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Effect of Bursaphelenchus xylophilus infection on the endophytic bacterial
community structure in different parts of Pinus massoniana seedlings

YIN Shiheng'?, ZHANG Shaoyong®, LIU Sushuang®, WU Choufei**, WANG Junwei*, LI Yang”®, ZHANG Liqin**

(1. College of Forestry and Biotechnology, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China; 2. Key
Laboratory of Vector Biology and Pathogen Control of Zhejiang Province, Huzhou University, Huzhou 313000,
Zhejiang, China; 3. College of Life Science, Huzhou University, Huzhou 313000, Zhejiang, China; 4. Kunyushan Forest
Farm, Yantai 264100, Shandong, China)

Abstract: [Objective] With an investigation of the structural changes of the endophytic bacterialflora of pine
stems, pine needles and pine roots, this study is aimed to fully explore the endophytic bacterial resources of
Pinus massoniana. [Method] DGGE and high-throughput sequencing technology was employed in the
exploration of the structural changes of endophyticbacterial flora of three-year-old P. massoniana trees upon the
infection of Bursaphelenchus xylophilus disease. [Result] (1) There was a significant diversity in the
endophytic bacterial community structure in different parts of P. massoniana trees with the diversity decreasing

from the pine stem to pine needles and to the root system. (2) There was significant increase in parts of the
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bacterial genera in pine stems after 15 days of infection, whereas there were no symptoms shown on the surface
of the seedlings. (3) Of the 442 genera of endophytic bacteria detected in P. massoniana that fall into 35 phyla,
49 classes, 110 order and 210 families, the relative abundance of Methylobacterium, Sphingomonas,
Hymenobacter, Pantoea, Sphingomonas and Curtobacterium in pine stems and pine needles varies greatly
throughout the infection process. [Conclusion] The effect of the infection of B. xylophilus disease on the
structure of the endophytic bacterial flora varies from none to pretty significant to extremely significant in roots,
pine needles and pine stems respectively. And some endophytic bacteria may have potential biocontrol effects
on B. xylophilus disease, which is conducive to the excavation of later biocontrol strains. In addition, real-time
monitoring of changes in the bacterial community structure of pine stems during the peak period of infection is
helpful to the early diagnosis of B. xylophilus disease. [Ch, 5 fig. 1 tab. 25 ref.]

Key words: Pinus massoniana; Bursaphelenchus xylophilus, endophytic bacterial flora; DGGE technology;
high-throughput sequencing technology

BN Pinus massoniana AP} Pinaceae YA @ Pinus I KRR, =ik 45 m, Wi B4 E A,
Z W T Em N, AR EANE T R A — 2SR, DRH R A RN S AR U 2 R
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ZEE ARG B T A KR D), I E BAMZ YW AS R R e, — RS AR ) I 6 A 25 HL
TERR, RATET:, FTUMSM L R MRy« ARMREAE 7 O A4 4 i i) B9 2 AR v T 3L
AL JERERH R T kR, AL R R iR A B D A RS ARk, i T IR R H 45 R
th, AERORSRBET A B, JU XA AR P AR B A R AR S o IR A S I A K B B AR 1S
2| 1 PR SE ZFAUFT IR Bacillus firmus GD2, W SZMAAMA 2 HUR IR Y, 1 UCIE B 25358 N A= 40 T8 S A M 4k
HRZ B BB R . 328 3 S AN S5 BB Pinus thunbergii 253557 B3] 9 MRIN A 40 e, Hirp 3 BRXT
TR IR A — E IS PU/E . CARRELL 261" 1ZUMI %5 U XE 2 W) Pinus flexilis . W N 2% ¥ Pinus
densiflora WIARER SHRPRAZ I T KA RIFE N AEME . BIRESFD ARERIM AN Pinus tabuliformis #i
W ORBTES  B)R RANET A 7 AL B R 40 MRNVAEANTR, b | MRAY 2T IR Bacillus subtilis V]
XA A AE RN Sphaeropsis sapinea #LENINHIVEH o ZRFHUY X e FRE 5 BAAMERIE KA 525 X RE ) JESE
T AR A DU 5 5 B A AR AR AR T TR R A A I T N 5 BT, B 2000 AELCKR, XERARMEY)
AR SRR AR DG Y BFY L U —E R, (BN S5 A AN RO AR AR A 5 0T A 22, U HHB = o 3 U
JP B A A 2 R AR YL I S R AN N ZE AR B B RE I IE Y o Tk, ARS8 R AR 1 A R O I H UK
(DGGE) £ R 5 il s P R, RIE B AMEFI A 2k HUS S R AN [R]85 9 A 20 B T A R 25 A 72 4k
SRR L U I T2 W RS 014 B R AR A R R e 2%

1 MEEF&®

1.1 ##

AT DU 2575 T AN P ) (30°21'42"N, 119°34'51"E) 2R 4E 30 Bk 3 4F A= fd BE T R A 4y i b AR T 150 M
YA B R, 281 15 d Ja RS R 24 MR DRI, BERRIEFIARER R 1 7 4. R
MRBCH A 6 BRARIEREE N2 AXTIR, Z 580 15 d BU6 MRAERETE R I REA, JRHURE 5 vk, i)
160 d, HEBUZYE 15 d B TREARBEITEA, e R e /R Horp 3 #k 5 BAN LI
T AR RAEA PR B EHAE, FRIUT S5 I IRAF 220 °C vKAH, T DGGE 4345 J34h 3 tkiak
B FE A 732 I Fe AR R 45 R AF 2280 °C VKA T ol 7
1.2 A&

121 &R E BN WML G IKE R Botrytis cinerea YU H WHTAM I A= WIAR 25 R &L
Hl A HARE Z MG TR, B 2 BV P T AR KA A9 PDA K553k b, T 25 C fHES



848 LA 3 Nl N =+ 2021 4E 8 H 20 H

FEAALEFE 4~6 d, PREH B H 584 HEE T 338 2k, SRR @ e ko B 4, 4005
BN AR O LA 3 500 romin™' #5538 T B0 3 min, B0 5 M R T B, 75 E Ik
IR RIABARIRS), BIGIMATCREAK S LR, % L BIRCH AL 10 000 55 -mL™ ALtk , Tl
BRI IR
122 DGGE # A RAMHEX S (PCR) 9741 : SR IHBLER LA T 1 2H DNA il 21200 & 0 il $2 Bob
T A SR R BN Y DNA )5, ﬁmBmRAD%TWMMTMmMQMHKRMﬁ%@DNA%wS
V3 X FF TP, PR A GC M E R PES W GC-341(cge ceg ccg cge geg geg gge ggg gcg
ggg geg cgg ggg gee tac ggg agg cag cag) 5 5S18R(att acc geg get gg) HH17, Hy=WLARF 80 R 2% MIER
BEEE RS FEL UK RN )5 A7 2220 °C vKAR A H o

DGGE BEMHLTK : &5, 705 9.6 mL AR 5341 100% 55 6.4 mL AR 5340 0 Y8R S . 6.4 mL
TRFSM I 100% 55 9.6 mL ARFRSME 0 AR T 2 AR, PRI 80 pL Ayt ek (AP) 5 16 pL
(VY H L 2 — B (Temed) B0 % B3R 2 ANHEIR T, BR800 60% 5 40% HIREEERE, 43 55
N TS L Bl AR B AT RS, o I R S W B 10 pL PCR ¥ 34724 5 5 uL loading buffer -4 5 #E47
JRE. HOR, B S RESE BRI B TR 60 °C ALK, 80 V ER K 13 he Hi Ff HLIK 58 BE 1) Bk
JEAEIA 0.5 pL Je il Ye, ] BIO-RAD BECHE (5 R 404K DGGE LUk 55417 5] . ¥ DGGE HLIk 457
5 A Quantity One #4147 DGGE K 1% 53 #7, IFFIH PAST AW Git#F 5 WPS # 44k BEE 4 K]
LK, AR SZ AN HAR YL F5 N A A TR TR RS A 1 25 5
123 &AM AHEA BIIERBGE YRR A X FEA QR 1 DNA #4700y, P& 4
Ilumina NovaSeq. # %6, KM CTAB EXIHEA 41T DNA #4744, #EHH A Barcode 455149
515F 5 806R XJHEA 16S V4 X ATY 3, AT BON 2% (B RE B 4 T %m#wFﬁHm%%
PEFT IR, HeYk, i FH TruSeq® DNA PCR-Free Sample Preparation Kit 22 5 i 7 & E 47 SCEM &, 4
Qubit Fll Q-PCR & FﬁmedmmmﬁﬁLm%?ﬁﬂﬁ%omF,ﬁﬁﬂhﬂHﬁTMﬁ%ﬁﬁ
PHEAS B 5 i Tags BOHE , 78 25 BR AR BT & 6 2 S35 305 L P 9 I, 76 97% W AR L K F B, Al
Uparse A HEATHAE /225800 (OTU) B, 1853 Qiime FAFAI R #IEXTREA AT REVS ZREME 0¥, Al
X H DGGE 308, 8 1 A 18 6 PN A= 40 T o AR 25 4 110 22 S AR Ae kA T 0 BT o

2 HEREpN

2.1 SEMRAEIAAEMEEEH DGGE 547

2.1.1 REIML A A A A A DGGE ks oA WK 1R IR 2 A X BR A (BIR 4L 0 d)
FMZYL 15 d BOFE S AU AN FE AR RS, (Y% 30 d JE S0P BRI 2 HAS FE IR, 1R Y% 45 d J5 4417
B BE AR — 20N, (HAR YL 60 d J5, A5 MBI/ A2 BELSS o A TR R4 YL A i i 2%
WHCR 2 SRR, RY 15 d SRR S5 BP0 4k, R 4% 30 d J Hgle 550 B B g 1 i HL 2138
g BRI, SRR , HEEGEA e, B A W G S sl s . A

b2b3gc~2c3.d1cr%d3e 2 M ala2a3 blb2b3 ¢l e2e3 cl Eiiifg a
[} i e 1 l|' !!i||“* ’ [l
-1 5_' i1 A I “
B 1 i b B3%

:: SEw
‘“‘“T; 41
Pkt &R
M ARIEH marker. al~a3 J912 4L 0 d; bl~b3 MR Y 15 d; cl~c3 {24 30 d; d1~d3 1R YL 45 d; el~e3 AR 60 d
B 1 REATHS AN A L 20 A A K 108 DGGE 4471 B

- =
Figure | DGGE analysis chart of changes in the endophytic bacterial flora of P. massoniana in different periods

lﬂ
I

8 VPR e



55 38 B 4 1)

TS MABE R SR AR X T R A B AN [R] B AS7 DAY A 40 T A 45 A PO 2

849

FAA TS0, RARRRMART /N, ARRGSHAA S Soe ol Bafl, BIRMXRE.

2.1.2

REHICN A mA AR Z2F S ER0M WE 2 Fin: MTEMEL 05 60 d REASEHE 1Y 2Bl

FEEEf /N, iR 2 205 124 30 d Bt e RAE AT ik 80, KB B BfR M K, AL 60; RYL 155
45 d IREAS S B ORE FE TR 45, WP B 30, Hidh P=0.000 8, /INTF 0.05. FAEF AN 45 2 B i) 8 i AR
FEMGE, BRIZYL 05 45 d FEARR TP EGET 70, 4y 3 AU8dE 802 20, H P=0.089 8, KT 0.05,
R 28 A B0 40 1) o HAORE B /N, BR S AN BB AL, SRR e R AR v (v 80 24 45238 60, H P=0.714 4,

Iolg i

120

100 E
oo | O HQ

40
0 1 1 1 I

P

HEFEE

KF0.05,
120 W 120
100 | 100 F
B g0 F ' 80 |
jindl] jindl]
B 60 | B 60 F
2 4l 2 4t
20 H Q -] 20 |
0 E 1 1 1 0
hAfE 0 15 30 45 60 W aME 0
18 Gt a]/d
A 2

18 Gt a]/d
AR AL EMNAN A SR BN EFAXNE

hAE 0 15 30 45 60
18 Gumsta)/d

15 30 45 60

Figure 2 Box diagram of differences in endophytic bacterial flora of P. massoniana in different infection stages
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Table 1 Analysis of diversity index of the endophytic bacterial
community structure of P. massoniana in different periods
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