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Abstract: In this study, Illumina HiSeq molecular sequencing technology was used to examine the diversity of arbuscular
mycorrhizal fungi and their distribution characteristics at different altitudes in the Xinglong Mountain Nature Reserve (East
Mountain), Gansu Province. A total of 52 species of arbuscular mycorrhizal fungi belonging to four orders, eight families,
and 13 genera were obtained from soil samples. Among these, species of Glomus and Archaeospora were predominant, being
represented by 20 and 9 species, respectively, and accounting for 55.77% of the total species. Results obtained for the
distribution of arbuscular mycorrhizal fungi at different altitudes revealed that the dominant genera Glomus and Paraglomus
were regularly distributed with changes in altitude, whereas the remaining genera were uniformly distributed at different

altitudes. Gigaspora margarita, Acaulospora mellea, Glomus albidum, Glomus sp. 1, Glomus sp. 4, and Sclerocystis sinuosa
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appeared only at certain elevation levels, and are assumed to be restricted to different elevations. Analysis of arbuscular
mycorrhizal fungal species richness indicated that from low altitude to high altitudes, the ACE and Chaol indices generally
had a “single peak” change curve, and showed significant differences at certain altitudes (P < 0.05). Spearman correlation
analysis indicated that the distribution of arbuscular mycorrhizal fungi in this region is less affected by the altitude factor, and
that there were no significant correlations between altitudes. In summary, arbuscular mycorrhizal fungi resources on the East

Xinglong Mountain are rich and have considerable application potential.
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Figure 1 Sample rarefaction curves
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2168, 2209, 2261, 2313, 2361, 2408, 2466 12601 m.
A, B, C, D, E, F, G, and H represent eight different altitudes, namely
2168,2209,2261,2313,2361,2 408, 2466, and 2 601 m, respectively.
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Z 1 Arbuscular mycorrhizal (AM) HEEMES S
Table 1 Classification of arbuscular mycorrhizal fungal species
g HER E =) 7AN
. o e @ TR 5 ()
. . Basionyms, synonyms & additional
Order Family Genus Species
comments (Year)
JF#ER H g vt JREER Archaeospora sp. Mueller15
Archaeosporales Archaeosporaceae Archaeospora
Archaeospora sp. LH-Ar02
Archaeospora sp. LH-Ar03
Archaeospora sp.1
Archaeospora sp.2
Archaeospora sp.3
Archaeospora sp.4
Archaeospora sp.5
Archaeospora sp.6
PYEISE S RYEiEE 2 Y5 .
Ambisporaceae Ambispora Ambispora sp.
gﬁf@%% H %ﬁf@%%ﬂ %ﬁ‘f@%%}% —REZPEIIEE D, trimurales Glomus trimurales Koske &
Diversisporales  Diversisporaceae Diversispora Halvorson (1989)
W% 2 RS D, aurantia Glomus aurantium Blaszk, Blanke,
Renker & Buscot (2004)
D. aurantia Clade-2
EfsEs Ef%ERE Bl [ g A
Gigasporaceae Gigaspora HOR B 194 G. margarita
=
& ELALAER ML EEHEETE S. dipurpurescens
Scutellospora
TAEHE TR PR E - P
Acaulosporaceae Acaulospora H OIS 4. mellea
o HEER S|t g e o e Endogone macrocarpa var. Caledonia
FRAE H RAEHR SHEWIR s 3 IS B caledonium Nicolson & Gerd (1968) = Glomus
Glomerales Glomeraceae Funneliformis .
caledonium Trappe & Gerd (1974)
P Endogone vesiculifera Thaxt (1922) =
j{%fo%hf)i BRRATES R. vesiculiferus Glomus vesiculiferum
phag Gerd & Trappe (1974)
Z REER Glomus indicum Blaszk, Wubet
E FEF B e D . k . d 5 y
Dominikia W KRR Dominikia indica Harikumar (2010)
HRER Glomus sinuosum Almeida & Schenck
Sclerocystis B WiFE S. sinuosa (1990) = Sclerocystis pakistanica Igbal
24 & Perveen, Trans (1980)
=\ o . Glomus coremioides Redecker &
TARIEFEFE S. coremioides Morton (2000)
HREEHR g . Endogone microcarpus
B : g P
Glomus INRIRBEEE G. microcarpum Tul & Tul (1851)

ZHNIERER G. multicaule
HEOHRES G. albidum

M ERFERE G. ambisporum
KIRERFEER G. macrocarpum
HIUEREEE G. flavisporum
Glomus sp. Yoshimura 13a

Glomus sp. SGO7

Endogone macrocarpa

Tul & Tul (1851)
Endogone flavispora
Lange & Lund (1955)
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Table 1 (Continued)
H 7l = i B 5 44 /R A 7 44 (R0
. . Basionyms, synonyms & additional
Order Family Genus Species
comments (Year)
Glomus sp.1
Glomus sp.2
Glomus sp.3
Glomus sp.4
Glomus sp.5
Glomus sp.6
Glomus sp.7
Glomus sp.8
Glomus sp.9
Glomus sp.10
Glomus sp.11
Glomus sp.12
Glomus claroideum Schenck & Sm.
FHHER TR R SR R 2 X - . (1982) (emendation by Walker &
ga)r%oijfiegiﬁioﬁeraceae Eaéﬁl;;iﬁlﬁus IR C. claroideum Vestberg 1998) = Glomus maculosum
& s Mill & Walker (1986), G. fistulosum
Skou & Jakobsen (1989)
Claroideoglomus sp. GLBal.l
Claroideoglomus sp.1
Claroideoglomus sp.2
Claroideoglomus sp.3
REkFEmH KERFEERER REKER)R T
Ij’zraglomerales Paraglomeraceae Ij;fzmglomus BTSSRI P. laccatum Glomus laccatum Blaszk (1988)

Paraglomus sp. Para2

Paraglomus sp.1

Paraglomus sp.2

Paraglomus sp.3

Paraglomus sp.4

mERWEE R Glomus
RERFEE)E Paraglomus
BRI E Claroideoglomus

m 7 324 )& Archaeospora
T FE 55 S8 Sclerocystis
Ji§ B3 8 )& Scutellospora
Z ISR Diversispora
TRIZEEEJE Rhizophagus
WA TETE & Ambispora

m &R Acaulospora

w L ERE R Funneliformis
E 2428 Gigaspora
% [IRHE47)8 Dominikia

\
>

2 JB7K ¥ _E arbuscular mycorrhizal EE 4% E
Figure 2 The number of arbuscular mycorrhizal
fungal species at the genus level
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BHRFAE (B 4).

http://cykx.1zu.edu.cn



494

A

=

AN T i R B BE AML L B P K P b 4 RAT L
T (R 2). RIRFEE)R sp.2. BRIEEE R sp.8 ML HHER
B E sp.1 Jy iz XA R G AR A0 55 Fh, R EREE R
J& sp.2 & HERILAH R (KR 2 261 m kA, B
P58 sp.8 7E 2 209~2 313 m Al 2466 m #E4k N A
¥, T ERFEE R sp.1 N 2 313 m IR AR H A
EEOTLHES RREMES, AORES, REE

J& sp.1. BREEE & sp.4 F 25 22 i 3 55 AN AL 58 70 W 4k
T B B, 23 ) R A TR 3R R
2.2.2

5o AE 97% ML KPR W AR I 3R 2 AR

J, Chaol F1 ACE #8 £ e /& I 2 T HY 2 36 J5 o 1) A8
fhita A (5 2 168 m gL A1), HAE 2361 m i3 b6 FE

AIEMER AM H1E 2

AN AL HR AM FU TR 2 B TR 4R B (R 3) B,

. Archaeosporales Ji# %27 H

KR . Hodr, #2361 m I, Chaol 8 ¥k & 3
T 2209, 2 408 F1 2 466 m (P < 0.01), ACE & % &

Z & T 2408 m (P <0.05). Simpson 15 % Al Shannon
TREAEA FIHFIR ) 2 R A B 3E, R SR
WIFh 2 RV 2 BROAE 1L

7 S FE 78 5 FE I AE 0.9999 LA b, W e 4h 5k A ]

23 AMEESHSEREEREXM
. Paraglomerales ZXERFER H
|

—H = .Y M
FI AM FUB = 5 LA 2 A £ 45 40 (Chaol. ACE.
. w et b R M 4=
Shannon F1 Simpson fi £%) 5 i & 1% J£ 347 Spearman
=
<
3
=]
FR¥EHH "J% ‘:g
= =
. Diversisporales Z il #£%55 H = PR
Z, [ 2 %
% . %z %
(S s < < =
% 2 % & =
=) (=3 - = on
O,}? aow g’ % ?\) <
-7 B B S ) Lw—lo I
Ty e, Ly e 2 2 5 <
28 %, 4 Cy 7 ~
(<7 (P S 0 . o
0, %, (7/'0 ) Z
Ky “ NN o a0
= " o % XSS
Arey, by, 03 %
@egy, A, %o, )
Fa oy, “sp 5> ﬁ%
©; Oy, g
Mange,, ery Y5 1§ 2 )
)
nde,,; , 64 : 9% 39
66
12
6 3 42 20 ;
8
paraglom¥ ot 3 <2
- e)
nus P para” > 7
P((I'Ufllm %
o 7
9 X % OQ"/O
Z), £
]
o K ) = - 0&0’/) 6}%- o,«b)}z
; =
\LO & N 2 > =3 2w 2 . “o, “,
P A S Sl e % B Ty
\o\\\\ SR e h e, G
O & & 3§ % B B %
,\\V N N '\\\ ) < < ?4 2
TR SN R S
N S s B 0%
Q N E
¢ F
2 =
= =
=%
<
=
3 Arbuscular mycorrhizal E 5 & %t it 1L
B, FHRAS 58 3E A A 43 ST AT AR BE o

Figure 3 A phylogenetic tree of arbuscular mycorrhizal fungi
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Different colors represent the different orders of AM fungi, and branches represent the evolutionary kinship of different strains. The shorter the distance of
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the branch, the closer is the kinship. The numbers on branches are “self-expanding values”, which indicate the reliability of the evolutionary tree branches.
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Figure 4 The relative abundance of arbuscular mycorrhizal fungi at the genus level
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Table 2 The composition of arbuscular mycorrhizal fungal species at different altitudes

K Altitude/m
Fi Species
2168 2209 2261 2313 2361 2 408 2 466 2601
Acaulospora mellea + +
Ambispora sp. + + + + + + + +
Archaeospora sp. LH-Ar02 + + + + + + + +
Archaeospora sp. LH-Ar03 + + + + + +
Archaeospora sp. Mueller15 + + + + + ++ + +
Archaeospora sp.1 ++ + ++ ++ ++ + ++ ++
Archaeospora sp.2 + ++ + + + + + +
Archaeospora sp.3 + ++ + ++ ++ + + ++
Archaeospora sp.4 + + + + + T +
Archaeospora sp.5 + + + + + + T
Archaeospora sp.6 + + + + + + +
Claroideoglomus claroideum + + + + + + + +
Claroideoglomus sp. GLBal.l + + + + + + +
Claroideoglomus sp.1 ++ ++ ++ ot ++ ++ ++ ++
Claroideoglomus sp.2 ++ + ++ + + ++ ++ +
Claroideoglomus sp.3 + + + T
Diversispora aurantia + + + + +
Diversispora sp. Clade-2 + + + + + + + +
Diversispora trimurales + + + + +
Dominikia indica + + + + + + + +
Funneliformis caledonium + + + + +
Gigaspora margarita + +
Glomus albidum +
Glomus ambisporum + + ++ + + ++ + +
Glomus flavisporum ++ + ++ + + + + +
Glomus macrocarpum + + + + + + + +
Glomus microcarpum + 4 + + +
Glomus multicaule + + + + + ++ + +
Glomus sp. SGO7 + + + +
Glomus sp. Yoshimural3a + + + +
Glomus sp.1 + +
Glomus sp.2 + + + + + +
Glomus sp.3 + + + + + +
Glomus sp.4 +
Glomus sp.5 + + + ++ + + ++ ++
Glomus sp.6 + + + + T
Glomus sp.7 + + + + T +
Glomus sp.8 ++ S ot e + + o +
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Table 2 (Continued)
R Altitude/m
F Species
2168 2209 2261 2313 2361 2408 2 466 2601
Glomus sp.9 ++ + ++ ++ + + ++ +
Glomus sp.10 + + + + +
Glomus sp.11 + + + + + + +
Glomus sp.12 + + + +
Paraglomus laccatum + + + +
Paraglomus sp. Para2 + + +
Paraglomus sp.1 + + + + + + + +
Paraglomus sp.2 o SR ++ I 4+ N N, N
Paraglomus sp.3 + + + +
Paraglomus sp.4 + + + + +
Rhizophagus vesiculiferus + + + ++ + + + ++
Sclerocystis coremioides ++ + ++ ++ + ++ + +
Sclerocystis sinuosa +
Scutellospora dipurpurescens + + + + T + +

RN AMERFPE AR X, SRR T 40 2 0~10000 +, 1000~5000 ++, = 50007y +++; “*fREMRHFh.
"+" indicates the presence of AM fungi at this altitude; the species abundance is graded as follows: +, ++, and +++ represent 0 ~ 1000, 1000 ~ 5000,

ok

and = 5000 m, respectively; indicates the dominant species.

Hi X AM BB 2 - 53 11 BRI 95038 14 £ 23 AR BLAS
R—380. 52, BT X AN [, W AM 21
RSV £ R AR NG DA ¥
Ml DX A 00 AML ST 2 8 M J R 9 49 10 S 00 1) 1 T
KB, HEAR T T AM B OTU £ 5, 1T %
2 T A T B AL BB 9 2R R B 6 T

AM HUIE 5 AR HOZ A, IR E R A
7] VA 4 1 R P = PR R 3 0 A ek T A [ i 51 R 1
ARAK, BRIV () B2 5 M i X AM BB )M &

AR AN R FR IR AML T 22 FF R 20 A 45 SR 90 #r
AL AM YR AR R K 2 R S AR R T Y
W AWFTEH, WFITIX A AM H 1 51 2 A AR

% 3 A [E83K arbuscular mycorrhizal E & %+ £ 158
Table 3 Diversity indices for arbuscular mycorrhizal fungi at different altitudes

HER 97%HIfLK T Similarity of 97%

Altitude/m Chao 1454 Chaol index ACE#4%{ ACE index 7 /<45%{ Shannon index ¥ 7f4E% Simpson index 78 #% /¥ Coverage
2168 32.07 £2.15ab 34.82+2.37a 1.02 +0.36 0.42+0.16 0.999 99 + 0.000 00
2209 24.10 £0.53¢c 27.69 £2.72ab 1.03+£0.23 0.43+0.11 0.999 93 + 0.000 00
2261 26.80 = 2.25abc 28.08 + 2.46ab 0.98 +0.29 0.39+0.13 0.999 94 + 0.000 00
2313 26.17 £2.32abc 28.42 +2.80ab 1.29+0.20 0.51 £0.08 0.999 96 + 0.000 00
2361 33.17+3.34a 3599 +5.57a 1.34+£0.34 0.52+£0.14 0.999 97 + 0.000 00
2408 2420 £1.83¢c 20.32 £5.38b 1.00 +£0.23 0.38+0.97 0.999 98 + 0.000 00
2 466 23.65 £3.57c 25.56 £3.72ab 1.32+0.33 0.53+0.14 0.999 98 + 0.000 00
2601 24.70 + 1.66bc 26.79 +2.08ab 0.84 +0.33 0.30+0.12 0.999 96 + 0.000 00

AN PR E — SR EOR Rk ) 22 57 35 (P < 0.05).

Different lowercase letters within the same column indicate significant difference between the different altitudes at the 0.05 level.
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HR AP FE LR L AM B B+ &, 29 52 Fi,
KIET 4 B8R 13 )8, K Glomus F1 Paraglomus N
A8, Glomus albidum. Acaulospora mellea. Gigaspora
margarita. Glomus sp.1. Glomus sp.4. Sclerocystis
sinuosa N R EFFA M, LR ILB YT REFEY)
T AR T — 2 B Ak
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