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Abstract; As one of the key enzymes involved in lignin decomposition of forest litter, laccase plays
an important role in the carbon cycling in forest ecosystem. By using TA cloning and sequencing, a
comparative study was conducted on the basidiomycetous laccase gene diversity in the O horizon
(litter layer) and A horizon (surface soil layer, 0—20 c¢cm) in two subtropical forests (a primeval
evergreen deciduous broadleaved mixed forest and an artificial masson pine forest). For the same
soil horizons, the basidiomycetous laccase gene diversity and richness were higher in the primeval
forest than in the masson pine forest; for the same forest ecosystems, the basidiomycetous laccase
gene diversity and richness in the primeval forest were slightly higher in O horizon than in A hori-
zon, but those in the masson pine forest were apparently lower in O horizon than in A horizon. The
two forest soils had the same dominant laccase gene-containing basidiomycetous populations, and
most of the populations had high similarity of amino acid sequence to Mycena sp. or Pleurotus sp.
belonging to Agaricales. Comparing with the A horizon in primeval forest and the O horizon in mas-
son pine forest, the O horizon in primeval forest and the A horizon in masson pine forest had a rela-
tively uniform distribution of basidiomycetous populations. The nucleotide sequence similarity of ba-
sidiomycetous laccase gene between the O and A horizons in the masson pine forest was higher than
that in the primeval forest. This study showed that vegetation and soil horizon had significant effects
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on the basidiomycetous laccase gene diversity and community structure, and the discrepancies in the

substrate availability for basidiomycetes and in the soil pH induced by the vegetation and soil hori-

zon could be the driving forces.

Key words: laccase; forest ecosystem; gene diversity; TA cloning; vegetation.
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sis) 3 FLARJZ Y8 IKAE ( Pilea notata) (77 W ( Selagi-
nella uncinata) 62550 BEFRE ( Elatostema obtusum
var. trilobulatum ). By FEFAM A 1978 4 RHLFEFH 1Y
P A AR AT (AR MRS 75 )
JZNIE3 ~5 cmPYPAER I, BRI A R G050l 7 B
AP b o A IR 8 ~ 10 20 mx20 m
A /NEETS B RE T Tl ST TR B AT IR 4R 6 ~ 10
/l\),JJ:(lO cmx10 cm) E"Jﬁ‘]%%%( 0 JZ)F0 ~20 cm
RETIHE(AR) &L kg, WA R IUSE 5353153 1%
Py, — 0y (Z9100 g) K B 8 {A AVELAF A K T A
48, ST B ARG R, 717 ] S 00 28 280 Ok T 1
WOy IS 8T -70 CLRAF, TR R 2% 4
Bt s T3 —3 A SRR T TR i BEA M S5 0 A
1.2 PR AP E

SR AV G R e e R RO R 1 L i
P4 A Sl & o3 B A0 s A b v R &L 7 . pH
(ER R, K SREA T 2.5 ¢ 1 FE G SEA
i 1.
1.3 DNA R$IR BREERE R 44 TA sepe DIy

R FISCHR[ 14 ] v i 5 g4 BRORE it v i) AR 9
A DNA. FR7 £ (QIAGEN) %42 HUf) DNA #4740
b, A% R 2 1R ( Eppendorf ) 451 DNA 119 ¥
FEFTT AL, SR F69% PCR” J5 vk, DAH T 18 4% ilg 2
RIS Cul F AT Cu2R M P 3 RE 5 A 4H T
PRIRBGIE A . 935K R ARFR 25 wL, &% 1xTaq buff-
er(ZZ ), S nmol - L™ dNTP ( MBI), 5| ¥ %
30 pmol,2.5 U Taq fiff( KH) AR 20 ~40 ng. I
214.94 °C 3 min;94 C 45,58 C ~49 °C 1 min
(BEHRFE 1 °C),72 C 2 min, 10 MEH;94 C
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455,54 C 1 min, 72 C 2 min, 30 MG ¥;72 C
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BA W BB I HRAT N5 5 TEASBIESE B 200 bp B9 FT
BOJR O N B 1 100 R Tl R TR R A% R o R AR Y
142 bp( BN & F) F1 200 bp (B W& F) A BRI i
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System, Promega ) MW H 9 F Bt. L) PGEM-T #1414k
&5 (Promega) XF [FIUC ) PCR F= ¥ #E4T b, 4%
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BEL(E) 73 0| RAEAS O R v (1 B i B R R R -
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Fig.1  Profile of amplification of basidiomycete-laccase gene
fragments.

M:50 bp DNA Marker, KAR TIANGEN; 0.0 JZ#E 5, Sample of O hori-
zon; A:A 2R Sample of A horizon.

n, KA SORE R TP AU B — UK OTUs %85 N R o
R o P S S R TR S S e RE IR TP L OTUs 2 PR
550 A~ OTU 7 5 [ JoE v i o7 1) L A9 57 Sk A o [
PEEER I RE A (AR =97% ) 50 AT b
43R PR T A T 11 o
ARBIFGTARAT (0 B T SE R P 31 4 EL$2 58 GenBank
BARIE | P55 55N . HQ835391-HQ835756.

2 HR5HM

2.1 BRI FEAYE R

FEMZ A2 R & (F1).C NH
K Z & &8 L) KPFO>RMPO >KPFA >RMPA ( P<
0.05),C/N Lk KPFA>RMPA F1 RMPO >KPFO ( P<
0.05) ,pH LI KPFA >KPFO> RMPA F1 RMPO ( P<
0.05).
2.2 R 2R KRR

4 A TE e P S I R A R R o AR 2
FEVEFRREL I K/ NVE AL 58 KPFO >KPFA >RMPA >
RMPO( £ 2) , ¥ 51 FE 5 5L RMPA % &, KPFO Al
KPFA JEH  RMPO e fI%. £% v [ 2 0 78 55 B &R K T
70% , FEAREACFRAE i 0 R Wl 3 N 2 A 1 (KPFO
BRAN, UL KPRO i B il 2k I 2 AR AR ) . Ik
Hb TR B e ik B R R R 2 PR AR A
—& . KPF £EHL 7 T RMP AE#l, H RMPO sl EE
AW (K 2).

3 531 Ll A8 P AR - B8 [] — 2357 R[] — bk 8
AN TR J2A i 28 T 118 34 Tt e PRI AZE T 1 9 AR (3
2) : LA RMPO/RMPA 7,35 43. 4% , KPFO/RMPO
1 KPFA/RMPA J&h  KPFO/KPFA F2ff%.

x1 HERHEXRMER

Table 1 Basic properties of different samples

B C N VNI /N pH
Sample (%) (%) Lignin (% )

KPFO 31.7a 2.2a 0.28a 14.33¢  6.75b
KPFA 6.4c 0.3c¢ 0. 06¢ 20.36a 7.62a
RMPO 20. 0b 1.2b 0. 20b 16.06b  3.82c¢
RMPA 1. 6d 0. 1d 0.02d 16.54b  3.77¢

KPFO KPFA 43 B R A MY O ZH1 A 2 KPFO and KPFA denoted
the litter and the surface soil horizons of primeval Karst forest, respective-
ly; RMPO RMPA 735 R3% S RARHREY O JZH A J2 RMPO and RM-
PA indicated the litter and the surface soil horizons of masson pine forest,
respectively. T[] The same below. [F)5BUE 5 #H [F] 525 2w A Rk
S ENZAE B TE 25 5 (P>0. 05, X 75 ) Values in each column with the
same letter were not significantly different among samples at 0. 05 level

according to Duncan’ s test.



2702 A= A O NS 22 45

=

x2 BREERBERZHMERMECE

Table 2 Diversity of laccase gene in each clone library and similarity among four different clone libraries

FER FEETH OTUs 4 B TREHMERE IR SLEEFE AT

Sample Number of Number of Coverage Shannon diversity Evenness index Similarity between two libraries (%, C;)
clones (N) OTUs (S) (C) index (H) (E) KPFO KPFA RMPO

KPFO 158 89 0.58 4. 065 0. 906 - - -

KPFA 170 77 0.70 3. 849 0. 886 28. 1 - -

RMPO 131 48 0.79 3.321 0. 858 32.6 - -

RMPA 130 62 0.73 3.823 0.926 - 35.1 43.4

2.3 BREELR AL 3 28 AL AR o A

4 TR P ER TR TR R B H s
DA B AL, B RMP i< H G R
J% L ] 3% 86.2% ~ 90.8% , Tfii £ KPF 1 5y
59.5% ~62.9% . KPF #£ 1A ZFLIE H A I Z A 3
“H”,HWHIN10.6% ~23. 4% . 5145 H 2045 HTE 4
My E A DR (E 3).

KPFO KPFA il RMPO " 4545 — A~ fi 46 X% {1 4
AR TR] O AE (B OTU ) | L 3a B 5000 i) o 4% e Fg
JER) 12.0% ,10. 6% F118.3% (& 4) , BT 54
W H OB RN 8 ( Mycena rosea, B %5
CAD65820) M) ZHEFRARUNE R 74% (3 3). KPFO |
KPFA .RMPO FI RMPA H153 5145 6 .5 .8 F1 7 A3
FRRE (e P T2 B 3. 0% ~9. 4% ), Hib 4
KB 5418 H H BRI & 09 AL TE 70% LA
e A 5 AT B AOERHN S 0 AR UM TE 55%
Pl b (% 3). KPFO/RMPO . KPFA/RMPA .KPFO/KP-
FA 1 RMPO/RMPA [1] 5354 18 .26 .26 F1 24 4~
B OTUs (B AN ) , H P L# OTUs 435128 5
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Fig.2 Richness curves of the laccase gene population in clone
libraries.

KPFO KPFA 43l R F MR E O J2 1 A J2 KPFO and KPFA denoted
the litter and the surface soil horizons of primeval Karst forest, respective-
ly; RMPO RMPA Z35fUR SRR O JZH A JZ RMPO and RM-
PA indicated the litter and the surface soil horizons of masson pine forest,

respectively. T [A] The same below.

3.2 A5 A (CFHRAEH OTUs, K 3).

KPFO .KPFA RMPO #1 RMPA H1fy 2 T T
PR ) OTUs %4 5 /5 2 OTUs ) 16.9%
14.3% 20. 8% F121. 0% , M B 5EfE OTUs 05051
54 OTUs U1 74.2% 66.2% 56. 3% F156.5% , H.
AR SRR RE Y 41. 8% 30. 0% .20. 6% F1 26. 9%
(K 4) , U B 7 4% sa B S KA 43 19 OTUs J& i /b
= bE T A .

100 B [ ©A#E Unclassified
= HAth H Other orders
2 21%E H Russulales
S 47%5H Gomphales

o%fLEH Polyporales
n2H H Agaricales

80

60

40

20

o R LL )
Proportion in clone libraries (%)

KPFO KPFA RMPO RMPA
FE fk Sample

3 B REPEEREEEENTES B AL B2

Fig.3 Comparisons of the proportional distribution of laccase

gene in clone libraries at order level.

KPE. RMPO
# % Sample

4 BRI A D

Fig.4 Distribution of the detected dominant basidiomycetous
laccase OTUs in each clone library.

2l R P bR RN 25 SERE R VP T A B SE R P AR ) OTU o SEREFE L
5] The pure black icons represented the total percentage of single clone

OTUs in each clone library.
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Table 3 Genetic classification of dominant species in clone libraries

OTUs %5 (i FEBEE T 20 H, % )
No. of OTUs (Percentage in clone library )

5 GenBank B4l B E 3L R 51 L

Comparison of laccase gene sequences with those in GenBank

KPFO KPFA RMPO RMPA IRARMLT 51 K RIERARE
8 S5 Genetic classification Similarity of
Accession number amino acid (% )
1(12.0) 1(10.6) 2(8.4) 1(8.5) CAD65820 IING S8 Mycena sp. 74
6(3.2) 2(9.4)
2(7.0) 1(18.3) 5(3.8) CAD65820 IING S8 Mycena sp. 72
6(3.8)
3(4.4) 8(3.1) CADG65832 INGE S Mycena sp. 89
4(3.8) CAD65833 /N @ Mycena sp. 75
5(3.8) CAJ00406 MELJ&E Pleurotus sp. 55
7(3.2) 5(5.3) CAD45378 W HJ&E Pleurotus sp. 78
3(5.9) 4(6.1) CAD65800 IING S8 Mycena sp. 39
4(5.9) 7(3.8) 4(4.6) CAD65834 IINGE & Mycena sp. 89
5(4.7) CAD65833 INGE Mycena sp. 78
3(7.6) 7(3.8) CAD65794 NG Mycena sp. 85
9(3.1)
6(3.8) ACL13702 NG Mycena sp. 89
2(6.9) ACL13702 IING & Mycena sp. 78
3(5.4) CAD65832 /N & Mycena sp. 85

OTUs %5 5 & 4 —% The numbers of OTUs were in accord with Fig. 4.

3 i it
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