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Establishment of an in vitro quasi-asymbiotic culture system for
indigenous arbuscular mycorrhizal fungi from soil

HE Junliang'”, HE Zhanmei', HE Chenchen', HUANG Xinru', XIE Xian’an"*"

1 Guangdong Key Laboratory for Innovative Development and Utilization of Forest Plant Germplasm, College of
Forestry and Landscape Architecture, South China Agricultural University, Guangzhou, Guangdong, China

2 State Key Laboratory of Nutrient Use and Management, Shandong Academy of Agricultural Sciences, Jinan,
Shandong, China

Abstract: [Objective] Arbuscular mycorrhizal (AM) fungi are crucial components of the plant
rhizosphere microbiota, capable of forming symbiotic relationships with 72% of terrestrial plants.
However, AM fungi are plant-specific symbiotic fungi in soil, and they are difficult to be enriched
for isolation and achieve artificial pure culture. This study aimed to develop a non-plant symbiotic
culture system based on the addition of root exudates to solve the problem of difficult in vitro
culture of AM fungi. [Methods] The “multi-layer sandwich” culture system was used for the in
vitro quasi-asymbiotic culture of AM fungal spores from soil. Molecular systematics methods were
employed to identify the cultured AM fungi. [Results] A “multi-layer sandwich” culture system
was used for the in vitro quasi-asymbiotic culture of AM fungi from soil. It was found that the root
exudates of Astragalus sinicus effectively promoted the hyphal growth of AM fungi. A large
number (951+45) of secondary spores were produced after 60 days of culture, exceeding those after
30 days and 45 days of culture. Further spore inoculation tests indicated that the secondary spores
produced from this culture colonized the roots of 4. sinicus seedlings. Two AM fungal species,
Funneliformis mosseae and Paraglomus occultum, were identified by molecular characterization as
suitable for the “multi-layer sandwich” culture system. Finally, a nutrient solution composed of
simulated root exudate components from A. sinicus was used for the “multi-layer sandwich”
culture of AM fungal spores. The results showed that the addition of root exudates significantly
promoted the hyphal growth of AM fungi. [Conclusion] In the plant-assisted “multi-layer
sandwich” culture system, the root exudates of A. sinicus can continually induce AM fungi to
produce hyphae and secondary spores capable of colonizing host plants under non-symbiotic
conditions. This study provides a new method for solving the problem related to the in vitro culture,
isolation, and identification of AM fungi.

Keywords: arbuscular mycorrhizal fungi; “multi-layer sandwich” culture system; quasi-asymbiotic
culture; isolation and identification
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Table 1 Sampling information of root-zone soils
RAE L T EAHY) +HEpH AR
Sampling Longitude and Host plants pH of the soil ~ Phosphate content (mg/kg)
point latitude SEATRE SEH(+SD
Duplicates Mean+SD
1 23°9'43"N T 6.4 53 57.0+3.7
113°21'13"E Artocarpus heterophyllus Lam. 56
62
2 23°9'134"N ey 7.1 56 52.742.5
113°21'12"E Broussonetia papyrifera (Linn.) 52
L'Hér. ex Vent. 50
3 23°9'36"N Mk 6.2 52 51.0+4.5
113°21'16"E Cinnamomum burmanni (Nees & 45
T. Nees) Blume 36
4 23°19'35"N PRk 6.8 52 58.7+4.8
113°22"17"E Averrhoa carambola L. 61
63
5 23°15'22"N JeiR 7.0 70 76.7+8.7
113°25'33"E Dimocarpus longan Lour. 71
89

PR A DR AT K A BN &, AR
WF: BERIERFIRA 15% KA HI(NaClO)
VS WHEA T F T K 20 min, FE4P I T IR AR B
WS, HJCHKEEBER ¥ 5 K, %K 5 min;
Bl A 75% B 20 min, 4k2EHIC K
VERBRE N CFER W . 2 )5 Fh IR M AE O A
Kepr, BT 25 CCIEALWR K 24 he KM A0 Fh -1
3% T Murashige-Skoog (MS) [# £ Hr 3% H
(Coolaber 23H]) I+, T 25 °CHsAbE 35 2 d fHi
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1.3 “ZEZ=RRR” XEEER AM AR

PRI/ N—B0, T RE N AM E B T
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Figure 1

Schematic diagram of the “multi-layer sandwich” method for cultivation of AM fungal spores. A and

B: Schematic diagram and physical image of the plant-assisted “multi-layer sandwich” method; C and D:

Schematic diagram and physical image of the “multi-layer sandwich” method adding nutrient solutions that

simulate root exudates.
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Table 2 Nutrient solution formulations for simulated

root exudates

R okt
Nutrient composition Content
MgSO,:7H,0 731.000 0 mg/L
KNO; 80.000 0 mg/L
KCl1 65.000 0 mg/L
KH,PO, 4.800 0 mg/L
Ca(NOs),*4H,0 288.000 0 mg/L
Fe(Ill)-EDTA 8.000 0 mg/L
MnCl,-4H,0 3.000 Omg/L
ZnSO,*7TH,O 1.300 0 mg/L
H;BO; 1.500 0 mg/L
KI 0.750 0 mg/L
CuSO4*5H,0 0.065 0 mg/L
Na,MoO,2H,0 0.001 2 mg/L
2-morpholinoethanesulfonic acid 1.952 0 mg/L
monohydrate (MES)

Glucose 1.00 g/L
Glycine 3.000 0 mg/L
Pyridoxine-HCl 0.100 0 mg/L
Nicotinic acid 0.500 0 mg/L
Myo-inositol 50.000 0 mg/L
Thiamine-HCl 10.000 0 mg/L
Peptone 1.00 g/L
NaCl 6.70 g/L
C¢HgO7-H,0 1.47 g/L
KH,PHO, 250.000 0 mg/L
NaOH 500.000 0 mg/L
Potassium myristate (Myr-k) 100 nmol/L
Strigolactone analogue (GR24) 107 mmol/L
Methyl jasmonate (MeJA) 107> mmol/L

1 h, FJEAA 2% HCI (0.55 mol/L)¥Z 9 10 min,
AW AKEE 3 W A 0.5 gL & Wy i Al
5 pug/mL 2¢Ot Z I BE £ R 488 (wheat germ
agglutinin 488, WGA488) Xif 48 2= L AR Bt ik 17 44
o, Z M8 Trouvelot P Y LS HH E R HE 7
PRI R K-
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Figure 2 Schematic diagram of secondary spore production and counts of indigenous AM fungi induced by root
exudates of Astragalus sinicus in vitro. A=1: The growth of AM fungus secondary spores after 30 d (A-C), 45 d (D-F),
and 60 d (G-I) culture with addition of root exudates of A. sinicus. J: Comparison of the number of AM fungal
secondary spores at 30 d, 45 d, and 60 d under the treatment with root exudates of A. sinicus. Orange arrows
indicate mother spores and yellow arrows indicate secondary spores. The scale bar in the figure is 100 um.
Significance was calculated based on Duncan’s multiple comparisons, and different letters in the bar graphs
indicate significant differences at P<0.05.
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LR IR 56 2 e — M 9 AR 3 430 49 DT 428 fif
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2z, IR BIR 100 pm. ARYEXRH 2 8 LEG TR R8T, ARREDAR TR0 B 1R, P<0.05,

Figure 3  Statistical diagram of hyphal growth and hyphal length of soil AM fungi induced by root exudates of
Astragalus sinicus. A—1: The growth of hyphae after 30 d (A-C), 45 d (D-F), and 60 d (G-1I) culture with
addition of root exudates of 4. sinicus; J: Comparison of the length of AM fungal hyphae at 30 d, 45 d and 60 d
under the treatment with root exudates of 4. simicus. Orange arrows indicate mother spores, yellow arrows
indicate secondary spores, and blue arrows indicate hyphae. The scale bar in the figure is 100 um. Significance
was calculated based on Duncan’s multiple comparisons, and different letters in the bar graphs indicate

significant differences at P<0.05.
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Figure 4 The root segments of trypan blue from the companion plant Astragalus sinicus. A: 30 d; B: 45 d; C: 60 d.

The scale bar in the figure is 100 um.

Es5 RURARDPDPDEFRAFSTBAMERRELZLEK. A-C: BIMMmLAFEFREIEFR30d (A), 45d (B)
160 d (C)J AMELER 1 22 /£ K AK B 5 D-F: ¥R LR R 73 W05 FR 60 dJi AM I A B 22 KA L 5
G-1: USIELUAR R 708 IR 60 s, TE R il gL (O T IAM LR 22 /5 KAF O . B i k3R
BHET, EEFELIOREZ, FPIEIR 100 pm,

Figure 5 Simulated root exudates nutrient solution induces hyphae production by indigenous AM fungi. A-C:
The growth of hyphae after 30 d (A), 45 d (B), and 60 d (C) culture with addition of mLA nutrient solution; D—F:
The growth of AM fungal hyphae after 60 d culture with addition of simulated root exudates nutrient solution;
G-1I: After adding simulated root exudates nutrient solution for 60 d, the growth of AM fungi was observed under
trypan blue staining. Orange arrows indicate parent spores and blue arrows indicate hyphae. The scale bar in the

figure is 100 um.
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Figure 6 Comparison of colonization capacity between secondary spores and mother spores of AM fungi. A:
Mycorrhizal colonization of AM fungal secondary spores at 28 d of symbiosis with A. sinicus roots; B:
Mycorrhizal colonization of AM fungal mother spores at 28 d of symbiosis with A. sinicus roots; C: Comparison
of total frequency of colonization in 4. sinicus roots after inoculation with secondary spores and mother spores
for 28 d. v: Vesicle; ih: Intraradical hyphae. The scale bar in the figure is 100 pm.
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Figure 7 Phylogenetic tree of AM fungi constructed based on the 18S rRNA gene sequences. Tree was

constructed using the neighbor-joining method of the MEGA 11 software, and the names of the branches

consisted of the fungi species and their 18S rRNA gene sequence accession numbers. The scale bar represents the

evolutionary distances.
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