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Elevational Dlstrlbutlon Characterlstlcs of Sml Bacterlal Commumty “and

Enzyme Act1v1t1es in Mount apgshan i/ &) )

¥AOQ Lan'" HU Li-huang' , ZHANG? Huan chao ~, FANG Yan- mlng WANG Genrmei' - =
(1. College’ of Forebtry, Nanjing Forestry Uruve;mty ,JlNan]mg 210037, Chinag 2. Ggllege of Bloiogy and Environment, Nanjlng Forestry

: 'Umvermty, Ndn]lng 210037, China) N B 4

M)Stl'act Mount;Huangshan has a well-préserved eco%y%tem and obvious differences in vertical geography, which provide a natural
laboratory for#studying'the altitudinal distzibution }fattems 0f.~5011 microbial communities in a mid-subtropical forest ecosystem. The soil
bactenal community structure and diversity of the samples collected every 100 m from 670 to 1870 m on the south slope of Mount
Huapg%han were examined using [llumina MiSeq high-throughput sequencing technology. The soil physicochemical properties and soil
enzyme activities of the samples were also measured to explore the relationship between bacterial communities and soil properties as well
as enzyme activities. The results showed that (D The contents of soil total nitrogen, available nitrogen, total potassium, and total
organic carbon were significantly different across the altitudes (P < 0.01) and generally increased as altitude increased. The soil
sucrase activities across altitudes were significantly different (P <0.01), and generally increased as altitude increased. However,
there was no significant difference in acid phosphatase and urease activities between different altitudes (P > 0.05). @ The 12
elevational gradients were divided into three groups: low altitude (670-875 m) , medium altitude (1 080-1370 m), and high altitude
(1460-1780 m). The OTUs in low altitude sites were greater than in high altitude sites but lower compared to medium altitude sites.
However, the differences in OTUs across altitude sites were not significant. 3 The soil bacterial community diversity showed a
unimodal pattern in a small range of altitudes from 875-1370 m, although no apparent trend was observed at the altitudes from 670-
1780 m. @ There were 7 dominant phyla and 15 dominant orders with a relative abundance of more than 3% in all soil samples.
(® Correlation heat map analysis between the top 15 bacterial phyla and soil physicochemical properties as well as enzyme activities
showed that soil pH had the greatest effect on the differences in soil bacterial community structure across the different altitudes. Pearson
correlation analysis and Partial Mantel test also showed that bacterial community a-diversity (P <0.01) and B-diversity ( Partial Mantel
r=0.560, P=0.001) were mainly affected by soil pH. Consequently, soil pH was the key environmental factor determining the soil
bacterial community structure and diversity across the different altitudes on Mount Huangshan.

Key words: Mount Huangshan; bacterial community structure; Illumina high-throughput sequencing; soil pH; soil enzyme activity

A2 R G R bl L R G G 2 —, B
FEMESRGEDEEY . B RS T, M WS B . 2018-06-06; 1&3T HEA: 2018-09-03
. BT IT 5545 BF 5 2k R BF 5 50 Bk {550
B, RO SRS R s B LRI e il (o
b, WIS A RIS T3 O AT A% Ja) B X PR 455 AR Ak 2017) ; SRULORGHS-AE ) FERELR I 4201 (021108024) 5

VTSR R R B BRI T R H (PAPD)

B o7 R TSR Sz 2= 2 4Rk, ShiEY )i fEERET: B (1993 ~ ), o, WA, EEMRR Ty o
WY, E-mail ; yaolanease@ 163. com

WY Z R e L) Y, RN # JBIFVEH , E-mail ; hczhang@ njfu. edu. cn



860 EZ

B 40 &

it RIS . e 2 MR
EEARAAVE S RGeS Tl % TR
(RS LR R S 94 U T s ™.
T EL AT BIF9E R W) -+ SRR W) PRI 3R 53 A 15
AT M| B TR g ke
a5 AT RS R BT R B T IR A
R, A XS FTSEERE E— ROR TR B
A ELBE AL A5 TR G, LA, AT — B2 B
52T BN RUEEEAR I FRL P 01 T R W, 1
P A S5 AR NGRS PR P 2 LA W) 4 4
R T, F AR A S — i
I R A,

FT A W REVE /3 A A% )71, Bass-Becking' ") il
De Wit 25 Ak “ 0k ) T Ak AR 42, {H 5% 36 5 1
7 BRI BB E R I R | (LR
FRETHR RSO Al FURMELE A9, T PR o) IR )
A B 0P 0 S KRR A AR AL T 2 3
WL RSER E A R S PO Y
RO IEAERDTI AR [ O E W REATY
SMA 4 pH ) RS S | ML |
ﬂﬁ%@%ﬁ%ﬁ%ﬁ@ﬁ%,iﬁﬁ%@%ﬁé@
S FRE AR PRI, 7ETSE L
3R o T RN HLIR g, 0 5% g
TR S (AR ) R P ()
Y R T R R S S I g | A
BRI AL R DR SR, FLA RS BR1 4 IR B A
SR N, JE LT A L T
AN RIS A BT 1 A 3
B, T4, BN IR S
HHERLE ™ )5 AT T RS, (R AN
WER AP ADRIL OB S . B, AR SCAMHT T 4 1L
670 ~ 1780 m e h B E 5 PR P4 £ -1 200 T R
SEHIRSE R SR BRI 2, LU 85101 10
125 RGN REVE (RA R PR R

1 #R5EFEE

1.1 AT XL

111 (118°01" ~118°17'E, 30°01’ ~30°18’N)
LA, EIEELIER 864 m, 5t IX I
154 km®, Hb b RO RAGHT X, A Ll AR BRI
7.8C , FHFEF 2394, 5 mm. FHINFEPEFK 22 R
W0 AR R SR R B MR R AT AR Sk
YRS AR L T AR s g L % 1 - 8 14 v 4k
B, BRI AT | B WSROI
PRk, LRy 43 A1 2 1L b B = L b 4
e R
1.2 FRACREE

2017 4F 10 H, 7ER IR X NI . 4 5F .
ST — LR AR EIEA T RAE , $e2%E 100 m 97K
N 50 AR B, e A o R 1R 2 1
SRAEI IR A R Sl 1 DR SR s 4
SR 31720 mix 20\m HOREDT. KA K T i
J&i, AERARE PP R 38 mm 19+ 4 S AR AR
10 22 10" em WAL RE, 10510 ATG I (1 5

i - 4
30°08'30"
N i K ﬁ’qij 1580
L_1780 . 11460
, H.1370
30°0800" + & G 1280
F 1165
-
E_1080
_ &7 D 980
30°07'30" -
C_875
r's
30°07°00"
R
& FeFE R
30°06'30"
0 1k
m A :?0 B_i?{)

118°09°00" 118°09°30" 118°10°00” 118°10°30" 118°11°00" 118°11'30"E
B1 BLHARERSS

Fig. 1 Distribution of sampling sites in Mount Huangshan

1 HEHER
Table 1  Basic condition of sampling sites

TR/ m i 2/ (°) A/ (°) YiRE/(°) e/ (0)  HEPEEA +- 3
670 A 118. 174 30. 103 22 SW198 EFRRTRAS MK pig:
770 B 118. 180 30. 103 28 SE138 EFRRTR AR pig:
875 C 118. 190 30. 120 25 SE155 LR AR B
980 D 118. 184 30. 125 22 SE165 R TE T R R SRR R
1080 E 118. 181 30. 127 20 SE159 H G I R IR 2SR B
1165 F 118.179 30. 129 30 SW190 g LA TR TR N R
1280 G 118. 175 30. 132 21 SE166 SR TE T E TR AP igrsed
1370 H 118. 173 30. 134 22 SE170 R PE T FE IR MK BRI
1460 I 118.171 30. 136 20 SE150 BRI R SRR BRI
1580 J 118.169 30. 138 28 SE166 & I [ AR g
1690 K 118. 167 30. 139 19 SE155 IR 70 N it
1780 L 118. 164 30. 136 22 NW310 L b Hifa) 1
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THEE KR (SM) HHE Tl e A E
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b 2,50 15 2% (TN) FRE o L e AR e ; B
A (AN) FHBSAR BRI E ; 28k (TP) FIRR ¥ -4
BRPULL AR 5 A R (AP) HIXUR 2 S-S Bh 4t
oAkl g 5 A (TK) FH &8 B IUa - SO D6 EE
PRI s AR (AK) H & RREG IR 3- KR 6 B 1N
JE 5 SRR (TOC) HIHE 5% 1R B 48 Ak A1 fin A4 12
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1.3.2 T AEREGAYME

FIRFATERRRRAR (ACP) IV IBERR L@
BE, BS g )T LINA 2.5 mL HUERES] 15 min
J&, A 20 mL 0. 5% WA 4, T 37°C FHi3%
24 h, BEEMEL24 h )5 1 ¢ icinmmﬂemm;ﬁ
HEor; HHER(UE) P 1 i /zi% sz
B 5 gﬂjﬁibu/\ 1 mL H 2y fik““ 15 hin/ Fﬁﬁn
/\ 10 mI10% JR Z A1 20 mlL Ffs wfifee (pH
/6. 7)?37%:&3% 24 h, FEEPEL 24 h}§1 g T
NH, Nﬂﬁ%ﬁﬁﬁ%r ii%ﬁ?ﬁ%ﬁﬁ(sc A3, 50
CASE KR LI E, S o AT HHA 15
mL8% BEVEVWE . 5 mL PR ZE rh (pH 5.5) F1 5 i
2R, IRA1E F 37°C 5 5% 24 h, @B EURE S in A
3,5-ZHHHEIKHIR , WK N S min, FEE DL 24
h J5 1 g H A 2 v B R .

1.3.3 135 DNA RBOR i 7

H E. Z. N. A. soil if5f & ( Omega Bio-tek,
USA) #2003 5 DNA. X V3 ~ V4 X 47 PCR ¥~
4 59k 338F ( ACTCCTACGGGAGGCAGCAG) FlI
806R( GGACTACHVGGGTWTCTAAT). PCR S A&
AN 20 pL: 5 x FastPfu 25 wh & 4 pL, 2.5
mmol - L™ dNTPs 2L, 1IEF 514145 (5 wmol - L")
0.8 pL, FastPfu B4 0.4 pL, DNA &4k 1 ulL.
PCR ¥ #F7 J . 95°C WAk 3 min; 27 MG
(95°CAHM: 30 s, 55°C 1Bk 30 s, 72°C FEMH 30 s) 5
T2°CHEAH 10 min. P35 H 2% 3 B BH & R 01k
PCR 7= %, H AxyPrep DNA & & [A] Ui i 55 &
( Axygen Biosciences, USA) 4lifk, Tris_HCI 3,
2% BNE M JKAG . PCR P=¥) F QuantiFluor™-ST
WO B R GE ( Promega, USA) Kol e . 7 I
W FHEYEZG R A R A lumina Miseq

PE300 -3 #E47 e B .
L.3.4  FFHEEE

J5 46 7 50 F Trimmomatic K F #4745,
FLASH #4795 . F] UPARSE 7. 1 # RT3
XK, 1% 97% ALEE R P 1 AT R RAFHRAE 42
%E(OTU) JFH RDP Classifier 2. 2 XTI 5 74 Fh
OrIEUERE, RS Silva BdlE e (SSUI28) , EfR B
(N 70% . Fik/ MEAS T 1 e —HlR38 702 2645
BT 9N ARA 5T T HEA TRV 2.
1.4 ot

FI SPSS 20. 0 #EATHLNZRTT 22341, Duncan i
T REERE:, BEEATH P <0.05. HI R
A Venn B, TSGR v ARIERFEAS il

AR B OTU %0H. Al Mothur 1. 30. 1 3153+

HEANRAEVE Y o ZREPEE R, (L 1h 1 %%#ﬁ PD
F8%0 . Shannon $5 % . Simpson EFB %ﬁ -C'hdol ECR
ACE & % F##< Good’s %ﬂ‘%ir RO
pheatmap, @2/2 il EF—& I 15 4HE ] 5 %:ig:é}iﬂﬁ P
Jo R 1 E"J“.‘S‘pearman A2 SR S _Péél;sﬁn A
KAIHPRE AN P R o ZHE (Chaol FLPD 45 %50)
'ﬁiﬁ%fﬁﬂﬁ ﬁﬁiﬂﬁ@'{% Pk Z [8] FI’JPFH%@ AT
unwelghted UniFrac 4 9% 15 B3 836 M Bray Curtls %
fi.?ﬂﬁé%% J1 Mantel Fil4fi Mantel *49/,},670 ~
1870 m 404 B Z HE M M I A F 10 ¢ &R

( permutations =999 ) .
2 ZERG5S

2.1 HERAb R R Wl T (AR AR AR AR
2.1.1  HHEEA

M2 P, NEEGHKEES KR ER B,
B R 1780 m () H S FKEHR K, H
65.50% ; MA[FIEEAR - A o i 2% 22 5, & ik
MR 670 m Abi) HIEAR TR A, H1.27 grem .
A S R R 1k, TR 1370 mo B A 0 R P R o
(pH 4.10), 5 670 m (pH 5.31)., 1080 m ( pH
5.78) Fl1 165 m(pH 5. 64) fF1E B 3 22 5. Al
RS Z AR R 1 B B2 . T3
S RURBRAF 20 i VAR b B R T = ARG K5 1690
m e LAY - 398 4 ORI 20 e e e EL W I o
T H A W e, 52 7.27 g-kg™' Al 574.05
mg-kg ™. ORI - HE 4B AUA RUBE A B A
%255, BT R AR AR, H 1690 m 1Y T I
SRR RO & W, 430 0.80 gokg T A
4.35 mg-kg ', TSRS B R VB TE T
K, HA AR B 1 TC I 8 AR A A L. A5 TR
Z A1 A MLbR & B AEAE 2 25 5, AP
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2.1.2  EERETE M

AN AR+ R RS M 25 e W 2 AN [R)
A ERR VIR . DRERTE M TC W R (R 2).
- SR RE ARG PR SVA L BV T ST R 1690 m

IRl R S P R4 A . 8 T e A JB A S 1P
ARG BT (36 3) R, SRR Wi 1R Il 15 4
55 A RO SR AN R 1
B L . AR Y R R R ANOG . O S
PG TR R B A e, AR

LUy Ml % AR B RE OB B O 35 06 ME R R, Gk 89.39 AMLMR G EMEF LMK, 5 AR E R
mg-(g-d) . EAREEIK 670 m 19 HIEMVERERREE . ADC
R2 AEEHKTIBEAERMEELE
Table 2 Soil physicochemical properties and soil enzyme activities across different altitudes
jzzid SM BD ™ AN TP AP TK AK TOC ACP UE SC
/m M e M et mpkel ekt meke ekl meke Jeket Jmge(ed) Ve (ed) ! /mg(gd) !
670 27.95¢ 1.27  53lab 1.68d 143.27e¢ 0.32c¢d 1.94d 17.90de 137.10a 25.45e 1.85 0.52 5.58d
770 44.07 abc 0.85 4.76bc 2.20d  205.29de 0.27cd 2.15¢d 16.41 e 87.43 cde 25.82 ¢ 2.34 0.94 17.24 od
875  29.42bc  0.92 4.54c¢  3.08cd 240.68 de 0.33cd  3.43 abed 23.32c¢de  55.62f 44.15de  2.24 1.24 27.59 bed
980  43.47abc 0.74 4.21c¢  5.78ab 425.7bc 0.55b 3.56 abc  28.46 ¢ 97.53 bed 68.99 abe 211 1.01 43.14 bed
1080 28.31c 0.8 578a 3.00cd 204.37de 0.25d 2.50 bed  30.12 ¢ 62.73 ef 48.0lcd  2.17 0.84 38.54 bed
1165 24.97c¢ 0.8 5.64a 516b 323.43bed 0.44 be  2.78 bed 30.00 ¢ 96.09 bed 78.61 ab  2.30 0.70 3185 hed
1280 42.84abc 0.78 4.81bc 4.33bc  335.14 bed 0.41 bed  2.36 ¢d  30.66 ¢ ‘1‘11. 12 abzf'6ﬂ6. Tlbe 215 7 "T) ’7- .' lJBTjﬁ 88 bed
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Fig. 2 Venn diagram of OTU number from soil samples

at different altitudes
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Fig. 3 Relative abundance of dominant bacterial phyla and dominant bacterial orders
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Table 5 Pearson correlation between a-diversity indices and soil

physicochemical properties as well as enzyme activities
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PDFEH  Chaol 8%  PDH#E%L  Chaol FE%K
SM -0.38" ~0.46 ™ -0.35 -0.40
BD 0.25 0.29 0.07 0.13
pH 0.74* 0. 69 ** 0.75* 0.69*
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TOC -0.17 -0.23 -0.09 -0.16
ACP 0.05 0.04 0.34 0.30
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Mantel 7387 (3 6) £, 670 ~1 780 m ML
BN, TN SR, 3% pH Ak & & &
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Table 6 Mantel and Partial Mantel test between bacterial

communities and environmental factors
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r P r P
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TOC 0.112 0. 029 -0.009 0.539
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