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Abstract: [ Objective] Unveiling the formation and maintenance mechanisms of fungal biodiversity is crucial to understand the

biogeographic distribution pattern of soil fungi. However, knowledge of the elevational distribution pattern and its underlying
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mechanism of fungal communities in the deep layers of soil profile remains inadequate. ~ Method In the present study, topsoil
(0-20 cm) and subsoil (40-60 cm) samples were collected along an elevational gradient of 3 300—4 600 m from Mount Segrila,
Tibet. The variations in fungal diversity and community composition with elevation in the topsoil and subsoil and the driving
factors were investigated by Illumina MiSeq high-throughput pyrosequencing of the ITS rDNA. Changes in the coexistence
characteristics of soil fungal communities among different elevations and between top-and subsoil were further explored based on
the calculation of niche properties.  Result We found that fungal communities collected from the topsoil and subsoil of Mount
Segrila were dominated by Ascomycota (averaged relative abundance of 35%), Basidiomycota (46%) and Zygomycota (13%).
Symbiotrophic fungi (62%) and saprotrophic fungi (33%) were identified as the major functional guilds by FUNGuild. In the
topsoil, indices of fungal a-diversity (richness and Shannon diversity) decreased significantly with increasing elevation. In the
subsoil, fungal richness decreased whereas Shannon diversity presented a hump-shaped pattern with increasing elevation. The
dissimilarities in fungal community composition (B-diversity) increased significantly with increasing elevational distance in both
topsoil and subsoil, suggesting a distance-decay pattern. The B-diversity of the fungal community was also positively correlated
with environmental factors such as mean annual temperature (MAT), soil pH, the ratio of soil carbon to nitrogen, and soil
moisture as suggested by the Mantel test. Results from distance-based redundancy analysis (db-RDA) suggested that pH was the
driving factor for the variation in fungal community composition with elevation in the topsoil, whereas in the subsoil soil
moisture was the most contributive factor. The community-level habitat niche breadth (B.,,,) of soil fungi was significantly higher
at 3 500 m and 3 689 m, indicating an increase in environmental fitness and a more metabolically flexible fungal community at
lower elevations. However, the niche breadth of soil fungi became narrow at 4 420 m and 4 590 m, implying that soil fungi at
higher elevations could be more vulnerable in response to climate change in the future. A greater degree of niche overlap (O, > 8)
between major fungal taxa was observed at lower elevations (3 356-3 689 m) and in the topsoil, whereas a lower degree of niche
overlap (O;=6) was observed at higher elevations (4 284—4 590 m) and in the subsoil. In addition, a greater degree of niche
overlap was observed between Ascomycota, Basidiomycota and Zygomycota, suggesting fierce competition for resources or
habitats among these taxa. The degree of niche overlap was lower between Glomeromycota, Chytridimycota and other taxa due to
their symbiotic or parasitic relationships with plants.  Conclusion Overall, our study shows that the elevational distribution
pattern of fungal biodiversity is distinctive between topsoil and subsoil, which is strongly related to the effect of environmental
filtering and coexistence characteristics of specific taxa. These results may thus provide novel insights into the diversity and

coexistence mechanisms of soil fungal communities in the alpine ecosystems of the Tibetan Plateau.

Key words: Fungal diversity; Elevational distribution pattern; Soil depth; Niche properties; Tibetan Plateau
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e YR SE g SR T TR AL BRI A S MR
JEH, YAy AR S BT A S A B AT DA S H
o7 %o AR AR PR AR ) E B AR AR AR A B
W, BB (O mEA R ) fEREAE
A T T IGG v ) 48 JRUS: T A A 3R SE(
A2 ) W 28 B X A BT AR Ak Y B v 3 N
P BETCAMFTRAR S T I3OR X Py Fh A 25 58
FERSE I, (HRFEENTEMY) . . BREE
YI2EBE, 4N, Schellenberger Costa Z:2'EZ )10
L LTI A 5 ke A ) A A A B R B TR AR
FE R DL TR B A B MG n, 1 Ahmad
A 220 e A L Pk VS 0 4 5 ) R BRI A R
() A 2507 5 B Bl VAR b T RRAIR . Rk R R F
SERI, W T R AR X AT SRR A A S
PR, o B M i A 25 5 BE R Lb TRV 4k b X 4 35
BN A A A B8 A5 B 0 A 4 1
IREEAS AL By e 3 o L, O T W) AR AS A B
MBS ENAR T A R, T ) A A A6 5 B BV AR 2
B AR AR AR AIE 17 R BH A o

T e i FE R AR RGN A B AR AL AT
Poh+or s, xR E TG 2 2wk 0y A A AT
Wi mE, Wik, B mie R R RE Y 20
PE KR I8 20 LAy A A=, A B T IR AR
BRI FEAE R RS T TR W RV A e AL B 43R
AR T . (2R LR T R e SR e X
BB IS RS, HA s HA A TE 5 5
A REAE Y T B T e R BRI U 2 i TS
Hup e g=hi il HIERMAEY A Y & . ZEE TR
YRR A A% SRy B A — S 4fGHE - i dn, Xu 250
i FHBEAS IE TR ( Phospholipid fatty acid, PLFA )
T RN A O (Biolog Ecoplate ) 431 & LG,
Zeir Ll 322 A A WU 0 A W R R B B T
PRAEA) S5 A REAE , {E R B FH T 2 B YA A v
T ERRAR . P E Y408, Wang S5 P aE
TR AR A S R G0 b 1 A TR ORI BB Y 2 A
PERA AR TR HE, BFhl

- 3 L BT AL sE i AL T R B AR . AR
BMTRELE (0~20cm), JEZ HIENH T HELE
HHLBR, SR EREREI A R ZLA 00, sk H ArxT
TR 2R . BEIE AL R T RE B T 2 4E
FRZEHED ) BORmrss RBL, @Rk
RZHIRE LB AEY RS IEEAREER,
It Wy A ] A B AR FH DG 2R Bl 4 198 % B A28 A e A el
AR PSS R TR 2 A A I 2 R S A
& Jmy A A I AE DL G S KR I BEAEAE B
o L, AW TR ORI A [R50 B R A R
JZ (0~20cm) AEJE (40~60 cm ) T 3ERES,, 3
T ITS rDNA il il 7 Mo ARk, o
L AR 7 2 8 S G e TR 3R R AR SRR, HRR £
Zo i 11 - 498 R R A ) VA A A A R L
BUl, ARCHAERIZMIRE RN R, A BT
AT BLR ZFEMEAE = AR R R e R 3 b IR R
HEFEHLE]

1 RSk

1.1 #HAREXER

R TP RO T\ — X3 (29°5'—
29°57' N, 94°25'—94°45' E), FWEEAEE 5 200 m,
Ab T AR T T A DX 2 D T A DX ek
AT, AR R A-0.73°C, AR K 1134 mm,
PO A AR 2 s A B 5 AMEBE, a5
(1) a4 F IR A (3 000~3 500 m),
BN A ( Pinus densata ), VUKL 42 ( Larix
grifithiana ). N & ILER ( Quercus aquifolioides )
Sy (2) ey Ll FE IR -0 I AL AR (3 500~
4200 m ), EHFI HME B AZ( Picea likiangensis var.
linzhensis ) Ml A RK LR 12 ( Abies georgei var.
smithii ); (3) =y L&A -Bi AR . FEM | H AT
(4200~4 500 m), PLHHEANITEH ( Sabina
saltuaila ), F)ZFA% ( Rhododendron hiale ) FIMKZ
F:HS ( Rhododendron nyingchiense ) %55 (4 ) #1119
A EAAT (4 500~4 700 m), PRHEDFN A LAY
( Rhododendron bulu ). & B ( Carex sp. ). =
( Polygonum spp. )55 ; (5 ) = I FEBH (4K 4 700 m
Ph ), ERDHAAMN ( Cassiope selaginodes ).
8 ( Rheum nobile ) 415K ( Rhodiola spp. )o
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12 tTEHEMRESLE

AWFFET 2018 AELE (A7 L PG HEHER 3 000~
4 600 m JLFE NIEEL T 6 AR RAEEER (£ 1),
HR A8 25 MR 3R A 4 2 R AT 43 I3 X TA] (3 356~
3689 m, FHBERNARAR ) MR X ] (4 284~
4 590 m, FEPCRI N EIEREN T ), TER R
TR, WK T I BEMLEE R 4 ARAEAS, B RAE
FUEFEA/NT 100 mo FERRASRAE S E 31 1 mx
Im HJ7, SRR HIERENAEY, HH R
(FEr At ) HEECRERE (0~20cm)
FEZ (40~60 cm ) T IEFESL, B RAE SUREE W
THRA B (R ), R 24 MRIZE+
FEFI 24 ANJECJE 1 AE o SRAR B AL B A B 148
o, DRAE T UK & NIz i Il S8 &= AT IR 2200 i, &
BRI LA A B . IS R P R AR A
i (2 mm), ¥5)50 B—5HEa T DNA $2HK
(=20°CNARAF ), Hogp T8 5 KT J5 WFE H] 100
TS P R A
1.3 TEEUAERNE

+3 pH 1 mol' L' KCl1#E4 (/KKK 1:
2.5) ARG . A HLER 5 R KR
PR E-AMMBGEIN E, H A SR RHITE S
PriE (EA1108, CarloErba, Turin, Italy ). +
RN SR T i S K B R AR, RV A 0 S f - g
FEARTE 105°C T HETHI S A9 B 223015 o BORLZH I
K FHHOCHRLE 43 M4 ( Longbench Mastersizer 2000 )
M o
1.4 SEENFMTH

+ 3% DNA FJHEBCR H PowerSoil DNA # it
£ ( MoBio Laboratories Inc., Carlsbad, CA, USA ),
FEAR T S U B A5 AN D SR EA T PRI, $R
A DNA >k NanoDrop ND-1000 43¢ B it
( ThermoScientific, Wilmington, DE, USA ) il & Jit
i, ZJET-80CHRA . KM 1737F (5-GGAAGT
AAAAGTCGTAACAAGG-3' )Fll 2043R( 5'-GCTGCG
TTCTTCATCGATGC-3") ¥ HiH A 1TS He[H, JLH
PyG ik 2 e AR R 25 BR S /AT sl
=l /7 ( Illumina MiSeq platform ). M FF3R 75 A4 J5L4f
JEHIRAE A FASTQ #% 3K, i Quantitative Insights
Into Microbial Ecology ( QIIME ) & X 5 5 #4711
bR B s B4, Z J5 i Usearch ¥4 F &

( version7.0, http: //drive5.com/uparse/ ), #KIE 97%
AOAERLEE R 43 OTU ( Operational taxonomic units ),
H TSRS OTU X Y4245 &, R ] RDP
classifier( version 2.2, http: /sourceforge.net/projects/
rdp-classifier/ ) DU % OTU AR ¥4 #4745
AT, A LB UNITE EIE ITS ik
(Release 6.0, http: //unite.ut.ee/index.php ). MRHEEEA™
FEACIN - ) G AL, A e/ NI (110 466 )
PEATHIV J5 FREEAT ZRE AR B . Y o- 24
P8 B F & £ ( Chaol Index ) Fl&F A £ 4 1k
( Shannon Index ) FAE, f# ] Mothur {4} ( version
v.1.30.1, http: //www.mothur.org/wiki/Schloss_SOP#
Alpha_diversity ) it %815 2] . 3 & I fig B H
FUNGuild Jj 58 70 43 B %F FC B 1TS 356 H 617 2 Ag
ER,
1.5 HiESHT

P2 rh B R AE R T B AR R 22 . LRI EVR
MW A R BRI ERZESR (B M) BT
Bray-Curtis FEEJHEATIHEE, SR VE450BE B Bl 1 e IR
JE N ELTR REVE 2 22 52 AR 3 H7( Analysis of
similarity, ANOSIM ) #Ef7#50 . HH B ZFetES
TR B M ARG TR (25T Euclidean PR EITT
5) 1 Pearson A ICHE M Mantel 450 E47 704, il
FH 5L F B B 45 BE 19 JT 4% /0 M1 ( Distance-based
redundancy analysis, db-RDA ) 43 #1 #5355 K 7 X A ]
- JZE FL G RV 2 T TR S S RS2 MR, db-RDA
S3 T HT 56 P K PR3- B X6 BR 8 TR 7 A T 2, 53
PRIt m 7. BRI R B4 vegan
AT

FLAFPHE 0 AR SALRAE, {248 Levins A 0758
J¥ (Niche breadth, B ) f8%(""'FI Pianka L2507 &
6 (0y) PUMRYE TR A5

B, =/ B (1)

N
2a(BxRy)
Oy = N N
\/Z_/:lpij XZ_/:IP/?/

(2)

S, B W ECERE R OTU, B 2E B A5 56, N
SIRES AR Py oy OTU, fEREA # FORETE D 5 B2
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Fofil o WRHEAS OTU 7ERE—E B (il an ik )
AR B A, D03 B R 0 A 35 A 25007 9 B %
Vi o TERMEIR, B RA N LR 0 B R
W B T OTU 1% BAE IYF- Y(E B A iz b 3k T
WA ESE A BALTEE (Beow )o ERNH S 21
A [5) ob A H 0of () — 2 256 il e 5 oo ) — W U Ay A
AR BB, Az 2 35 B S W T 4 ) o) 2 45
IO I IR R P A AR AR R B O AR e 0 o A
JRH, AR E S, FIEER] 5T G A
AH s H B /0N, R )Xo R A B 1 4 S
PRS- o Az 257 P B AR S B R
WA spaa HLUEATITEA .

2 4 R

2.1 TEEMIBAMER
TR BRI K 1B i 5 o R e I+
SRR PIAE MR (% 1), BEEESRTE, £ZE (0~

20 cm) HJKJE (40~60 cm) HIEHAHA VLR . &
Ao M HIESKEYRERM, BRELIEDE
mTIR)E B MR, 3 pH BlWIR T = B E
TR, JFHIRE IR E S TREHE, HIEREA
LY 2% )2 - B B TR A e T AR, 2R )
P = 5 AR R RRAE . BEE IR T, bR
TRTERIZ A Z ) W F AR, 07 SR R kL
TR RGN, IR R A R A A
FRM
22 HEHEZARSSHMN

A5 SR S5 1 A S i 28 5 3 0 A ) )
HIEFH 622 797 %, 1M 97%F5IAHRIMK-F- 2L
YE 2 879 1 OTU. &l 43364t LUE
THEW T 1( Ascomycota ), $HF | ]( Basidiomycota ).
A1 ( Zygomycota ), Bk#E R[] ( Glomeromycota ).
T #1] ( Chytridiomycota ) 5 ™~EH ], B 23 4
2. 80 A~H . 169 MMEL, 316 @A 501 MF, F
W], MFRETTAZEEGWEIT 2SR, =&

xR 1 FELERET TIRBUERAER T UHHE
Table 1 Variations in soil physical and chemical properties with elevation at two soil depths
K A LA oo A KE kL Kk Bk
T2 AL
Elevation pH Organic carbon Total nitrogen Soil water content Sand Silt Clay
Soil layer C @ N ratio
/m / (gkg") / (gkg") 1% /% /% /%

RKIZ1IE 3356  5.74+0.06aB  34.14+3.82bA 1.66=0.14bA 20.35+1.08aA 28.96+2.09bA 65.68+2.94a 32.59+2.70b 1.73+0.25b
Topsoil 3500 5.57+0.09abB 48.25+6.07aA 2.72+0.36aA 18.51+0.73aA 30.03+2.33bA 64.89+2.16a 33.26+1.96b 1.85+0.21b
3689 5.40+0.12bB  62.36+8.31aA 3.78+0.57aA 16.67+0.37bB  31.10+2.56bA 64.10+1.38a 33.93+1.21b 1.97£0.17b
4284 4.29+0.12cB  54.16+2.88aA 3.68+0.28aA 14.85+0.42c¢  47.27+1.45aA 29.77+1.97b 63.53+1.64a 6.70+0.33a
4420 4.09+0.07cdB 61.66+3.93aA 4.24+0.27aA 14.61£0.39c  46.35+4.15aA 30.14+1.49b 63.38+1.27a 6.49+0.24a
4590 3.89+0.02dB  69.16+4.97aA 4.80+£0.26aA 14.37£0.35¢c  45.42+6.84a  30.50+1.00b 63.22+0.90a 6.28+0.14a
)21 3356 6.00£0.05aA  16.96+0.67bB  1.34+0.13bB 13.23+1.41bB  15.16£1.07bB  65.34+2.21a  32.93+2.26b 1.73=0.10b
Subsoil 3500 5.93+0.08aA 23.44+2.64aB 1.51+0.21abB 15.68+0.98bB 18.92+2.06abB 63.72+1.36a 34.26+1.28b 2.02+0.17b
3689 5.86+0.10aA 29.92+4.61aB  1.68+0.28abB 18.13+0.54aA 22.68+3.05abB 62.10+0.50a 35.60+0.31b 2.31£0.25b
4284 4.82+0.13bA 32.08+4.01aB 2.20+0.12aB 14.60+1.74b  29.52+5.22aB 29.77+1.14b 63.86+1.29a 6.37+0.17a
4420  4.55+0.09bcA 29.63+3.03aB  2.09+0.10abB 14.16+£1.25b  33.85+4.86aB 29.47+0.90b 63.88+1.16a 6.66+0.28a
4590 4.27+0.05cA 27.18+2.05aB  1.98+0.07abB 13.71+£0.76b  38.18+4.49a  29.17+0.66b 63.89+1.03a 6.94+0.40a

e ARVNE FREFRIR A — 42 )2 S 18 R A R R R R Z AR .3 22 5 (P<0.05), ARIRE SRR — RAEIRT %
PR LR E AR E Z BIFE R #2255 . Note: Different lowercase letters indicate significant differences among different sampling

elevations at the same soil layer by Duncan’s test at P<0.05 level, while different uppercase letters indicate significant differences between

topsoil and subsoil at the same elevation.
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2 B HRAH ER HIER B RE e, HOR R EL R 2SR
FEN R SFE ., TRERZEEIR)ZHIE, FHE
I TR AR B AR AR DX TE] (3 356~3 689 m ) ¥ I
F TR XA (4284~4590 m ), FRERT TR
P, 29 ( Dothideomycetes ), i & 44
( Leotiomycetes ), #EH 24 ( Pezizomycetes ) M ZE5¢
H49 ( Sordariomycetes ) Y B H FERE R E £/
FRAE, M AR E 99 ( Archaeorhizomycetes ) F{ 4K
AW )RR, 5FREITMER, MR
AEX = B BE VR m G s AR, ST
( Agaricomycetes ) TE i 4K DX [H] 1 3% J2 JiE 2= - 43¢
o AN, AR B-4K ( Tremellomycetes ) W ZEAK
MR R TIEAXT E A . A T TR AR 2 EEAY
TERJZ - BERA M T, a3, R X R
T DL AT I S e 2 AR B . AL TR 2
T, REHN . SRR, TS R
(4 AH X 2 B 7R RS J2 - 9 S, i R E A A
PN B PR AIK  BET FUNGiL D RE B0 4347
e AE BB R B b 1l AR B R Y ) RE
(CFXIAHXTFE 61.8% ), Hrh i £ & B9 2K AL R A=
AR B (46.6% ) FIAM: B AR - 2% Bl AR H
(11.4% ) ( &l 2 ), KJZ 1AM AR FL I 09 AH X
JETEWEIRL 4284 m AbdRm, HWOE 4 590 m Al
3356 m; NS JZE AN A T AR I B D BE TR AR T =
M9 35 A . 3RZ MUK 2 I A S A - 24 BB AR
B I AR XT3 BRI K 4 420 m A 4 590 m 4b &
AN . A BT A A X 3 B AR T A A B
(32.8%), FEA T HEIE A= MR MIE W . £
J2 A MR AR R B AR TG 0, RS
WIAH B2 o 9 it L TR AN A ARG VR 4 X () 1) 3% )22 1 g vp
BMAEE (14%), FEZMEYREEE, EHAAE
B AR XS E YN T 4%,

TIEER o ZREMEAZ BRI B (8] 3),
FHOCPE TS R R, B F 8 EELIERZM
KE¥ SR &EEERBENAMHLER; BF
TR 2 FE R H BE TR T e BRI, (HOR R
J2 A 5 5 i e BE A 2 ORI DG . Mantel A5 50 43
MrakWl, EERER B 2N Sl 2ER)Z
FURZ HEXE B ENIEMAXCR (K 4), A+
6 TR RE T 0 AR S5 I AR v 2 1 3 i e 3

Frme =t Bn, X TESRERE (B
T 4420 m PFRJZE 13 ), RG-SR RAE G LT
REVE Y Bray-Curtis [ 25 5 25 /N TS [6) V6 9k 7] 2L B
751 Bray-Curtis 55 [R]V 4R B9 A [RRAE 5 ] (
PRIE B8 0 )Y B TR BE 75 4 B 2% 57 7E 4 420 m Ab( &
J2 K 2 Bray-Curtis JE 2§43 1] 4 0.83 1 0.65 ) #%

o
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(=]
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70+
601
50+
404
304
204
10

BLI T JARRS

Relative abundance of fungal phylum/%

S E S S S OO HO&H v &0
O N A A NI NP SN S R S NEIINN
S I A A QRO N S
M54 Elevation/m
o Ascomycota o Basidiomycota m Zygomycota o Others

LI AR
Relative abundance of fungal class/%

SEL LSS e PO e &
© L O X D 7 DO NS
B NS Y N R D SN AR Y
HK Elevation/m

o0 Agaricomycetes @ Tremellomycetes & Archaeorhizomycetes
o Dothideomycetes @ Leotiomycetes o Pezizomycetes
@ Sordariomycetes B Zygomycota_incertae_sedis @ Others

. Ascomycota: F#E[F[]; Basidiomycota: HTF [ T;
Zygomycota: 4G TE[T; Others: FAMELT; Agaricomycetes:
A2 ; Tremellomycetes: 4R H-49; Archaeorhizomycetes: iR
W49 ; Dothideomycetes: JEFER 4 ; Leotiomycetes: 4 1% 4K ;
W 20 ; Sordariomycetes : 3% 5¢ M 4 ;
Zygomycota_incertae_sedis: & HF 49, 3356T . 3500T ., 3689T .,
4284T, 4420T. 4590T K&K LIZ 1L, 3356, 35008,
3689S. 42848, 44208, 45908 F/R & MFHIE)ZE 3% . Tl Note:
3356T, 3500T, 3689T, 4284T, 4420T and 4590T indicate the
topsoil at each elevation, while 3356S, 3500S, 3689S, 4284S,

44208 and 45908 indicate the subsoil at each elevation. The same
below.

Pezizomycetes :

B 1 KRR EERETFEET] (a) REHHN (b) MHXTE
JE R TR AR AR AR ARRAE
Fig. 1 Variation in the relative abundance of fungal phylum (a)

and dominant class (b ) with elevation at two soil depths
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Fig. 2 Variation in the relative abundance of the fungal functional
guild with elevation at two soil profile depths
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Fig. 3 Variations in fungal a-diversity indices with elevation in the topsoil ( 0-20 cm ) and subsoil ( 40-60 cm )
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Fig. 4 Relationships between the dissimilarities in fungal community composition ( B-diversity ) and elevation difference in the topsoil
(0-20 ¢cm ) and subsoil (40-60 cm )
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Fig. 5 Pairwise Bray-Curtis dissimilarities of fungal community composition in sampling sites within the same elevation, between different
elevations and between two soil depths

F2 TIEEE oK P SHMESIERFHRY Pearson fHXMERE ()

Table 2 Pearson correlation coefficients (#) of soil fungal a and B diversity with environmental variables

FE FARZFENE P LRI
Richness Shannon diversity B diversity
TiH Ttem
KETIE  RELIE FKE 1 JiE R 4 HKE JE R 4
Topsoil Subsoil Topsoil Subsoil Topsoil Subsoil
IR Mean annual temperature 0.898%** 0.651** 0.717%%* 0.216 0.631%*%* 0.679%**
K ZEf# K Growing season
0.668%* 0.598%* 0.472% -0.165 0.652%%* 0.643%%*
precipitation
pH 0.870%%* 0.598%* 0.734%%% 0.258 0.512%%* 0.604%
+HEH YLK Soil organic carbon —-0.432 -0.321 -0.057 0.244 0.141* 0.111
+ e 4% Total nitrogen —0.602%* —0.445 -0.278 0.106 0.241%x* 0.121
WAL C @ N ratio 0.717%%* 0.594%* 0.287 0.237 0.218%* 0.163*
T KR Soil water content —0.567%* -0.421 —0.444 -0.224 0.355%** 0.307**
ki Sand 0.867%%* 0.731%%* 0.672%* 0.078 0.523 %% 0.552%#%
kL Silt —0.870%*% (. 728%** —0.654** —0.066 0.538%%* 0.605%#*
ZFHAL Clay —0.844%K% () 749%** —0.750% %% -0.151 0.520%** 0.547

* P<0.05; ** P<0.01; ***P<0.001
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Table 3 Driving factors and their contributions to the variation in

fungal community composition along the elevation gradient 31 iﬁ ?jl& Mt fg.;;ﬁ& gsﬁ @.é*ﬁ i Eﬁ%—gﬂﬁk E(]

L AR 7 5 R #

o Variable F P Variation T AR O3 AT R AIE 2 2R ) 3t B 2 i SR AR AR A 2
Solllayer tered explained % — . BRTI ET M GBI 98 2 56k R 2 L HE. ARBFRE
%‘:_{)%'ij%? pH 9.26 <0.001 29.83 ﬁfﬂ9 @é*ﬁmi%ﬁ%‘ a %ﬂ B g#‘ﬁﬂgwé}
rowt | SOC 307 004 980 A G 7 2 G J2 AR — 5 M SR P 3

s i e e FIE 4), I FLURSH -+ HEET B REVS M55 S X e 5F

e e onem s 0B e LRSI AT (3 ). 424 pi

o b o ae S5 o D SHAEAIIMTEHLE, dvRDA

e swe oo ool 19 ST — AR pH R IE LR A 5
1 BREIR B P 7, 3% 5 DLAERFE 45 R — 2P0 Pl

Subsoil Clay 4.58 0.002 13.04 R e o
N a6 000 270 T JF 2% b 8 360 32 ) 78 P O S T A 7 AL i ¥ Ao

soc 4'24 0'002 12'07 JE AR S ) AR R - R R S B W T

. 1'76 0.112 5‘00 & RN T R NI 0 R e 11 7]

1t . . .

FW], S R OF ELR 2 R B4 A 3t B 3 A

e SOC: LAATELI Si BRER: SWC: BIE gt SRR 5 R HOK S BRI
Kt C/N: HHERRE I ; Clay: Fiki % fit . Note: SOC: Soil organic

W E fEar B ] RS 31D B =N E
carbon; Silt: Silt content; SWC: Soil water content; C/N: Soil - j‘fﬁli ’ @Jﬁnﬁiﬁél—ﬁiﬁféﬁi‘ﬁﬁi ’ ﬂj‘ I:j
— vy SRE TN -, e N [6
C: Nratio; Clay: Clay content. HIFYI R 2 fiﬁiﬁ/%éﬁﬁkﬁﬁﬂ‘ﬁ%[ 1
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Fig. 6 Variation in community-level habitat niche breadth ( B.,, ) of the total community and major fungal phylum with elevation at two soil depths
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Table 4 Niche overlap values (O;) of fungal communities at different elevations and soil depths
%73 )2 11 Topsoil Ji&)2 13 Subsoil
Elevation Asc Bas Zyg Glo Asc Bas Zyg
3356 m Bas 0.999 Bas 0.995
Zyg 0.912 0.914 Zyg 0.961 0.982
Glo 0.945 0.945 0.734 Glo 0.788 0.837 0.926
Chy — — — —
3500 m Bas 0.905 Bas 0.994
Zyg 0.986 0.826 Zyg 0.967 0.951
Glo 0.931 0.989 0.855 Glo 0.830 0.788 0.939
Chy 0.541 0.831 0.423 0.751
3689 m Bas 0.998 Bas 0.959
Zyg 0.962 0.958 Zyg 0.790 0.928
Glo 0.886 0.867 0.966 Glo 0.782 0.923 0.975
Chy 0.944 0.958 0.840 0.689
4284 m Bas 0.946 Bas 0.948
Zyg 0.878 0.752 Zyg 0.942 0.787
Glo 0.767 0.607 0.979 Glo 0.949 0.953 0.870
Chy 0.752 0.655 0.963 0.974
4420 m Bas 0.812 Bas 0.907
Zyg 0.909 0.783 Zyg 0.991 0.843
Glo 0.803 0.516 0.937 Glo 0.933 0.779 0.944
Chy 0.792 0.452 0.906 0.995
4590 m Bas 0.766 Bas 0.965
Zyg 0.886 0.947 Zyg 0.975 0.937
Glo 0.741 0.938 0.967 Glo 0.838 0.790 0.699
Chy — — — —

. Asc: TR ]; Bas: #HFW1]; Chy: WK ]; Glo: BREEWR]; Zyg: A W], Note: Asc: Ascomycota; Bas: Basidiomycota;

Chy: Chytridiomycota; Glo: Glomeromycota; Zyg: Zygomycota.
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I CECREERSERE) rA (bR B 5 AR A
( ToRBERVE ) BASfLAR B JL-FAHIE . Chu %0
TE PO BT LA 98 4B 7R T 40 TR VR 4L T PR — R
FESERE (0~15em) FJEZE (15~30cm ) 4

ZI6) (4 22 5 5 HAEAS R RAF R 2 18] (AR R BL )
(28 S RECH RS, T VA PR T AN [R] B 2 18] 2528 4k
(0 S T R A LR . RIERA LA 7R
A, HEE SIS mNGE, L pH BERN,
T -3 BB . 398 2 A R 00 ) 5 e A1
(F 1), LRI P 2 e T %
PR T AN TR) 8 T LT A Vi 19 AL R 2 R
32 BFNLTRAREESHREZImILE
db-RDA LAY rh BRI AR 1 0f (8 2= 1111 3R )R B
JZ SRR T AU S B R REEE 2 50 R 54.9% A1
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