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Depth-related characteristics of soil microbial community along the soil profile of

typical dark coniferous forest in southeast Tibet
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Abstract : Microbial communities in subsurface soil are essential for the cycling and transformation of nutrient and energy in
terrestrial ecosystems. Therefore, investigation of the variation in soil microbial community along the soil profile in typical
dark coniferous forest in Tibetan Plateau is of great significance to improve the knowledge of soil microbial assembly and
predict their responses to global changes in the forest ecosystems of alpine area. In this study, methods of Illumina Miseq

high-throughput sequencing and the molecular ecological network analysis were applied to investigate the composition and
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ecological network of microbial communities in the topsoil (0—20 c¢m) and subsoil (40—60 cm) of the dark coniferous
forest in Mount Segrila, southeast Tibet. The richness and Shannon diversity index of fungi and bacteria decreased
significantly with the increase of soil depth. Results of the principal coordinate analysis (PCoA) showed that the community
structure of both fungi and bacteria was significantly ( P<0.01) affected by soil depth. Moreover, the relative abundance of
Dothideomycetes, Tremellomycetes, Bacteroidetes, and Proteobacteria decreased significantly with increasing soil depth,
whereas Archaeorhizomycetes and Chloroflexi increased significantly with soil depth. For both topsoil and subsoil, fungal
networks were dominated by negative links (65%—98% of total links), while more positive links (69%—75% ) were
observed in bacterial networks. In addition, the proportion of positive links in both fungal and bacterial networks increased
with soil depth. The average connectivity and the average clustering coefficient of fungal and bacterial networks were both
higher in topsoil than those in subsoil, indicating that microbial networks were more complex in the deeper soil layers. The
average path distance and modularity of fungal network in topsoil were higher than those in subsoil, implying that the
stability of the fungal network to environmental changes increased with soil depth. By contrast, those indices of bacterial
network decreased with soil depth, suggesting that bacterial network was likely more stable in the topsoil. There were more
connectors in subsoil fungal networks, and Leotiomycetes was the key taxa in connecting different modules in both topsoil
and subsoil fungal networks. By contrary, there were less module hubs and connectors in subsoil bacterial networks.
Actinobacteria, Proteobacteria and other bacterial taxa that were identified as key network structuring taxa functioned
differentially between the topsoil and subsoil. In summary, there were significant differences in the characteristics of
microbial communities between the subsoil and topsoil in the dark coniferous forest of Mount Segrila, southeast Tibet. It is of
great significance to reveal the key taxa for the formation and stabilization of microbial networks in deeper soil layers, which
will help to improve further understanding and prediction of the response and feedback of the forest ecosystem of the Tibet

Plateau to global change.

Key Words: subsurface soil; high-throughput sequencing; microbial community composition; molecular ecological

network ; Tibet Plateau
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AAGE DX 3k 0 L | 2 B R PR TR 2 XU I | A RR TR AR PR K 2 R P O 2 L AR S R S
K HNRA A 5T 35 CHEAR 3900 m ) ML, €6 257 1LH4E SR -0.73C , e A o8 7 A HE RN
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SOP#Alpha_diversity ) 115 20 & F1 E 08 FE V% 19 -2 AR ME TS 40, 35 3 & ( Chaol $5%0) M1 Shannon £ F£ 14
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1.5 Jr AR M S i

FEF i Y AR ARG OTU B HEAT 0 W 4 T A S M 45 (A ) 37 576 MENA 65 (http.//
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HLUFEFF #LIE ( Random matrix theory ) FEEGUAE M) 2%, 43 BT A5 21 04 W9 268 B8 SCAH8E ] Cytoscape 3.7.0 #E47 AT 41
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Table 1 Variations in biochemical properties of topsoil and subsoil samples in dark coniferous forest zone of Mount Segrila

HHERE Soil depth pH SOC/% TN/ % C:N SWC/%
FJZ 1 HE Topsoil 5.28+0.16a 4.82+0.48a 0.30+0.04a 16.02+0.94a 36.79+3.42a
JEEJZ 3 Subsoil 5.72+0.11a 2.23+0.22b 0.14+0.01b 15.93+1.06a 25.57+3.79a

SOC : 3EA HLIK Soil organic carbon; TN &% Total nitrogen; SWC; 137K 41 Soil water content; Z&HEIEFR/REME+brEIRZE A F/NE
FREFOR G N TERZ AR Z LA B3 22 5+ (P<0.05)

£2 BFRHUBHMMRFIRRELIRERMAEN oS

Table 2 Alpha diversity of fungal and bacteria in different soil depths of dark coniferous forest in Mount Segrila

+ B Y Bacteria HTH Fungi

Soil depth Chao #8% Shannon 5 %X Chao #5%% Shannon F§ %X
)22 3 Topsoil 1704.83+46.93a 5.92:0.02a 591.36+31.29a 3.65+0.18a
JEJZ 13 Subsoil 1633.76+75.37a 5.66+0.07b 376.47+29.21b 3.38+0.13a

TR AR F I LR, ARVNG PR SRR SR B R R T B35 225 (18 P<0.05 KFT)
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Fig.1 Characteristics of Fungal and Bacterial Community Structure in dark coniferous forest in Mount Segrila with soil depth ( B-diversity)
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TEARME GRS - ERE A, 8204 T] (Ascomycota) FHF-# ] ( Basidiomycota ) F1HE 5 1 ] ( Zygomycota )
SRS AR IR E 2138 HF X 030 40.41% | 34.67%F1 18.52% , TEAN KV
T, A 4 ( Agaricomycetes , EHIHIXT EE 23.60% ) 3%5 W 1R 9354 ( Zygomycota_incertae_sedis, 18.52% ) .
A % T 2 Dothideomycetes ,9.82% ) Fl4R H-2X ( Tremellomycetes , 8.35% ) R IE B R BEIE AR RE, ANE]
LA R O ) TR R BE A e A B S S (W] (T 2) B 3 TR TR 43 28 4K ( Ascomycota _ unclassified ) |
Dothideomycetes I Tremellomycetes 3%)7% - S AHXT 32 (4.10£0.98 . 15.90+2.47  14.58+4.61) ) i 3 = TIIK
JZ 435 (2.59+0.52 3.75£1.08 . 2.12+0.72) , 1fii iy & AR 7 44 ( Archaeorhizomycetes ) I Zygomycota_incertae_sedis
AR BE U S )2 12398 (6.20+2.23 28.41+9.29) W &5 T3R)2 13 (1.21£0.40 .8.64+2.24) |

TEYN R LS BT T ] ( Proteobacteria , FEI AN F & 32.71%) (BRAT R ] ( Acidobacteria , F- 347 A X =F &
31.91%) S ] ( Chloroflexi , F-YIAHXT F2 1 10.25% ) FIEZL BT ( Actinobacteria , F- ¥ AR X F B2 9.0% ) /& &
SRS R, A SR B X AN W] A TR R R BE Y 52 L A AE 25 5, 490 A AUUAT T TT ( Bacteroidetes ) Al
Proteobacteria #J2 +HEMHINF S (5.11£0.94 36.31+1.98) 1 3 i TS = + 1 (1.29+0.45.29.11+3.11) , 1fif
Chloroflexi FAEXT 3 BE AR 2 13 (14.09+2.36) W& 5 T2 133(6.08+1.38)
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level) community with profile depth
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CEFRIERERE) BRI ERE CPRIERED) Wt (9 80 Z A By IR R (PR RSAR IR ) DL R et (R AR
YR AL ) YTt . AL T L R R RS TN A Bl SRR BERE I 20 A I 4% )
B A5k | LRGN, 5 EL TR P AH S, 222 FIURCZ 320 TR 19X 46 v A9 7 R L IE AR 5 R 32, 9 LR £
SRR WA T1 8 - 322 EAR S 5 M 1Y 69.48% , MIRIE N 75.21% . AHIL T2+, 52 H 40 M
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Fig.3 Co-occurrence network of fungal and bacterial communities at different soil profile depths
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Table 3 Topological characteristics of fungal and bacterial networks in different soil depths

T H# Fungi U1 Bacteria
Network Indexes . Sz 5 . Sz 4
Topsoil Subsoil Topsoil Subsoil
A5 45, Node 67 86 665 602
4L Link 226 299 1445 1916
WA FEE Average connectivity 6.746 6.953 4.346 6.365
SFHRZEFR B Average clustering coefficient 0.032 0.211 0.128 0.225
SF-HY AR B Average path distance 2.757 2.972 5.588 4.83
FREH P (FEHEL) Modularity ( No. of module) 0.223(6) 0.397(4) 0.669(83) 0.620(56)

2.5 ELRAAHE ML s DReR

RREHR A R HETYT SR A I rh R OGS BRI R 25 B sl At A8 e i 0/ 229 i K
BT I E8 A ME BT Zi-Pi o3 AT (B 4) 7T LVE )2 TR B M S 4 DT S Hh =A2E T
BT T 2K ( Leotiomycetes) , #¢J= TIEME ML & A 2 1 EH T 5, FFEE T Leotiomycetes, BB P45 H 4%
T 96%H OTU #fJ&AMNFEIHY 5, BEAT H BUBLHAR AL AR 25 AK 2L, A0 HE T BOTR, 20 58 0 2% A P AR S5 M o S B 2
X2 HIERAIE 4S5 20 MR AL, 24508 T Acidobacteria (6 /1> OTU) il Proteobacteria( 7 > OTU) , Ifi
)2 S 17 DX, Z5U8 T Acidobacteria(6 1~ OTU) 1 Actinobacteria(4 1> OTU) (£ 4) , £Z+
AT K& 9 &R S, Z28UB T Actinobacteria(5 /> OTU) , 1MEE HIESA 8 MM, 288 T
Proteobacteria(5 4~ OTU) , A, J& T Chloroflexi Planctomycetes £l SHA- 109 [] F [ 328 OTU AU #E % )2 115
2T P 85 F VR SRR B HX A B 1 BT A3, T Firmicutes . Gemmatimonadetes , WCHB1- 60 1 BRC1 [] T Ay 3 4
OTU XAEJIEJZ 3340 1 W0 45 A R A i e 4 1 L (R 4)
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EY Z M B Y [, AN R B RER S RZ AR 2 R B R S (K’ ) JEER
[N A HLa S A S 2 R UE YR RERA B35 A G, B4 Bacteroidetes (r=0.641,P<0.01) |
Chloroflexi(r=-0.705,P<0.01) , Dothideomycetes (r=0.609, P<0.01) il Tremellomycetes (r=0.596,P<0.01) %,
TEFE PG AL = 7€ XU AT T 25 SR AL R B, 398 BILA 5 B2 00728 Ak VA4S ] F T R B - S 0 W e v 4
SR 2 S OCHE T R aE RS R A MR AR R Z AR R LR B2 R RV A AR SRR A
WA KA BAME, AFEEE R BN, B A Agaricomycetes , Dothideomycetes | Tremellomycetes 55 24 L4 & 4 7
Acidobacteria , Proteobacteria . Actinobacteria , Chloroflexi 5[ J7E ¢ /2 MR )2 T X R BEE th AL B FPRE, 5K
FFT AL, PV EE ) A T o BT L X AT Il R B, TR A (41.3% ) S TR 1 (9.3% ) (BRAT 1R (7% ) 25
MBI (7.2%) BRSHIT1(5.9%) FERZE HHE(0—15 cm) AR JE T (16—30 em) HB & AN BRI 1Y
DEFMRE 3 b - SFE DA W 0 35 T R A ¥ T 575 A AR B 7] B ph T ik S8 B A= W b B b B Bl A= 0 1
VR A4 |7 B W PR ASAh 14385 137 R 18, BRI 25 50 B B AL AL 32 M (8 40 A R AE
R4 FEHERELBRAREREPHESIRANERET S

Table 4 Module hubs and connectors in bacterial networks profiles soil depth
FRHAEAL Module hubs

T 25 Connectors

HEIIET)

Bacteria taxa( phylum)

FJZ 11 Topsoil

JiKJZ 1€ Subsoil

FJZ 1 HE Topsoil

JEEJZ 13 Subsoil

BRFTHE ] Acidobacteria

0TU34,0TU181,

0TU1054,0TU2907,

OTU1885,0TU1228

OTU115,0TU126,
0TU565,0TU1410,
0TU1953,0TU2794

0TU1287,0TU2410,

0TU454,0TUS530,

LT Actinobacteria 0TU2091 OTU2537, OTU2872 8%?2 (7)éOTU1121,
0TU710,0TU1094, OTUL6.OTU1126
AEH ] Proteobacteria 8:3;;238:3;?3‘; 813;324’0““463’ 0TU2862 8?3;2 ,0TU17§1,
0TU1925 ’
HUFFH 1T Bacteroidetes 0TU2171,0TU2315 0TU1259,0TU1829 0TU2738
55T Chloroflexi 0TU1667 OTU1517
T#2 Hi ] Planctomyceles 0TU2534,0TU2614
SHA-109 0TU1403
T EER [T Firmicutes 0TU2024
ZEHE Gemmatimonadetes 0TU1944,0TU866 0TU1388
WCHB1-60 0TU198
Candidate_division_BRC1 0TU784
TAEY) 3 T HEAS MR Z5A HAA To Bt /R AR AR 455 1 O B P 2 A bt b 1

TIEAT B TH R AR A RN 2 I8 0 2 2 A ARG R 20 ASBIF R I, A LS TR FE A B4 I, 0 81 R 400 7
P 2% B 259 2 4 2 RP- 38 RIS R B T (3R 3) U WA T J2= S ol A= Wy W 28 A8 A5 B A2 2% e v LU et o
1o TSRO RGTIR AT BRI B MR A R A A s Y R RN, SR A (TR BR ) 25 i i3
REREHE o M Wy Bt , I o S A2 2 AR BV DG 3 14N, Zhou 4517 Jk LA W 45 B % T ik Bt v
IR 25 ) 2 2 P (PR RIS R B0 BE SR 1R O0 09 803 T AT I SR, AS AR SE  RR SR
G R F I TR T RAEATR , T 0 400 100 2 20 A i 2% 13 B S 2 %% . Morrien S5 BFFE 3 W17 AH LL T35 i 24
(25, B SIS 2R M 265 O TR A e i LA S i R B DR M PR BR A B AL i . DAL, s B 4 1
T2 LSRG Yy 28 BN A2 2 i M IR AR AT RE RIS 2 98T PR A4 8 SR i e (s A 2 D A v 1R e J 1 S g
BIFRGFRIFIACE T AR FEIE A B, 0T 100 245 14915 A B 3 s M8 T 440, 7 240 TR O 45 - 287 8%
A g O R P T N T FAARG P45 SR AR R 2 RE A SR AE I 28 v ) ol (39 ) 2 1) 2 e ) X o S B B AR
I/ N R 12 I 2% PR ) o 2 TRDAH B DR, AN, 4 S0 S A v () e o R 3 S S 40 T
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28 rP B R TR S A e g T R TR AR DR O S R R A TR L T I 4 A e T R e R A
AN ERIR . T340, Bl F e TR BE AR, ST 14 P 28 ASE P I 200 T P RS P AT, P 2 S e o i
FHZRAEAE R GEXT SN TR HEITRE ST, 45 ASTH R vy, LA AN T Ve 18 T Bt > | PRt 2y L
PR 8 v TR O 248 T VR S EEINASE | T T O 45 A SR 2 RS EONARE o A, 9 TR R AN T ) 45 2
PR 22 S 30 S WRAEE B 3% 4 (B AP VR D) 009 28 5 b LTI 4% DA SRR B AR T Ol 32, 7 40 7 0 6% LA TE AR B
YEF (B 3) o TP M2 v B IEAR DG HE AT BE S e 1 )b Z [ A 7R DR R] S AR Bl A A0 E 8, T SR AH OC
R RE R R T P E S AR SO | BT A B R A, A R AR A B A dg O HLF
ZH BN 55T A RIIE UM RAR , % B Al A 0L, AT RE R I TE 73 1 AR AR I 26 vh R B B % 4
F o MR H TMA N AR BT BEALY HOE R AR 2 R AR S S I T B2
&S, R, e FAESAHESSSECES RN RE W F AR, MY RSN i
VTAESAERE ST WP ()RR ELAE T o (8 PR 04 0, (ELIE: P90 268 0 D27 R X S i % g 2 1) i R 7 2 T 2 F
FEMBGE, RIHARAT I 70T A S 2 5 B U] BEAFAE— B I 28 57, A, 407 AR A5 4% rp 1 B 3% 432 L 3]
475 Ak R RE SN B B A AR A DG R X IR A AR [ . BIANTE Zhou S5 AYBIESE h , 4 ER 43 7
A S A LUE 4 £ (HJE G 33897 530 FK 43 5 I, 40587 19X 2 Hh B3 AR DG 422 0 L B3 I, 3 5 LA 3%
A\ L e Y o SN Ol e T S QU 11 R 122 e P w0 ) e =N R
0 245 119 T2 42 1) LU B3, U A Gl A 0 b R TE AR ELAE T BE A - SR BE T . X 7S 6 TR SR 2 1
H A T R Ao T e R B 4 B ) A A SR ERCAT IR A 7 43 R ok 2 HKP U2 e e A R B e

AW I 28 G5l v ARG E R IR 1 — MBS TEX DS h I YR R R B % (22
FIHAWAST R T R R 5D, ASER AT A R T e 5 (SRR A ) RIS B 22 [ 0 i e 5 (G467 ) = RV
SR YRR X AR REE SRR ML B AR AR R I M LT )2 IR AN T
1L A O 245 ARSI BS AS R 2 AR 0 s A 8, o0 i B - 9l A D R ) R e e R B T e ) v TR B 34
TREAR, ECTR 48 H (421 S AE R IZ AR 2 338 T Leotiomycetes (&l 4 ), i I 8 BB X (2 227 1
T PR 398 TR ) 4% F AT BE B S L, Leotiomycetes F2& - 38 FL B BEVE P (1 A0 A8 32 b (- 2 A0 X 3
8.5%) JE T FREW ], FRER JETEM AR ARAAE S R G EH B0 RIEGUE WSS, JUH XA 75 ) 43 it ik
A EEE X, ] an, 78 BN & R TR 38 MR 5T &% BR, Leotiomycetes A X F 22 & ] T Sordariomycetes Fll
Eurotiomycetes ¥ H. [& i B J& 1= 48 M 51 B 73 W 19 J B R RECY L 7E B M4 P A B A B X AL
(Generalists ) , HAMATFE 48 13 A5 LE R 28 AR TEAE Generalists' ™' Aid Montoya 251 1 11 8 (4 B4 W 2531E
W Generalists H (5 HRA A AH 0T B8 J0 2 | PRI A RS HRORX 20 506 %) 165 M0 BB A 1) 286 m) e e

AHEE T 53, AR 2 I D RE T SR B 5, O HX 281 ST B A 2 i K LA R R E R E S
JRJZIEM 2 sh A7 e B i SR, 3 A0 o R 2 D RE 1 S TP I R 2808 T Acidobacteria | Actinobacteria [
Proteobacteria X = > 7] (& 4), X = ] J& 8 2= 57 1l w5 & ik Ak 1 598 40 5 7 7% 0y O 38R #
Acidobacteria TE T3 ¥ PERC I3 A1 T2 TEA R DL T R A ol A DL K e | Sl RNk T 2R 1 26 ) L BR AV 3R
WFEPAEEAEN, AR, Acidobacteria [ ] T ) OTU 7£3% )2 FIUK 2 3840 B W 45 o 2 AR 201, 15d
B H: 2 B AR TR X 25 Fa 2 IIAVE T . Actinobacteria /& 341 B b () BE 22 FIEE  BENS R S W R 200
BUBRIES) T, BN BRI Ak &9 I H— Sl 2k o LA B 22 R 254 . AR BF5E 1, Actinobacteria [ )
OTU 7EZR)Z T4 rh 34 i 4775 1, E SR W 248 B VR T, MITE IR )2 T3 2% rh 22 2 4536 F e
PN RIEE (BRI A]) B9/EH . Proteobacteria S22 B T AP S A 2 E M e R 09— 171, 2 L3k A I SE
VIR FIEA T R TP A0S 58 . AT Proteobacteria [T] T 1Y OTU 3753 2 RS2 - 33840 T 9 2%
oA SCEEER], O HAESRZ T R R AR VE AR (B ) | T 7RG J2 - 398 U 3 S 2 e A ) I 4% 1)
VERI R o BR T OREARIE AT 580 2 U, SESeAfD0r F BE R AR A AP e , (i AR RE TR ] ( Firmicutes ) |2 L
JIFE T ( Gemmatimonadetes) \SHA-109 5[] (4 9 it 75 338 v e 5 2 45 190 4% o sl 22 ) 4% B e 1) 1
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(£ 4), WEBEYTER P REOR BAZ (B RUE Y 38 A I 2% Pl 35 3R 4 SCHE A9 /R D, B2 H AW v
SLTRWIAEAE A SC 2R I R DFTEIGHE o RS 1 LE A B o e A B0 AR 252 B DTS2 B T 48 75 SRR R IG5 it b £
SRR W 0 2B A S NG SE PERIL R, I e 0 v 2 b IX. L SR ) 2 25 R e T 8 B X R A5 28 A By Wi 1975 52 5t
GUNNZA

4 #Hit

TEFAR 2T LS B BRAT | B S0 TR B2 B3, - M T A BT 9 22 R S 5 A, (I A v
NG R A T R RBUE b SRR ) 231 A A I AR A SRR OB AR A 2 (H
SRR v R 9 45 X PR AR e T TN AR 7 A R ) 245 U A RS BRI AT BE R AR E 1
T R A A T 9 5 A TR ARG G ) S B R, AT ) 2% b O B R 19 0 B R I R0 4 AR HE TR
I RAT B R B A RE T S5 TR T2 HLL M 28 D REAE AN [R] - e R BE A W DX, RS 4 2R A B 1 i
X 9 v DA A T A A M B DX 2R AR O D TR B K N 4 Bk A X v JE X AR S R G R S (A e
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