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Abstract Many microbes, especially bacteria, colonize on the surface of arbuscular mycorrhizal fungi spores. In this study,
four kinds of different pre-treated spores of Gigaspora margarita were co-cultured with Trifolium repens L. in sterilized
vermiculite bottle, including sterilized spores (A), sterilized spores inoculated with spore-associated microbes (B), unsterilized
spores (C), and spores contained in soil (D). The cultivation was conducted in an axenic environment and watering modified
Hoagland solution for three months. The analysis and results indicated that the values of fresh or dry weights of stem and leaf
of treatment A were significantly lower than those of other treatments, and the value of fresh weight of root was not obviously
different. The highest percent of mycorrhizal infection existed in treatment D, and no significant differences were found among
treatments A, B and C. In addition, the number of newly formed spores of treatment A was lower than that of treatments B
and C. The bacterial communities associated with the newly formed spores of the four treatments were analyzed by PCR-
denaturing gradient gel electrophoresis (DGGE) techniques. The result revealed that the bacterial community in treatment A
was obviously different from the other treatments. This study indicated that the AMF-associated microbes might directly or
indirectly affect the life activities of G. margarita and its host plants. Fig 1, Tab 3, Ref 26
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Gigaspora margarita Becker & Hall MAFF 520054 (i H H
AR RIS LRI ), A S % DASE AR R EL A 7D -
RGBT A =M 5 (Trifolium repens LYN1s EAIPHEAT
4l RPE L RAT
12 HEFERNESESHFREES

TR IR G. margaritafd . BUSORLAE HE 76 5% A TG
L5 mLECAE T, JEHTCREK R R PE3 R (1 mLAK), 7t
VRV, & TP PR UOINAL mLIE K, ARk ) 2R FT501K, 20
KHZ P AR 10 s, Ab P R G 768 T M. WRIBUEL PR A B
BT, A B . M T RS LA C 22 51K
BT 0T R AT, JERAITSA (1.5%085 86 I, 0.5%K 1 86 I,
0.93% K,HPO,, 0.37% KH,PO,, 1.5%3 5K}, pH 7.3) V-4 3¢
i, 35 G2 /N T 5%l £ .

1.3 RIe4biE

WA, B, C. DR HE, UL 1. BL24 glFE /2% A 100 mL
—fAkE, IFN40 mLZE K A5 mLIE L 1 Hoagland’s 557 Wi
(R Jn 2 N BT A9 171058 ), B K. [ =i &R
FHT0% IR S s/, 5% AR #11H 3£ 10 min, JCHEKIE
VB3R, TETCW A, BRI 8 A2 R A AT A SR
— MR FEG. margaritattl 75 Bi. AR MR T B E
TH 78732 AR AR T B T 10 min, B RL90 7 % 6] 50 pLfk A4
AW A T, T 18001 g/, KK, Hh &G
margaritaffl F5ki. £ AP R EE . R4 16 DEIR. B
%26 C/20 °C. 3 mo kLML 4%,
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1.5.1 DNA®RMFIE OIS LHAG. margaritafl T
2001 — 41 A LS mLESL A, I G ddH, 0% BE 3K (1
mL/¥R). EEVELF T T #A0.2 mL PCRA 1, T MIIA 30 pLft
W ddH,0. HICHHE Sk S AZIKATS01K, 20 kHz# 77 AR FE10 s,
42 CHRE30 min. FEAEP TR, W2, W EEA R
HYPCRA 1, HI A3 mg Chelex-100. 56 °C JR %330 min, 99 °C 8
min, VK2 min. 10 000 g, 10 min.Lr, B I VE PCRAE K.
61 B AS 2 20087 1 UITAE 61, F5e 28 17 AR FEUH 1 ik 2.
1.5.2 #AE16S rDNA V3X# 1 WL PCRIEAT. e li27f
(5> AGA GTT TGA TCC TGG CTC AG 3°). 518r (5> ATT ACC
GCG GCT GCT GG 3" )F531¥#47H K PCR (Hhr A B 29500
bp), 20 uLIk A&, ddH,0 14.9 uL; 10xBuffer 2 pL; MgCl, (20
mmol/L)1.6 uL; dNTP (10 mmol/L) 0.4 uL; 27f (10 pmol/L) 0.4
pL; 518r (10 pmol/L) 0.4 pL; Taq (SU/uL) 0.1 uL; DNA 0.2 pL.
SRR : 94 °C, 4 minfiZE M5 94 °C, 0.5 min; 52 °C, 1 min;
72 °C, 0.5 min; 30 MEFF, 72 °C, 7 min. 1.0%350 5 4 EE I A
PRAG.

VLB 77 ) 19 SOR5 s TR VA Ry A5 A (P, Dk A 10 TG 4% 7 T A i
%), LIGC-357f (5> CGC CCG CCG CGC GCG GCG GGC GGG
GCG GGG GCA CGG GGG GCC TAC GGG AGG CAG CAG
3518 5 W HEFT IR PCR, 3K15 25230 bpI V3IX Bt &2
NS0 uLARZR, BRI IIARRI S8, eS80 . 7 R L.
1.2% 35 i 5 05 15 L T A .
1.5.3 DGGE DI ZEAEK M & 5 (BIO-RADA ®D AT
DGGEZ#r. W il 8 % 1) T3 7 Bk file (P9 7 Ik e = XL s 1k Jie
=37.5 : 1)} 30%~60% (100% 1) 48 14 77 4 40% FH Bk 1z, 7MIR
F)AEPEFIVE B A DGGEBE L. 45 FE S HLZI500 ngf16S rDNA
V3X PCR™= ¥ AT ML VK. A2 OGAR FIE 1R (Pseudomonas
Sfluorescence). KWFF W (Escherichia coli). A 2F fAT
(Bacillus sutilis). /% ¥ A& KT 7 (Agrabarcterium rhizogens). 5 i
I (Ralstonia solanacearum)4li & 11116S rDNA V3IX =), &
SRR B AT, RSB 50 V. 15 mindt i, Z 5160V,
5 h. 0.05%0f1 Goldview (At 5T % H BE A (1,20 min, 225N
BAUT SR | Fa AT

&1 KT
Table 1 Test design

b B Ty T U AN i g
Treatment Sterilized seed Sterilized spore Inoculation of the associated microbes Soil
A + + - —
B + + + —
C + — - —
D + — — +

FEAEII3N TS Three repeats per treatment

14 EYENERBEEMNNE

HERG SR B = R R R IR, 40 B0 e ZE R FAR 2R A
T, KSR S I T AR R A R kv £ S
DR A8 S DS A AR R e R 5 R P A 4 R L
IF IR IH 08 A P R e R, B 22 5 B T
FHSPSS 110/ 47 LSDA 56 43 #7.

154 it DGGERIEH A — F5 A0 VE Al 7 i 4 25
1 HIT(OUT). H Gelpro32#i {4117 DGGES& s br it Ak AL gL 7
fbAb R, FiBiodiversity Test3X {114 Shannon-Wienerf§ L. 4%
WRE) —7K o7 B 457 A TG, 40 lid i 1, 0, F56 45 sl 57
FEF4E. FINTSYSpe 21444 LI UPMAGH: #E 47 B 2543 Hr (Dice 5
£0).
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Table 2 Comparison of biological values among different treatments
e wy | EE 20T E R T Bl P .
Treatment Repeat resh weight of Dry weight of Fresh weight of . Per.cent of Number of Other
stem/leaf stem/leaf root infection (P/%) spores

1 0.1800 0.0270 0.1600 33.10 18 -
A 2 0.0700 0.0150 0.1900 27.50 14 -
3 0.0900 0.0190 0.2800 11.70 10 -
Mean 0.1133a 0.0203a 0.2100ab 24.10a 14a —
1 0.1800 0.0270 0.2000 54.90 47 -
B 2 0.1500 0.0310 0.1500 48.80 38 -
3 0.2200 0.0370 0.2000 31.40 27 -
Mean 0.1833b 0.0317b 0.1833a 45.03ab 37b —
1 0.3000 0.0260 0.3100 48.90 41 —
2 0.2800 0.0390 0.2500 46.20 38 -
¢ 3 0.2800 0.0360 0.2300 31.00 39 -
Mean 0.2867¢ 0.0337b 0.2633ab 42.03ab 3% —

1 0.1600 0.0400 0.2400 68.40 26 Root nodule

b 2 0.2100 0.0340 0.2600 31.00 22 Root nodule

3 0.1800 0.0410 0.3300 50.00 25 Root nodule
Mean 0.1833b 0.0383b 0.2766b 49.80b 24a -

[Rl =B I bR AT AR P RE R 7RIk B115% 235K, T Different letters in the same column mean 5% significant difference. The same below

2 LR 550
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WSS, BAEPE B AL DA HAARFRILE, BUE FA
Ab AR, 1Y 924.10%, DAL, 1549.80%, Hoft kb ¥ 1
1E40%LL L. RS, Al EMKTD, H5BACER AL
g LA DIAIR, 4300 1480 F1 244, BAITC™ il it
I 2, H3ma0ks. G/ 1 AR TR Y AL B YE 25 0 B AT
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& & scE LS e AEE AR A —E 2T,
E A R 2R i R TR AR 238 ) i A L 22 SO . 9T R TN
B, (H PR A R BAL B, 5 2 28 960 7 R T 25 19 CAb B
HRAY 22 5 CErFEEEBRAM. 7540, DAL HLR 34 EH 2 ¥ & )
R ARIEIE K, e b 3k & 2E.
22 HEMENFESN

W DGGER: AR, 40 #1 145 Ab B 5 JE B 76— 19 41 A= 4 1
FhAE 22 5. NI -1 rp i e ik (L 35 T o, AKh B9 96 1 A 4
B YRR S LT A B 2 (B9 25 S 4 N B B, Shannon—wiener
FREOY BT e I ALL B () 1550 KT E AL B, L33, R

L S S e e e B e B I s s e
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Coefficient

1

I

Kl AFEEBESA R G. margarita R TAAEHEFRIDGGEMT (1) 522504 (1D
Fig. 1 DGGE profile (1) and clustering analysis (II) of G. margarita spores-associated bacteria population under different treatments

1-3, a. fll LR RIMHT; 4~6, b, R AE THRAMEAR; 7-9, ¢ fll P RERINHRE; 10~12, d. LA S 7RO HE. Ref, 2 Rl F #4020 04 P.

fluorescence. E. coli. B. sutilis< R. solanacearum#HA. rhizogens

1~3, a, Surface sterilization; 4~6, b, Inoculated surface sterilized spores with the associated microbe; 7~9, ¢, No surface sterilization; 10~12, d, Inoculated soil
containing spores; Ref, The bands up to down were P. fluorescence, E. coli, B. sutilis, R. solanacearum and A. rhizogens, respectively
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VAT (R 2505 ) A A7 A8 B 00 22 5. AL PR (1~39K B ) &
st BB h Ta. bg /K T, Hob 19kGE A BT AN, 7T fE
TR 22 AT EL BAL B (4~63K 8 )R CAL B (7~93K 18
MY & A AL, EEAETFa. o, d. e g/K 2RI
IMDAL #E(10~129K 1)) E4 4k Ta. o\ e, TR g/KT-LRHiE. JT
W, 4% Uk I8 B3 AT UPMAGHRI S 238 (1811-1), % 91 Akt
PR, 39k iE) 5 H e A AL TORTE B A, B 19k E 5 BAL
PR O A AR . At b B 2 ) ) 2 S DU AR G 5 /0N TR
AL B 2 07— R L, WTE afl g KT 2R IHIT #8419
FHF, Eb. cBeK Lk BT #8430 A1 BH S ) A5

33 Shannon-wiener{§ 1
Table 3 Shannon—wiener index of diversity

Treatment Shannon—wiener index
A 2.5290£0.0558a
B 2.7799+£0.1373b
C 2.824040.0791b
D 2.749240.0212b
3 v g

AMFA T B 22 0 J8 B AE A0 B2 = i P AR BRRE, axX 2B T
TSt R PR T L AT IO O R AT ST & AT T S 020, LA
FE, A2 LA P A 4w A T 42, BF 5% =X AMF ek A
YR Y 22, AMF X LA A B B 2L 0O P 1 AN T
2R SCUARMTE R T % £ R G. margarita i1 W) 3% 1 £
W, XSTHESE TG margarita 1 F1E8 /DA T FIB AR,
[ B A 06 2h S AP AR R AR A, S5 AR AR, B
A= TR B ALL B, 7070 K S5 6 e B R YR T AR, BT
T A F A B 250D A6, B N AR /N
fiBERYSMIIE 25t % A= T— i AR A Bl HiE ok & 3R ); HHY)
RO A K AR R A ARl R B ZE N A K I R
%, e (Rl FE ) 960 F T 2, (0 B2 TR AR B RE R BAL 3,
AT HR AR 5 R 2407 RN 2 CAL B4 . B
SR, A BTG R A S AL B A A 1 s 3 AR ) 52
W, AMEPS 1A s A7 B I BAE. 3 Ak, 16 o 3 Fb 358
A DAL BE, H = B AL, X rT B85 IR K &R A
K. B SCHR 3B AMFS MR8 11 22 ()47 76 A B R 23

FHF AMFAL T A B 1) 32 B 2 R 40 11 25 (B Al 2k
DL A SCLLZH B8 51 9 S AR5 B AR 40 TR 9 16S tDNA
V3IX, AT T DGGESHT. T G. margaritafl ¥ 5 1)
AN RN AN T “ Candidatus Glomeribacter gigasporarum” %%
I ELR (105 CFU/MfL )24 23, DL £ /" H 5 0 1) £ A 20 T 041 A
HIDGGES Mt B3 (B4 & & #2). AR SCLLHEF F i 40 B R
WEFEXT G, L, FF DNARIAR ) ) A5 2k F rpr, A% 4 thil 25 45
VEX B0 TR 1 451405, e e f Tk 2. IR 45 R BOR
HEBR A= 5 BE A9 ALh B A DGGE R %5 He Ab B 22 [ 77 ¢ 1
B 2E R, FERIN, ZEEMEIR R TRAC, B E Rt
KA BAR. AL BT SR A — B W Ak F e i, B4
WARFER A B e A 2 A — s A, nDGGEK! %
Pk 2R I, £ A B A AE B B S8, ik ok, e R
19 7 7% Ab #L FR AN REIIR 25 5% G. margaritafd 71140

A e AP I TR B A R b, MELAZSBR. T EL, A28
240 T S D) A LT A0 BE P sl A T AR i, O R
A A PR [a] i A7 £ 5 7 2o i o 25 SE AT 81 ) 200 T 2 A
OB E P BT B R AT RETE. I, ASBIESE B B AR R 4y
PEATERE, X T AT A B RE AT, 5 SR BT B ORI AR

TETCR W I 25 T, AR  AMF R A i 3% 03 3 3L A
284k, N, &KARILEE IR R8T, Glomus intraradice?y 7 5
W NEROE I A SC &R, IR ALEE M ANG.
margarita. Gigaspora rosea B \LHEAZ Y B AR B AL, (H P (Al
M B D A AU Glomus leptotichum W % RME. £ A= B 7
e H R R, (HS A5, T4k, AMF
PR AT AW 5045 52 5T, AATTEL X — 48 AMF 3 B ) £ A2 T
REA 120285 BRI, HATX AR 70 A AR T bR 09 2R S T fE
JE T AT £ BOBIE ST, (HAH OGO R RS B AR BT A, A FRRE
A IR G. margarita P AT E, WIRH AR AL
L R — 2B W5 D5 1.
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