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Wy SO R s D TR RS O P TR 4202 A ) 1) A=
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KA, IFHAEF PR, R NA Y
i 25 T AR P9 A TR R A B 1) Bh S P

MW &L (Nicotiana tabacum L.)J2&F% [ 5 £ ) 24
CEAEYr, L2 7Y me b DR R IR ST B0 1y 2l A
SRRV, 2 MR RN N AR BRI, AR TR
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PEMRARE ST | fRUERTY) R A A K IRy 2k
M AVEERIE , QBT Sl K326 JHEL
¥ rh o3 B 4 € R BRI BT (Pseudomonas) . 12T
J&(Pantoea) . FF%HMITE & (Stenotrophomonas) . %
HAT & (Bacillus) . STH & (Cupriavidus) ™ ;
AR SELE SRR ol 85 RG11, K326, K346, G28,
NC89 FNELLAE K4 JUMH B b5~ v 45 73 1 B8 5 1 2
FRUFT 5 I8 A - S5 AT B I8 (Agrobacterium) "5 F
BOATFN K326, =4 87, NC82 FIiffi4H 3 545
Fh o B H N AE AT 60 Bk, JFIE % E 3tk
SIEPUER . T EREARRE T R B AR A R AR
FMIAT & (Pseudomonas) HTE"" . UL FHFZE 4R
PR3 B3GR 0y R AR R B R N AR TR, I
PR B AT RE SR BN, XA W] 85 55 2 4 TR
Z 1. CA TR AE IR A5 A P Fh 2
B SR M B 0.1%-10%", 16S rDNA
PCR 4" 14 Iy W0 5% LR W) 22Vt i DL
W, AT LAELS WA IR TR R 2 A A AR,
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751 AN [ St ¥ G X 7/ K8 L S (S S
F Mlumina =538 200 7 X640 5D P9 A 20 1 8
GO A WARGE . ABFFE LUR R F 3% 5 Fl K326, =
M 85 MMl 87 Wy H U EFp ¥ A0k, R
Ilumina = 38 2 P 7 F A 5% 0 5 b 1 A 20 TR
RER SR Z e, BT — 20 1 i A =i 1
AR AR RIS 2540 5 2 FEE, A e w5
DAL A TR 198 03 R A 5 AR R LA R 35 35 A= ) B 44
S EER .

1 HRA i

1.1 HERT

K326 Flz 4 85 #RAH, H 5 M4 MR ARl bt
FEBE 2016 4R B HMEE, K&EWE; =M 87
BRAICH 2016 4F H BIREFR, ZKBEERT, Irf
P ¥-37-80 °C Ik IR, #4707 & T shn A
KK ofk, EBRFWE VR LEMEEY), BUEES
FFpF 10 g, FH 75%M0RETH EE 30 s, FH 2%k
RNV CTH B 2 min, $5Je FJCHUKIEDE 3 W, H
R — R BIBE IR AT NA BUIEREFR3E, B
TIHBEE A, HEETE RN TN T — 55k
at, BN SRR 3 IRAEIEE S L LR K326 Fh TR
5o K326-1., K326-2 Fll K326-3; 74K 85 Fif
FHEM RS Y85-1, Y85-2 Fll Y85-3; A 87 A
TREAG S Jy Y87-1, Y87-2 Fll Y87-3; it 94
R
1.2 JHERF & DNA HHRE

BUNBESERMFNT S g, ¥ 2 AR Pt
J# , %1 E.Z.N.A.® Soil DNA Kit i & (1l T2 [
OMEGA A RIS DNA, FH NanoDrop2000
R G T 36 [E Thermo Fisher Scientific
SRR EE DNA MR BEFIZERE | Apeo/dase [HEEK
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1E 1.8-2.0 Z[f],
1.3 MHEFF 16S rDNA SCEME K58 &I F

DL F & DNA Syt , #5149 779F (5'-AAC
MGGATTAGATACCCKG-3")#il 1193R (5-ACGTC
ATCCCCACCTTCC-3") Xf 4% #£ i 3% [H 41 DNA
V3-V4 X347 PCR P4 , PCR LW AKZ (20 pL):
5xFastPfu Buffer 4 pL, 2.5 mmol/L dNTPs 2 uL,
5 umol/L | R4 0.8 uL , FastPfu Polymerase
0.4 uL, BSA 0.2 uL 1 DNA #i4Z 10 ng, ddH,O
HEZE 20 pL. KRN KRE T ABI Gene Amp”
9700 %! PCR {54 14, PCR Fe i &1 95 °C
3min; 95°C30s, 55°C30s, 72°C45s, 304
¥R ; 72 °C 10 min, PCR P22 B ik 0] 45 2 &
ZE R O PCR r”#H] QuantiFluor™-ST % {4,%¢ )%
T ARG (T Promega 23 m))iEA 146 2 & o A1
TruSeq™ DNA Sample Prep Kit [alit4lifk, PCR 7~
Y1, Tris-HCI VR, 2%BhU Nt 8 I Ha kAl PCR
R, KR R IR A E R E
FRNT], K Hlumina MiSeq M 73 & #6470 7
F7 16S rRNA (.
1.4 WIFHIELE S5 5HT

W45 2] 1 I iR B ] Trimmomatic 3K
Fids, (] FLASH BT P82, & 50 bp 1)
W, KBRCEERRALTE 20 bp MIFHIEHRT
H, FEEBRBEE KB T 50 bp 745 AlEE
BN W e A AT 9, 1 8RR Overlap K
/NF 10 bp BAEEC LR T 0.2 BYF5, ARIE 1
FEWiui ) Barcode 15 |9 X A% i FE R & 1y 41 7
1], Barcode FRiFHIFSHECECH 0, F K5 |WEEHCEL
2, BRSO T ], 13RI T A .

f#i F§ UPARSE #{4:(version 7.1 http://drive5.
com/uparse/), R 97%HIFLEE XS F 41 iE T OTU

R, ERENLBR D EBRBFIIFIREIR, £
A OTU #4% . F|H RDP classifier (http://rdp.cme.
msu.edw/) X} B 5% 7 50 BEAT P R RS, XS
Silva 208 7(SSU123), % & H AT E{E N 70%.
DIEALIT 5155881 o 281464 Shannon
F8HC. Simpson %1, Sobs F5%4 . Ace $6§%%. Chao
FREE AT o ZHEME3 4T (1 FastTree (version
2.1.3 http://www.microbesonline.org/fasttree/) #3 $i&
I R RISR Ay @ kAR, SR 5 FIH FastUniFrac
(http://UniFrac.colorado.edw/) 73 #1152 A 4 [A] i 25
T INE, ST B AT AU RIES
PCA it 1R, HEAT RS 0 HT HLAERT: i E] Y
25, AR T BRI R R N A A R RS 1 5
ZFeVE . UL A e B SE S A Y R AR A
BN F]l 1-Sanger A= {5 = M 3l °F- 5 (http://www.i-

sanger.com/project/index.html) 5% i

2 BRMAHN

2.1 MHEFPF 16S rRNA 5 FF IR EE
A 3 4 9 ANRESL, BEE T AR
o, FEARBIMAIE T %, Y reads $UE
1000 B, 0 £ s s B AN (A 1), FBAYO Fr
B4 PR, REfS A o6 0 R RN o4 AE 20 T VR TP
Y R ZHCPFN, AR SEIG I 0 R B A A B
DTHRIEAR /N
2.2 WAHEEEERE

SR LB, AT 9 MAEAILTE 3
128558 s it J 741 BE, 50788993 Mgk, H
— R R AIEE 10575-19651 22 18], FF4F-1y
K4 395 bp, Hid K326 189 3 RE 3153 39033
S R PA R BE, 15421155 R, B—FES
FE 9 B0E 10575-16618 2k 2 0d], ¢ 5 K & 1
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277-402 bp Z ] ; =40 85 1y 3 ME S HE5 3 45464
SR PSR BE, 17957228 ML, BA—FEA
Fe A ECAE 11406-19651 4k 2 0], ¥ 51 K B 78
285-411 bp Z[8] ; = 4H 87 1) 3 LML FEA5 5 44061
R PR BL, 17410610 AL, BA—FE A,
FEAECAE 11944-17347 S22 00, ¥ 50K B 78
281-422 bp ZIf],
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Figure 1. Rarefaction curve (Shannon index of OTU
level). K326, Y85 and Y87 were the tobacco seed of
cultivar K326, Yunyan85 and Yunyan87, respectively.

2.3 PR OTU B4
1E 97%*5@&*7](%%#%?%&% OTU %
25, 3 AR E RN A A A E AR T A

1. 13449, 29 A~H . 61 FL. 107 & . 140
ARl 1724 OTU, FoHr, K326 1 3 AMFEah S
ERFH S AT 94N, 20 10H . 34 AFF 594
J&. 79 AFl. 994~ OTU; =4 85 1Y 3 ANk 3t
YEM TN 134499, 26 1~H L 50 4AFFL 90
ANJE L 122 4Ff . 149 4~ OTU; =4 87 i 3 VEE
A MEIR 7 AN 13 L 27 AN H L 56 R,
89 MM&E . 111 MFh. 133 4~ OUT (3k 1)

Venn B4 R EWI(& 2), 7EJEF1 OTU /K
Vo, B 85 FI M 87 By N A= 4 TR Y & OTU
FIECE AT, Jm T AR K326, MU, dhFh s
85 MM 87 FhrAEsn N AE AN APSE L K326 1)
%, K326 FhrH iy NAEMEFRILT M 85
HERETE, A 1A R OTU, 3 Al 2
THAEERE S, A WEM OTU ¥ & T3
— AP
2.4 WAEZHE SRR

Alpha ZHEHESEXT RAEAS I 2R 04T
I — RG22 4840, Shannon. Simpson
B WLRE Y% Z A PE(Community diversity); Sobs .
Chao . Ace 5 % /i W ¥ 7% += & J& (Community
richness); Simpsoneven . Shannoneven ., Smithwilson
8 B [ mh B 7% 2 5] i (Community evenness) ;
Coverage T % Jx B #f ¥ 7 ¥ J¥ (Community

coverage).

F1. 3 mMEEHTFREMAERRESEKFELE

Table 1.
taxonomic levels

The total amount of endophytic bacterial communities of three varieties tobacco seeds at different

Taxon Domain Kingdom Phylum Class Order Family Genus Species OTU
K326 1 1 5 9 20 34 59 79 99
Y85 1 1 7 13 26 50 90 122 149
Y87 1 1 7 13 27 56 89 111 133
Total 1 1 7 13 29 61 107 140 172

K326, Y85 and Y87 were the tobacco seed of cultivar K326, Yunyan85 and Yunyan87, respectively.

actamicro@im.ac.cn
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Figure 2. Venn diagram of endophytic bacterial communities of three varieties tobacco seeds. A: Venn maps about
endophytic bacterial communities of three varieties tobacco seeds at the level of genus; B: Venn maps about
endophytic bacterial communities of three varieties tobacco seeds at the level of OTU. K326, Y85 and Y87 were

the tobacco seed of cultivar K326, Yunyan85 and Yunyan87, respectively.

Alpha ZFHEFEECE R, 3 AN FPRh T 55
FEF58 %1 (Coverage index)3I7E 0.99 LA |, FEHMF
B L0 S e AR AR TR I 2 AR . 2RISR
¥ (Diversity index)i/~, bl K326 Flz 4 85 Ff
THNAEMAREZ RS m T oW 87, FEEE
#(Richness index) B/, zHl 85 1P AE 40 TR ¥
Ve W B AR, K326 Bl TR dh N AR A RS F
K. YA 8 %(Evenness index){d/~n, K326
M 85 FhF A N AE M RF R I S R & T

i 87 (% 2). OTU 7KF- Shannon $E41FE M,
3 AR R R N AR AR TR 2R EIR O =
i 85>K326>7 4l 87(FE 3)
2.5 WAREREREA G DT

TEN K-, 3 AR 1 N A AR R PR 25 A
WARL, AT b1 N A AR R P A DL 1172
JETAEI 1(Proteobacteria) . TR J(Actinobacteria)
JERETR [ 1 (Firmicute) R WUAFTR [ 1 (Bacteroidete) . %
JEW e T K326, =4l 85 FI=4H 87 Fi+

R2 3IMEEFFALEMAE Alpha ZREMEIEE(OTU level)
Table 2. Alpha diversity index of endophytic bacteria of three varieties tobacco seeds (OTU level)

) Richness index
Variety

Evenness index

Diversity index
Coverage/%

Sobs Ace Chao

Shannoneven Simpsoneven Smithwilson Shannon

Simpson

K326 87.33+1.15 95.92+4.03

95.84+4.51 0.719+0.007 0.156+0.008 0.519+0.003 3.213+0.038  0.074+0.004 0.999+0.0005

Y85  125.67+£11.59130.92+9.38 128.90+9.21 0.756+0.005 0.197+0.005 0.512+0.002 3.651 £0.0067 0.041+0.003 0.999+0.0004
Y87  99.33+11.85 108.75+£10.30 106.51+9.89 0.460+0.027 0.032+0.006 0.512+0.002 2.114+0.095 0.317+0.031 0.999+0.0002

K326, Y85 and Y87 were the tobacco seed of cultivar K326, Yunyan85 and Yunyan87, respectively.
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Figure 3. Alpha diversity index (Shannon index of
OTU level). K326, Y85 and Y87 were the tobacco seed
K326, Yunyan85

of cultivar and Yunyan87,

respectively.
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Vi JE (Delftia) . 4 KT )& (Chryseobacterium) . Jo
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Figure 4. The relative abundance about endophytic bacterial of three varieties tobacco seeds at phylum level.
K326, Y85 and Y87 were the tobacco seed of cultivar K326, Yunyan85 and Yunyan87, respectively.
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Community barplot analysis
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Figure 5.

The relative abundance about endophytic bacterial of three varieties tobacco seeds at Genus level. K326,

Y85 and Y87 were the tobacco seed of cultivar K326, Yunyan85 and Yunyan87, respectively.
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JERT 30 JB A A B oL B 6 LIy REAZHIRER
WEIR, BASBI 3 AR ERAER S — 14
W, REVEASEFI 3 RS IR S5 S UK
AL, SRR K326 M 85 Fh TR 2B 40
VR 450 5 BB AR L, SR — AR5,
oA 87 5 FLAth SRR P A A PR S5 4 5 4 AR
FERR 225, PR — D030, FEREL
MBIFNZ IR o, =F B A 0 TR R A7
— o M 87 R JE A A 2 DRI A2 S
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Figure 6. Heatmap of the relative abundance of genera identified about endophytic bacterial of three varieties
tobacco seeds. K326, Y85 and Y87 were the tobacco seed of cultivar K326, Yunyan85 and Yunyan87,
respectively.
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2.6 JEERTHA BT

OTU 7K T B it 2 A P13 o B 28 R 25 2 i
e it ) PN A R R TR A5 5 R 25
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ZM 85 Z IR KR ESR

i 1 KL T Bray-Curtis J1 2 A9 PCoA TR

A SRR R AR A R A, 8 UK,
TEJRKF-, 45 1 FR4r PCLFISE 2 FA45 PC2 X
RESHITTER R BR 74.62% . 14.37%, 2504
RN AR R S5 E 2R R, H PC1 1Y
SRR KT PC2. WA TR 9 NFhTRE
MR =2, BRSO 2, Hip, K326 5

ZHA 85 B ] (A E B AR /IN, T 43 501 5 = 4 87
RS Z AR R 22 5. /8 PCL IFERT R, b
Fhz Al 87 FhFHESL S5 K326, =4 85 MBS i
¥, PC1 BiE M= 87 Fh1 N AE MR B I5 8 5
oAl SR 25 Sk ) BN 7E PC2 IIFEH]
T, AnFl K326 FlFHEG R0 85 B4 i 22 1]
WAAAE—EM R, PC2 21k K326 FIz /i 85 Fh
THAMERR 2R FERER,
2.7 16S TIRETM

FIH] KEGG Orthology (KO ZEF1 COG %
PR XS 3 AN SR IE R RN R S N AR AR OTU
SR A FER, BEAT PICRUS 3[R Tl . 45 SR F 0
3 ShEPFR T AR KEEG A5 B = 2 A A
L, FFE A R A B(44.44%-48.11%), H
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Figure 7.

Endophytic bacterial of three varieties tobacco seeds distances heatmap at OTU level. K326, Y85 and

Y87 were the tobacco seed of cultivar K326, Yunyan85 and Yunyan87, respectively.
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Figure 8. Principal coordinate analysis of endophytic
bacteria of three varieties tobacco seeds at phylum

level. K326, Y85 and Y87 were the tobacco seed of
cultivar K326, Yunyan85 and Yunyan87, respectively.
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Community structure and diversity of endophytic bacteria of
tobacco seeds
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Abstract: [Objective] In order to study the endophytic bacterial community structure and diversity of tobacco
seeds. [Methods] The V3—V4 region of endophytic bacteria 16S rRNA gene of three varieties tobacco seeds was
amplified, and the amplified fragments were sequenced using Illumina MiSeq high-throughput sequencing
technology. The endophytic bacterial community structure and diversity of three varieties tobacco seeds were
analyzed. [Results] We obtained a total of 128558 high-quality sequences in V3-V4 region from three varieties
seeds, and the Shannon indexes varied in the range from 2.03 to 3.73. The endophytic bacterial community
diversity indexes of K326 and Yunyan 85 were both higher than that of Yunyan 87. Proteobacteria, Actinobacteria,
Firmicute and Bacteroidete were the dominant bacterial phylum of endophytic bacteria of three varieties tobacco
seeds. The total number of endophytic bacteria genus in three varieties tobacco seeds was 27. Pseudomonas was the
most dominant genera of endophytic bacteria of K326 and Yunyan 85, Escherichia-shigella was the most dominant
genera of endophytic bacteria of Yunyan 87. 16S function prediction revealed that a large amount of beneficial
function information about synthesis of proteins, nucleotides, sugars, coenzymes and metabolites showed higher
abundance in tobacco seeds. [Conclusion] The diversity of endophytic bacteria of tobacco seeds was rich, the
composition was basically similar, but their abundances showed some differences. Potential beneficial bacteria
presented in seeds included Pseudomonas, Paenibacillus, Rhizobium, Massilia, Luteimonas, Salana and Lelliottia,
which have a large number of beneficial metabolism-related functions. These research results could provide some
reference information for the functional research and utilization of tobacco seed endophyte and biological control of
seed diseases.

Keywords: tobacco seed, endophytic bacterial diversity, Illumina high-throughput sequencing, community structure
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