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Growth characteristics, lignin degradation enzyme and genetic diversity of Fomes

Jomentarius by SRAP marker among populations
CAO Yu, XU Ye, WANG Qiuyu”
College of Life Science, Northeast Forestry University, Harbin, Heilongjiang 150040, China

Abstract; The four populations of Fomes fomentarius from Maoer Mountain, Changbai Mountain, Liangshui and Benxi were
studied. The growth rates of F. fomentarius from four locations were compared by measuring the hypha growth in the PDA
plate at 23°C and 28°C, as well as the biomass by means of the mycelium dry weight in the PDA liquid medium at 23°C.
The results displayed that the average growth rate of the fungi from four locations was 0. 9cm/d at 23 °C, and 0. 64cm /d at
28 °C. The growth rate of F. fomentarius at 23°C was notably faster than that at 28°C in the PDA plate, which indicated
that the growth of this fungal species was sensitive to the temperature, for that 23°C was more appropriate. F. fomentarius
from different locations had no significant difference in growth rate at the same incubation temperature. So did the biomass
of the fungi. The activities of three main lignin degradation enzymes (laccase, lignin peroxidase, manganese peroxidase )
produced by F. fomentarius were detected by colorimetry. The results showed that the activity of three lignin enzymes
produced by F. fomentarius increased gradually during 12 day incubation. There was significant differences in the enzyme

activities cultured in different media, in which the activity of three enzymes in the PDA medium were significantly higher
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than that in complete medium. And also the activity of laccase was in the highest, manganese peroxidase in the second and
lignin peroxidase in the lowest. The activity of the same enzyme from different locations had no significant differences. The
sequence—related amplified polymorphism (SRAP) was used to evaluate genetic diversity and genetic differentiation among
four populations of F. fomentarius. The results showed that Benxi population had the highest genetic diversity among the
four populations, followed by Maoer Mountain and Liangshui, Changbai Mountain was the lowest. AMOVA analysis
revealed that the genetic differentiation was 24.74% among populations, and 75.26% within population, that meant the
genetic differentiation of F. fomentarius came up intra—populations mainly. Cluster analysis by UPGMA dendrogram based
on Nei's genetic distance revealed that the populations from Maoer Mountain and Benxi clustered first, Changbai Mountain
population was in the second, and Liangshui population was the last. This study will provide useful information for the
further research and utilization of lignin enzyme from the wood rot fungi, as well as lay the foundations of developing the

engineering strains of F. fomentarius in the future.

Key Words: white rot fungi; LiP; MnP; Lac; molecular marker; genetic differentiation

A A R 2 HOZ AR Y BB T i i o ARBE 2 LT Fomes fomentarius (L.) J.J. Kickx f&—
Pl S AT, A R AR b AR A 5ok 8 L 1 IO A O b A | 2 — o B B (8 AR M B B

SR, P BT PR ECARR R 18 AR S A N I A7 11 A4 L &/ o ik e I, B Aot 5 o 2 400 e At 1) A BIL Y5 e 00 i
IR I AE R B N AT ST A, Fad AR W 28 0 T Tl B A R S JURE DL A Tl REFE S I TE I AR 7,
A X 1 AE L — PR R AT ey i o P PR B8 15 YR B A6 RS 5 & IR I 2 LR LA ki
JE AR SR B TR PV AE DR S TT EL, ARB 2 AL R B — Al L ge b 2, T FH IR T AR AR IR
AW E AL ZBEREY) (EEF ) X ohgd 40 i A AR 3R A I R T o PRk, A 22 AL T e — o B A S B FH
M ET

FEBIARSCY B 22451 (SRAP) J2—Fh3E T PCR BB BIARIC R G, 1% b ic a8 asd R 9 5 | 0 18 110 i
PR XTI AE (ORFs ) #4791, J&—Fh ) I EL &5 8400 2 b ic ik, o7 FH T ISR ) | SRR A 2t
WG AR S — R G H S

ASCUAME LI K 50K ARER 4 AR 2 LT s R BIFTE RS 4, %of LA S5 2% e A A DG IS 44, 1)
JH SRAP AR 3 AN [IA B S22 FL TR F B 8t 4% 22 | O 5 S R A TR 1) 2 — 25 B8 AR T3 3R 38 e R O il 11
& HA BRI HEHCHRE
1 #R5FZE
1.1 5k

AEEZFLE Fomes fomentarius F XKL T 2007 429 AR AR LI K KAWL ARE 4 RS B
M BEHLREE 5 DR
1.2 BRI Esalife

KLU B, BRI A A i ) i) 1 SR AL 200 B AR A TR 22, 4 92 30 I s % HL i i 4 A0 K 30
min, GG TCERE, V1L ARE 2L ST, H 75 % AR AR 2 FL 0 S SR 4 T4t fi 70 ) )
NS 3853, 432 PR R S L s e b HAE RBE AR (£49°0.5 em) A 75% WK i il 1
min, TG ZE B AETE 3 U0, SRR TS H6F0 T PDA 853538 | 7 23 °C A TR R b 15 5% . 5
2o RN, PRSI TCAS TS G TR R AT 2 U SRRl Ik 4 CORTF& T .
1.3 PDA ¥iFdk 558 4 FR B i me il

PDA Kigedk, 58 A BRSO ] 2 W2 B0 R B ot
1.4 4 b ] A E 2L Y A= AR LA
1.4.1 HZZEREENNE

ZEPICH R B, ] — b AN TR B AR ) 2B R TE 0 3 25 5, SCR S R BB HLIE SE 1 DS TERREA T AR I E
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Kook A 4 A Hb S BRGS0 B RIS I Bl TR 22, 43 SRR S PDA K5 FR3E 1 L0 7 B F-H2 (90 mm) Ki 5%, 4F
AR 6 A PATIRES, Hor 3 ANE T 23 CARMBAETT SR, 5 3 AT 28 CARMH TR, 1 24 h MRS
JER R

1.4.2 22K I E

R 4 AU B RRAL S0 B AR I Sl TR 22 , RS S AN TR AR, AN BRI B 42 A PATIREE, 43 31
FEFE] PDA WARREFR AL 23 °C150 v/min R 357, B 24h BRSO 3 A PATRESEAT B 22 0K T E )
FE THIEAR I8 28K phk 3 Wk, A 100°C MR hpt =4 a1 E35E 14 Wk,

1.5 RJ5TER FR AR AR DG T e e A
1.5.1 KLl &

FER H 4 AHLS S TR U0 B RS I 20 TR 22, 73 RN B AT 40 mL 58 53R 40 mLPDA & 4
IR 100 mL =AM SRIG A BIIA 1 g FIFEARTE ™) 23°C 150 r/min FIRGRGFE 4 d,8 d,12 d B,
B4R IANE 14 mL, 15000 r/min 850> 10 min,4 °C T #AE, 2588 22 F9 1 0075 Yy, O F i ol
it 1%

1.5.2  RJ5TER [ A A DG BTG P A

ATRFE LA AL Y (LiP ) ARG o8 S AL P (MnP ) W6 PR 5 2 0L SCHRDS R (Lac) W6 PEIISE 2 0
SCHk
1.6 ARBEFZSLEFEERERE SRAP bric kil
1.6.1 KRE5)ZFLH DNA AUHREL

25 UL SCHR BB )2 FL TR TR 22 AR BE R 4] DNA L 0. 7% BIRBEEE IR Ly K I B ™= 4 , UPS BEI R R 452
HEAH
1.6.2 PCRFJF

PCR FEFZ: WLSCHK Y 194 CTAETE 5 min;94°C 7281 1 min,35 CB K 1 min,72°C TEH 2 min, §7 54 5 MF
I BB JGRBETEE 50 °C, HAWAAEAAS 9714 35 AMEI; )5 72 CHEMR S min, P34 WEAT 1. 5% BifR b
BEE VK, 140V fE 1,70 min, UPS BEMS L4 245 BEAH
1.6.3 AKE5)Z1LEE SRAP-PCR W& R A B 51 Wy i i 1%k

(1) B—NZA Bk SRAP-PCR [ WAk £

SLEG RIS M) Mg™ (ANTP 3 AR AR AR UL ANTP R AR IR 2 1, M W AR L IR R T, 51
AR, K REAMA R E 3 DK, 39 NMAE  HABK R &SmO BR DNA ;20 ng, 10XPCR buffer:
2.5 pL,Taq (5 U/pL) :0.25 pL,ddH,0 %P 55K F 25 wL, S286 ARSI HI4H AN mel—emd | fi B DNA
B R F AR T RE

(2) IEZE#iH4L SRAP-PCR [ itk %

SEE TR M IE ST RN Ly (37) ,BI 3 IE 3 AKERIERC TR (R 1), LRITHKSI A E R
med—em17 , DNA BiH R A AN ZE F Rk,

£1 PCR REMEZRKTE Ly (3) EZigit
Table 1 Ly(3*) orthogonal design for the factors and levels of PCR reaction

ErR= Mg** dNTP 5|9 Primer ek Mg* dNTP 5|4 Primer
No. /(25mmol/L)  /(2.0mmol/L) / (4pmol/L) No. /(25mmol/L)  /(2.0mmol/L) / (4pmol/L)
1 2.0pL 2.0pL 1.5pL 2 2.0pL 1.8uL 1.0pL
3 2.0pL 1.6pL 2.0pL 4 1.8uL 2.0pL 1.0OpL
5 1.8pL 1.8uL 2.0pL 6 1.8l 1.6pL 1.5pL
7 1.6pL 2.0pL 2.0pL 8 1.6pL 1.8pL 1.5pL
9 1.6pL 1.6pL 1.0pL
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(3) 51 4¥ii i

T SRAP M IE a1 511" R 50485 0 mel—me7, me9; [0 51 )12 JE 51485 K eml—eml0, em12—
em17 ,41AL 8x16 X5 | WAL, R AR A AR A B ZFLE S 41 DNA AR, 43 516 8x16 X5 14l &
FPLALS 9 SRAP-PCR WA R4 T SRAP-PCR, ik th 43 #E 1 8 R B MEAF . ZBMEFEE W 10 X5 94H &
HFRE685
1.6.4 AR S5 0Hr Tk

SRAP 43 Fhric & W AEARIC , AR S Rl —5 [ 347 b s Dk R RS 6 — U S g R 2 3, |
PRI (0 R — 2R Y o — A i R E— B S0 . ARIEE D FARiC T B R L H A A
TG BT 7 1) o8 A (k) iC R 1, I8 (B ) ek 0, 5 Ay I E Y8 1, e A T
13Ff SRAP 07 S5IE 8 0/1 EBIEHRHE I, FIFH PopGene32 BAA 34 VLI 251 SE B (N, ) A 8025 KL PR %
(N,) Shannon( 1" ) FeEUSEREMS I WA B 2 AL BB 8% 2 HEE KT 19355 240 ARLEQUIN2. 000 #1 44 H iy
AMOVA L4 Hr FE REA AL S AL AR AR 4% PopGen32 2E J8HY Nei's A% 1 85 | B 12 T HEAL A5 20 B ek 24
Mega 4.0 Xf 4 DABE 2L EHEETT UPGMA A5 47
1.6.5 HHBLESH

(1) ZEBALE LR (PPB)

EZNIER

P=— e xX100%
o F B 37 A B ‘

(2) e —BUE (1)
1= Jxy/ /Jx = Jy

AT = (U/n) S EX X, 0 X BEURES i AL j NSO AER ) = (1/0) T XY, Y, B Y BERHS
i IS § NG SRR AR

(3)Nei's MAEFEE (D)

D =-Inl/

IR XA Y BB A RS F i —3808, 1= 1,D = 0 B, 28BS 1 7 TG 6l 3] 14 35k P Ao
MG = 0,D =oo I, FBAPATEAR ] 75 FT A R0 2 ) 35 R 07 1 58 R TR
2 HRESW
2.1 4 USRS ZE AL AR Y LA
2.1.1 PDA [E{AEEFRE R BRI E

23 CEIFRAMT ,2—3 d IR GIRTE BT, B2 7E R IR BRI 5 B Y R ,9—10 d P 223K 1H A ik
S B, RERREE T 4 A Hb S R BEZE AL R AR AR SR (B 1) R, R AT 4 S r AR B 2 fL
PR TR R AE [ — R R B3R, AR Kot AR — 30, K P R AR A K RS DT A 3 AN b5 bR . X EEAS ]
TR [A]— Hb S A AR AR K BT 4 AN Hb S I TRRRAE 23 C ARG EIR ML, WY& 542 10 d A48T 363 9
em FEHEREE R 0.9 em/d; 1M7E 28 °C TEFE 14 d, HEEAA K E9 om A KEE N 0. 64 cm/d,
4 S AR B ZFLHAE 23 °C F A K %5 28 C R FRm b, BL A B 2 L3 0948 KR B A UK, &7
PR A KR 5 2250 B R WIE ) — 5 3R TR, R IR s AR B 2L A K e B 22 5
2.1.2  PDA MARKEFRIE B 22 06T 5 A I

PDA JRRKFREE b 23 CHEFERT 4 ML B9 A B 2 FL A B AR A K R 3 B — 8k (B 2) , R i P IR Y
3d B TA KR, AR TR SR B P AE K B8 b TR T LB 15 9R 5 d EA WK AR E
0.2 g, HEANTEO], 22 0 AE R Gl K MR AR A — BB, oAt 3 M s i TRARTE TR 4R 8 d WA K TCHA I
225 N 9 RIFHR , K AN MRAE KT8 JLINAAS R Btk . B2 05 T /EW R G iR TH 2 )5, th TR 3R 3t
HE SRR ISR 7E 11 d ZEA ot A G 30, A8 i S i — Bt ), AR T LR B, AR KA 0 4
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A MR R T 22 R AR 2RI R, BEE E IR Y IR BT RESR S A TR AR AR R R 22 iR A Kz
P, w22 AT A G B S AR5, A AL TR, R 22 AR T ER AR TR T, i 2R
B 4 A AR B R AL TR PDA WUIRIE IR b 23 C o R, AR R R O0 25 52

100 o wok o0 08 - —o—KHI
gl —&—#LI E | o=
S = 06+
KH?,; 7L —e— Bk @3 " —a— KA
n2 6 —a T E —e— KR
mE st wL L5 04f
s | =
' = i b
g 3r 5 02]
S 2| 3
@] 1L 2
= A ol vy
0= 34567 890l 21314 01 23456 78 91011121314
i FEFEm R
Incubation period/d Incubation period/d
E1 4 HARARETLEEEE PDA BAEREREK B2 4 PHREARTERTLEE PDA BEHEFE R ER
Fig. 1 Extension of the colony of Fomes fomentarius from Fig.2 Growth of Fomes fomentarius from four locations in PDA
four locations on PDA plate liquid medium
SLOARIEARTE 23°C R IR A P , 25 O FR I 2 7E 28 C B g 4 14
T

2.2 RHRJE LR A5 2R i A O ARG 1 1) e

4 MR AR B 2 AL R (Lac) AR i S ALY (Lip) VB A AE W08 (Mnp ) 5 4 U B 0L P 3—K]
8o 4 MHbRIAARERZFLR Y 3 MEGRHG MEAE 12 d WIEHY R, FESE I IRAE R 12 d N, HEAREAR
It 2 AL TR R S 5 A 3 b R B SR AL R R BS VR A /e — 2 2557 76 PDA B 3RFEh 4 S iR B 2 LR
(4 3 BUBEAERTIRA9 12 d NEEE VR IO 22 50 . IS SRILIETIRTE + oy S0 AL Ao Al 8 05 1 50 4 9 1T ] AAR
EOWHYA R, PDA 7R3k b 4 Db R B2 AL 3 FhlERE 5 V45 B 0 v T o 4 B R0 R ) R A i ik
AP, LR A 22 2 542 . R AT REFE T PDA B3R B R &R 5| , il 3 FhlE7E PDA
Bk F AR R Tt i aR bt 22 (3R 2) KW TESE 1557 5M PDA K g dkrh | R ER IR I (RS
7] S BOR B JZ LI 3 FhEEEEAF A 8 2253 o (EDOS A [ e ) ) O P SO, A TR O PR AP A —
225, MR F ALY , Bl A TS P AN [R) e ) 22 5 AN 3

30000 - 5 4g 875.00 1 4d
& 8d
S 250.00 | ~ 750.00 - 12d
2 20000 | S @500
#H = H >
= 2 £ 2 500,00 |
22 15000 e
b 2% 37500 |
2 100.00 - %
S § 25000 |
= 50.00 | 3 12500 | S
0= 0
B3 4 M ERAREEILE Lac A2 EFESFENE 4 4/ HERAEEFLE Lac 7F PDA i3 E hiE it

Fig.3 The activities of laccase produced by Fomes fomentarius Fig.4 The activities of laccase produced by Fomes fomentarius

from four locations in complete medium

2.3 REFZLEEREN SRAP bricdistfs 2R

2.3.1 AKBEZFLE SRAP-PCR A& R AL K 51 i ik
(1) H—HEAE ML SRAP-PCR K NAAR (K 9)

from four locations in PDA medium
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~ S~
#2 w2 35000
522 523 300.00
gig g% 250.00
x5 2 S 200.00
ﬂg é ﬁltfjé 150.00
%8 i & 100.00
=g = 2 50.00
Rz K2 000

& i

= —

WEJLLL i":EIlJJ AEZ Bk

5 4/ HRERIEEETLE Lip £ £EREREE 6 4 REAKREEFLE Lip 7€ PDA R EHRE N
Fig. 5 The activities of lignin peroxidase produced by Fomes Fig. 6 The activities of lignin peroxidase produced by Fomes
fomentarius from four locations in complete medium fomentarius from four locations in PDA medium

2 z
= % 200.00 ~ 4d @ 3d 12d = é 625.00 ~ 4d & 8d 12d
2 S 17500 2 S
2 £ 15000 | 3 § 30000
H = = 2
§ 5 12500 |- i £ 375.00
25 10000 | E £
2 7500 - | 2 250.00
=2 5000 = 3
A 00 - B = 125.00
3::'3 5 2500 | 2§
& s 0 5 0
= =

MEJLI KAWL AF (5'7J<

7 4N HRMAKEERILE Mnp EE£IEFESPIFENE ES§ 44 SHAEEILE Mnp 7 PDA ¥ s thiE i
Fig. 7 The activities of manganese peroxidase produced by Fig. 8 The activities of manganese peroxidase produced by

Fomes fomentarius from four locations in complete medium Fomes fomentarius from four locations in PDA medium

x2 AREBEUERERAEST
Table 2 Two-way ANOVA of lignin degradation enzyme activities

AT W T 564 B35 Complete medium PDA 153 PDA medium
Lignin degradation enzyme Fine Focation Fie Focation
Lac 52.13** 4.66% 43.44 7" 3.251%
Lip 43,44 3.25 113.13 ** 0.534
Mnp 125.59 ** 3.26 493.69 ** 1.359

# % <0.01, *a<0.05,A<0.1

FERZR T B ANTP WAL, 45 3 T BRI, BB, g’ 1 f2 5 JEi ek 400
UG MT, LB ANTP (2. Ommol/L) 2.0 pL,1.8 pL B ERES A ; 7EAR I Bl Mo Wk BE A | 15 sl e
W, 4 F o BRI B Mg™ (25 mmol/L) 2.0 pL B FL KRR fe s TEAR R TP Bt 5 | 0 kB ) R 25
MRS a5 7 BV BERGE H, RIS 14 (4 pmol/L)2. 0 L B LUK ELAT

(2) IEACH AL SRAP-PCR JZ Wi & (1€ 10)

FRAE Sy B 5 A5y 55 T TR R T SR v B R U] i 57 A B J2 L TR SRAP-PCR S5e [ W AK R 0 G
57 BAA M (25 mmol/L) 1.6 wL,dNTP (2.0 mmol/L)2.0 pL, 5% (4 wmol/L)2.0 wL,DNA 20 ng,10x
PCR buffer( % K*)2.5 wL,Taq(5 U/pL)0.25 wL,ddH,0 #h5K % 25 pl.,

(3) 514k

A3 %F 8x16 Xt 5| W 2H & 111% i M4 2 64T SRAP HL UK, 07 36 1 2 8 PR AF 19 10 XTI a4, 28 9
mel—em?2 ,me2—em7 , me2—em9 , me2—eml2 , me2—eml3, me3—eml4, me3—eml6, med—emb, me5—eml3,

me9—eml7,
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M1 23 M4 5 6 M 7 8 9

E 10 Ei%it SRAP-PCR Hiki&N
Fig. 10 SRAP-PCR profile of orthogonal design

B9 2 —752 SRAP-PCR E k&7
Fig.9 SRAP-PCR profile of single factor variable
VKB G5 SR T S A XTI . M g DL2000 DNA Marker, ¥
I8 1—3 02 dNTP W EASALB L UkE 4—6 2 Mg™ MR AR L,
VKIE 7—9 &5 ¥k BE R A b BE

2.3.2 KREFZILEBL 2R

K FHE 9 10 XF SRAP 519043 4 A JEHE L 20 AN i, 25473815 21 906 4547, FIREXF 51 4 15 1Y
ZARECN 90. 6 2%, AL > T L HITE 100—1800 bp Z[H] (1 11) o FeAil 252 Az g, Horh 2735407 51 163
A, BEZBNT R (PPB) J 64.68% (£ 3) . FIil 280 SRR AEIZNLE L4745 DNA F B H B0 43R /N
F0.99 ML, T2 05 4RI PRt AL A8 S KOF R I — A B AR b, R L AR )
SR, Bt 4 A3 SRS 2 FL R FE R SRAP-PCR HLYK K13 rh 22 25057 5 R AV 5 80 H B3 i - 5o T4
PR 4 DR Z LR S B sAE 2R LUE 4 A B RERI 2 800 80 E 4% T 58.33% —69. 70% , i %%
JEREN L 2 SRR R R 2 SR AR, P AR R &, KA IR (R 4) . 75, KEZ
FUTAE A5 Ja Bk 1) S5 07 B PRV BR AT 24 S5 07 JE PRV BORT Shannon 48 85 R K B /INHESN I 5 22 25007 45 b R IE AR A ]
BIAGE LI UK A E I,

#=3 10 45T ENSEMRE

Table 3 The number of polymorphic loci amplified from ten pairs of primers

EZN Pt SRS ZBNLEE B
SR ZALA B g g FL it
| . . The number of Total number of . R The number of Total number of
Code of primer pairs . . . . Code of primer pairs . . . .
polymorphic loci polymorphic loci polymorphic loci polymorphic loci
mel —em?2 12 25 me2—em7 15 26
me2—em9 13 21 me2—eml2 18 28
me2—eml3 14 27 me3—eml4 15 21
me3—eml6 7 21 med—em6 24 29
me5—eml3 22 28 me9—em17 23 26
it 163 252
x4 ANMKBEEALEEHNBESFELR
Table 4 Comparison of genetic diversity of Fomes fomentarius from four populations
- i8¢ B B SEGARE BEMALE O BEEAE O AACEEIENE Shawon
Populati Number of Number of Percentage of Number of Effective number Shannon’s
opuiation loci polymorphic loci Polymorphic/% alleles of alleles information index
ZStS 66 46 69.70 1.1423 1.1358 0.2856
Mg L1l 62 42 67.74 1.1367 1.1302 0.2471
K 64 40 62.50 1.1226 1.1174 0.2389
KEl 60 35 58.33 1.1169 1.1054 0.2037
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Eild 32 &

5|40 A me2-em13
M 1 2 3 4 5 6 7 8 9 10 1112 13 14 15 16 17 18 19 20

- .. T T T RN R ™
-

- .. - s
JERRR e . 11011t 4

B4 A meS-em13
M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

MENEEnE “EBERnREsT

-:g_ﬂ--;;-.g “N 20 MR B0
R R T T ' E 2 A E I I

11 SRAP-PCR HEikE
Fig.11 SRAP-PCR profiles of the four populations generated with primers me2—eml3 and me5—em13
M >4 DI2000 DNA Marker, VKi# 1—5 UK ERE, JKIE 6—10 S FLLERE, UKIE 11—15 W8 JLILEHE UKIE 16—20 A JE

2.3.3  REFZFLARREERN AL 1k

2 F AMOVA X A B 2 LB TR B0 38 A5 AL AT 25 SR R B (6 5) R BE N 7 2200 8 Y SRR 5 75.26%
MTEEAR )T 223 A STHR R Y 24. 74% , X—E5 R 5 28008 LR S B & . Bl WL, R Z AL
LBt i e s v d o g e A AN i O

®5 FEBEESUH AMOVA 447
Table 5 AMOVA analysis of genetic differentiation of the populations

SR i A SE4 it 5 5 A
Source of variation df Variance components Percentage of variation/%
FEKIE] Among populations 3 3.14 24.74

BEMA N Within populations 16 9.55 75.26

&1 Total 19 12.69

B AR R Fst 0.247

1344Aﬁﬁﬁﬂﬁﬁﬁﬁﬁﬁi%

WG — S F R FIW B Z RGO R . SRR s A I B R Bt R S R, il — ﬁﬁﬁu%
P 5 AN ) £ S A [ i P 22 ) )5t A AR B . Fh e 6 M 4 AR B J2 L B ) 1 asie A% — SO A
0.5342—0. 7376 2], AL HE B A T 0. 2628—0. 4654 2 [6] , 320 4 NS 2 L1 a1 22 ) 74— E%M%W
5t H Nei's BEESRICEEF (B 12) nHIWT, R LI ASTR K LA A B2 FL A o B 5 i K K B 2 L B s B AT
TER KL 74k

x6 ANKBEALEEREEE-BEMREHESR

Table 6 Identity of gene and genetic distance of Fomes fomentarius among the four populations

St WE L VIS K AR
Location Maoer Mountain Liangshui Changbai Mountain Benxi
I JLLL Maoer Mountain * ok ok x 0.6216 0. 6836 0.7376
7K Liangshui 0.4281 Kok kK 0.5379 0.5342
£ 1l Changbai Mountain 0.3135 0.4623 I 0.5716
AZ Benxi 0.2628 0.4654 0.3787 d koK sk

i b te—BUE (1) 2 T s eis (D)
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3 it L
JE 2 v S 2 ARGE K I 2 L R R TR 2R R B K

FRRE R 28 C  MAMF L R R VIARE ZILWTE23 € ] Kl

IR FEA R, SRR ST e A — S, BRI AT ok

AE-S5 AL 56 TR Wk A K 78 AR b M X, R 093 o T IR TR L E L T !

B, PR 2l By 0 B R 22 H 23 C By 3G 97 1R

T A1 4 MABEAHEREEEEREXE

Fig.12 UPGMA dendrogram for the four populations of Fomes

Persson %54 fff 5 % W J #F P 94 35 IR 2 R 1 5 B
FEMECH BE L, FAIF SR RS H D, B — b et
HUS AFRE X FE— B RE L nT RERZ A R 2R KO (B2, i B 0 AR A SR N T e AR, iR
SRR B BBURE B i 2 A5 BB I Z AR HOK TR A T T ik — 2P FoT

WAL 2 BV B AR A3 N & AR T B R SRAP ARICAFFE KB ZFLER 4 R BE e £
REPE RIS AL AR S 15 3 28500 5 R e R R AR K A ILRA, X — S5 R T Be 514k O¢, h TZE A H
S K L AT R T AR SR A AZ BRI AN R AN Bt AR T I HAK b B 8] T K B2 FLIE
O3 A BN B, FERRRE A A AR B S, (H LR R B 2 AL R B S AR S 2 A 5B SF A R A O, i fpift
— 5T

JE T I 1 b R B 1 A S M R R (RSB A 20 A1 20 Pl Ned's 38t 4% 5 2 26 i SRR IR (&1 12) 7T,
Sk FIE L LA AR (A B 2 FL A B e R AE— R, AR5 52Kk AR A L BRI AR SR — K28 e A 5 T /K R R R
X, X451 SN R AV &, 0T RS B AT = 18100 AR 55 I B Fn 20 0 =0 O EIR AR5
WA TFFIHAT,

RIFAE IR RLITIE A 1 SRAP 1R 2[R, 25 ™ Rk 42 S 7 R SRAP F AR XA [A] 7 JR 44 22 9 DNA i
AR, %5 PCR KWK R ANTPs \Mg™* | i 55 R 3R A TR A -0 14645 B35 LAY SRAP RNIAR R, A5
WX SRAP-PCR 1A R AT T Al AEdE T 30— N AR S LA IR IR B, R 3 Mg™ ,dNTP, 5138 2.0 pl B
PCR LKA USSR S, (R 3 IE 3SR A B 3 AR AR £ 2. 0 L, ZIAS I 0 i de A IR &R 1 BH 4%
R AT, BT UG SEE SRR R A LB,

SRAP — Bt FH 6% 4 58 DA 475 Bk i TR i i ok o, AR 0T FH 2. 0% BB BE BRI Ay 2 A5 (B2 B A0 %5
B PRI ARBFSESE B R R Y 10 XF SRAP S48 4 D JREER 20 MEER 1. 5% BIS
WHEEIE LKA I E 906 45ty , 45ty & , il o Bk 22 5 2507, T L TG 75 (5 FH 58 1A 0k Tk e 5 sz Pk >F 4 6 G0 3k
FERRIRAD T TAE & REIRI B AT ZANFE i, I HR w17 8RR 5 4L

ASCWFFE T ZRACHILIX. 4 A1l ) AR B 2 L AT PR RSB 28 R i TG 1 4 S R I J2 AL AT JB A Y st A% 2 AR PR K
S RUAHI SR TR 2 1) 4 S BIF90 Hbe  AR B8 2 L TR A A — 8 ry e B M A i, T AR AR X
T B RGP AR B Z U , BT LUAREFSE 45 5 0% XA B J2 AL B 00 HE— 2007 28 R0 A 0t o 20 die

fomentarius based on Nei's genetic distance
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