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Abstract; We used three types of white-rot fungi, namely, Fomes fomentarius, Phellinus baumii baumii, and P. igniarius
as the study materials. The colony diameters and mycelial dry weights in different culture media were measured to compare
their growth characteristics. Further, the activities of five lignocellulose degradation enzymes of the fungi were detected
using colorimetry. The results showed that all the fungi were fast growing types: colony growth of P. baumii baumii in Potato
Dextrose Agar medium was faster than that of P. igniarius and F. fomentarius, but mycelial biomass accumulation of F.
fomentarius in liquid Potato Dextrose medium was the highest, followed by P. baumii baumii and P. igniarius. The

manganese peroxidase (MnP ) and laccase (Lac) productions of F. fomentarius were higher than that of the other two
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species, while the lignin peroxidase ( Lip) vyields of P. baumii baumii and P. igniarius were higher than that of F.
fomentarius. The F-test value of three ligninolytic enzymesexpressions among the three fungi species was 3.75", 5.20"" and
3.01° for lignin peroxidase, manganese peroxidase and laccase respectively, and the value for manganese peroxidase
reaching a highly significant level. The wood chip treatmen had significant difference from the control, and F-test value for
lignin peroxidase, manganese peroxidase and laccase was 3.84" |, 4.19" and 5.28 " respectively. No clear variations among
fungi species for the expressions of endoglucanase and exoglucanase were noted, while the expressions were obviously
affected by the existence of carbon in the medium, and the F-test value was 3.99" and 4.04" for endoglucanase and
exoglucanase respectively, both values reached a significant level. Target region amplification polymorphism ( TRAP) was
used to analyze the lignocellulose degradation enzyme gene polymorphisms in the three white-rot fungi by using 29 sets of
selected primers. By using TRAP | we amplified 357 bands, including 255 polymorphic bands, with 71.43% of the total
polymorphic loci percentage, where the polymorphic loci percentage of the lignin and cellulose degradation enzyme genes
reached 73.77% and 68.97% , respectively. This result indicated that the lignocellulose degradation enzyme genes of the
three white-rot fungi have high interspecific variations. Thus, we showed that TRAP molecular markers are useful for the

analysis of variations among species of wood-rot fungi at the gene level.

Key Words: white-rot fungi; lignocellulose degradation enzymes; TRAP molecular marker; genetic variation
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N BB ABE R RS =250 R B EE AT AR B amii 4, 8 TR R, R Y
HEAL AR PR IR T — BRI A TR R AR R G, 2 A SR P AR R 1 ST AR A

AR E B4 T IR 2% 550252 0 T N H SR B vh i e RN 7528 6 e 0 TR AR
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AR SIS T A RIS, FOALIX I 38 Z2 8 4E (Target Region Amplification Polymorphism, TRAP) 43
THRic, & Hu F1 Viek 76 SRAP 3 FHric BeAt E4R I BB 8L 0 FARICHEOR ™ ) TRAP 43 FARic kT E A
BLIA Y cDNA B¢ EST P95 BBt lie 514, Se £t SR I K e 51, BEALS 1908 & AT 50 GC ik, 1T 54
Bz DNA H N & Bl A0 - DXCIRIEE T, 47738 7= 1 ) 0 S BE DR 81 i A7 2 8 ARl . R BORIRAERRT . 2251
o R B 2 AR RO DA D R R, ARt 2 RIS T O B AR A AR IE AR

AW FE LIE JLLL R EE ) AR B )2 FL TR ( Fomes fomentarius) BRI A JZFLEE ( Phellinus baumiibaumii ) Fl1 kK
AJZFLEE (Phellinus igniarius) 342 I HA: KGR BE A 9w A8 A0 DA NOK o 2F 2 2240 S 0 1, b KB T 4
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Table 1 The main characteristics of three wood-rot fungi

AR EFTE Va3 A JEFGFE R ES

Wood rot fungi Taxonomic status Decaying type ~ The common host
KB 2 ALTE ( Fomes fomentarius) ZAWH ZAER EER H G FTHE BRATE A7 55 I A
{600 30 48 A 22 AL B ( Phellinus baumiibaumii ) BHEAEH SEER ARZLEE H G B MR TR AR
KARJZFLHR ( Phellinus igniarius) B H SEER AZILERE SREN T SEER 7 Rl g

TCH &M, LA 75 % 00K 15 DRI A B8 7SS AR F 18, FHAR 0 0 5 Hh TR R 7 S AR N 05 e g /b AR K K
R /INEBR T 75% WTED RS WO B 1 min, TORKIEDE 3 WK, IE4RK /5 86F T PDA BAT-HR G773, 23°CK
TGRS R RE % TR 2 K T 1 IR S I, e O A TR 15 Y A R 22 T SR 5 15 2 W BB A IR I B2
BN, 23CAMRAA LRSI FF R T 22 KA 4°C KB AR
1.2 R KRR A

KRV AR R B 22T E vk LA 3 R B v B AE 2Rt 0 20 il 3 b F1 8 T 4 TR 22 45 R E PDA
ARG 7R3 (90 mm ARBFFR L) SFAR b S 28 C A MEAFR REOG B 4% 95 A5 12 h M B 7% B AR Mk, 2
AR, A3 PR 3 R R ELAR 90 mm) H2FF 100 mL = AN Y 40 mL PDA W AAKEFR T,
28°C 150 rpm H IR IR 1T 5% ; 4 48 h PUGG 2244, SR 4TI JE A5 BT B 2214, FHZR IR /K sk 3 ¥k, 100°C 4 rhopt
TEEE, R TE, K3 AR 2R Bk, A 3 RER,
1.3 BEE L E
1.3.1 R Z P A Bl 05 1 A I

AR 5 2R it T REL R VAR ) 45 - JC RSB AR PF T B8 3 b FUBS TR B DR 42 R0 1 100 mL = fAJH N 40 mL PDA &
TREEFRIE A BN 2 AR BE, AL FREE I FMEA S, X BREE TG AR 528°C 150 rpm fHIEAR 35 3% , 2 WIEUA
BEREFRW,4°C 15000 rpm 5.0 10 min B35, 19K G K W AR SC AL B > 48 3d BU— U BRI 5 1l
T FELRIC T YA, B U S A AE BRI 3 AN FE A AR, AR AR B R A B e 3 RN R A AL
(MnP fiff) 0L 22 SCHRS A ( Lac ) A9 TS PRI L2 % SOk R R S AL Wi (LiP ) 35 P
WSS
1.3.2 22 22 Ak s 1 P 0

FELFE R B AR R RECE L 17 50 mL =AURHINA 1 g BRIEHIFE M 10 mL J5 3590, BN H AP 2 A ab 8,
FLRRIR ) 503 1A A REA T TN 22 B 55 3R W 45 R OCHLER 19 B E 4y & = 50 R . 2% (NH,,) ,S0,,0.1% KH,
PO,,0.5% MgSO, - 7H,0,0.01% CaCl,,0.01% NaCl,0.005% FeSO, - 7H,0,0.0016% MnSO, - H,0,0.0014%
ZnSO, + TH,0,0.002% CoCl,, T4k 3 [ fifk By FHL A R ) 25 JCRRRRAE SR 0 B 3 i 18 TR 2 P 1 7= 241 4t R il
ARG 7R, 28°C M TR 7%, 5 W BB R ) 2 ML VA, 1) B35 3R R A 5 4% 5 A () Z8 A8 /KR 12k, U2
A S UEAF IR, 4°C 15000 rpm B0 10 min IR, FTAS M4 4L R K AR DGR FL B . B 0% 4d BC— IR IA
FEDN R BTG 227 Y SE | ARV A8 A Ab BRI 3 R AR, BB AR BN RE 2 R LG 3 R
VI (EG M) A7 SN (EC B ) 3% PR 2 WS S0k |
1.4 RJTZF2E 2R P AR AH B SE R TRAP Fricist %48 S Al

K FMCEL A CTAB B4R HL 3 Fl P18 14 195 DNAPY S RIS [ NCBI B8 2 1 A I3 21 4 22 W5 A A G Bt 5L 1R
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TRAP-PCR 43 Fhric ki, S~ # 3 WKH K, PCR B M 250 : VAR R 20 pl., A4 DNA 100 ng ., [# 2E
51410 uM) 2.0 wL FEILE#7 (10 pM) 2.0 WL dNTP (2 mM) 2.0 pL . MgCl,(25mM) 2.0 wL . 1xBuffer (&
K", A& Mg™) 2.0 pL Taqg DNA R4 0.15 pL.ddH20 7.85 pL;PCR F£/5 1 :94°C 5 min;94°C 1min,35C 1
min,72°C 1 min,5 PME#F;94°C 1 min,56°C 1 min,72°C 90 s,35 MG ;72°C 7 min, PCR §' 872914 1XTAE
DRI, 1.8% B EAEEE IS , 100 V % b s L 3K, UPS BEE 1% 248 (Universal Hood 11, BioRad) # il 7k
e
% 2 TRAP-PCR 3| ¥IfE 55
Table 2 The bases sequence of primers for TRAP-PCR

EL/ B3 LB 97N B4 ST E)(5'—3")
Primer type Target gene Primer name Primer nucleotide sequence
It %€ 514 TR A7) MnP1 ATGGCGCGTGGAAGGTG
Anchor Primer MnP2 GGTGAGGCGGAGGGAC
i Lacl ACAACTACAACAACCCGACTG
Lac2 GTCTGGAAGCGGATTGTG
AR i S AL i LiP1 CCCGAGCCCTTCGAT
LiP2 CCCCGACCCTTCC
LY KRS CBHI 1 ATCTGCGACAAGGACGG
CBH 12 GGGTGACGACGGTAACTT
LY K R SE A T CBHIL1 AGTCAACGGTCGGGA
CBHII2 GAACTGGGTCTGCTACCG
21 Y AR SRR T CDH I TCAACGACAACCCCGAC
CDH 1 GTCGGGGTTGTCGTTGA
R A U R R EGI ACGAGCCGCACGACAT
EG2 TCGTGCGGCTCGTTCAT
B- A 4 Wl T B IE A B1 GTGGAAGGTGCTGCGGTA
B2 CAGGGAGGCGGAGTGG
FEBLS 4 / em2 GACTGCGTACGAATTTGC
Random Primer / em3 GACTGCGTACGAATGAC
/ mel TGAGTCCAAACCGGATA
/ me2 TGAGTCCAAACCGGAGC

1.5 BRI 553t o ik

K SPSS17.0 GEi =& 854, ) 3 Ff B TR 9 J LA 32 2R Joit 21 4k 28 Jl 3 14 4 7 b (B R0 Ach 38 ) Oy 2 J I 38
PEIIHT

Z 2 H 5338 (Polymorphic percentage ) J2 1l i FE A 158 45 48 53 1 10 S 800, S 48 R P 22 285 1 35 TR JE 11 Eb
B, ALK P =k / n x100% ,Hrh P RHZEASA T,k A ZBALGE, n RIE BIALEUEEL

2 HREHM

20 3B B 2 R R A
PDA [ RBEFE LT3 7 1R B S LA TE 16 d Brdead B s (AN 1A B, 3 PR 22 K ik 2
59 KB L BRI 2 AL B 0 A A e B8 22 0 P340 B AR 2 7.5 mm/d i1 6.9 /|, U018
RJEALH A KR RTX B0, T 22 0P R FE A 5.6 mn/d, = 2 ) K P 0 SR 0 68, 440 T bk
ER S e
PDA MK F AT |3 R B2 A AR PR 1B B, A 14 d U, AR I AL B8 A i I
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Fig. 1 The mycelium growth and biomass changes of 3 white-rot fungi.
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ARIBEFRACAET 3 Fl 1 B A 5 R R A A GBS AR TR AN &l 2 B, B5 3003 3 AR ™ LiP i MnP
fiti Lac B AR, 28 6-9 d PRSI e AT BAE K0T, Wi i A I AR 39 0, 18—21 d Je itk AR I, P il i i
W R,

AREFZALE ™ MnP i Lac [ 2 15 6 00 66 00 A2 FL A FI AR 2 FLIR , F Bl 25 175 5 BsF [] 174 0B < T 1 1 5
Rt G A 2L B R IR 2L TR ™ LiP il ot 5 T AR 2 FLEA ;3 P TR MnP i | Lac fiff | LiP i 119 22 35 5 F 7]
ERBFE(F=3.75" 520" 3.017),

3 FAAY MnP [if | Lac i§ \LiP f§ %) ik m AR PR S X IR 22 57 B35 (F=3.84" 4.19" 528" ), Kl 2-A B
WRAREEZFLE R MnP BEF Lac BTG PEA S 175 5 410 5 10 RAAH ; B0 4000 40 A2 LR 638 Lac TS PEAIL,
AbBRIE] 22 SN . KORJZFLEE 5 S 4100 MoP B Lac BTGP AT T-XF BEZH, AMEAR S X MnP i Lac B§i7%
SAYERIR PR 22 5 02 (F=3.85" 5.27"" ), & 2-C v KRB ZFLI FIHES T4 LiP BTG 1 = T R i 4y
B AR A J22 FL TR RN KOR 2 L TR X REZE LiP Bl 6 M 5 T RS S 4, OMEAR S 5 AR KRB )2 LA LiP B3R
IR A B AR AR A 2L TR L AKOR JZ LT LiP BRIk FIMEAR B X LiP R IA 15 SAE A a) 22 2 i 2 (F =
4.16")

2.2.2 3 Tl AT 4 R A I R AL

AFIEFRIRYITE T |3 iR TR )™ 21 2 2 AR DG Bl s P AR (L an 8] 3 B, 3 AN AE G SR 0 013 i
FERIRBE N VTG (EG) A RAESMIIEG (EC) |, B0 2258 5 B0, XoH 45 K R B0 5 20 T B, 0 22 %k
SR h JORZALA R EC BTG R, FE A 5 WD R S G 1  Z2BRAE B it 35 5 B v 3 T 1 08 10 1% il 1 0
B H ST [ 06 T A o Al 5 ) 35 7 4

3EMAY EG B EC BERA R AF R 22 5 AT (F=1.63.1.65,P<0.05) , i 552 i £ 24 2 [ figf AH 5% i
FFeik i, FIHEARE VR BRI I B 2 56 |3 TRFP IR 1) EG TR EC BV HEEAR, W M AR LR/, B AP #4—
Mt 3 22 BRAE M BRI B 15 R, 3 B A A IR B RN TS PR A TE AR AR, B AN IR G i EC S
PEAL BRI 22 57 B3 (F=3.99" 4.047)

2.3 KRR 4ERFEMRREEN TRAP pridistfe 28 5
2.3.1 TRAP 5|¥fiket R
FRYE F NCBI 0 B 10 A T 4T 4 R R A OS2 RS T 2 5 19, il 5 TRAP-PCR TS 50 0 B4 XF 7
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Fig. 2 The activities of three main lignin degradation enzymes in 3 wood-rot fungi in different culturing conditions.
FA . KEGZFLE KRS H5 3% F. fomentarius in sawdust medium; FB; AKEfJZFLE FZEkEE IR F. fomentarius in wheat bran; PA . {14 i A JZ 7L A
JB 3% P. baumiibaumii in sawdust medium; PB. fifd i ot 4 A 2 £L 1A 22 3K 15 9% P. baumiibaumii in wheat bran;IA; KARZILEA)E K 5F P.
igniarius in sawdust medium; IB: A AKJZFLHEZZ EL B3 P. igniarius  in wheat bran

AR TEF A R BEHE K (5 10T S5 5N 64 X5 |9 rh i th 4 34 455 W5 i L 2 SRR M5 1 % 29 X, Horp
DA 2 R A g RO S SE PR A 5 |G 15 X8, T ARi] MnP SEBRY 1 %, FRiE Lac JEP 6 XT, LiP ZEP 1 8
X} 5 DAL Ak 25 [ it Bl 2 DROMFRSE DR 5 |35 AT 14 36, ATARIE CBH &R A 514 10 X, 47ic CDH FE A9 3 X,
PRic EG L 1 XF, Tk s | gt ansk 3 fis .
2.3.2 3 FPETEEOR AT 4 E R IL N TRAP Ric (e 24840k

K 4 g 3 AP BRET 4k R AL HEFE ] TRAP-PCR 734 P Wy O30 43 LIRS R | 328 4 4 WL X (4 16 4617
PG, VL3 B LiP B OASEIE R () 8 Xt 54 3= 04 AN RN N 67 &, K
B2 L Z B RN 74.29% , #0601 AR )2 FL I 28 L% R 73.53%, K AR ZFLE 2B RN 64.
00% , 1% FE R B Z A0 LN R 71.27% ; L MnP BSE N FLIER 1 1 51 xSy 18 3 45, 280
S 2 45 TN M SIS L E N 66.67% 5 UL Lac FEHEH MEREL (1) 6 5 M3l 2414 80 4441, &
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Fig. 3 The activities of two cellulase degradation enzymes in 3 wood-rot fungi measured in different carbon source culture media.
FA . KB ZFLEAE XTI F. fomentarius control; FB: A BEE L A JE 55 9% F. fomentarius in sawdust medium; PA ; i 4k 0 Bk A )22 £L TR X IR P
baumiibaumii control ; PB I A 2 FLE AR B 5537 P. baumiibaumii in sawdust medium;lA;J(?kE'i:fL—l%XTfﬁﬁ P. igniarius control; IB. kK2
fLEAE 5 P. igniarius in sawdust medium

BYERAT N 62 45, KEFIZFLHE Z SR N 72.73% , S AR 2 LI 2 SR A 79.31% , K ARJZFLH
ZAEVERER 79.31% ZHEN B2 BT AT LN 77.50% ; LU CBH | B[R M HEEE K 1) 4 A5 Py xt Shd 3
58 A2kl , ZAMESAE N 40 55 KB ZFLE Z 5 E RN 66.67% , M HI A2 FL I 28R R 71.43%,
KARZFLE ZME RN 68.42% , iZFEH B 24 LN 68.97% ; LI CBH 1T B3 H A # LR /Y 6 4~5]
Yixt e 3 65 5T, 2R R 47 5 KB 2L 28 RN 66.67% , 4 6 i A 2 FL 3 2 A1
N 75.00% , KARZFLH Z M R R 73.91% , 258 L 2380 550 LR N 72.31% 5 LA CDH 1 il & R A
SRR 3 A5 YRTELYHE 40 N5, AR 25 45, KRB Z LI Z 8P L3l 58.33% , MU B4 AR 2
FLEZ B EN 70.59% , KARJZFUE Z B RN 54.55% , % IR B 2 BELWHLEN 62.5%; LI EG2
it SE R R #ESE R 1 A5 1 2L 1 11 N6k, 28RN 8 &%, RIZFLIA Z A M LR h 80.00% , fifl i}
BIMARZFLE Z SRR 66.67% , K AR ZILH Z B FE R 66.67% , %3 H B 24 RNy 72.
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Table 3 The selected primer sets of higher polymorphism in TRAP-PCR amplification

BUFED I Tis JELE 250 IEY/b0)
Target genes Primer sets of higher polymorphism
NP o i A G JE R LiP [ LiP1-em2 LiP1-em3 LiP1-mel ,LiP1-me2 LiP2-em2 LiP2-em3 LiP2-mel LiP2-me2
Lignin degradation enzymes MnP £E[A MnP2-em?2
releted genes Lac FE[A Lacl-em2 Lacl-em3  Lacl-mel \Lacl-me2 . Lac2-em2  Lac2-me2
2T 4 R WA B A SR I CBH T 2E[H CBH I 2-em2 CBH I 2-em3 ,CBH I 2-mel ,CBH I 2-me2
Cellulase degradation enzymes CBH I #H CBHII 1-mel .CBHII 1-me2 .CBH I 2-em2 ,CBH Il 2-em3 ,CBH Il 2-me1 ,CBH Il 2-me2
releted genes CDH T %A CDH I - em2 .CDH [ -mel .CDH | -me2
EG FE EG2-me2

“TTLLL

o -

11 12 13

58 59 60 61 62 K3

B4 3% EBREARRT % EMEFHEXEEE TRAP-PCR ¥ = # Bk E
A-H (99 885145354 LiP1-em3 MnP2-em2 Lacl-mel ,CBH I 2-mel ,CBH Il 1-em2 ,CBH Il 2-me2 ,CDH I -mel \EG2-me2. Jkif 1-3, 10-12,
19-21, 28-30, 37-39, 46-48, 55-57, 64-66 JABFZFLIA ; kil 4-6, 13-15, 22-24, 31-33, 40-42, 49-51, 58-60, 67-69 A HIiHH1 4} A2 FL 1A ;
Pkl 7-9, 16-18, 25-27, 34-36, 43-45, 52-54, 61-63 ,70-72 J K ARZFLE, M K marker.

Fig. 4 Agarose gel electrophoresis of TRAP-PCR amplification result of 3white-rot fungi with chosen anchor primers.
The amplification primer pair for A toH is respectively LiP1-em3, MnP2-em2, Lacl-mel, CBH I 2-mel, CBH Il 1-em2, CBH Il 2-me2, CDH I -mel
and EG2-me2. 1-3, 10-12, 19-21, 28-30, 37-39, 46-48, 55-57, 64-66. Fomes fomentarius, 4-6, 13-15, 22-24 , 31-33, 40-42, 49-51, 58-60, 67-
69: Phellinus baumiibaumii, 7-9, 16-18, 25-27, 34-36, 43-45, 52-54 ,61-63, 70-72; Phellinus igniarius, M; DL 2000 marker.

F4 KREALEEEMBEERE TRAP H B R M LE

Table 4 Polymorphism comparison of TRAP amplification loci for lignocellulose degradation enzyme genes

WA Z S0 B2 A0

N G ER PHBAEEE ZBMERNEA HeR A S
B AL . Pl : " .
. Number of . Totle bands Number of Intraspecific Interspecific
Target Gene . Fungi o . . .
used primer sets amplified polymorphic bands polymorphic polymorphic
percentage percentage
LiP E [ 8 AR LA 35 26 74.29% 71.27%
Lignin peroxidases i AL A A 2L 34 25 73.53%
genes KRB 25 16 64.00%
MnP &[] 1 A B E AL 3 2 66.67% 66.67%
Manganese peroxidas i QB A A 2L A 3 2 66.67%
gene KRB 3 2 66.67%
Lac 2E[ 6 AR B R AL 22 16 72.73% 77.50%
Laccase genes AR BEL IR A2 AL A 29 23 79.31%
KASZALE 29 23 79.31%
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WAMNZELLE  TERE 250 5
Mt M P4 AR HE I P £t ) % V%
e i Dt ot e oot
Target Gene used primer sets Fungi amplified polymorphic bands polymorphic polymorphic
percentage percentage
AT 15 AR Z LA 60 44 73.33% 73.77%
B 0 A I A 2 AL TR 66 50 75.76%
Lignin degradation KRB 57 41 71.93%
enzymes genes 183 135
CBH I %#:H 4 PSSR 18 12 66.67% 68.97%
Cellobio hydrolase I S LR A S LA 21 15 71.43%
genes P ¥ =R 19 13 68.42%
CBHII 3 [H 6 N =SR] 18 12 66.67% 72.31%
Cellobiohydrolase Il o AL A A 2 L 24 18 75.00%
genes D ¥ =R 23 17 73.91%
CDH I 3 3 EN =R 11 6 54.55% 62.50%
Cellobiosed AR B A2 AL T 17 12 70.59%
hydrogenase 1 genes P& NEEN 12 7 58.33%
EG2 [ 1 KB EALTE 5 4 80.00% 72.73%
Endoglucase gene fof R 60 A A 23 L DA 3 2 66.67%
PN~ 3 2 66.67%
YRS 14 A B EALTE 53 35 66.04% 68.97%
FERH o A I A AL TR 65 47 72.31%
Cellulase degradation KARJZFLR 56 38 67.86%
enzymes genes 174 120
Mt 29 AR ZALTE 113 79 69.91% 71.43%
Totle 0 A I A 2 AL TR 131 97 74.05%
D& NESIN:) 113 79 69.91%
357 255

3 e

P R E AT AR I AR R Wt n] ASRIKSEFAE R, TR AT AE SR nO A . (ELAS [) B B R 18] 25l ) 252
IRTFAEARRZE S, 22 5 T BRI IR FIFIR N ] I

ABIEFER 3 G TR 23 WA 04 = b T2 2R R Wi AE AR B MR )L P RIAFAEAR R 22 5 . IRk
A REERALFR Lac BERIKRAR @, TSI AR ALIA Y Lac BEFA AR, AN IERAE 175 510 2 %) BEAT
JLTPANZRIR s AR B IR AL i 477 MnP i Lac [if , SO A A Z AL M AORJZ LR i 477 LiP i, A E X
3 BB T MnP B Lac BERIAA 5 e SEAE T, X5 B R S AR A 22 FL I ML KOR JZ AL TR ™ LiP AT 15 40 i)
YRR, 5 SE AR 225 038 . MERIKINR] B, AAHEAR S SR e R ] 22 52 8 2, AHEAR S SR HTEA
(7 i Ao A9 A ) i o o R R g, 380k 7 e it R P 1) 2 o el 3R Ao ] 22 S W3 DAL ] B AN [W) T
ol 1) 9 1 2 57 LA 75 S 0 A i 7% AN A [ I

ASHITFER 3 o F T 7 2T A 2 2 i g R 3 940 Rl 1] 22 S A W) S {6 ) 2 5 0 1 5 0 I ] 32 ke D552 i) B
B AN FAL BRI 2E 5 2 IR PR TR T AT AR R R AR 2 A AR 5 A A SN A AR X, 45
Y3 Z AR 2 A DR IR) SV 2, ETTSE A T EG BRI EC YA AN 1221

AR I NCBI 58 2 ) AR ST 2724 3% I figp A O Tl DX D SR R A 910, it 81 2 5190, 3 i TRAP-PCR i
PERE)" A 22 A5 AR 005 |0 AT T R b (] 33 A A8 S0 5T o 10 7 AR 21 4 3% AT 5 56 [A 1l FH i H 19 29
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XF514, % 3 F BT TRAP-PCR #3877 £ B4 BN 357 2%, Z 855 80 255 2%, P34 Rxt 514
P B S BON 12,31 4%, 2 I R/INE FEIE 100—2000 bp 22 18] i DA [ 22 A 7 AF DG Bl 5 A1 g 40 5 [
15 A5 1%, Fe9 18 183 AN5%F, 135 SN M, R ZFLE Z B RN 73.33% , Sl A 2 1L
BB R 75.76% , KAZFUE 2 BIE R 71.93% , A 5t 2 A B RL DR 22 25060 5 LR K 73.77%
DAZT 2 2R B A AH DGl S RO B SE DR 14 A5 1Ry 318 174 401,120 2 ZBM &0, RBEZAHZE
PEHR N 66.04% , MBI A)ZFLE 2 S ER N 72.31% , KK ZFLHE Z SR N 67.86% , 21 4k K [ fit
it FE R 2 5 B LR R 68.97% , ASHIFFT A 3 i 1 8 DA 1) S 7 8 v 118 A Joi 38 AR 4 25 O i I 56 TR ) e A%
2., HIL, RS T TRAP 43 T-FRic 738 ol FH T AR S B A B8t % 48 ko

MIEZS 282 E M ETR | KR 2 FL BRI 6 U o U A 2L T 350 R 45 5 TR K )2 L BT U T R, A 6 2 FL R A
ZALWFHE LR R R, ENE TR LT 4 Z B A AN Rk B gk, DL 7 SR 2T 4 E B L R 5
REPPIRIK S R B KR ZALEE S5 AR ES 2L 2 M AL =, A ES 2 LA -5 S 0 0 1 A S22 L P 1) 2%
AEBIRR B AL ; 77 B AR AR A SR AL DR R SRR i 2 KORZ LR 5 R B 2 AL R M A D TR T R 5 2k
AR ZFLTE 5 AR 2L HA A R B 27 B 5 [k, LR HE L SE R T, ARB 2 FLEE 5 KR ZFLE ol RE T,
B AR AR A SR AL IR HEALOC R . MR X —E5 A o Tk — 2080,
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