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Comparison of phylogenetic diversity and ecological types of
root-associated fungi on Aquilaria sinensis and Dalbergia
odorifera seedlings in an endangered plant restoration
nursery of Hainan Island

ZHANG Qi' YANG Si-Qi' HE Shu-Fen® LUO Jin-Huan’
REN Dan-Dan' DING Qiong'"

(1. Institute of Tropical Agriculture and Forestry, Hainan University, Haikou, Hainan 570100, China)
(2. Sanya Forestry Institute, Sanya, Hainan 572023, China)

Abstract: [Background] Root-associated fungi (RAF) are essential for seedling survival, establishment
and growth. However, little is known about the identity and ecological characteristics of RAF
naturally established on seedling roots. [Objective] To reveal phylogenetic diversities and ecological
types of RAF naturally established on nursery grown seedling of Aquilaria sinensis and Dalbergia
odorifera and to evaluate the host effects on RAF community structuring. [Methods] Root samples
were collected to extract DNA, from which fungal ITS region was amplified, cloned and sequenced
by using both universal and specific fungal primer pairs. Phylogenetic placements of fungi were
inferred by ITS sequence analysis. The putative trophic modes and guilds of RAF were assigned by
functional analysis with the FUNGuild software. Effects of plant species, height, basal diameter and
leaf area on root-associated fungal species composition were determined by non-metric
multidimensional scaling (NMDS) analysis. [Results] 4. sinensis and D. odorifera seedlings grown
in nurseries were naturally colonized by a highly diverse suite of RAF, including Mucoromycota
(51%), Ascomycota (43%) and Basidiomycota (6%). These RAF can be assigned to multiple trophic
modes and guilds including symbiotroph (29 species) representing by Glomeromycetes sp. 2,
Rhizophagus irregularis, and saprotroph (5 species) representing by Talaromyces pinophilus and
Rhizopycnis vagum. In addition, two fungal species, Mycoleptodiscus sp. and Fusarium phaseoli
were assigned to pathotroph, while ecological characteristics of 15 species are unclear. NMDS
analysis indicated that the effects of host plant species, plant height, basal diameter and leaf area of
seedling on root-associated fungi were not significant. However weak effect of plant height was
found in Arbuscular mycorrhiza fungi fungal community. [Conclusion] The RAF inoculum is high in
culture media of this nursery that seedlings were associated with phylogenetically distant and
multiple trophic modes and guilds of fungi. Diversity of AMF might be underrepresented when
universal primers such as ITS1F/ITS4 were applied to investigate the diversity of RAF community.

Keywords: Root-associated fungi, Valuable indigenous tree species, Phylogeny, Ecological type, Seedling

(Root-associated fungi RAF) (Mucoromycota)”)  AMF 90%
[3]
1 RAF RAF
RAF
(Arbuscular mycorrhiza 4] RAF
fungi AMF) RAF
(Glomeromycota) 51

(Glomeromycotina) RAF
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(7]
(8]

(Internal transcribed

spacer ITS) DNA
[9]
ITS1F/ITS4
AMF
RAF AMF
31 RAF AMF
5 [o 31
268 RAF 10 AMF!!! AMF
AMF
AMF 95 87
AMF 18 23 12
RAF AMF

(Aquilaria sinensis)

(Dalbergia odorifera)

1 000

1 500
[13]

[14]

AMF

Tel:

Metadata RAF
(Non-metric multidimensional
scaling NMDS) RAF
RAF
1 MRS
1.1 RIEHREARER
(E113°02" N28°06") 46 hm®
25.4°C
7 28.4 °C
1 21.0 °C
35.9 °C 5.1 °C 2 563 h
300d
600—2 000 mm 6-10
90% 11 4
5-8m
pH 72-74 16.33+6.30 mg/kg
19.85+£2.38 mg/kg 19.53+4.05 mg/kg
10.50+0.40 g/kg
1.2 FZERFIFNE
Taq DNA
Escherichia coli DH5a
pMDI19-T ( )
PCR
CTAB 0.1 mol/L Tris-HCI pH 8.0
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0.02 mol/L EDTA pH 8.0 1.4 mol/L NaCl 2% CTAB

( )
1.3 #FmRESLE

2015
1.5
1 200 m
3
2
10 2
1 cm
2
2 mL
50 uL CTAB —80 °C
1.4 HES TN
1.4.1 DNA 2B
60 (
6.25+0.85 mg)
DNAM!
650 uL.
CTAB 65 °C 1h( 15min
)
(24:1 ) 12 000 r/min
8 min 1
1.5 mL 2
=20 °C

12 000 r/min 8 min

*x1 BAFSHEFREYHELTER

Table 1 Morphological indices of Aquilaria sinensis and
Dalbergia odorifera seedlings

Morphological indices Aquilaria sinensis  Dalbergia odorifera

0.90+0.26 0.53+0.08
Ground diameter (cm)
64.00+£14.42 48.00+3.46
Plant height (cm)
19.69+3.69 12.84+1.47

Leaf area (cm?)

75% 500 pL 2 60 °C
DNA
—20°C

1.42 ITS i

20 uL

ITS1F (5'-CTTGGTCATTTA

GAGGAAGTAA-3") ITS4 (5'-TCCTCCGCTTATT
GATATGC-3") ITS PCR

DNA (15-110 ng/uL) 1 pL  dNTPs (2.5 mmol/L)

1 uL 10xPCR 2.5uL ITSIF ITS4
(10 umol/L) 1 uL 1.5 U Tag DNA ddH,0
25 uL PCR 95 °C 5 min 95 °C
40s 55°C40s 72°C55s 30 72 °C
10 min AMF Nested PCR AMF
ITS PCR AMF

SSUmAT (5'-TGGGTAATCTTTTGAAACTTYA-3'
5-TGGGTAATCTTRTGAAACTTCA-3")  LSUmAr
(5-TCGCTCTTCAACGAGGAATC-3" 5'-TATTGT
TCTTCAACGAGGAATC-3" 5'-TATTGCTCTTNA

ACGAGGAATC-3") 28S
(LSU) rDNA ITS 18S
(SSU) rDNA
AMF el pcr
DNA (15-110 ng/puL) 1 uL  dNTPs (2.5 mmol/L)
1 uL 10xPCR 2.5 uL SSUmAf  LSUmAr
(10 umol/L) 1 uL 1.5 U Tag DNA
ddH,0O 25 uL PCR 94 °C 5 min 94 °C
40s 60°C45s 72°C 2 min 30 72 °C
15 min PCR
TIS1F/ITS4 AMF
ITS PCR 1.5%
1.4.3 PCR =& RN F
10 PCR
PCR
DNA pMD19-T 16 °C
E. coli DH5a 6
2 12
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48
ITSIF/ITS4 PCR 1.5%
PCR
«C )
1.5 EEITS F5IaHh
Bioedit (Version 7.2.5)
ITS1-5.8S-1TS2 ClustalX
(Version 2.1.0) Mothur (Version 1.0.0)
OTU AMF ITS (Identity)>92%
(Operational
taxonomical unit OTU)!'""™  AMF
ITS >97% oty
NCBI OTU
OTU
NCBI GenBank
KY965393-KY 965443
1.6 BURESHH
Metadata
FUNGuild P 2 RAF
(Trophic mode) (Guild)
(Symbiotroph) (Saprotroph)
(Pathotroph) 2
[22] )
0,1 2 2
NMDS RAF
(Bray-Curtis distance)
( )
2 BRI
21 BAESREREYERBEENIERS
2 RAF 12
576
79 165

28 OTU AMF
256
24 OTU ( 2) RAF
4 (Glomeromycetes)
(Sordariomycetes) (Dothideomycetes)
(Agaricomycetes)
14 (54%) 6 (23%)
(Glomerales) 38%
(Pleosporales) 12% ( 1)
RAF 5
14 (52%) 10 (37%)
1 (4%) 1 (4%)
(Eurotiomycetes) 1 (4%)
(Glomerales) 22%
(Pleosporales) 7%( 1)
2 Glomeromycetes sp. 2

Rhizophagus irregularis Glomeromycetes
sp. 2 83%

R. irregularis  33%

24 25 (2

FUNGuild RAF
2 RAF
26
3 AMF
3 (Ceratobasidium sp. 1 Ceratobasidium sp.
2 Ceratobasidium sp. 3)
2 RAF
5 Conlarium sp. Rhizopycnis vagum

Talaromyces pinophilus Thielavia terricola
Trichoderma virens 2
(Mycoleptodiscus sp.) -
(Fusarium phaseoli) ( 2)
RAF 2

62% 8% RAF 4

56% 11% 4% 4% ( 3)
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Figure 1 Compositional differences of root-associated fungi grouped by Class or Order between Aquilaria sinensis and

Dalbergia odorifera seedlings
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Figure 2 Phylogenetic clustering of root-associated fungi of Aquilaria sinensis and Dalbergia odorifera seedlings revealed
by AMF specific and fungal universal primer pairs

! (1/0).
Note Grey and sky blue represent presence and absence (1/0) of interaction between plant and fungus.
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Figure 4 Non-metric multidimensional scaling (NMDS)
ordination biplot based on the occurrences of AMF, plant
species, basal diameter, height and leaf area
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Figure 5 Comparison of species richness of different
fungal groups detected by using universal and AMF
specific primer pairs

514480 2

Table 3 Non-metric multidimensional scaling (NMDS) of effects of plant species and morphological characters on

root-associated fungi community structures

Community by fungal universal primer

Community by AMF specific primer

Morphological characters NMDS1 NMDS2 R’ P NMDS1 NMDS2 R P
Ground diameter -0.516 0.856 0.52 0.385 —0.747 —0.664 0.56 0.254
Plant height —0.842 0.539 0.10 0.857 —0.464 —0.885 0.79 0.082
Leaf area —0.653 —0.757 0.42 0.571 —0.095 —0.995 0.39 0.491
Plant identity —0.985 —0.171 0.66 0.613 0.182 —0.983 0.14 0.805
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Figure 6 Accumulation curves of fungal species based on the number of clones of root-associated fungi of individual
seedling

A B .
Note: A: Amplified by fungal universal primers; B: Amplified by AMF specific primers.
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