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FhAE 4 25 ¥ (Populus deltoides Bartr.  Huashi 27 )
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IS MR 43 1) SR S IR O A FIE F A1 (R 1) o
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R 5r . 09 :0;1%%:0~1/3;3%%:1/3~2/3;5% .
2/3~1,

Rl ER2SEHHREANENZEER

Table 1 Biological information of sample tissue of Populus deltoides Bartr. Huashi 2’

e TR AERARE i HE /m A /em T /em AT
Sample number Height of wood core collection Length of wood core Wet core length Disease severity
HS2-2017-1 1.3 17.9 9.3 3
HS2-2017-2 1.3 24.5 12.6 3
HS2-2017-3 1.3 21.0 9.5 3
HS2-2017-4 1.3 224 10.8 3
HS2-2017-5 1.3 26.5 17.0 5
HS2-2017-6 1.3 23.0 12.7 3
HS2-2017-7 1.3 22.0 11.0 3
HS2-2017-8 1.3 27.8 15.5 3
12 HmRE 1.4 HURSHT

T 20224F 10 H 21 H , 7EM 5 1.3 m &L 5.0 mm
AR A K A SR BRSO BRURE TR ISR AROES , RORE B
Rl Sk S T2 B, O S R AR ARG B
AN AETE AR, BEHLIE I 8 MEEURE o BT 1 A A R
a0l FH % B B B AR e g S A H B R T
vk A 2 VR AE TR W e i T
1.3 SEENF

LR 4] DNA A9 $2 BURT PCR 97 18 - R AR 3 [ 4]
DNA K H CTAB J7 ik £ B, K I 46 3 Ak B )5 8
DNA BEARF B2 1 ng/pl. LIRS B 9 DNA BEA
JooBE Mo, ] 799F (5-AACMGGATTAG-
ATACCCKG-3) 1193R  (5-ACGT-
CATCCCCACCTTCC-3") 5] ¥ %t V5—V7 X i 11
PCR #4125 PCR =¥y iR AL AN 4lifk . Xt PCR 7
Py EAT FL RGN 38 o KU ) PCR 7= %5 IR A )
P URCH YK R I, £ Qiagen 23 B 42 A 19 QTAquick
Gel Extraction Kit i [/ i3s3 &5 [n1 e B 1) 2578 729 o

SCJE AL HE R AL T ;6 A TruSeq® DNA
PCR-Free Sample Preparation Kit Z % i 7] & E17 3¢
JE ¥ 7, A Qubit Al Q-PCR & # ) , i Fil Nova-
Seq6000 X-E4% S ALY .

HR A48 DI RRAE , 48 /N B SO JF 3T
[llumina NovaSeq I J3~F- 5 XF 3CFE 747 AU v 7 o
2533 Reads P2 38 , #524E 4325 80T (operational tax-
onomic units, OTUs ) RIS MR X115 21 (A 808
TP AR AN B o, LA e REAS I 0 Fh 4L 1, FF
HEAT « ZFEVESI T, LASZHRFEAS (BB 75 2540 1) 22 5 S
HEAT A AR BT R BE R BB 42 4

OTU RZHYFh B - K H Uparse B35 X i A
FEA A bR AT IR, 42 97 Y0 9 —BUEH 7 5]
RA N OTUSs, ik H OTUSs A H BAIR 5 e 19 7471
MARFF AN S X OTUs FF 81 k47 49 Fh 78 B 40 A7
(BEAE BIE R 0.8~1.0) , S 4 REA I BETR L
i MUSCLE #4347 2 Fe 51 LU X, fe I LLREAS
RO 2 B B B DA T H — AR Kb B
1.5 HFESWEHLE

i F MENAP F1 Cytoscape # 4, #4) #2135 A= 4 )
2. B AREALE KT R SR IBUR K- FR HEAH XS
F JF (standardized relative abundances, SRA) . ¥ )&
IKF SRA B B 4238 MENAP, 44 HEUA= 90 9 2% 5 i
greedy modularity optimization ffj %€ #% 2t (modules) .
$EZ /AT SRA IG5 EL, 8 KB AR R A%,
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Fig.1 Comparison of Venn diagrams of Populus
deltoides wet heartwood and normal wood

MM 8 . R 45 %k (Shannon index)
FRFRAE A 1 53 28 DB L L, B TR 2 R
T, W o A 4 5], Shannon $8 B0 ; 7 3 AR 18
i (Simpson index ) & 1iE #F 7% N W) #7041 19 2 FE 1
F 51 B, Simpson {8 5 , Z MBI, R 2 7]
PLE Y, 6 AE A 4R A 25 JRAG 0 b8 FDIE 5 M AR
Y FEY% 1Y Shannon 45 %8 5 Simpson 5§ £048 1k & #2
oL, 500 4 40 B B 75 B9 Shannon 8 2% Fl1 Simpson 8
B B 2 T IR R M (P<<0.05) , 45 R 1, Az il
oM R T 22 REPE AR LU OE B A S W R o A Y o)
B o Chaol 18 FH K Al 1B V& FE P AL 5 19 )
il BB, PR 2% 2 AT 1 VR0 B TRE VR AN BR A R R BRI
FIEFM AEA B EEES.
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Table 2 Alpha diversity of microbial communities in wet heartwood and normal wood
G WL R 2L TERAFEL FERIREL Chaol $5%%
Sample Observed species Shannon index Simpson index Chaol index
HS17X 319.9+105.8a 3.89+1.09a 0.78+0.14a 383.7£120.8a
HS17B 379.1+173.5a 2.6240.98b 0.57=0.20b 482.44-235.40a

TE - AR/NG FPREFOR 2257 B3 (P<0.05) . MRS S B — 708 X AR O s R — 714 B, AAURIE# # . Note: Different

lowercase letters indicate significant differences (P<C0.05). The last letter of sample number is X, representing the wet heartwood ; the last let-

ter is B, representing normal wood.
23 H£R2ESEGHEMEMEEZ S

TE &8 K, 3 BCE BE T 10 B 382E 9 AT AR IR 4
Bro B2 0] 80, 7R 40 1 8 K P b, SRAANEC b R E
A 95 R IR B (Ralstonia) AUAT T J& (Bacteroi-
des) 2@ G T It 24.6 % BYAEXT R, AP
J& o RO 5 IE W M B Ralstonia TE1R O
b L 2R T IE # A (P<<0.05) , Bacteroides . 2%
8 1 J@ (Pleomorphomonas) Al &, £ 1 J& (Hy-
drogenispora) TEIRCAF Th 5 L 35 8 T IE A (P<<
0.05) o 4L TR A A 2 22 QB M AN IE Jiqte - (IR A8
FEARAHTR , 7E IR 6 B R B A KA LR An &

T2 S IR ANBE AR 229 oA M B I Al TT AAE IR 4
(9 26 7= A Ho 1 COL T CO, s AT LU 3E A B
pH By i — 2L F B ; Hydrogenispora ethanolica 1.X-
BT o] Fl A 05 28R . L BEAN HL, 3 3 Fh i s
A RE S 38 OO pH Y T B LA KR SR 7= A 114
BHE

FHFEARY OTU 15 B3153 Bray Curtis, Jf:
FH ZE AR R 53 BT (PCoA) ¥E 43 T LA AR AS 114 20 B R %
45K 2 5, R L PCL A PC2 2L W48 /R 1 SUREVE 1Y
46.19%0 1Y 22 5, MO M 5 TE B A N FEAS Z 8] AR
VAR R VR AR 22 5%, 2 2 IR AR 22 ) 4 DT v L
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Fig. 2 Relative abundance of species at the bacterial
genus level
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43 5 63.51% (94/148) 11 74.03% (134/181) , £
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Fig. 3 Principal coordinate analysis (PCoA) (A) and NMDS analysis (B) of bacterial communities of Populus deltoi-
des wet heartwood and normal wood

HS17X 40 W 2% 1 HS 178 40 18 W 2% i - 14 %
43R 3.654 1 3.291 (3 3) , B vy 1Y) 142 308 JiE 6 A
HS17X W 4% b HS17B M 2% 8 %5 2% . HS17X 20 14 N
25 RN HS17B 40 T I £ 11 7237 it 42 B 5 43 531l o 3.288
F13.920, U B HS17X By 97 S 7E RV SR AR FR W 0y
HS17X M 2% 1) F- 34 R 2 Rk 0.147, K T HS17B
Wi 4% - 17 B8 5 22 80, 16 B HS17X 19 5 s o X %%
HS 17X 120 0 I 465 B8 Ry s PN 4 o 38 S A 0 O
AR IE 5 4 0 43 F AR A5 I 2%, 22 BRI 00 1 400 1 ) 4%

T Z i AR R HAH BLAE FHALH A 7
BRI ST, T H R 20 TR B AR D) S AR X R R
XTI RS2 0o b PR S 200 TR [ A o 7 SR I
(18 A AT 9 A0 i 400 04 AR, s KA AR T, B
J TR T IR R B I 45 B
25 XEREHHW

FESICEE W) I 28 43 BT v, L ZAEDRD PAE 53 34 A
7 A5 PSR A 7 3 T RIS B (1) 32 3 AR Z (ER P,
(BT LIKE S 80k AN i (£<<2.5 H . P<0.62) |

®3 CELEBRFHROMMIEEMEEMENRINE

Table 3 Topology of the bacterial network in wet heartwood and normal wood of six-year-old Populus deltoides trees

" . - -4 3 VA ERAR IR B TFHRERE AL (B A )
i A B - . . .
Communities Size Links Average connectivity Average path distance Average clustering Modularity
y S Z _inks
(avgK) (GD) coeffificient(avgCC) (Modules No.)
HS17X 81 148 3.654 3.288 0.147 0.555(8)
HS17B 110 181 3.291 3.920 0.133 0.589(11)
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AT BARRANE R, 5 S RMFRIZE 09 V- AR B2 AR IR T A9 s B A R] , 755 652 T 00 26 2 1 REL AR 5 0 e B 18 AR DG 2R B4 %
L AE ARG , 3% 2R B €0 AR S 1) 1E 676 7 (AT €8 1B AH G , 35 (5 545G ) o Different nodes represent different genera, node size represents the av-

erage relative abundance of the genus, nodes of the same phylum are of the same color, the thickness of the connecting lines between the nodes

is positively correlated with the absolute value of correlation coefficients of the species interactions, and the color of the connecting lines corre-

sponds to the positive and negative of the correlation (red is positively correlated, blue is negatively correlated ).
4 RO ADFMIEEM (B HEMBEEIEAME S

Fig. 4 Bacterial interaction network analysis in wet heartwood (A) and normal wood (B)
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A FRAAIR O T A SRR T B A ol 2 2 A R TR T
I"](Proteobacteria) . FRFF 5] ( Acidobacteriota) \$2LFF
W] (Bacteroidota) FlJi £ i 11 (Actinobacteria) , F&
h, SRR 1) WCHBL-32 2 557 AF #fl [ A 41 44
AR A o3t AR T 3 W AE R R 2 R
I, WCHB1-32 W] i 2 5 1 3.0 h KBt K /Y
Rt
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Fig. 5 Key microbiological analysis of bacteria in wet heartwood and normal wood of six-year-old Populus deltoides

IS FIR AR LR A6 A IE M & micutes) o 6 44 IE W A LA W |, Pleomor-
K HEVE M9 4 B 3 22 0 Bacteroidota, Sumerlaeota,  phomonas 2 A9 JF R, AT DATE DR S0 4544 F 77
Proteobacteria, Actinobacteria 1 J& BE B |7 (Fir Az &/ 44k . Dysgonomonas th 2 R 48 4%

R4 HAENKZHKERED

Table 4 Keystone taxa in the bacterial networks

FEdil Sample ["] Phylum B} Family J& Genus
HS17X Proteobacteria Ancalomicrobiaceae Ancalomicrobium
HS17X Proteobacteria Comamonadaceae Aquabacterium
HS17X Acidobacteriota Acidobacteriae Paludibaculum
HS17X Bacteroidota Prevotellaceae Prevotella
HS17X Bacteroidota Prolixibacteraceae WCHBI1-32
HS17X Proteobacteria Beijerinckiaceae Methylobacterium-Methylorubrum
HS17X Actinobacteria Micrococcaceae Rothia
HS17B Bacteroidota Weeksellaceae Cloacibacterium
HS17B Sumerlaeota Sumerlaeaceae Sumerlaea
HS17B Bacteroidota Prolixibacteraceae Meniscus
HS17B Proteobacteria Comamonadaceae Methylibium
HS17B Actinobacteria Cellulomonadaceae Actinotalea
HS17B Proteobacteria Micropepsaceae Rhizomicrobium
HS17B Bacteroidota Dysgonomonadaceae Dysgonomonas
HS17B Firmicutes Lactobacillaceae Lactobacillus
HS17B Proteobacteria Rhodobacteraceae Paracoccus
HS17B Actinobacteria Kineosporiaceae Quadrisphaera
HS17B Actinobacteria Nocardioidaceae Marmoricola
HS17B Firmicutes Aerococcaceae Aerococcus
HS17B Firmicutes Oscillospiraceae Sporobacter
HS17B Firmicutes Ruminococcaceae Candidatus_Soleaferrea
HS17B Proteobacteria Pleomorphomonadaceae Pleomorphomonas
HS17B Firmicutes Exiguobacteraceae Exiguobacterium

TE R RLE YL I8 Z BN HES

Note: The order of key microorganisms is arranged in descending order of Z; value.
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HB o A T 6.84 %0 MAHXT E (K 2) . B K
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Bl W 7 A A LIRS BOR M R AL . AR R
B, Marmoricola (H 3441 HE TR & ) J& 1 76 A 25 14
LM SRR A S m RO 5 9 RE T, BLA
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3 i i
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55 E B AR A RV LU WO R R A B
A B AR P A R AR OGS A i I Ak 0
A S IR QN R KA B A O o SR LA B0
WURAEXAERYARAE T, B T A A BT BRI A Wy i A
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-2 N L (SN ) e ok R VK s
YelorST AT U b B e A I 2 R A PR A AR
PR RN DA BAE TR 45 2R

AW T8 o o 2215 Hoo B R AL 6 4R A A
A1 275 FRAGIR ORI IE BB A ) I 28 43 B L A B
ML A Rl B T E b, R 2 U E W TE e
OB P AR B . REEWTTHRIE | 8.0 1
PR SN AR AR A ER B A A AR A DA S K B
TR TR E SR R A S AR R AR
MO X RIS S MR R Z B0 A A . e
32 B I DR A5 G Psf 3 3 K ) 1 PR 2 Ak 5 ) e 41K
DI D T 452 % , 3 Py T S W Jo 2 ok 45 40 4 ) A
P REE LA R B O b b R s A Y
TR SO0 T A K, B BB R L X S A
FAEEATT

AW o3 B T F B fm iy 10 S A L Hoh
Ralstonia {135 5 I8 22 0 H 0 9% DB 2, Hfi
Ralstonia V] 8 FR 0 M 1) & A 5% . Bacteroides
Pleomorphomonas \Hydrogenispora %5 /& IR 5 A
TEIR ST T Z B AR REA VLRI O SR
FIBEFARR ) Al AR A pH I R [ LA K i 5L
Ry A BB R 3R A W A B A R
Y4 LR AE R R E M 64 R A 25
AR 5 T B v AR A ) T 2 1 OC R 2 TR
AR BT D), R 22 B0 A s Dt 1 (491 4 Pleo-

morphomonas) W] BE 2L FEE (A0 pH ) #4181 Bk (451 40
Pleomorphomonas . Dysgonomonas \WCHB1-32) F1{¢
HEAR ) A K 1A 25 B (B1A0 Marmoricola) , 3% SE TR Bk
it PR AESUE A EAR LR 2 S TR R R
IR OB N TR EE P 0 o AT R BURAE )
W02 rh 6 4F 2 R AZ RO BE L 6 4F 2R BB AG IE A A
PIRE v RS E , RO b A0 TR 9 200 R B I LR 2 L
PRI F , REA I8 i e R B i) FESe SR AR A K
DA 21 B8 A7 RO A B PR B, 4 v A A T e 1Y)
FL ATy it — 29T
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Analyzing structure of bacterial and microbial community in wet
heartwood of Populus dehoides Bartr in Jianghan Plain

ZHOU Jingyu',HUANG Guowei’,ZHANG Yadong®, QI Gaofu',ZHANG Xinye”

1.College of Life Science and Technology, Huazhong Agricultural University, Wuhan 430070, China;
2.Hubei Academy of Forestry Sciences, Wuhan 430079, China

Abstract The wet heartwood and normal wood of 6-year-old Populus deltoides Bartr. ‘Huashi2’ in
the Jianghan Plain were used to study the role of bacterial and microbial communities in the pathogenesis in
the wet heartwood of Populus. High-throughput sequencing was used to sequence the V5-V7 region of the
16S rRNA gene. The results of sequencing were analyzed with bioinformatics. Methods including principal
component analysis, a-diversity index analysis, and microbial network analysis were used to study the dif-
ferences in the structure and composition of the bacterial and microbial communities in the wet heartwood
and normal wood of 6-year-old Populus deltoides Bartr. The results of principal component analysis
showed that the bacterial abundance of the genera Ralstonia and Bacteroides was the highest, while the pro-
portion of the genera Bacteroides, Pleomorphomonas and Hydrogenispora in wet heartwood was signifi-
cantly higher than that in normal wood (P<Z0.05) at the genus level of the bacterial and microbial commu-
nities in the wet heartwood and normal wood of 6-year-old Populus deltoides Bartr. The results of analyz-
ing the functions of microbial communities showed that Ralstonia were mostly phytopathogenic bacteria,
which widely existed in wet heartwood. The results of analyzing the alpha diversity index showed that the
diversity and species distribution uniformity of the community in the wet heartwood were higher than those
in the normal wood, and the total number of species in the wet heartwood was lower than that in the nor-
mal wood. The results of analyzing the co-occurrence network showed that there was a lot of competition
and antagonism between bacteria and microorganisms in the normal wood of Populus deltoides Bartr, and
the community was relatively unstable. There were more synergistic and mutualistic relationships among
bacteria in wet heartwood, and the microbial community was relatively stable. The results of analyzing key
microorganisms showed that the key bacterial microorganisms in the wet heartwood of 6-year-old Populus
deltoides Bartr. were Aquabacterium, WCHB1-32, etc., and the key bacterial microorganisms in the nor-
mal heartwood of 6-year-old Populus deltoides Bartr. were Pleomorphomonas, Dysgonomonas, etc. These
key microorganisms played an important role in stabilizing the structure of microbial network in the wet
heartwood. It is indicated that the formation of wet heartwood in Populus deltoides Bartr. is affected by mul-
tiple factors and is the result of the joint action of microbial communities.

Keywords Populus dehoides Bartr; wet heartwood ; high-throughput sequencing ; bacteria ; microbial

community
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