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Abstract: [Objective] Endophyte and rhizosphere microorganisms of tea plant not only play an
important role in the fermentation of Pu-erh tea, but also promote the growth of tea plants and induce
disease resistance of tea plants. Studying the community structure and their relationship can provide a
theoretical basis for the development and utilization of microbial resources. [Methods] In this study,
we sequenced the 16S ribosomal RNA (16S rRNA) gene of bacteria in tea leaves and rhizosphere soil
by high-throughput sequencing technology, analysed the community structure of bacteria in tea leaves
and rhizosphere soil. [Results] The results showed that endophytic bacteria in tea leaves were mainly
composed of 76 genera, belonging to 9 phyla. Among them, the phyla with higher relative abundance
were Firmicutes, Proteobacteria, Bacteroidetes, and Actinobacteria. At the genus level, the genera with
high relative abundance were Lactobacillus, Blautia, Faecalibacterium, Pseudomonas, Rhodococcus,
Bacteroide, and Prevotella. Rhizosphere soil bacteria were mainly composed of 198 genera, belonging to
10 phyla. The phyla with higher relative abundance were Proteobacteria, Chloroflexi, Actinobacteria,
and Acidobacteria. At the genus level, the high abundance genera of bacteria in rhizosphere soil were
the same as those in tea leaves, but the relative abundance of the same genus was different in the two.
The abundance and diversity of endophytic bacteria in tea leaves were significantly lower than those in
rhizosphere soil, but more than 50% of the endophytic bacteria were also identified in the rhizosphere
soil. [Conclusion] Our findings would provide a basis for the bacterium-based strategies in bacterial

manure and Pu-erh tea quality.

Keywords: tea plant; endophytic bacteria in tea leaves; rhizosphere soil bacteria; 16S rRNA
sequencing

HH(N22°0224.50", E99°09'102.19" T J™%€, HIGHEE, NAM A KMt 715 K
HOE PO R R, M ARIE ISR, IR AE SRR B R A D T B R,
376-3 306 m Z [0, M TZMIE . kT H  WRERPEEREM K Z—, UEEHRESA,
WA AR, TEAGARS S, A1 ZRENERNE 2 120 km?, A8 WBCE R, H
Sl 15.0-20.3 °C, REF/THLIXH TR, & AT BB AN SRR, itk et i

P4 actamicro@im.ac.cn, 7 010-64807516



FHES | MAWER, 2022, 62(2)

705

IR IR

TN R AN R A S R G A
B, TERIA R R, 5HEYIE
MRS A RN, KE R, MY N
AEMEMEEE . RS, AEUE Y
KB SS9 B0 . o, mdrgmER Y,
FW (Camellia sinensis) h 24 RAMY), H
KA, 2 KB SAEmEER, B
TOPRR R N A AN DA TR, PN A AT AR
R A A, 28 iR S KUK B ) B A
FAPY, 63 5810 3 T A5 A AN 3R B h i
YIRIWETE R, S R IR UK T8 B 25
WAERS S kKB EEAE ., EEAEIE
WRHT, AR ZF AT AR T 25 e HE R T
PP, W] A M . 2R 4
REGATER A, I b s SR Y B
PR, XSS R R XU A T i o 2
PIVE

RN EAEMEE L, Rt E, T%
VR F AR HEREET, AR TS
IR AP AT AAE ) o B PN 2B A B R TEKS A
B TR A E AEYFIhRE, T RIERUE
P T I, DA R AR S AR P A0 R
TR AT IR gT 25 P10 Rk, FRRR AT R
2 TR AR LA s 240 R R 22 A O R I 0 L
R AN, ARFR AR X A AR K &
HEREENER, AR ERNY, S 45
GER LA BB . A R o A ALY
YER, RERE A RO 2R PR, (k2R it &
. A RO . b R EEE RN
w07 05 FEUIR T R, ZERIAR B A R T
AR AR A Bt SRR T R 4 R A TRV o
PRI, T 25 AR B 40 oA 7 1) Z2 AR 2R
X ARE R B RE TR ATE B T R E o B SR .

HAr, MEAMNEFRMHRCHRZ, F

BLAE P AT B IR AN T A 43 B S5 5 IS (14 T
e B of P A TR R R 22 B S BT RN ) R
WEW TR SR AAEA R, RAMES s %
E 7 1 AN 8 S T w855 57 G U 4l 8 R 0 R
Yy, WIS A EA em b REE . ek
AN N A AT I WE ST R R, R AR i i A 9%
P, ASCRTIGNTE 16S AZBEA RNA JEH(16S
rRNA)Y 38 70 e i A 6 34 V5 X245 - A P A
20 TR T AR o - 9 20 TR ) TR R 25 R R AT L A Ay
B, RIS AR 0 B B RT BE SR IR . X Ry i —
A WFFEA I VAR TR L S RN 1 2 AT
K RVE ISR oMK BT
AU AR BT L B ARSI T R AR R

WEERE

1.1 #HEXE

AR R AR bR HIEREAT 2019 4F 8 )
K H = A H T B A (22°75'41.2"N,
100°87'78.7"E)HHLAE iy L1 A LA el Hedth . Hi -
BIHEAR 13049 m, FvER 2R/, R
i 17.80 °C, 4EFE/KE 1330.00 mm, HEH
B 130 hm?®, 6 LA FEACRINS B 6 L1AR Br
TIEREARR B 6 RPN E, FBALE R
FERRL R 500 m®, Z5B LA h = K=
Pt 10 5o R 5 SUEBFEE, BAEARH 541
FEARIR A, B PEA B ARG 3 AN EYE
I, IR ESL %, 80 °C IRAEFH,
I A A Y [ S 36 = AR TR B A P
1.2 {UEEFNFEM

PowerLyzerTM 24 Bench Top Bead-Based
Homogenizer ZRFEFEE % 75 (TR T & b EFH
FBR/AF]), Vortex-Genie™2 I8 iE{% (MO BIO %%
Z 13111-V-220), A ELHL(TIANGEN B
1795), #E¥%5#(SI KIS G560E), 96well PCR {X
(AB #l%5 9002), 24 fLEZ5.>HL(EPPENDORF #!

http://journals.im.ac.cn/actamicrocn



706

Wang Qiaomei et al. | Acta Microbiologica Sinica, 2022, 62(2)

5 5424EQ766751), PowerSoil® DNA Isolation
Kit 2 71 & (BRI T2 0 Pk BB A BR A
12855-50), AxyPrep DNA #¢ it Il Wi ik 7] &
(AXYGEN /A7]), KOD FX Neo (TOYOBO),
1.3 MhEZEESRERELE DNA 28

M 75% RS R #L 1 min, JCRZK ML
3, B 5% (A AR UK E IR Bl 3R T B
5min, JORKMYE 3 e AN HEAES K
Z& R PowerLyzer 24 Bench Top Bead-Based
Homogenizer B B O & & 25 17 0F S,
PowerSoil® DNA Isolation Kit is#] &34 7 7/
PRAL R 25 R 53 ol PR B B i SR s - B A TR
SN2 DNA, 1 1%35 B e B Uk K I DNA
PR .
1.4 16S rRNA EEFFIH & &M F

F PR HUR B DNA 1E B, R 4151499
WHMERE R B 1), PCR ¥ IERN
(50 pL)™. MM DNA (250 K 1 P A= 41 i
DNA 50 ng, HFr+3E DNA 10 ng), L5149
(10 pmol/L) 1.5 pL, FUFE514(10 pmol/L) 1.5 pL,
KOD FX Neo (TOYOBO) 1 uL, KOD FX Neo
Buf (2x) 25 yL, 2 mmol/L dNTPs 10 uL., ddH,O
#ZEEARF 50 pL, PCR W 4R 95 °C
5 min; 95°C 1 min, 50 °C 1 min, 72 °C 1 min,
35 MEFR; 72 °C 7 min. I 1%
BEEE S FEL UKAS I . PCR 47748 K e T4 | 13t
Al EY EERR AR A SR, WFFEEHh
HiSeq 2500 “F-4 .

1.5 HiESH

JFLASH v1.2.7 B BEAT U0 1 Fr 41 9
$%, A Trimmomatic v0.33 #f4:5: € Raw Tags,
Fl UCHIME v4.2 {4 L BRik &k . i Usearch
AR AU TE 97%7KF- T (1 Tags #FATHRE
345 OTU (operational taxonomic units), Ff:PA
SILVA 275 $U4i PE X RRAIE 7 91 04 T 40 22 0
B o A QUME AL BUAS R 23 28 7K1 1 )
FER, FIH RIET T ELE RS &0 IE
KT ROHETE 254 . ] Mothur (version v.1.30)
4T alpha ZHEME2 7o

2 BERXR504

2.1 FMESRREEIRMAMENFFTIK alpha
ML

ASAEACI P IR 420 621 S5A BUT 41,
IR 407 bp; ALER LR AL RS
393 136 A RUFHI, IR 413 bp. KAL)
& = 97% A &% e 51 kA7 Al 48 AE 4r 28 Bt
(operational taxonomic unit, OTU)®RJE, A4
AAERAR 1018 4~ OTU, HBR3KAH 5 898 4~ OTU
(% 2).

M SARPR T AN TA Y alpha ZHEVETEEL
25 ¢ KB JS A AHTA) 22 S 1 s o e TR,
ZXIF ) ACE. Chaol . Shannon Fl Simpson $§ %%
AR E AR T AR 44 7 . Chaol FiI ACE
BOR T R A 5 R, SO B e 0 B 4 TR Y
FE K ; Shannon Fl Simpson $5 %A T i &

%1 PCR35IY

Table 1 PCR primers

Items Primer names Sequences (5'—3") Target genes

Endophytic bacteria in tea leaves 799F 5-AACMGGATTAGATACCCKG-3’ 16S rRNA (V7-V9)
1193R 5'-ACGTCATCCCCACCTTCC-3'

Rhizosphere bacteria of soil F27 5'-AGAGTTTGATCMTGGCTCAG-3' 16S rRNA (V3-V4)
R1492 5'-TACGGYTACCTTGTTACGACTT-3'
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Table 2 Sequence abundance of bacteria in tea
leaves and rhizosphere soil

Sample ID Effective reads  AvgLen/bp  OTUs

Leaf
Leafl 72 258 407 176
Leaf2 72263 407 163
Leaf3 59 551 408 155
Leaf4 72 188 407 169
Leaf5 71 850 407 175
Leaf6 72511 407 180
Total 420 621 407 1018

Soil
Soill 65 341 413 1 003
Soil2 66 457 413 999
Soil3 66 209 414 1010
Soil4 65 426 413 976
Soil5 64 754 414 956
Soil6 64 949 413 954
Total 393 136 413 5898
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Alpha diversity index of bacteria in tea leaves and rhizosphere soil. A, B, C, D represent ACE,

Chaol, Shannon and Simpson analysis, respectively. ** represents P<0.001.

http://journals.im.ac.cn/actamicrocn



708

Wang Qiaomei et al. | Acta Microbiologica Sinica, 2022, 62(2)

B Spirochaetes

B Fusobacteria

[ Tenericutes

Bl Cyanobacteria
W Epsilonbacteracota
W Actinobacteria

Relative abundance
(=)
i

Il Others

5 WPS-2

B Bacteroidetes
B Firmicutes

[ Verrucomicrobia
B Planctomycetes

0'4 W Gemmatimonadetes
’ Proteobacteria | Actmobact'erla
0.3 B9 Bacteroidetes -Chgoroﬂexl )
0.2+ B Firmicutes 0 Acidobacteria
0.16 B Proteobacteria
0.0
& 0 L = a o X v 2
§ T § % § % 2 3 3 % 3 73
2 3 2 3 3 A A A A %) %)
©) D) 40 E) go .
_ 40 e m[eaf mSoil
© 757 % S
= Q L
2 607 2301 2 60
S S =]
ERY! E g
5 220 2 40
S 30} s °
0 > =
.% 15t '510' ;520'
= < o]
£ 0 & &
A0 (05 105 & 08 keSS U ¢ A A0
10 C\e‘ ce‘ d \ef d“\ e‘ 0‘0 \»‘ At N N A A o
R O o 0 (Vg W ) o o
o 00@ ‘@0‘0.& o0 C\(\\O o® xO“\ «\@ o0 »&e‘ ¢ 00\0‘ vbo‘0 2 “0‘0
0¥ \C ‘(\ 0 A
v S e 9\0\1 ] . \
o

& 2

FMHAEME SRR IRME KD LR E

Figure 2 Comparison of bacterial species between tea leaves and rhizosphere soil at phylum level. A:
species distribution histogram of endophytic bacteria in tea leaves. B: the dominant phylum with relative
abundance over 1% in tea leaves. C: species distribution histogram of rhizosphere soil. D: the dominant
phylum with relative abundance over 1% in rhizosphere soil. E: common bacteria in tea leaves and
rhizosphere soil. The bars of C, D, E show averagetSD of six replicates (n=6).
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Figure 3 Comparison of bacterial species between tea leaves and rhizosphere soil at genus level. A:
common bacteria in six groups of tea leaves. B: common bacteria in six groups of rhizosphere soil. This
figure shows the genus whose relative abundance were over 1%, different colors represent the relative

abundance ratio of the corresponding genera.
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Figure 4 Venn diagrams of bacterial OTUs of tea leaves and rhizosphere soil. A—F represent the common
OTUs of tea leaves and rhizosphere soil in six different regions, respectively. Orange represent tea
rhizosphere soil, purple represent tea leaves and the number represent OTUs of samples.
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Figure 5 Network of bacteria generic diversity in tea leaves and rhizosphere soil. Blue represents

rhizosphere soil bacteria, yellow represents endophytic bacteria of tea leaves and red represents the bacteria
shared by both.
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Figure 6 Common bacteria of tea leaves and
rhizosphere soil on genus level. This figure shows
the genus whose relative abundance was over 1%.
The bars show average+SD of six replicates (n=6).
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