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Soil fungal diversity and its community structure in Tianshan Forest
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830046, China
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Abstract: The soil fungal community structure is critical toward maintaining the function of the forest ecosystem. Little is
currently known about the types and community structure of soil microorganisms in the Tianshan Forest Region. Using
[Mlumina MiSeq high-throughput sequencing technology, the composition and diversity of fungal communities in the
thizosphere and non-rhizosphere soil in the Tianshan Forest Region were studied. The results showed that: (1) A total of
14121 OTUs were obtained after OTU clustering of valid sequences, which were divided into 7 phyla, 33 classes, 109
orders, 255 families, 444 genera, and 677 species; (2) Ascomycota and Basidiomycota are the dominant phyla amongst
the Tianshan plants. Sarocladium, Lysurus, and Microidium are relatively abundant genera amongst the shrubs and
Fusartum, Gibberella, and Inocybe are relatively abundant genera in the spruce forest; (3) The community structure and
richness of soil fungi in shrub and spruce forests are significantly different along with diverse fungi in shrub soil. The
abundance of soil fungi is higher in the shady slopes of the spruce forest and lower in the sunny slopes and forest windows;
(4) Inocybe, Mortierella, Gibberella, Fusarium, and spruce growth may be closely related. This study speculates that low
diversity and richness of rhizosphere soil fungi may result in regeneration issues, such as the low survival rate of spruce

seedlings.
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FLH BB A LT 2 S A RE G , & LIV EY) ZAEVERY S R 7y, IR A R 28 25
R AT LIAE P 33 A2 2RO B B S AR W8 A, T -1 38 0 TR R Vi 1 45 K SO AR 0 b B HOAR 3R 0 I Y 52
Mt FEAERRUE b, IR E S R S A AR VA AE M OCOC R 75 e It o FE I+ 1 BT
1) o ZREVER B ZHEPE S FAEYI o ZAEMERN B 2R R IR ZURE G 0GR . AR 2R R 20 1
R WA ERED ) R WR RS 5 S RGO BB S E i e m R R
KX G VIR R . R, T TR R LS TIREMY BT BWBiG S AE S RGE Y6,
AP S RGBT T B R E

MR, R RS S TR G IR R AT, B ATE A e I T RS BB R AR SR
WM, AE Ge 35 3% A RS 2 19 -3 B A AR 0 /0 A1 2 LR O L R0l 35 57, il a2 DU s DA g v
FLAEHREUE DNA &4 )5 AT, B w5 B A R, o i W s s R R B Y

R R S U R OR it e Y 2 PO ] B 2 N7 L1 R 22—, R X R SR /K 1 A=A | T e e 455 D T
HARHHERERESRGEUEY . RILKKFBR S ( Picea schrenkiana) 26tk A 3 7E AR KR TR E #
Yyl ARAr A Wy 2 AR Ve S5 Oy T B ARSI RE, IR B ARG MR KRR RYFE R 3B M T
( Cotoneastermelanocarpus ) 5 % 7N B ( Berberis heteropoda ) . %% Ji| % 7% ( Rosa spinosissima ) . 4 22 ¥k W 45 2k 25
( Spiraea hypericifolia ) . ¥ 3 J5 K¢ ¥4 ( Sabina pseudosabina ) | # %% JL ( Caragana Fabr) . W & 2. 4 ( Lonicera
hispida) 55 MR - 3EAL Ry JAL L IR (L RRAR 111 L I8 2 — RIS A e B AL ™ T, 47 A
RS BB R A9 IRLE, i SC T R LI BT SE K 22 36 FFh e 10 28 Ak sl /b S e 2 S i e g
XA L L 2R SR TR S M SC R PR ED o BT AR WFSE S Tllumina MiSeq =y 38 2t I 7y 42
AR GHT T RIS A 4 2R B AR PR 4 5 HEAR B - v BB R 7R 2 S 2 4R 1 AN [ A ) T3 3
RSN ML H R DB IR S50 2 AZ AR RS & X R ILAE ) (0 P g S 28 8 48 PR A (PO B

1 #MR57EE

1.1 Sgepbkl

AR SCIA) AR SR A T R LU R AR 5 R G0 1 W 58 3 (87°07'—87°28 'K, 43°14'—43°26" N, B b ifF 4
1908 m) , A4S 2—5°C , AR 7K & 400—600 mm , +HEAU A IR AR £, BEFE 6 FlviE g R 7 98 X 4L L
TR, 3R R 5 FIEARBARBR + SRR ER + R AESE N 22 MR PR - SAERRPR 1 3t 12 AL FRRE
RN I 3 E G B, et 36 MK AE . RILFESH FHYE 5 B 2 A 7E IR 1600—1760 m Z 1] ;5%
FEMT e BOER RS 98 BE BEA AR ] O E AR 4libK I B 10 mx10 m BIREDT , B E R B =R T KT IR
5 RRHORE , LBR R RVE D G FHENE R BUGE AR PR 4 ; = 2 M i TR 1760—2800 m Z (8], BAYE Y =
FZAERROUA T A3 , UL EARIR D EE IR S A2 AR PR+ SRR PR 1 (B R 2R AR HR MY K, —
AT R —AFETT 3 AFETT Z BIEIRE 20 m DA b, BHREIE Y R 12 8 2 2R R EREMR PR+, RIZER
FRZ AR+ KR A2 AR G 35 IR EUH AT UL R AR ) AR 2 RN S AR ) R A TR A T K TR ) 2
AT ] 2l [0 S5 % 5 S Bt 2 mm I ST (3R 1) IR WAy, — Oy 1T S EA M B A I, — 1y
FHT T3 5T DNA $2H,
1.2 58T

K FH MoBio 3857 & g 4R B ERE i DNA | 2 J5 F 1% BB BRI FL P A DNA A 403 Fnvk i, # ke
Ja B FEE 2] DNA SRR, XF BLR ITST XA T PCR 9738, 5149 7 511 R 1TS1;5'-TCCGTAGGTGAACCTGCGG-
3', ITS4 .5’ -TCCTCCGCTTATTGATATGC- 3’ ; {#i F§ New England Biolabs 7/ 7l ) Phusion® High-Fidelity PCR
Master Mix with GC Buffer FIE R - B A BEHES T PCR, SRS B BCRFMERTE . PCR P28 2% W B BB IG
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BRI L DK A TR , B4 T R/ NE 400—450 bp Z (8] 91551, B 1D B AR 25417, i AR B A My Bk
£ BRZA 7 FH umina 23 7] TruSeq DNA PCR-Free Library Preparation Kit 50 & E AT SO AR 3, 0 EE1F
ISCIE 225 Qubit 72 BEMISCHEAGIN , 54% 5 ] HiSeq #EAT EHLINFE .

®1 HERES

Table 1 Serial number

RS i e | FERS i e Ha
number Aspect Sample site Group number Aspect Sample site Group
Wi PR AN RE JLAR BR 1 SL(H#EM) w7 PRI AR PR L S2( BHEHK)
w2 BAMPr L w8 PR3 “ZMRPR L
w3 FAAMPR L w9 35k BACRET AR AR BR 1
W4 JNBERIE 4 w10 5B SR E AR £
W5 PR PR 1 Wil BRI mRZ AR
w6 HEAARM PR+ W12 B3 =Rt
W1 /N3 JLARER 1+ Rhizosphere soil of Caragana Fabr ; W2 : 2L 2 MFR 1. Rhizosphere soil of Lonicera hispida; W3 : 25283 #FR 1= Rhizosphere

......

MR+ Non-rhizosphere soil of Shrubs; W7 ; B3 4t = A2 JEHBR + Non-rhizosphere soil on the sunny slope of Picea schrenkiana; W8 ; B3 b = A2 H35 +
Rhizosphere soil on the sunny slope of Picea schrenkiana; W9 . zs A2 M AbJEMRFR 1 Non-rhizosphere soil at the Picea schrenkiana gap; W10 z A2 % 4k
HBR 1 Rhizosphere soil at the Picea schrenkiana gap; W11 ; B34L = A2 4E M FR £ Non-rhizosphere soil of Picea schrenkiana on shady slope; W12 ; FH3 4b
ZHMRPBR L Rhizosphere soil of Picea schrenkiana on shady slope

1.3 Aoty

3RS AT R 0.149 mm 7, 38845 HLEK ( Total Organic Carbon, TOC) >R FH 5 4% ik 4 S fk-# 1 i 44
%2 ; +38 4> N(Total Nitrogen, TN) % 4 #7% ; £ 4 P (Total Phosphorus, TP ) R R -4 8T L a7k +
HE4> K(Total Potassium, TK) >R NaOH 8044 - IR G RE T g 32 |
L4 Bl br 5 Ak

fdiFH Excel 2017 X HHEREA P C NP K BRI SEAT 2087 5 % 1TST IXCHEATIN T, T ML 15 J5L 46 25088 ( Raw
data) 2055 153 /5 B 50 ( Clean data) , {1 FLASH v1.2.7 %4  Trimmomatic v0.33 % {4 .UCHIME V4.2
AR ARATRE i A BB ( Effective data) IF7E 97% WIARUBE /K- T 4T R IEKMF OTUs, 1> OTU A ] 4R
Fe—NWFh, A Qiime BT AU YRS T o ZREPEFEEL, BE7E Z £ H Shannon 5 %0FT Simpson 5%
R, Chao $8ER /R LG WIREIE AU E & JE |, Coverage $6EUF /NI P IR B, R FHEEAS (0] A= W) 22 BE B 61T B
AR TEIL OTUs ARZRNE T 5 JHXSAS[RIRE i N IRAE W) A T Rl T R 43 BT, AR A543 22405 O 43 BiAE
H(Kingdom) '] ( Phylum) .44 ( Class) . H (Order) £} ( Family) .J& ( Genus) . Fll ( Species ) 43JE/KEGE i FEAR
IR, R Qiime AR BRI A3 2KF B IFh 428 2 FE 1 R 36 TR HIRE i & 40 285K T Y
K AEHE Venn K FRREIIZE . ] Canoco 5 HFIATUA ST ( Redundancy Analysis, RDA) , #R1J A [R] #4435
PR X LR RV 1520

2 ERESH

2.1 OR[AIAE B2 4 e AL R A

X PR 1 A B AR A T, Rl A ML & i3, RIL A AR 88 HLak 2R 28k
FHETHEN, S 5H#R TR E R ERIF AR,
2.2 ILORRIX A HERFE S A I 225 SR

DB AP BT o R 4] A 25U AT 21 957120 45571, SRR S R B 2 R, X T ARA 5T 1 4 4
=97%BIAHLE FEAT OTU J3S, 158 14121 4> OTUs, B A %CE A 95.03%—98.68% , H#EM (S1) Fl = 2 #k
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(S2) MR BN AT I 5350 97.19% 1 97.18% , Ut W ity B4 ) FH A A5 vy, 246 RS0 #8 T LU T I 5 (9 2 i

IR o BEE I Py R (Y, BT R i B TR e P R R L T B R 1) TP 22 (1), HL alpha 24
VRSO SREAR R T 0.99 (3 4) , Ul TIN5 mT LS A ity v BRI ARV ) S PRS2
®2 KWK R RS KR + RE IR

Table 2 Soil physical and chemical indexes of different vegetation types in Tianshan forest

AL bR HEA(S1) RAZHR(S2) kAR R HEA(ST) M (S2)

Physical and chemical index Shrub Spruce Physical and chemical index Shrub Spruce
TOC/ (g/kg) 63.80+15.83 124.86+44.91 TP/ (g/kg) 0.85+0.22 1.02+0.22
TN/ (g/kg) 1.40+0.29 2.21+0.71 TK/ (g/kg) 24.31£2.07 21.47+2.77

TOC ; -4 B A HLEK Total Organic Carbon; TN 144 N Total Nitrogen; TP : 134> P Total Phosphorus; TK; 1:3€4 K Total Potassium

1500 |-
" w1

/A/ - W2
= A
2 P w3
£ / e —— W4
= . W5
8 1000 | / e
3 = - W6
: / — w7
el
c / w8
[}
2 g——"F w9
o} e

—a—
£y “’ /w/ Wio
§_ s00 L "~ [ Wil
./Q
e V/ ‘/ - W12
= —
1. /
0 10000 20000 30000 40000 50000 60000

& Sequences number

E1 AEEHERTEHRF OTU HREMEE
Fig.1 Rarefaction curves of OTU dilution curve in different vegetation types
SL ;S22 ZAZMG WL /NSRS JLARBR 12 s W2 R AARBR 1 5 W3 SF 2R BR - WA /NBERR PR 1 W5 35 AR BR 1 s W6 . AR AR MBS +
W7 3L ZAZARMRER £ s W8 IS A ZAZARPR £ 5 WO ZAZAR G AL AERR R £ s W10 : ZAZARET AR BR £ W11 B3 A ZAZARARBR 125 W12 B
WAk =AM 1

2.3 OR[FE RN R R Y 2R

S e+ 3 EC TR 1Y 2 RE P 1Y) Shanno FEHL Simpson 5 KA W Fh 3 & FE B Chaol $8%% . ACE 5%k 1] JH
HIFFE M B AR gRAI P 22 5 B3 (£ 3), BACkRUL ENNEEZHEEMEEE S T
M AERR PR 4= B B AR s B TR PR A R NG L (W) B R 2 AR AR
Fim THADA R, MG EARPR 1 (W10) B H ZHEERF & AL, Ak B30 1 5 J i
TR EE RN 5 B, BRI R 2 R e i
2.4 A[FEAHPEREA FIEE RS OTU Fe 5o it

el =5 BB 3B R L AR DX = HE LR A Py AP A (1 2) o EPN(ST) R A AZ AR (S2) 43 B4 2] 2989 FlI
2458 4~ OTU, Figl 34 OTU %0 1723 4, 544 OTU 1) 57.64% F1 70.09% , S1 H, W1—W6 A ) OTU
B 201, 4 HARA I OTU 5.4 OTU B9 17.91% 11.08% .5.69% .8.61% 4.61% 3.35% , AEARFR 1 (W6) H1K)
HEZHEEMR TR, S2 %, Ww7i—Wi12 /1 OTU iy 139 4, &K FEM A OTU B H 5 4 OTU 1)
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4.97% 7.69% .17.74% 2.41% .13.54% 10.87% , W10 F¢A 1 OUT He />, W9 1%, #EMNFIAAZ IR PR+
wh AR OTU 20 H M 148,454 OTU 0 H WI>W2>WI12>W4>W3>W8>W5>W10; LA E a5, = A2 ki b
TR OTU BUE > THEA MR BR + = A2 AR AR B 5 OTU $i K TR R+ 5 FH3OR B 3%
B A2 AEARPR 2 R 1) OTU B H # K FARPR -,

£33 TRBEHREBETEEE o« ZHEEEITSR

Table 3 « diversity indices in different vegetation types from the sequencing results

el 44 AR BRI Chaot 4834 ACE f53C HaE

Sample Name Shannon Simpson Chaol ACE Goods coverage
Wi 7.769+0.421a 0.981+0.0087a 1691.427+128.653a 1686.939+105.271a 0.996+0.001a
w2 7.434+0.564a 0.983+0.0025a 1535.406+146.357a 1528.319+139.456b 0.996+0.001a
W3 6.173+1.231bc 0.946+0.0041a 1270.276+108.657¢ 1283.44+89.432¢ 0.996+0.001a
w4 7.021£0.421a 0.969+0.0039a 1316.632+113.478b 1321.997+125.349¢ 0.997+0.001a
W5 6.272+0.213b 0.962+0.0045a 1067.007+86.543d 1069.393+89.438d 0.997+0.001a
w6 5.641+0.496¢ 0.938+0.0023a 842.874+104.327¢ 879.044+101.323¢ 0.997+0.001a
w7 7.321+0.571a 0.988+0.0014a 879.000+69.725¢ 946.938+114.842¢ 0.997+0.001a
w8 5.677+1.076¢ 0.937+0.0026a 860.612+76.354e 877.785+67.462¢ 0.997+0.001a
w9 6.529+0.824b 0.936+0.0064a 1289.667+107.327¢ 1294.242+105.674¢ 0.997+0.001a
w10 3.718+0.397d 0.865+0.0037h 632.143+£34.564f 677.008+45.384f 0.997+0.001a
W11 6.986+0.524ab 0.978+0.0042a 1335.789+109.658b 1354.531+£104.956¢ 0.996+0.001a
W12 5.999+0.347¢ 0.936+0.0009a 1182.198+95.796d 1196.923+£102.348d 0.996+0.001a

[FIFIATR/NG TR R S AR EE 0.05 K L2 3%

2.5 OR[FIRE#E AT 43 E TR R 7 4H AL

XAFBIY OTU JFFIBEA TR, 430 7 A7 .33 449,109 /> H (255 DFE 444 ANJE 677 /SR, S8 0 i
BEATFIRELE AT, T LA W HAE AN ) 23 28257 K O RETS 4548 AR 320 B R i 22 1) 9 2 5 DT 20 B HC R
TEAEMI AR R s, BT TR S e 2 W2 F e ] ( Ascomycota ) 57.69%, HWK M FREH]
(Basidiomycota) 30. 47%, 4% 45 & '] ( Zygomycota ) 9. 35% , 4 B [] ( Chytridiomycota ) 1. 2% il 3K B¢ 14 |']
( Glomeromycota) 1.1% (& 3) . H:AF2E 5] ( Ascomycota ) FIHH T2 5 | ] ( Basidiomycota ) 75 ¥ M F1 2 A2 SR
AT R 62.48% 27.94%F152.89% 32.98% , HAE 11 MRS FRAINT EEY KT 12%, W& m T HAl
B, JENARET]; M a94H 722 5% ] ( Basidiomycota ) FIHE A 1] ( Zygomycota ) 7 b0 B 3% 5 THEMN
THEWA ] ( Ascomycota) £ W10 B iz K FHF 4R ] ( Basidiomycota ) 76 W8 Fl W12 W FE B K 4T
(Zygomycota) £ W9 H=FF K,

3 4 s EE S TP EEHEA T 10 AR ( Class ) 7K FIE (Genus ) 7K W RE S 25 8 43 2 L A 45 51 . AR X
F AR EIIRT 10 NRFPE N FTT R ( Sordariomycetes ) 4P F# 24 ( Agaricomycetes ) AREEA RN (Incertae_
sedis_Zygomycota) . J% %% B 2¥ ( Dothideomycetes ) | HE 7 F# 24 ( Leotiomycetes ) |, % Bl 24X ( Pezizomycetes ) | i B 2K
( Archaeorhizomycetes) | H{ % & 24X ( Eurotiomycetes ) . 4R H-2X ( Tremellomycetes ) . 4% & 49 ( Chytridiomycetes ) ( €]
3) , Hrh 27 49 ( Sordariomycetes ) MR 44 ( Agaricomycetes ) 4 B fz ey , FEHE NN = AZAR 431l iK £27.09%
26.04%H126.84% .31.45%

MBI A3 2AK 438 (B 3) , AT =F BE 3 10 - B2 85 & ( Sarocladium ) | Y 2E J& ( Lysurus ) % )] &
( Fusarium) | 7% %% J& ( Gibberella ) . 22 35 A J& ( Inocybe ) . Microidium . K ¥ #4 45 J& ( Lepiota ) . 0 % 4= J&
( Marasmiellus ) \J&#:7&)& ( Humaria) \Rhytidhysteron , ¥R AZAE TR AT LA FERA B 257, w5
J& ( Sarocladium 17.86% ) A2 (Lysurus 5.35%) Microidium (3.18% ) /&= HE N LR & ; = A2 pp AR X =R
BER T B AE )18 ( Fusarium 4.41%) 7555 )& ( Gibberella 4.70% ) 22354 )& ( Inocybe 4.56%) , TOP35 {E4%
HZ A =55 I, Hd, Wi b= B85 09 A 45 8 ( Lepiota) | £ % J& ( Sarocladium ) | % )] J&
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Wi
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1266 1723 735 core £ w2
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CIwo wio (R core | 15wy —W3
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= g WS
264 346 i wil I ws
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W 87 177 I wio
Wil 47 86 CIwWI2
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B2 FREHEETEAR OTUHEFEHE
Fig.2 Venn profile of OTU number in different vegetation types
SL:AHEM ;82 mAZHR WL /INHSRXE LR BR 4= s W2 2L AR BR A s W3 SR AR BR 5 W - /NBEAR B 4 WS 2 3 3R B £ W AR JEAR BR £
W7: AL ZAZARR PR 4 W8 FHI A ZACARBR £ WO BB AL AR PR £ W10 TR EAMRPR £ WL IS Z A2 AR R PR £, W12 B
WAL IR PR+

(Fusarium) ; W2 W 3 8 & A T K58 ( Sarocladium ) . 74K 4 J& ( Lepiota ) | Microidium . #% 1 % J&
( Mortierella) ;W3 W PEAS R B9 WREE R (Lysurus ) i K 858 ( Sarocladium) B {LEE & ( Mortierella) ; W4 W =
PR = WA T B B R ( Sarocladium )  Microidium  Rhytidhysteron ; W5 W1 =F 45 = 0948 7 8 58 )& ( Sarocladium) |
1248 ( Hygrocybe ) #0155 & ( Mortierella) ; W6 HV 3 BE 45 13 O 7 i 85 J& ( Sarocladium) | Articulospora K )&
( Cladosporium) 3 W7 W= BE 2 A T A J& ( Marasmiellus ) 7585 )& ( Gibberella ) % {55 J& ( Mortierella) KK
S & ( Oliveonia ) ; W8 W E E B & B9 A 2 3 )& (Inocybe ) . 8L 81 ¥ 1 J& ( Clavulinopsis ) | ¥ 5 J&
(Sarocladium) ; W9 " EFER I HIA Boeremia 22354 J& (Inocybe) \Halokirschsteiniothelia ; W10 W =F B3 = B9 A
W J1 T I8 ( Fusarium) IR 5514 )& ( Gibberella) HM3%5 )& ( Rhizopus) ; W11 W 3 FE 8 25 09 G #)8 ( Humaria ) 9%
fEEJE ( Mortierella ) . 5. ¥ 73 J& ( Trichothecium ) ; W12 £ JE 5 & 09 A 22 5 A2 J& (Inocybe ) | ¥ % 78 J&
( Trichothecium) M HIEE )& ( Mortierella) , AZHRFR - HP A BT 5 HE 138 2 1 )& A 22 354008 (Tnocybe ) (FE 41
& (Mortierella) . J5%5 & ( Gibberella) Hjt )1 )& ( Fusarium) , XY@ e 5 m 2 KA B VI LR
2.6 AN[EFE B 2EAY LI RV 25 50T

WL B AN AT AR AT LUE AR S R A RE VR 4510 22 B2 B S A ¥ —3, HET OTU /KFXf
K ILFE AR PR+ ERE 53 4T UPGMA (B 4) F1 PCoA (181 5) , 45 SR 3R WA [ R 4 IS AL 1) L TR ARV AR R 2 S A
Ko FET ALY Unifrace B & HEFEIEAT AT, B (S1) RIS 2R (S2) 43 P4, LB G 2 HEE 25 55 8
Fo MIERET RN A ARRIOC R BRI T LA Ry =4 AR ET AR PR 1 (W10 ) B G RV 2 -5 A 4 22 57 4
KBRS —2H 5 /NHERXG L (W L) FREE3ARAR PR 1 (W7) BB RESS T4 AR AL, AR T B AEAR PR £ (W9) FIAR T
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Fig.3 Communities of gungi in the classification standars of abundance
S1:HEM;S2: BAZMG WL /NG JLAR PR A s W2 2L ARBR A ; W3 R AT bR b W /NEEAR B 5 W5 B AR B s W HEAR R bR £
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Fig.6 Redundant analysis of dominant fungi and soil nutrients
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