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FAINE . S5 H ] CTAB 4 BEZR DNA 3474l
P&, SERNUEY DNA HEFEVK LRSS, B0ifs
53R%4], Nanodrop #rl i G445, B 30 ng 47
PCR ¥ #4™, PCR ¥ ¥4{K % : DNAFESL, 1.0 uL;
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R OTU B H 2 . M4EEl 2b, TEEHHHESSH CZ
R[] Gl A B ) i b A AH R 9 OTU 69 4,
i OTU B9 10.51%, 4 264t d 454 1 OTU
BH RN 120, 79, 66, 454, [FFELL CZ1
FE OTU HIZ .

FEAS PN 21 & ) Chaol 48 % #1 Shannon 8 %( 4t
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x1 FAEFFEROFRIHANARFEES SHEEER

Table 1 Abundance and diversity of endosphere bacteria in different level of disease in the needles of P. densiflora

AbE FEE ZREIESR k= b FEE ZRERR E k&S
Treatment Chaol Shannon Coverage Treatment Chaol Shannon Coverage
ZK1 389.69+43.34a 6.85+0.30a 99.0% CZ1 419.02+49.29 a 6.48+0.85a 99.0%
ZK2 339.33 £ 59.58 ab 6.16+£0.78 a 99.1% CZ2 328.10 £37.21 ab 5.75+047a 98.8%
ZK3 337.10 £ 47.61 ab 5.70 + 0.84 ab 99.1% CZ3 225.56 +27.03 b 5.27+0.63 ab 99.3%
ZK4 218.59+40.24b 445+0.77b 99.2% CZ4 192.50 +26.06 b 4.74+0420 99.1%

E: PR B NIIE + il 22, [FIF A R 3 RN 3 22 7 (P < 0.05)

Note: Values were mean + standard deviation, values within the same column followed by different letters indicated significant differences (P < 0.05).
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W ZK1, CZI1: EMRTIRBEARMEN I ZK2, CZ2: it LA TORBEEr 1T ZK3, CZ3: YUmiiRst it CRBEK B A E MK E =2 —LL

T ) ZK4. CZ4: YSREEAN M CRBEKERE MR E 22— ). ZK1 AaFEFEA AL, CL,
FEREA A3, C3. E3; ZK4 HAFEREAR A4, C4. E4. CZI HAFEHEA B, DI,

F3; CZ4 410u¥hFEA< B4, D4, F4,

El; ZK2 HA$HREA A2, C2. E2; ZK3 411y
Fl; CZ2 A 4%FEAR B2, D2, F2; CZ3 HfufEtEA B3, D3,

Note: ZK1 and CZI: the needles of asymptomatic P. densiflora; ZK2 and CZ2: the asymptomatic needles of infected P. densiflora; ZK3 and CZ3: the lightly

infected needles of P. densiflora (the length of the lesion is less than half of the length of the needle); ZK4 and CZ4: the severely infected needles of P.

densiflora (the length of the lesion is more than half of the length of the needle). Samples of ZK1 concludes Al, Cl1, and E1; Samples of ZK2 concludes A2, C2,
and E2; Samples of ZK3 concludes A3, C3, and E3; Samples of ZK4 concludes A4, C4, and E4. Samples of CZ1 concludes B1, D1, and F1; Samples of CZ2
concludes B2, D2, and F2; Samples of CZ3 concludes B3, D3, and F3; Samples of CZ4 concludes B4, D4, and F4.

B 1 SHHAEEE OTU REMEE (a: SHARIH; b: HIHEZH )

Fig. 1

OTU-based rarefaction curves of bacteria in needles of P. densiflora (a: coniferous and broad-1

eaved mixed forest; b: coniferous mixed forest)
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TE: ZKI1, CZI: &MRIRBEARAARET I ZK2, CZ2: Jfsifh BT BEErit; ZK3, CZ3: st it CRBER BN M KE /b2 —P
T )5 ZK4, CZ4: JpBeEstnt ORBERECNEHE — 2 —Li k),

Note: ZK1 and CZ1: the needles of asymptomatic P. densiflora; ZK2 and CZ2: the asymptomatic needles of infected P. densiflora; ZK3 and CZ3: the lightly
infected needles of P. densiflora (the length of the lesion is less than half of the length of the needle); ZK4 and CZ4: the severely infected needles of P.
densiflora (the length of the lesion is more than half of the length of the needle).

B2 AEEFERTHRREHAAERIELT (OTU) 52 Venn B (a: §HERE M, b: $HATHRIM )

Fig. 2 Venn diagram of OTU distribution of endosphere bacteria in different level of disease in the needles of P. densiflora
(a: coniferous and broad-leaved mixed forest; b: coniferous mixed forest)

L, BPNAS OTU # SR eiy fesr, Hak s ih
LY 5 /N S 0y 587 W N 52 N Aok L e
3 Z—LU R RN ET I B B R BT
Z—V LW E I, BEE RGN, R
IS E ST PN E 222 d e N i) R

22 WEITKENRBLBEAR ST

B EIEZE, e 28 . 69 4. 205 4
J&o TEN KL (8 3a), ASEE] (Proteobacteria )
di b, ZrATE 4 R T 55.39% . 62.89% .
38.53%. 71.42%, ZRIETR 1 RHEH M N A A AL
PRHE, HAEFEARTAAX FEAEER . ZK1 P
FERS = BERE 5 T TR A TR ] ( Actinobacteria )

TEAHIRIRASH T, Xt 679 4~ OTU #4717, 491 (11.42% ). FRFFHET] ( Acidobacteria) ( 8.09% ).

a b
100% 100% r
90% 90% I
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30% B p_Chloroflexi 30% t B p_Gemmatimonadete
| p_Nitrospirae m p_Chloroflexi
20% f p-Hosp 20% | P
W p_unidentified m p_Planctomycetes
10% [ ® p_Planctomycetes 10% ® p_Chlamydiae
| Other W Other
0% 0%
ZK1 ZK2 ZK3 ZK4 CZ1 CZ2 CZ3 CZ4

IE: ZK1, CZI: EWRICRIEARIAMEIT; ZK2, CZ2: Jiafcth DIJCRBEE 5 ZK3, CZ3: JuRBishnt CRBER AR E =02 —L
T )5 ZK4, CZ4: JYRBEE RPEKENE M RE =2 —PL ),

Note: ZK1 and CZI: the needles of asymptomatic P. densiflora; ZK2 and CZ2: the asymptomatic needles of infected P. densiflora; ZK3 and CZ3: the lightly
infected needles of P. densiflora (the length of the lesion is less than half of the length of the needle); ZK4 and CZ4: the severely infected needles of P.
densiflora (the length of the lesion is more than half of the length of the needle).

B3 ARFREEFRETHRLHMAEBMEETKFHRE (a: FHERITMH; b: $THEIIM )
Fig.3 Bacterial phyla from endosphere bacteria of different level of disease in the needles of P. densiflora
(a: coniferous and broad-leaved mixed forest; b: coniferous mixed forest)
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= Other m Other
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ZK1
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Cz1
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Cz4

e ZK1, CZI1: SRICWBERFAI AT ZK2, CZ2: Refisifs DIICHBEAT M ZK3, CZ3: BUietmt WP B M KE =z —1
T); ZK4, CZ4: G shmt ORBERBEREH M KRE 2 — ).
Note: ZK1 and CZI: the needles of asymptomatic P. densiflora; ZK2 and CZ2: the asymptomatic needles of infected P. densiflora; ZK3 and CZ3: the lightly
infected needles of P. densiflora (the length of the lesion is less than half of the length of the needle); ZK4 and CZ4: the severely infected needles of P.
densiflora (the length of the lesion is more than half of the length of the needle).

4 AEREEFRETHRUEHNEBEERAKEAR (a: SRR b: SHER M )

Fig. 4 Bacterial classes from endosphere bacteria of different level of disease in needles of P. densiflora
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(a: coniferous and broad-leaved mixed forest; b: coniferous mixed forest)
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g_Mycobacterium
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g_Rhodobacter
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g_Lactobacillus
g_Endobacter
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g_Kroppenstedtia
g_Methylobacterium
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g_unidentified

e ZK1, CZ1: SRRICWBEARFAI AT ZK2, CZ2: Refisifis LITCHTBEET s ZK3, CZ3: BYBRermt ORBER BN M KE =2 —L
T); ZK4, CZ4: G Ermt ORBERBERE M KE =2 —U ).
Note: ZK1 and CZI: the needles of asymptomatic P. densiflora; ZK2 and CZ2: the asymptomatic needles of infected P. densiflora; ZK3 and CZ3: the lightly
infected needles of P. densiflora (the length of the lesion is less than half of the length of the needle); ZK4 and CZ4: the severely infected needles of P.
densiflora (the length of the lesion is more than half of the length of the needle).

5 FARFREEFRETHRREHHAFAEEAFEAR (a: SR b: SR )

Fig. 5 Bacterial genera from endosphere bacteria of different level of disease in needles of P. densiflora

(a: coniferous and broad-leaved mixed forest; b: coniferous mixed forest)
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F BB T A )R BE B T ( Firmicutes )
(132.60%) . MRFFEETT (6.72%) . JHZHEI]
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WA RETT 2, ¥WHBIRET. BRI E
T VRERREA T VRO T IR, AH = TE
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B-A% JE T 49 ( Betaproteobacteria ) Al y-8 JE [ 24
( Gammaproteobacteria ) [ Lt 435124 10.05% Fl
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Note: ZK1 and CZI: the needles of asymptomatic P. densiflora; ZK2 and CZ2: the asymptomatic needles of infected P. densiflora; ZK3 and CZ3: the lightly
infected needles of P. densiflora (the length of the lesion is less than half of the length of the needle); ZK4 and CZ4: the severely infected needles of P.
densiflora (the length of the lesion is more than half of the length of the needle).

Bl 6 FRMFTHAMBERFERS D (a: $HFERIZTHK; b: $HHHEZM )
Fig. 6 Principal component analysis of endosphere bacteria in needles of P. densiflora(a: coniferous and
broad-leaved mixed forest; b: coniferous mixed forest)
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Endosphere Bacterial Diversity within Mixed Forest of Pinus densiflora
Infected by Different Incidences of Sphaeropsis sapinea

XIE Xian', LIANG Jun'?, ZHU Yan-peng®, SHI Liang*, GAO Yan?,
ZHANG Ming', CHENG Yuan', ZHANG Xing-yao'”

(1. Key Laboratory of Forest Protection of National Forestry and Grassland Administration, Research Institute of Forest Ecology,

Environment and Protection, Chinese Academy of Forestry, Beijing 100091, China; 2. Kunyushan Forest Ecosystem Research Station,

Yantai 264100, Shandong, China; 3. Chinese Research Academy of Environmental Sciences, Beijing 100012, China)

Abstract: [Objective] To reveal the endosphere bacterial diversity and community structure of needle leaves of
Pinus densiflora under different disease levels. [Method] High-throughput sequencing technology was used to se-
quence the v3-v4 region of the bacterial 16s rRNA gene, to determine the diversity and community structure of endo-
phytic bacteria of P. densiflora under different disease levels. [Result] There were 388 587 effective bacterial se-
quences in needle leaves of coniferous-broadleaved mixed forests, totaling 679 OTUs, belonging to 28 phylum, 69
classes and 205 genera. There were 336 600 effective sequences of bacteria in needle leaves of coniferous mixed
forests, totaling 656 OTUs, belonging to 29 phylum, 65 classes and 190 genera. In the coniferous-broadleaved mixed
forests and coniferous mixed forests, the endophytic bacterial diversity of the asymptomatic needles of P. densiflora
was higher than that of the infected needles. The predominant genera of endophytic bacteria in the asymptomatic
needles were Massilia, Endobacter, Bryocella and Sphingomonas, and the relative abundance of Lactobacillus, Bryo-
cella, Endobacter, Methylobacterium and Singulisphaera increased in infected needles, while Massilia and Sphin-
gomonas decreased. The bacteria in coniferous needles with severe infection were distinguished from that in sympto-
matic coniferous needles and light infected needles. [Conclusion] The infection of S. sapinea affects the abundance
of endophytic bacteria. The endophytic bacteria of the two type of mixed forests are consistent with the trend of the
effects of S. sapinea, and the endophytic bacterial diversity in needles of P. densiflora is decreased gradually with the
level of blight in the mixed forests.

Keywords: Pinus densiflora mixed forest; Sphaeropsis sapinea; bacterial diversity; community structure
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