)i#FAT43#H7. B A
B. C. D /3l L cspl MR T FHE 1 DT T(A) espl SR THHE 2 NNET(B). MATI-1-1 MR T 5HE 2 MNET(C)
Ml MATI-2-1 ShRT5HE 1 ANEGTO). EE—EWT, ZMCNETRERFTR, ARG TRERFEH. ROTBA MK
MATI-1-1 FRES 1 ASE TR MATI-2-1 1955 2 DS T, ROV ENH B RS A PSSR,

Note: In this figure, isolates representing csp/ (14 or 10 isolates; A, B), MAT1-1-1 (5 isolates; C), and MATI-2-1 (5 isolates; D) intron alleles
(i.e., based on only one representative isolate of each intron allele) were employed. Panels A, B, C, and D are comparisons between cspl
exon and the 1% intron (A), csp! exon and the 2™ intron (B), MATI-1-1 exon and the 2™ intron (C), and MATI-2-1 exon and the 1 intron (D),

respectively. Within each panel, the left tree is exon phylogeny, and the right one is intron phylogeny. We did not test for the first MATI-1-1
intron and the second MAT[-2-1 intron because they each had only two intron alleles.

24 3INEBRBERERZEEDSHR

WL Z M BEXT 3 AN EE 1 g b 3k R R AT A AR gy
BrEt, dy#BSR /N ds, 3 B 7 AR IEE 4B i 25
TSZREX 3 AN M gt S PR R G 28 7 ol v A e
YEFI(2 3). ik HyPhy %4 % F 057 % — 4>
BBy 45 53R 5 — 3, BN 3Y dw/ds /T 1 (3 3),
2.5 EHESR

TE 3 R A g A LR Fh A 2] DNA A7 g5 [
MEHFIGER 4). Hr, TEABISR e i Es o
espl J¥ A Hh 2 /bRl 21 6 YR B 21 FF(S281 & S286.
S286 & S457. S490 & S517. S517 & S538., S571 &
S697. S697 & S710), Bk S538 i FH& T4, HE

PN FANE T, AESEHEN MATI-1-1 3£y
Gz /DRI R 1 R E A = F(S586 & S766), X
LA TN b, TESERERY MATI-2-1 EH
FPolh 2=/ DRI E] 6 CEZHFR(S121 & S487,
S513 & S595. S595 & S613. S745 & S770. S770 &
S810., S811 & S861), XLLfy HARN FHME T,
XS 2 ANEL 3 MR BgE G AT, BRI
FAF RSN, B MATI-1-1 H) 1
AMLE(S1195) 5 MATI-2-1 i 1 AN 5(S47)[E)E
BT T (S5 A SRR 3 AR Z A E 4
KEGR D,
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Table 2 Comparison on topological difference between different phylogenetic trees

[Baat R e

R T e ©

) . . KH® Templeton®  SH®
Items in comparison Isolates used
cspl SNETF 58 1 AT 25 R 2 LR bR 0.0015  0.0018 0.002
cspl exon vs. 1% intron 25 gene allele isolates
14 D55 1 NS AN LR FE AR 0.000 1 0.000 1 <0.001
14 1* intron allele isolates
espl MR T 55 2 DNET 25 /G R S B IR R R 0.0473  0.0464 0.014
espl exon vs. 2™ intron 25 gene allele isolates
10 45 2 N & FEpr L I s ik 0.1800  0.1797 0.068
10 2™ intron allele isolates
MATI-I-1 SNB T 5551 AHE T 19 R 5 (o L K B b 0.0001  0.000 1 <0.001
MATI-1-1 exon vs. 1¥ intron 19 gene allele isolates
MATI- 11 SNB T 55 2 AHE T 19 R 5 (o LK B b 0.0003  0.0002 <0.001
MATI-1-1 exon vs. 2™ intron 19 gene allele isolates
54N 2 N B A L IR A R 0.0009  0.0009 0.002
5 2™ intron allele isolates
MATI-2-1 5F 2 F 555 1 PAET 21 IR SFEA L R <0.0001  <0.000 1 <0.001
MATI-2-1 exon vs. 1* intron 21 gene allele isolates
S5ANEE 1 N A A L R F kR 0.0026  0.0027 0.007
5 1% intron allele isolates
MATI-2-1 5F 2 F 55 2 MAET 21 IR SFEA L R <0.0001  <0.000 1 <0.001
MATI-2-1 exon vs. 2™ intron 21 gene allele isolates
MATI-1-1 5b 8 F5 MATI-2-1 58 8F 115 NI RIER A P38 Y T iR 0.0012  <0.000 1 0.001
MATI-1-1 exon vs. MATI-2-1 exon 115 isolates with both gene amplifications
26 NI MATI-1-1 J% MATI-2-1 55431 <0.000 1  <0.000 1 <0.001
HE LR Y R
26 either gene allele isolates
19 A{R38 MATI-1-1 % SR BBk <0.0001 <0.0001  <0.001
19 MATI-1-1 allele isolates
19 M MATI-2-1 S 3R B bR 0.0030  <0.000 1 <0.001

19 MATI-2-1 allele isolates
TE: R MATI-I-1 55 | AW ST MATI-2-1 55 2 A& T, BB A0S 2 AN ODER 0 TR GNE T+
FERNE TGN, REFE MUK ERGLEN; © EE—ICh, AT T IHE BB PIR TC 22 5+)
IEESIER
Note: *: We did not test for the 1" MATI-1-1 intron and the 2™ MATI-2-1 intron because they each had only two intron alleles; *: For each

gene (exons + introns) or intron allele, one representative isolate was chosen for phylogeny construction; °: For each test, the probability to
reject the null hypothesis of no difference between two trees is given.

3 i

ZHITSE AR B, Ry 4 R
PRER & A7 PRI A2 B B “idiomorph” (RPERHED ™ 14 H
MATI-1-1 Fl MAT1-2-1), LA B SR Al HeA R
FHA B, Bushley ZEHH 4 i B 25 1 24 F1 1
BT AN Y AR R RUZ A 25 R, AN AR
B AT RE I R A B Y AR TR A U B

240 I PR O 58 1) ) LA 2 i ELAT A () A [] 1) gt
PTG ANTE A o ASBIFSR DR 434 Hu B B it rh
P WGE] MATI-1-1 FER, (BT LIy WG MAT1-2-1 3%
5 VEBLEAMFTEAE 04 o A e B B i g
M REEY M MATI-2-1, TWiREd 34 H
MATI-1-1 WITERE o 0 T3k 26 ey 15 31— Fh S fe Al
BRI TAbR, 752538 5 432 8 sl PR 2 00 it oA
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- GS09_111 GS09 111
GS09_121 GS09_121
L GS09 225 GS09_143
———5C09 200 GS09 229
—8C09 77 D10 _1
- XZ706_124 SC09 65
- YNO9 3 YNO9 3
L YN09 61 YNO9 61
- GS09 143 GS09 25—
- (GS09 229 NPI10 1
— D10 1 SC09 200
— NPIO_I SC09 77—
———SC09 65 SC09 97—
509 97 SC09737
809 37 X205 2
| XZ05_6 X205 6— |
X209 95 XZ06_260
XZ06_260 XZ09 95—
X705 8 XZ05 8
YNO9_ 22 XZ06_124
EYN09_6 XZ07H2
YNO9 51 XZ12 16—
YNO9_64 YNO09 22
XZ07 H2 YNO9 6
XZ12_16 YNO9 51
L X705 2 YNO9 64—

3 MAT1-1-1F1 MAT1-2-1 5NB FHR#M X RAIEL S
Figure 3 Comparison between MAT1-1-1 and MAT1-2-1 exon phylogenies
TE: T 26 MU MATI-1-1 & MATI-2-1 AS[a) S5 56 DH (R .
Note: In this figure, 26 isolates representing either MAT[-1-1 or MAT1-2-1 alleles were used.
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Table 3 Selection test of three protein-encoding genes

FF AL FH) Z 5 Codon-based Z test

S Gene R EiF B L V44 dds i HyPhy
Neutrality Positive selection Purifying selection Average dn/ds HyPhy
P-value Stat P-value Stat P-value Stat
espl 0.005 7 —2.82 1.00 —2.79 0.002 7 2.83 0.08
MATI-1-1 0.000 5 -3.55 1.00 —3.49 0.000 3 3.58 0.26
MATI-2-1 0.000 2 —3.79 1.00 -3.83 0.000 1 4.00 0.19

e BT Z INEemy, SRR (R0 S AR ) AR S (IR R TS 0T S (R B (HA). BRI, 23 1 3 RS [a] B 37 ARG,
B dntds (PPEIBIRE) . da>ds (EIEFR) R da<ds (GHEIESR). 76 Stat B R4 T d 5 ds 2EMH, (A% T HA="PHERUTSUEESE, b
dn—ds; XTT HA=AHEESE, 8 ds—dx.

Note: When performing codon-based Z tests, the level of significance at which the null hypothesis of strict-neutrality (dx=ds) is rejected
depends on the alternative hypothesis (HA). We tested three alternative hypotheses: dn#ds (test of neutrality), dv>ds (positive selection) and

dn<ds (purifying selection). The test statistic (dn—ds; for HA neutrality and positive selection) or (ds—d; for HA purifying selection) is shown
in the Stat column.
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Table 4 Recombination analyses within individual gene and between different genes

Dataset® R IN ré PcP?
cspl 6 - - -
MATI-1-1 1 - - -
MATI-2-1 6 - - -
espI+MATI-2-1 12 0.554 (<0.001) 0.557 (<0.001) 1.00
espl-MATI-1-1+MAT1-2-1 13 1.137 (<0.001) 0.570 (<0.001) 1.00

W X TEAEEE cspl . MATI1-2-1 F espI+MATI-2-1, i T A 125 AR X TEIEE MATI-1-1 R cspl+MATI-1-1+MATI1-2-1,
FUEFT 1S A 3 AJERERA bR, °: Ry ARFR DA FAEC MR8 115 DRI copl+MATI-1-1+MAT1-2-1 55
FEOMHTI, Z RTINS 125 ANHRRET MATI-2-1 BR300 S121 A1 S487 i 5 IRI LIS T, (HH A — X Hra R4 AL, B
TE MATI-1-1 S1195 Fl MAT1-2-1 S47 Z 7). ©: [ AR mi W SCHRIGHL. ra 2 Ta BT, o3 PR AT R S 8 F AR, AT
TG AR, —H BRI ELL ¢ PeP [CEARB LA I H . HE PP (E/NT 1, SiACEA R4l

Note: " For datasets cspl, MATI-2-1, and cspIl+MATI-2-1, all 125 isolates are included; for datasets MATI-I-1 and
espl+MATI-1-1+MATI1-2-1, only the 115 isolates that had amplification of all the three DNA fragments are included. ®: Ry, minimum
number of recombination events. For the 115-isolate dataset cspl+MATI-1-1+MAT1-2-1, the recombination between S121 and S487 within
MAT1-2-1 was missing (due to lower number of MATI-2-1 sequences than in the 125-isolate MATI-2-1 dataset), but we detected one new
recombination between MATI-1-1 (at S1195) and MATI-2-1 (at S47). ©: I, index of association. r4 is a modified measure of I, but adjusted
for the number of loci. The adjustment helps facilitate comparison between populations and studies. The null hypothesis for both 7, and r4 is
that there is random association among alleles from different genes (i.e., recombination). % PcP, percentage of phylogenetically compatible

pairs of loci. The null hypothesis for PcP is clonality, therefore, a PcP value lower than 1 would indicate recombination.

FA IS BE B A B DR A SEAE R D e o AR
A MU RO STATAE A — A B e bk, e al
PAHRAGRRY) DR R IR IR 5o O A Tk 128 U e
BARTEASSSIRE ST, AR TZR AR A AL . X
Foft— > LR i ] IR S B0 (1180 ) 5 B A 7 S D
AR - L HFE PO A L RIE, W

[19]

tetrasperma N Cryptococcus

(21]

Neurospora
neoformans”"# Saccharomyces cerevisiae
W H, SCHCRYEE A T s A e B I )
M, Ay i B AT 978 7 A T L T R PN R I R AR
Hs AR 5. BN, Cochliobolus heterostrophus Fl
Phaeosphaeria nodorum 3B RIFE R B9 F AR 57K
FUA 0.15%0.31%P21. #7101, FoA 1HE4 B R
WAk B sg AL R A AR Ry Rl N R SR
(4.9%—6.1%) , T H MATI-2-1 JEHHA R KT
MATI-1-1 3£ . Bushley 25t % 81 T 25044
{HHAE MATI-1-1 F1 MAT1-2-1 JER P43 5 L Z 80T
2 AN 9 ANBEIEAR 7 5 10 A ST X AL
Ho ST R R A 20 B AP SZ BB P e B T R
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KRR/, LA, RTFANE T8
B4 A R TN N(4.5%5.7%, £ 1), &
Ji PR 11 G R 5 DR A A 2R 490 % T B T LA 2 Yy
ST, m BRSNS TS W, BFAA
R BE R (4 0 8 7 )7 S A 1 R G % B W TR A7 AE—
TEMIINE 2R (K 3, K 2), X XHRTATTIN I%
B 26 R B A T4 o BB AR AR oG
AT

HARA U B R R A i 2 R LA iR
T AR S, (HA UG S R A U B
gim A PR T E 2 . APEIEAE 3 MR
FEDI RIS 24 DNA (SR E4, Hix 3
AFELR ) - AAG I BIAR 5 O FL AL 5 (35 3), X T BE
Y5 3 AR LR AL AR AL B e, (EX
DEFRAT o TCAR B R RS . AT 4% He B R A oA
— U6 DNA F BER G5 DNA E4 . #ldn, x+F
Zhang Z5fH IR 7 A4 U B DNA B, 3117
7E 1/3 ) DNA R B G RB SEa k4,
ITS 1 OSRC32. cspl Hl OSRC32, MATI-2-1 FiI

7

[y

OSRC32 ., OSRC17 #1 OSRC32 . OSRC27 i
OSRC32. ITS Fll OSRC17, OSRC17 il OSRC27 (#
KRB

A B RO 1 3R A S S R AR 2 D AL
WEFAEIGR 2), (AR B R 8L (R 1),
XATREA ZRPEIN . oG, KRR ARBELAA YA
ST S, R IN A RTIR A 1F; Hak, &
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