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FIEE(TN) 2 3 R VR 20 22 S i F 2 Ak Bl ]
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LAk
1.1 BFEX B AR

P SR 18 A AR AR B XA T L PG B ko B
(111°22'-11°33" E, 37°45'-37°55' N), LGk
1500 m, FUERTLfR K 2831 m. ZIX Ry
T B W T A T, AR 4.3 °C, A
XK 70%, HE-P-IFEK N 820 mm ity 4%
Ry g it 2 FH 5 X (Crossoptilon
mantchuricun) J& H A B A 55 42 0I5 M 41 (Larix
principis-rupprechtii) . 4% (Picea) %5 21 W W) 1R 58
PRUT S A b V8 A 78 2 b X 32 2250 A Tl 4R
1650 m L _F- (b
1.2 HARESHH

P RERRYIREAET 2016 45 7 A 2 5IHE 4 4
442400, 2200, 2100, 2000 m)ER ) 20 mx30 m
) 4 ASFEH A, B AR R AR ZE R (R
25 [ R ], PR RS AR 254 1) S bk
B, WO EUR 2 AR BN iR AR A T
FERAEIR AT, JFel 3 BE A o AR He 3
TR ' B E AN [] , KRS Bz T %) A 52 20 Ry 7 [ T
A BHT . FHICH B RAEMA F AR AR
HOREET 24 MRS, TSRS, KR4
HIRE AT VK G, PRI SEE %, T-20 °C
TRAF o FHRBR/INTT B3 B e T AT IR T DL 35 e A
Y, REMBEAFES AT, — 01T
MIIE , 53 —04r—80 °C PR-AF, S ELHEARIUN e 2
T A MU RETS KL N 41 DNA, FI T PCR-DGGE 1,
SRl )5 v i/
1.3 FEahatr
1.3.1  FALE-FRIIE KR A RS A LT
FAT B PR ¥ DU R A% B2 R THI Y pH 227 Watson
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S 7 IR LTI T AR R 2 T B A B A R
(TC). BE(TN)F & (I E 2 Bk 25 4R i 58
TP M, KA R 85 °C Y fE IR A A
FHE, REK LR, [ HICE 5 (vario
MACRO cube, Germany)i#tEf 75 .

1.3.2  AEEIREEEARILTE AR R ERAEY
FLFIZH DNA $#RES PCR ¥ 3. KAl — 4k R AR
WARIBA RIS SR G, BANER 3 N, 4 Ml
AL 12 AFESD o FER YR TIAL R . PRI 0.5 g A4
B, ¥ 2T 50 mL JGIR PBS W, 180 r/min
P& 20 min, PR, FRUCINATCTE PBS K ,
180 r/min %% 20 min, FRRBGHA R, INATCH
PBS &, A PVER 10 min, fefa BUE Rz,
W 3 BB R, 3T 0.2 um BB B uER G
PREREFBYRE, A 5 mL $2EGRPY, 2 a3 =
) AR B E YRRV . DNA, SRJE 973 16S
rDNA 5K V3 S22 X B, RS GC ik
5% 341F (5'-CGCCCGCCGCGCGCGGCGGGCG

GGGCGGGGGCACGGGGGGCCTACGGGAGGC
AGCAG-3")F1 iz 17 51 %) 534R (5'-TTACCGCGG

CTGCTGGCAC-3") k17 PCR ¥4 .PCR 3K ] 25 uL
FWAKZR: 2.5 uL 10xEasyTag 2% MK (20 mmol/L
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ZiA7); 025 U Tag (500 U); KEGEKANE &=
25 uL, PCR £f4:: 95 °C 5 min; 95°C 30s, 65.5 °C
20's, 72°C20's, 30 JGFF; 72 °C 7 min, 10 °C fRfF
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¥ 4 MEBIREENFESEEES, XX 8 e
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V3-V4 XFFFTT

14 FdES

AN TR R R AR R 1 25 S e A,
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O3HT . RERALBE AT T logi(x) etk RIFEET
O ZE Rl B HEAG 3 (P AR T 0.05, R Z2551%)
K, ¥4 LSD # 7SR /a i 2 & I i ]
Fra R R BE B SR IR SR NREAS R 51 B
AT, fEabrad i, XPHEHPE T T Hellinger
Ao R BV AN s 5 A TARE s 2
2 RUEE(NMDS)53# LA UPGMA R 534T, &
Y RFETF vegan FE P H vegdist PR HAR[A]
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ey i A AR R 7 iR AT T B2 AIK PR 9 B (vegan
FEFAL), THER T IZetm B LA 7, AR5t
T 2 3 07 326 Xof A % 495 4 I 3 R il 1Y B4k TR
¥, YRR IUAR T (RDA) ;s EEHT ., 1)
B TG 24 T FE % 25 5 A 05 DXL 5 A R OGP
Mantel 56, #id R B4 (V3.4.2)H 40 vegan
AT AT s FRA AR Chase Fil Myers 15
2P, il 1 3L F Bray-Curtis 55 (B ZFEM:) B A
RUE E o AT RIS A A A SRS R 2R, 2 2 {8
%, RUIEHLS RAERF R & £ EH]
O, TR R BT R 25 10, R W& o
MIFE R, Ry Tk e R 5 L mT RE Y T R
Bk, FIA PICRUSt 3+ KEGG %4 4 Hiil
BRI FE A A o PV FE T REDY, I TAT A )
8] KEGG i 3 KU SIRERI AT F I, 78
SPSS 25.0 kAT HLN Ry 22 0 M LA CEL AR IX 1]
i P<0.05), #EmiiEd Sigmaplotl4.0 B g5 R AT
AL

2 R

2.1 RS AL P B2 SR T A R AL
By St K HAR3h R 5
2.0 AR BT R T Xk

o6 AL 75 A 4 i 42 (DBH) B HAR Rz 326 1T 4 1
PO T A Hr 45 R /R (6 1), W4 2 T pH il DBH
T HF AR BE AT 235 22 5% (P<0.05) o = M 4R Rl
(E2400)F) pH {H#5(5.350), fKHEIR(E2000)FE:H
() pH {ELIRcAK(4.245) LB Bz 1T i) AL M o
VRIS FETE L T — 8 M AR S BREE
2.1.2 RSB E T ARAU I AR K SR T 40
WREESH: N TERMEL M, 9MNEREM
WA HLIK S FEE T 3 K, MR &R
IR R RN EA T DGGE 4307, 45 RanE 1-A
PR, ARG REARRMEERE, FHmSE
T 7 P A R R S FL UK T LA 43 B R B AN S I
KA

FIFH DGGE 4547 B3 43 B 25 1 1 0% 2 R R
YUL(E 1-B), 25K T, SRR R 221 ) 40
PRV A 25 MR E>0.01), H
o, IR R LA 184>, RTEHR(E2400) AL
PRETEA 20 1~ S AN B RETE DL 2R BE R ALK,
Z 55, B16 F1 B3 7£ E2000 H.A7 45 & A AHXT
JE(0.129. 0.117), BI15 7£ E2100 HA & A Xt
F2HE(0.197), B15 Fl B11 78 E2200 HAT & & 04
XTFEBE0.190, 0.157), B15 il B20 7 E2400 ELA
R A AEXTEEE (0,139, 0.108),

F 1. REAMERENMNERF
Table 1. DBH and environmental factors of bark surface
Environmental factors E2400 E2200 E2100 E2000

TN/% 0.015+0.002a
TC/% 1.077+0.144a
C/N 75.794+17.351a
pH 5.350+0.198a
DBH/cm 26.348+0.358a

0.014+0.003a
1.189+0.031a
83.685+14.263a
4.927+0.026b
24.735+3.093ab

0.022+0.014a
1.183+0.036a
65.940+29.893a
4.245+0.139¢
20.860+2.817¢

0.014+0.003a
1.179+0.063a
85.844+18.205a
4.918+0.279b
21.529+0.844bc

Data in the table are mean+standard deviation. Different lowercase letters within rows indicate significant difference at P<0.05 level.

The same as below.
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Figure 1. DGGE electrophoregram and composition

of the bacterial community in each sample site. A:
From left to right, samples are added in the order; lanes
1-3 are sample E2000, lanes 4-6 are sample E2100,
lanes 7-9 are sample E2200, and lanes 10-12 are
sample E2400. B: The letter B is short for band, and the
following number represented the different bacterial
groups. Relative abundance>0.01.
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Figure 2. Comparison of the bacterial community

structure on bark surface at different altitudes. A:
Analysis of nonmetric multidimensional scaling
(NMDS); B: Analysis of UPGMA clustering based on
Bray-Curtis.

PR B A 5C 2R (R 2 R 3), 45 & /R Hh P B O
WA Xt 4N B R TR A R AR B R . BB
BT X6 32 45 A1 T 0 A B T 4 A LT I 7 AR
A

WAL TOAR AT 51543 BT AN ) Vg 4 v 11 B 355
PR X0 Y B R T A0 TR R PR S5 R R 2l (] 4), 4
F U] RDA i Pl 1) BETTIRR R 29.0%, HApES

2 NEMER SR

Table 2. Parameter statistics in the generalized linear
model

Intercept P Slope P

0.518 0.43 —1.000 0.217

http://journals.im.ac.cn/actamicrocn
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Figure 3.  Relationship between the community

dissimilarity and geographical distance.
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Figure 4. Redundancy analysis of the bacterial

community and environmental factors.

— EHI R RN 16.6%, 5 F RN
12.4%. 55— 3B ML) 2 pH XS BETE 25 5%
Wi, 55 AR M T TC M RETS LSRR . [
Uk, TC 1 pH A fE A R4k AU I8 P Kz 26
T AN B RS A A ) T2 K 5h [ (P<0.05).

2.2 At AR B BF TS ) R T 4 B R e
¥ B IR 3 ¥

221 HHAESEHEREREREAER: &
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BF ) B TR A A iz 2 T AR e o0 B 4 SR R P
TN. TC F C/N & &t ¥R Bt v FH i 5 1 [
ke, ST X A AR L T8 AR B 2 T el A 45 5
Fatk, ELm BATAER 9 T BRI (5K 3)-

2.2.2 T BATE . [a) BH THAR B 3R T 40 B R 9 A 4L B«
FIFH Mlumina i 38 f00 5 7 v S A Bz 210 B TH
5 1) B 16240 TR AR T R S AL RN R, A
16S JFHIEIL 317763 4%, BMHIEECH 137142065 bp,
PR 432 bp., FEEEHIZR(& 5) A, FEE I
FrE BRI, gl T2, UiBIA RS
A P R E A A, (]t % B ) BB A J ik
AR YRS 5 v 9 TR 5 B TR Bz 9 T 24 T R i 1 LS
TH L.

#3. WMEREEAES @MERRMEET

Table 3. Environmental factors on sunny and shady
of the bark
Environmental factors Sunny Shady
TN/% 0.016+0.005a 0.014+0.003a
TC/% 1.238+0.099a 1.174+0.084a
C/N 84.104+22.12a 83.90+16.98a
pH 4.598+0.306a 5.185+0.718a
450 =Sunnyl
—Sunny?2
400 -gunnyz"a1
_—— —Sum
2 350 “Shady 1
“ —Shady3
% 250 —Shady4
[
"2 200
E
P 150
=100

50

5000 10000 15000 20000 25000 30000
Number of reads sampled

5. MESAESEEEMAERE OTU #HEihsk
Figure 5. Rarefaction curves for the OTU numbers of
bacterial community on shady and sunny surface of

bark. 1-4 represent repetition.



BRFREE | MEYH, 2020, 60(1)

141

A ITEE R 6-A) IR, FEdLTE R R )
T BT 55 ] B A AL TR H (R EE>0.01)
K114, AR B R H (Pseudomonadales) . )&
TR R AR A 44 19 H (norank_Cyanobacteria) |
e K H (Sphingobacteriales) . %1 12 H
(Rhodospirillalesy . %5 & # fl & H
(Sphingomonadales) . I # H (Rhizobiales) . {15
[T H (Burkholderiales) . F@A T H (Acidobacteriales) |
TWEREE H (Micrococcales) . Wik H(Caulobacterales)
136 2% v (R B (Frankiales) . ¥ 2 5 220 W1

>

)

Caulobacterales
Sphingomonadales
Micrococcales
Frankiales
Sphingobacteriales
Rhizobiales
Burkholderiales
Pseudomonadales
Acidobacteriales
Rhodospirillales:
o_norank Cyanobacteriaj

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
Relative abundance

& 6.

m— Sunny
— Shady

Uik

Dominant bacteria order

!

Figure 6.
dominant genus.

2.2.3 FHBATE. 1] FHTEAR B 2% T 40 TR AR S5 1 Y
WBHEHETF: ANOSIM g mon, RILIEm
) Hz 35 B T 5 1) I T 4 200 T T T A P A T S 2
5:(P<0.05)(&l 7). Mantel #5677 43 B i
BN TC. TN, pH FI C/N XJ 40 1 BEV& 45 H (5%
W, Z55LEoR, AP RETE 254 S0 R A B g
TC. TN. pH DL K& C/N ¥J¥A W 28 %M
(P>0.05)(F 4). UL, & BH BH I 40 & v 454
22 501 T B AR AT RE RO BEER T

H:T Bray-Curtis P25 09 BRS3Hr 45 R 3%
BH, 35 BH TR ) B TR 2 25 (6 35 R R, LR
T (B 8), h BH PRI 3 g 2 3 B0 B 1 5 ) P
T £JH DA R i 254 22 S ) 2 AL

~

genus o

Burkholderiales-Paraburkholderia

Dominant bacteria

(One-way ANOVA)ZSHFH, () BH A iz 2 1 R
J& F AN TR T AR Ar 44 1 B 35 s T B
AR T H B 2B A S S o B R ) B 1T 5 B
WA R EIR N 12 4, AR K200
(One-way ANOVA)Z5SRFE , [ BHTE R & T %4
W ] ) 2R 1 44 B9 J& (norank _ Cyanobacteria) . % 1
mTE I, ERWERA REEES . & Fnk,
T 9 TET 00 i) D TR 698 A A e 9 2 A A — E 1 2
S, OGHE AT AR B S AR Bz 2 T 20 TR e V& 4l 1 1)
BRFZ—,

norank_f 1174-901-12
norank_f Caulobacterales
Jatrophihabitans

¥ = Sunny

¥

=
Sphingomonasw—"

o

=

— Shady

Pedobacter
R Granulicella
norank f Acetobacteraceae]

unclassified f Acetobacteraceaemm—
Bryocella m—
-

|

Pseudomonas
norank c_Cyanobacteria

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
Relative abundance

i

*

HAE 5 ) P 4 & 7 5 A

Composition of the bacterial community on the sunny and shady surface of bark. A: dominant order; B:

Stress: 0.023

NMDS2

15 10 —05 00 05 10

NMDS1
7. B EPAEREEEAEE RS
Figure 7. The patterns of bacterial community

structure on the sunny and shady surface of bark.
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F 4 BRESEOMEAEFEEWSRERFR 0.0 Sunny Shady
Mantel #5358
Table 4. Mantel test of the bacterial community
structure and environmental factors on the sunny and shady —0.2r
Mantel test E
Factors =
R P-value T —04f
Environmental factors ~ 0.007 0.45 =
R indicated the correlation coefficient between the structure of the E
bacterial community and environmental factors. —0.6F l
224 HE. 16 ERERTERTRETI . T |
PICRUSt X AN 2 41 i 11 % i) AT S kAT 1400 B8 TR T R TR E S
5 8. ARAHEE THERZRT ;
1 I Q I 1 \ = Al MW
PR 9), THRAFILLIN KEGG i B AR F2 9 Figure 8. Null-deviation analysis of the bacterial
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Figure 9. The predictive function of bacteria associated with different sample groups. The predicted functional analysis
of the bacteria associated with groups of the sunny and shady by PICRUSt based on the level 3 analysis of KEGG
pathway. Relative abundance>0.001. The significant between groups were used One-way ANOVA. *: P<(.05; **: P<0.01.
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Diversity and distribution pattern of bacterial community on
bark surface of Larix principis-rupprechtii
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Abstract: Epiphytic microorganisms on the bark surface play an important role in host plants’ health and
adaptability. The maintenance mechanism of microbial community structure and diversity in bark microhabitats
need attention. [Objective] We studied the distribution characteristics and fitness mechanisms of the bacterial
community on the bark surface of Larix principis-rupprechtii along elevation gradients and light in Pangquangou
Natural Reserve. [Methods] By using PCR-DGGE and high-throughput sequencing technology, we studied the
structure of bacterial community. By using nonmetric multidimensional scaling (NMDS) ordination, we analyzed
the spatial distribution characteristic of bacterial community. By using redundancy analysis, we analyzed the
relationship between bacterial community and environmental factors and by using One-way ANOVA, we compared
bacterial community composition between sunny and shady surface. Based on zero-deviation analysis, the driving
factors of bacterial community assembly on the shady and sunny surface were studied. [Results] Bacterial
community structure was significantly different among elevation gradients (ANOSIM; P<0.05). The redundancy
analysis showed that pH and total carbon (TC) on bark surface were significantly correlated with the community
structure (P<0.05). The relative abundances of photosynthetic autotrophic bacteria (norank Cyanobacteria) on the
sunny surface were significantly higher than those on shady one, while the relative abundance of Rhizobiales
showed an opposite trend. We suggested that light might be a driving factor in determining the structure of bark
bacterial community. The results of zero-deviation analysis showed that the diversity pattern of the bacterial
community on the bark surface was mainly affected by environmental filtration. [Conclusion] The determination
processes were dominant factors in shaping the structure and diversity pattern of bacterial community on the bark

surface of Larix principis-rupprechtii in this area.

Keywords: community assembly, the bark surface, bacteria community, deterministic process
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