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Abstract

1

Aims Our objective was to explore the genetic diversity of arbuscular mycorrhizal fungi (AMF) in karst micro-
habitat.

Methods We used nested polymerase chain reaction and denaturing gradient gel electrophoresis to study the ge-
netic characteristics of AMF sampled from microhabitats of three different vegetation types in Maolan National
Nature Reserve of Guizhou Province.

Important findings The AMF genetic diversities in all three microhabitat types were rich. The highest values of
biodiversity index (4.06) and species abundance (68) were found in the shrubland soil surface, and the lowest
values (3.16 and 29, respectively) were found in the secondary forest rocky crevice. The average values of biodi-
versity index and species abundance of the 9 microhabitats studied were 3.67 and 48, respectively. These were
much higher than those in some other areas; the possible reasons were the complex karst ecological system struc-
ture and high plant species diversity. The AMF genetic diversity of different microhabitat types showed significant
differences. The highest similarity index was only 0.45, and this means the spatial heterogeneity of different mi-
crohabitat types had significant influence on AMF genetic diversity. Glomus was the dominant genus through the
karst area and should be a candidate for screening high ecological restoration strains for karst areas.

Key words arbuscular mycorrhizal fungi, genetic diversity, karst, microhabitat, richness
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B Sl (R ANBRUE 1 (2 B 2%, 2006), 547 Ak T-4AE
23 EATEAL N SORARER B A AR IR, A7 7
e B B A ) 24 3 ] VY e 1o by i DX AT R 8 e )
R AFRAEG ) 8 W8 0 Rr e B L R TRIARATR,
HERZA, wonsi1r 52, HA5HE&mE L
WS AN [ () TE A RFAE A 3 AR AL, TR T AT
A4 AL IR EM 2 MNESE, 1K N
Y55 T e FCA A5 o B T W SRy A 58 B0 22 AR (A U
WiSE, 2003). O MIBFERI, W ks A B 1
AFAE B 1 28 1) e B, I 28 S e AN e AR+ 38
FEIF MUK I I A 8) G A1, 5] IN3E A A 0 Ak ey 55
AR A A T 55, 2008) 0 1S e AR Ak
BT, ANESEI A A O 5 | ok R 2 2
R RVE o

A K% B AR L B (arbuscular mycorrhizal fungi,
AMF) e 5 40 K HR 70 A IO AR 2200 L3R 3
ERIAEY), 2 H BRI SEYAE KRR N
FYNRHEY Z —(Smith & Read, 1997). W57,
AMFREREHE mt bt 2 1%, (LS FRe R
JUHIE BRI, B S A AR I b AR R e
(A5, 2010). AAMF S EHRILERF COER
— R B ARG S AR N T B R AL B
BUER RGN 2P (FAL4%, 2010). {1
P2, AMPREEARS R S A S RS
(R RREIR 1 2 A7 3 AR G R R, EABLIA
P I AR SR R AE R T . AMFRAT I 511
s, W TR AR (1) i PR G AR AE 06 58 25 T A H
R IAMF 2 A5 . BEARRL 2 & B R ] AMF
M ABACIE TR SS, WU Ay T AR TR b X
AMFW ZAEPERI P AR AE . H AT, B kr X
AMFZ FEPEIWT OISR S, DN EBTMIS L
AMFZ FEPEIRFIEIE AR WARIE o ASCBL 53 M2 1
K RORIP X 3T R A S AL T (1) 32 BN E B BT 5T
XF5, A EL A PCRAFA AR M B B % ik Hi Uk (DGGE)
Rl A S/ K Sy P Ui T A N 1 AN = N
AMF AL Z FEE, AL 4 5 B2 & 3 A H
AMF 4y i i A2 25 3R 0 1) DR 4P A B4 v 2R 55
BEE BRILHEAT

1 MRFAE

1.1 #ARHE0R
R K H SRR XA T 5N A 75 v EL R R,
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Hi B AR ARk 107°527107-108°05'40" E, 25°09'20"—
25°20°50" N; HAb 5t M i B B s 1) | 7 e~ s
PERTRHE AT, A0 = ARG, PRIk 758.8 m.

Z X O Ay 2R PRI S, AR PR 8.6
C, FPBIFEKRT 752 mm, PRI KR 343.6
mm, FFRIAIRNE 3%, 4F H N 41 272.8 h.

X N RIS 00 B, S B AR AR AR
ST (R T AR A S R G IR LUB A A K
ok A, R R Al R R A A R B
(FABU5E, 1987).

1.2 HEHEREFRRE

H T PRUERE S ) I ERARER M, AR XA
TEIE AT ARRME I3 /N AN [RI A Bl 218 20 (10 i ST A
JEAETRAM . RAETRHETR AR HEARMR . FEIEPEFTE
Hiy SR PR UE ST AR — B, R SR
DU AR E R DT AR . 42 B AN AE (2007) 11 7 1%
HEAT /N AR R R A AR 4y, SR s i R
TS R ARRE) . A VA (BRI A A BR
TAT) S A0 BE(H B I AT LR B T LB A T (M
Fa A A A R DY N A B, Forr A TG 1
AN E A SRR B o SRFEIS T B R L3R 2%
Y, 20015 em &3, XAE—A/NESTHET 2
HORE, AR 1 RROK /N AN /N B I BORE 2, B
JE BRI NAE BT R R AR . BRI 2 mm i
DIRIEFE /iR &35, T-20 CUKH A7 H T DNA
PEEL . SRAFERT ] 5201045 H .

1.3 IRHE
1.3.1 ZENEiESDNA

ASCF HPower Soil™ DNA Isolation Kit (MO
BIO Laboratories Inc., Carlsbad, USA)IPJ3A 5 G2
T HEEDNA . 7 VERERS PR UE TR I DN A
%, FJ/b, &R R B AL T EDNASE BT
o BARERAE e A e RO S i) P IR AT .
1.3.2 Nested PCR¥ & BRI H EX

PABEE 1 18 B DNA A #iAR, 12 FiNested PCR
FRBATY G . §IG5A 2% RARAF(2005) (1) 77
i, MBS, RS B B T AR TR
RIRS5 A F G R D).

H—WKPCR: FrH5% 0 AMF 18S rDNAJE
51¥)GeoA2IGeol 1, X WA ZR25 uL, H AR
uL, Master mix (Promega, M712B) 12.5 L, 5|#)%1
uL, ddH,O 9.5 pL. KJVFEFA94 CTiAEtE4 min,
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Table 1 Primers of Nested-PCR

s AN TR NS R IR MBR I R A 2 AEPE 1085

514 higZl KB Ui

Primer Sequence Length Sources

GeoA2 5_CCAGTAGTCATATGCTTGTCTC-3' 1.80 kb Schwarzott & Schiiler, 2001
Geoll 5-ACCTTGTTACGACTTTTACTTCC-3’

AMI1 5-GTTTCCCGTAAGGCGCCGAA-3' 0.55 kb Helgason et al., 1998
NS31-GC 5 TTGGAGGGCAAGTCTGGTGCC-3’ Simon et al., 1992

Glol 5.GCCTGCTTTAAACACTCTA-3’ 0.23 kb Comejo et al., 2004

NS31-GCI5"$#%5'-CGCCCGGGGCGCGCCCCGGGCGGGGCGGGGGCACGGGGG-3741 .
The sequence of 5’- CGCCCGGGGCGCGCCCCGGGCGGGGCGGGGGCACGGGGG-3’ was added at the 5 end of NS31-GC.

94 °C 1 min, 54 °C 1 min, 72 °C 2 min, 30MEH.
Jii72 ‘CHEAH7 min, 4 CIRE
% T URPCR: %5 —RPCRZ 4 1:100%% % i (0
FEL UK AN DL 2% i DD AN B B ) A S B, it 519 ok
NS31-GCHIAMI, KMNARRIFE o KNV HR94 C
2 minTiAEYE, 94 °C 45's, 65 °C 1 min, 72 °C 45 s, 30
AMEIR, FJE72 CIEMT7 min, 4 CRE. =K
PCR: %5 - YXKPCR“ ¥ 1:100% % 5 17 M Bk, BT
51¥) INS31-GCHIGIol, [ MNARRIE Fo NP
H94 °C 2 minTiAEYE, 94 °C 45 s, 55 °C 1 min, 72 C
45 s, 30MEH, 572 CHEAHT min, 4 CHEH .
EURER Y B8 =404 ul, FH1.0% 15 BRb e i v
VK AEBERE % 2 5E(Gel Doc Documentation Sys-
tem, Bio-Rad Company, Philadelphia, USA) £l
g,
1.3.3  TEHEE B B IK(DGGE) D TiEE 2 #1%
BUEE = YRPCRF“#20 uL, FH3E R 5248 K6 1 &
4t (Bio-Rad Company, Philadelphia, USA)#17DG-
GE/r Mo SR NI I I IS TR 5 A 8% (100% 1422 1
AT mol R 25 F40% 1) 25 3 1 F e ), A2 P B
JEIEE20%-55%. HLUKSAF: 2B 1 < TAE, 80
V 10 min@E i, F7E60 'C F120 VHLYK10 he HLUKS
KRR L i n e e (1, SR I FE I it &
BT
1.3.4 DGGE&KTMFFFF S
MDGGE B3 5 — AN UK g B4 F R s
(2%t (B 7 ARSI AT DI e [lise . FAR T2
NTIPIR B4k, ¥ 0.5 mLI1) KR &0 8,
MIA12 pL ddH,O, %54 Cik#, 2XJ53 000
r - min #5001 min, 50 ‘C/K¥30 min, FI1A20 pL
ddH,0, 3 000 rmin ' #.01 min, 50 ‘C/K#30 min,
BJ512 000 rmin ' B01 min, B0 pLAE ARk

ITPCRY 1, F 44514 ANS31 (A7 GC clamp) Al
Glol, S MWAKZ50 uL. PCR ¥ B4 =4k Jb 5N & 1
KRB R AT BRA = AT R . K45
GenBankZ 4 A TBLASTLZEZ EL AT . BTl P41
2 PEAT GenBank £ His [, X545 IN153040-JN1-
53048.
1.4 HIELESST

JH Bio-Rad QUANTITY ONE 4.4.0 % ff %f
DGGE KRBT 8T, A 25 FF il AMF AU fr B
W 1% B R Gk s B R G (Dice coeffi-
cient)f%Z lIUPGMARIEL Y, Cs = 2j/(a + b), jiEFf
i AFIBILA 4547, aBlbor il e FE i AFIBH % H
(1) 4% 7 4. 7EExcel 2003 THE 2 AEHEFR . FBE(S)
5] FEFR B (En) 553545 (Luo et al., 2004).
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En = HlH,p,, = H/InS
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2.1 ##SEDNARIIZEISNested PCR
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W5 325 m] DR B MR H BOAE 5 T R S DNA. A
WEFUER—IXPCRY 1 I I = AMFIE I 514, 26—
KPCRH', DIAMFF: 75| WAMUEAMF DNA
Bl e h P 5, S5 el i 5 R PCRIREUES 5
PEAMEE FINS31/Glol[X, NS31-GC/Glol[X ] Fi Bt K
/NH230 bp, HAEHE A DGGE T o EFUBAR 11 /1>
(6L, it Nested PCRIVIBORAEFH AT AR a7 i
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Fig. 1 DGGE profile of amplified AMF fragments from different samples and lane compare. % is the structure similarity of other
lanes with 7 lane. 1, secondary forest rocky crevice; 2, secondary forest rocky gully; 3, secondary forest soil surface; 4, shrubbery
rocky crevice; 5, shrubbery rocky gully; 6, shrubbery soil surface; 7, original forest rocky crevice; 8, original forest rocky gully; 9,

original forest soil surface.

B HbR =)
2.2 DGGEEEH

A R S WL VK (DGGE) A AR F2 41
WA PRI A S B A& A ) TR, 2
H 1T /E AMF RS A58 F 13 2 10— Mo ik (i
HAE 2005). 1504, DGGERT IR I H /) 25 ke
i o AMEF o B —ANPKIE R & A B R 2 ) 4T,
Ui BT S R R — AN AN B T S A T [ AMF
P 5 FF S 4l R BERNT R 2 2 IR K,
— SO AT, (HE 2 MR 4cat, BEANRE A
[Py il e L B Ak 1 22 e, W BH %S /NE SR [ AMF
MR B,
2.3 AMFEEBRLES R

K2 AR P UPGMA S35 22 H IR A i (Al AMF 3
AR B o R 120 87, & NARSETR] IR AMFRE VA
SERIARNE R HAR R AR, FEAMAT VA FOEA AR L 1
FIH S5 = AR, (EABAN R 0.45; Lok IR A
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#1

#2

0.31 #6
#5

#3
0.32 #8

#7

0.25

B2 JEnA Al F34)i% (unweighted pair-group method with
arithmetic means)7 7. 1, IKAEMAEE; 2, IRAENA; 3,
OAEMR AT 4, WEARMAEE; 5, BEAMAV; 6, HEAM L
5 7, JRAEMAGE; 8, S AEMA; 9, T AR LI .

Fig. 2 DGGE cluster analysis (unweighted pair-group
method with arithmetic means, UPGMA) of 18S rDNA AMF
communities in soil samples. 1, secondary forest rocky crevice;
2, secondary forest rocky gully; 3, secondary forest Soil sur-
face; 4, shrubbery rocky crevice; 5, shrubbery rocky gully; 6,
shrubbery soil surface; 7, original forest rocky crevice; 8, origi-
nal forest rocky gully; 9, original forest soil surface.
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2004, 25/ NAEBE 1 AMF 2 AEPEFR AU IR
e, I I NS EAR AR L HI(4.06), SRAKIZ IR
EMRATEE(3.16), FTA/NEBAME 2 FEE TR AT
BIE43.67 A A R (/NS 2 FEPEFR 2
R A KA R (AR 34, TR AR bR IR A 4>
AV, WAEMERILR > A E> A 4%, HER
MALZRI N H > A1 V> A1 % . PRl & R B /S
A 3502 E AR R LTI (68), SRAIG 11 72 U AE MR A 4%(29),
P NS A = 5 B3 (E 48 o [A]—HE AR
TR B /N A B = B R I AN A [ ) A
s, JRAMRR I A 88> 41 VA > 1 1H, IREEMEER
A > V> A A, BEARMRR TR L 1hi> A 4>
PV o B/ NS IR) (R A P41 5] B AT IR R ORI
ZE5, FEATRFFAE0.95.
25 EREMNFERS

NAEAN VKT T B — 4% 3 AR 5% 119 4% i AT
FEDRI R, DU 4 A3 TR o B AR AR AT 4 R i
AR 1 ) o s A AP E RS AR LA SR, A /N AR 35 1
AU AR AEOS% /oA o T INAFOAN /N B 1R 4% 77 [
PRE I R (0 7 438 S R B FR I AMF & R, (HES)E T
BRI T (Glomus)

3 iTtig

YAEGRIE A INEMEL, 707 EY e Reis i
IR, R N AMF RS G 2060, ERdAr

2 AR 0BT ICE & PEPEIRAL, 51 B S0
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FERRA T BORE D SR BIb, 0T 850 w50 e
FE b HARFEE 2 FEE R EAF 8 1 ) 8. Renker
Z5(2006) LLHE T 3FPAS[R] (1) 5868 AMF 2 FEPE (1) 5%
Wey, B — i % H AR 43 i HE AT DNA 4 HOR!
PCR, #RJGHPCR=4) 5y AT va b, 28 i %)
FAFE S A TDNATRIURIPCR, 2R 5 K PCR ™
WIHAT S IR A G FREAT ]R8 e, 5 =Rl
— I HHDNAMAT IR &, AR5 FHEHTPCRY g
BE, 25 RRIVEE M OTEAAS B T 55ROk
[FIFEA T IAMF 2 FE 2, 5T 22 (12 v] LA 29 K o
(TS TRH RAR, 1 28— 772245 2\ AMF 22 A1 4
Do RWFFUREHL RIS NS AR AR 2, — D
AEAHEE EEA, GEHEERICT X RN
Bk IR A )5 34T PCR K J7 ¥, MR 4E Renker 25
(2006) B 5T, LT VLA W] BE BRI T FF 5 AMF(1)
ZREMEIKT, BT LATE BLUJS FAIF 5 3 2% L8R F )
SFE 5 A TDNASRHURIPCR, 4R 5 K PCR™ )
AT R A G T R 825 0 ik, IXFERE W]
DU 92> DNA B B HORE ARG ET A i R 4R
ST R I By, SOnT DU 2 S S 1 I ()
FUECAR, A3 /D0T DR B R 5 SE bl L AT 5%
A LA
AMFMUTCE IR, ASENYENSR, EAR
WAEE RS, JLILRGBEL. B, Tkys X,
ERIR R (R A A, T BE R T & B A
[F] R 2 AR, s E AR EE M. A
WA 8 PCRAIDGGEA 45 & 170 1A% )7
PRI, W TR X [FIREAE S £ I AMF TS £
FERE, BRI, &R TS A+ 5 AMF
AL Z K, Shannon 2 FEPEFRECRNY N =5 B2 1)

Table 2 AMF Shannon index, richness and evenness of each sample

R Shannon% #4541 F o)ty
Sample Shannon’s diversity index Richness Evenness
JRAEMA 4% Original forest rocky crevice 3.89 57 0.96
JRAEMATVA Original forest rocky gully 3.74 48 0.97
JRAEM LT Original forest soil surface 3.33 36 0.93
WHMAT4% Secondary forest rocky crevice 3.16 29 0.94
KAMATVE Secondary forest rocky gully 3.65 48 0.94
AR Secondary forest soil surface 3.71 50 0.95
WEARMATE% Shrubbery rocky crevice 3.68 50 0.94
HEARMAVE Shrubbery rocky gully 3.77 48 0.97
WEAM AL Shrubbery soil surface 4.06 68 0.96

doi: 10.3724/SP.J.1258.2011.01083
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Table 3 Alignment of DGGE sequenced clone to its most-similar GenBank sequence

S K YR(GenBank 55k &) B AR AHAE
Band source (GenBank accession number) Closest genera Similarity
JRAE R A 5% FIDGGEJ5 7473 B (¥ J& T AR 5 TR (K PR 2245 R 119 18S RNAR 88%
Original forest rocky crevice Uncultured Glomus isolate DGGE gel band 22-1 18S ribosomal RNA gene

(IN153048) (HQ874638)

JRAEMA T HIDGGEJ5 v 73 I 1K) J8 T AR IR I BREE 5/ (¥ 18S RNA B FH 86%
Original forest rocky gully Uncultured Glomus isolate DGGE gel band 11-2 18S ribosomal RNA gene

(JN153041) (HQ874635)

JE A 1 P BERE T 053 B 8 T R I FR A R PE 47 s 1 18S RNATH 99%
Original forest soil surface Uncultured Glomus clone OEF89 18S ribosomal RNA gene (EU340303)

(IN153042)

RAEMA 4R FADGGEJ5 V453 B (¥ )& T AR5 TR (K PR FE 75 & 119 18S RNAR 95%
Secondary forest rocky crevice Uncultured Glomus isolate DGGE gel band 22-2 18S ribosomal RNA gene

(IN153043) (HQ874639)

IAEMATT I SERE T 003 I T AR FR I SR P47 8 11718S RNATE 95%
Secondary forest rocky gully Uncultured Glomus clone Ap7 18S ribosomal RNA gene (EU350053)

(IN153044)

IRAAR AT P BERE T 053 B ) T R FR A IR IE 47 s 118S RNATA 93%
Secondary forest soil surface Uncultured Glomus clone FEA6HBX02GKSNA 18S ribosomal RNA gene

(JN153040) (GU198582)

REAM A 4% ARH IR K BRIE R 1) 18S RN AT T 97%
Shrubbery rocky crevice Uncultured Glomus gene for 18S ribosomal RNA (AB556933)

(IN153045)

HEARIATT ARKEFR MERPE SR 1) 18S RNATEFf, 96%
Shrubbery rocky gully Uncultured Glomus partial 18S rRNA gene (AJ563889)

(IN153046)

FEARMR L 1 JDGGEJ; V43 B i T AR B J7 IR FE 42 1) 18S RNA B i 91%
Shrubbery soil surface Uncultured Glomus isolate DGGE gel band 22-2 18S ribosomal RNA gene

(IN153047) (HQ874639)

SEIE 3 I FIR3.67H148, 1t T RIS ST AR A
WVHE S VSRR P HE 55 e DX 4 R (5K 5 DR AR,
1998; 5K 5E4%, 2003; b5, 2006). BFFTHLE T
AR 2= R S, RS RS AL AN i 5
Ze, MEPFD S 2R RN 4 0 2 RE PR (B R,
1989; 51, 2003), — M, XFEE FEY
Z FE A AT 4 5 AMF () £ FF 7 (Kernaghan,
2005) . TIX TN A= SEAC B Je s >R (R AP 55 1) 22 A
7] 8 2 3 B 30 L DX B AR AMF 2 B PR 3R i 1)
% Rl TS W PSS B LB AITE A = 3 P e s/ E A = I N B 2
fito [AIE, BFFCHBAL T0% 22 B K BRI IX, A
N N, AT H T AMF 2 K 1 1) OR 37 F
e

IR HEE TR G I b, /N EBE IR [ AMF £ )
AHALPE 8 BURAG, fe R 0.45, ZFEMEFRECR =
AR 2 2 e, UGN AR BT A ke 1 A )
SR AMF IR Ig AL 2 REPE = 28 T 035 5000 o 3 il
AN [ 7N HE 35 (8] AMIF 22 A P 222 S S50 35 11 32 B2 g IR v
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AESe: DANENESTAOGRAAT . @5, KA
5z W Ar . RRFETTNARKMZE R, ST
Wi, AR REMHIZFREWRAR, FAFRK
REPIFNE 53 ) oy 005 LARE AT N IR N B . 1 6835
oo B, AKRZ EOREAVERY, AT
MR, AR = R AR PR, R T R
, RBEADO R AL, 2 A K e AR . Sykorova
2£(2007) 75 HE 2 18S  tDNA FIITS 5 41 WF 9% 1 iF 512
AMF R A R 252 1) 75 EAE AR 5 . i L,
XA A Pl 2 A R B A ) 120 3 BOAN ] /N A
BilA AMF&5 ) Z A 2 R BRI R . 2)52/)
A 355 b T A OB S 2 (R AR S 1 s, VAR
(% R R R I 22 5, TR R g A
) _F P 2 A7 B 2 R AR Ak . 1) 7 A5(2008) % 18
WrRE N AR BT T e AT T RS, IR I
Bt 250 FERBIER R . IR, ERIE
WA, T AU FRC R
F MW AMF (1) 2 FEVE(IRSE DAE, 1999). 1)tz J
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FIZ5E(2010) IHIF 57 2 B AE2-5 mm K [ 58 44 () T 1
R AMF R 22 5 1) T YoE PEAEF, AT 7O He
AN TR] /N A2 5 10 ) [ 3R A 20 1 22 S A I AR B AE
X R R AA b, BEAHIX R 22 T R /N8
(AN FJAMF 2 FE A 25 DV EE 3R o W SRR S IE S e
MIZ B XA IR, A AMFAEH i v ke 3 A4
ARG R PR 7 TR B AT T2 T A R
FME. Pk, A HUTOS AME 1) A== a2
AR REm, ASFNESE ) X LR S R - 22 7
F, PTCLSECT /ANEBL R Y AMF 2 PP SO 4
FEEESLE, HFEEERNE, AR
NS B RIH 5E A B AR, R
A RAT et v, URCE AR AAR 1 e e, D g
s Hh X /N AR B AMF 22 1 52 22 Fh B 58 DR 1 1) 25
G agm, T FX R 2R LR A I A s
PERBANLPE o SN AS RIS Y 9 [F) 2 /N AR B
5] [ AMF [ 22 REPE SR BORT =F & FEBE T LR, RA
SR L T B R R R T AR R AR T AR, 1
FVATZEAGAR /N, K] B8 A DR A A 20 (1 AR A %)
AN N AR B (AR B 5 W R BEAN [, () N 49, 150 B A
VE PR AMF Sk 35 58 H A5 A e 1, 7518 I AMF i
A7 W5 T A 25 D B I T DLEE A5 RO A Y A B 1T
FIH .

— M E, DGGE 1 i Mk 2 16 4% 7l AR
ROFERER TS EEE, SR TRILAFR.
MG HT, 9N/ INA S B 5 A7 — ey Mok 2 (R A
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