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Abstract:  Obtaining high-quality total genomic DNA of microbial community is the basis and difficulty in the study of metagenomics of
complex microbial communities. The plant leaf surface is a complex ecosystem with abundant microbial diversity, and the microbial community
mediates leaf functional traits and affects plant adaptability. An in-depth understanding of the basic structure and functional principle of the
microbial community on leaf surface will contribute to the applications of promoting plant growth and plant protection. Due to the harsh living
environment of leaf surface, it is difficult to enrich microorganisms on leaf surface, which severely limits the extraction of high-quality genomic
DNA of microorganisms on leaf surface. Based on the existing DNA extraction method, the surfactant Silwet 1.-77 was added for pretreatment,
and the eluent was recycled, which increased the enrichment of microorganisms on leaf surface. The genomic DNA with high purity and
concentration was extracted in combination with commercial kit methods. After quality control and library building sequencing as verification,
DNA quality met the requirements for metagenomic library construction. This method may improve the enrichment and collection efficiency of
microorganisms on leaf surface, increase the success rate of DNA extraction of microorganisms on leaf surface, and provide a reference for
applying high-throughput sequencing technology to study the composition of microorganisms on surface and molecular biology research of plants.
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Table 1 Extraction effect of sterile water and PBS buffer solution +Silwet L-77 surfactant on microbial genomic DNA from

leaf surface

PBS+Silwet L-77

Sample name  DNA #¢J& DNA concentration/ (ng*pul™" ) Ay/Ay, JFifE Mass/ug  DNA #J& DNA concentration/ ( ng* L™ ) Ay/Asy JFiTE Mass/ pg

FEMAAHR TG K Sterile water

LC 14.43 £2.79 1.86 2.94
PD 13.61 +£7.52 1.91 1.44
AF 11.51£2.33 1.84 1.15
IL 19.51 £8.13 1.89 1.95
TL 18.75 £3.61 1.99 1.78
AR 18.14 £3.87 1.97 1.81
All 15.99 +4.95 1.93 1.63

40.08 + 10.29 1.82 19.30
7425 +5.77 1.96 19.85
49.55+0.21 1.93 7.44

64.42 +13.03 1.93 34.97
35.45+£7.42 1.81 22.28
44.93 +31.67 1.96 30.31
51.44 + 18.10 1.86 22.36

TE: LC. PD. AR, IL, TLOFIAR PR AE ., U3 e, Sl St e miraE. R
Note:LC, PD, AF, IL, TLand AR are L. chinensis ( Trin.) Tavel., P. divaricatum L., A. frigida Willd., I lactea Pall. var. chinensis ( Fisch.) Koidz., T.lanceolata R.

Br., and A. ramosum L., respectively. The same helow
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Table 2 Effects of plant species and different enrichment
methods on DNA concentration
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Fig. 1 DNA concentration of leaf surface microorganism
extracted from different plant species by different
eluents
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1-6 and 7-12 were L. chinensis ( Trin.) Tzvel., P. divaricatum L., A. Srigida
Willd., I lactea Pall. var. chinensis ( Fisch.) Koidz., T. lanceolata R. Br. and
A.ramosum L.. PBS+ Silwet L-77 as eluent for 1-6, and sterile water as eluent for

7-12, respectively
B2 AFEYIREY DNA BikE

Fig. 2 Microbial DNA electrophoresis patterns on the leaf
surfaces of 6 plants
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Table 3 Metagenomics sequencing statistics

FE AR Sample name Clean reads Clean base/bp Percent in raw reads/% Percent in raw bases/%
LC 84554592 12743415315 99.08 +0.12 98.89 +0.26
PD 76636682 11558890595 98.97 +0.04 98.86 + 0.09
AF 70985020 10682348648 98.70 +0.10 98.36 +0.14
1L 77764022 11727532109 99.11 +0.08 98.97 +0.11
TL 87048063 13081919500 98.93 +0.08 98.47 +0.24
AR 80930005 12202864242 98.82 + 0.69 98.67 +0.74
N AT [ —ry 3 s
1004 PR R BRI BT R, IR B8 R A W e

80
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40

20

LC PD AF IL TL AR
[ 4% Bacteria [ | #01# Fungi ]l 1% Archaca[ | HAth Others
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Fig. 3 Percentages of different taxa microorganism on the

leaf surfaces of 6 plants
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Fig. 4 Functional annotation of microorganism COG on
the leaf surfaces of 6 plants

WFFE R R IR KR 5, T R A MR )

MM RIES2ES, g R i a=ih
JRT — AR L, BRI R R,
2 B2 AN 3% HE AL TE ) T B AL 9 R AN B R AR B
S HR L 0 5 A O A S B R, S B
AEFEM B R IR AT AN 5] Z AT 5 R I O
IK B35 B 2 v Y3k VP A 35 I Y T Pt 3 Bl 2 4 R TR
20 DNA $RBUICR AT A 2250 1), HETZR A
S {0 B IR 2% o 58 T8 VA A R I VB A AR BB R e A=
Y AR K  PBS R R 2% i HAT 55165
AR pH SR, ATLABESERE R . BT
PERY U DAL ORI HRR I, TR A2 A g - R EG
T Wt BETY R A AR L R 4 Wb A TG PR A B ok
SEMRIX—PRIXE > FU PBS SRR ERZE sl A L
R ATTRAT R Z R R, R e AN
2 A KM, 838 G2 e ) AR fulE T 9
7T 9 TR T35 A 550 AT DA AR AT I VA 5 I 3 Jo )2 22 ] g
TR S7 2 R S R, DT RE A
EMRMEY . CAHRRIEH 0.01% Tween-80
1 PBS Z¢ il & 4 )N ( Cucumis sativus L. ) "R 3R

21 mN/m "), 0.1% B Tween 80 7K V45 W 114 22 11 7K 77
253 4821 mN/m "2, L Tween-80, Silwet L-77 B
RERAR K AR T 5K 1. Silwet L-77 & —F &5 A HL
RERTEIEES, HAMREFREEE, ol DIZEXELL
ML R Y, LT R S R A R
T, BE AR e, AR B KB AT DAL
TE 72 WG S s 2 2%, (e S AR W e S T
ERYIBEh, 1ERE R R P A S o o R
YL T A, PBS WEERZE w45 & R 1 M Silwet
L-77 AE R 0k ot v e e 20 oz P 28] AR o A 2 40 1) 2 B
Hr P BRI R Y LT, R
PEAE PBS WL 2% vh il i A 181 15 M 57 Silwet L-77
REX M RMEDESE. ATIRR LSHERZ
(3 RURL, AR 25 5 st o] LIAS 21 2 95 19 TR Je Sk 2k A
JES AR BRI W JE R 20 DNA, A B 22 1
WIS o AR W DA RO 38545 S i) I 3R B PR 3G 17
S E R R MR, TR E Y
Fr AT w4 B L G B B P HEAT DNA S50
BEAE I A A A R AR R R BUR 8 I R A= )
FEDHZH DNA AOCEEN 2R, BT RS AGRRI], AHt
SIS TPIIRE R, TELUG B e i
PEE.

HHT, Stk 22 5L R 588 2l A it 5T it 3=
AR AERE TR 5, AT DI BB R AR vh A2 7E
BB IR T 432 Y, T EL AT LU IR A T
Bos v AR A RUE Y 5k . ThRERAC & AR
YR, 72 5L AT DLSE IR Rl R
FIThaesiis, Wy R A a, oTRAR
BRI R A YR E B RACE R E T
RetEAE S RS Yy Re & E AR H A E YL eT DL
Wekda R I AT LS B ER B M A
SEHEFY Y, BB AT TR AE S T IR MR
SCPRFREAZ R . FEYI R FRAFAE A PSRRI L
Yy, IR . AR BUEE AR Y, A
AR ZHEEMEENESFE L . AR R4
15931 () B AR ) I 2R A WD 9 S BEAE T R A
FER 5 A A, AT RESE i THE RIS S5 it



262 4 % ¥ A @ 48 Biotechnology Bulletin

2022,Vol.38,No.3

R A RE . —BE POk, REHETFME
A KB AR AR A TR b, X R A
5T BRI dAa Bl 2, (H k3% B R 20 B AR /0 [H]
PR Y, MR T, X B TS L
TRAT . BEAE PR AR B, 2 B D2y AT DA
XF [l — B 0 Fir A e kA T 9, ST E A A ik
KZE0 5P A AR DG At o8 AR TR e J A
A R CRIAHTE ) AR, @it COG ThigiE
FE, AT LI R T B UEA TR , & Sk i v DR,
X 3E— 24 7R R A A W A Vs O 25 A A ) RE HL AT
B,
4 Z5ig

AHFFEAGFE] T —Fpa] DU S 85000 0 3 Al g
RT3, Silwet L-77 22 10115 1 770 2% ool 19
i SR TR ME Y I R, ERR SRR
e, EPEIERA A VERL I, — 5 AT LU 4 S
WA, 55— 7 T AT LS AR R e . s
T bR B HREAS 21 %) 5 40 B R 3 I R DNA, 8
S IERE ARG K, R B B A )
REVERE MY IR UE, by i 2 7 56 DR A e T 2K
FERI AT T 2 SR A Iy I

% X ok

[ 1] Zimmerman NB, Vitousek PM. Fungal endophyte communities
reflect environmental structuring across a Hawaiian landscape [ J | .
PNAS, 2012, 109 (32) : 13022-13027.

[ 2] Vorholt JA. Microbial life in the phyllosphere [ J ] . Nat Rev
Microbiol, 2012, 10 (12 : 828-840.

(3] AER, 0P, FFUIE , 45 . BRI (1] A
i ,2011,31 (2) : 583-592.

Pan JG, Hu Q, Qi HY, et al. Advance in the research of phyllospheric
microorganism [ J | . Acta Ecol Sin, 2011, 31 (2) : 583-592.

[ 4 ] Lindow SE, Brandl MT. Microbiology of the phyllosphere [ J | . Appl
Environ Microbiol, 2003, 69 (4 ) : 1875-1883.

[5] Yang CH, Crowley DE, Borneman J, et al. Microbial phyllosphere
populations are more complex than previously realized [ J ] . PNAS,
2001, 98 (7) : 3889-3894.

[ 6] Chaudhry V, Runge P, Sengupta P, et al. Shaping the leaf microbi-

ota : plant-microbe-microbe interactions [J].] Exp Bot, 2021, 72

(1):36-56.

[ 7 ] Soni R, Kumar V, Suyal DC, et al. Metagenomics of plant rhizosphere
microbiome [ M | // Singh RP, Kothari R, Koringa PG, et al. Under-
standing host-microbiome interactions - an omics approach. Springer
Singapore : Singapore, 2017 : 193-205.

[8] 3kt , &, MIEW , 5 . ¥ IFE ARSI LLAS A
HREm Rt [1] . &P 5TFL , 2016, 37 (16) : 185-

188.

Zhang 7S, Wang CL, Liu QD, et al. Study on analysis of the dom-

inant microorganisms in kombucha by the technology of amplicon

sequencing [ J ] . Food Res Dev, 2016,37 (16 ) : 185-188.

2 sk, g BRI EOoR R R (1] . A=

YA . 2015,31 (11): 1-8.

Tian L, Zhang Y, Zhao YF. The next generation sequencing technol-

—
el
[a—

ogy and its applications [ J ] . Biotechnol Bull, 2015, 31 (11): 1-8.

[10] BUr , pEA, XM . FREERUA P R SE R AL~ T i A )
FRFITL L] RUEYAFiER 2015, 42 (5) : 890-901.
Wei ZY, Jin DC, Deng Y. Bioinformatics tools and applications
in the study of environmental microbial metagenomics [ J ] .
Microbiol China, 2015, 42 (5) : 890-901.

[ 11 ] Zhang XM, Johnston ER, Barberan A, et al. Decreased plant
productivity resulting from plant group removal experiment
constrains soil microbial functional diversity [ J ] . Glob Change
Biol, 2017,23 (10) : 4318-4332.

[ 12 ] Laforest-Lapointe I, Whitaker BK. Decrypting the phyllosphere
microbiota: progress and challenges[ J |. Am J Bot, 2019, 106( 2 ):
171-173.

[ 13 ] Handelsman J. Metagenomics : application of genomics to
uncultured microorganisms [ J ] . Microbiol Mol Biol Rev, 2004,
68 (4): 669-685.

[ 14 ] Wang HX, Geng ZL, Zeng Y, et al. Enriching plant microbiota for a
metagenomic library construction [ J ] . Environ Microbiol, 2008,
10 (10) : 2684-2691.

[ 15 ] National Research Council (US) Committee on Metagenomics
Challenges. The new science of metagenomics [ M ] . Washington
DC : National Academies Press, 2007.

[ 16 ] Bag'S, Saha B, Mehta O, et al. An improved method for high quality
metagenomics DNA extraction from human and environmental
samples [ J ] . Sci Rep, 2016, 6 : 26775.

[ 17 ] Schloss PD, Handelsman J. Metagenomics for studying unculturable



2022.38 (3) KT RRIAE « BET XD Iy R MR R s B Be DNA S35k 263

microorganisms : cutting the Gordian knot [ J ] . Genome Biol, cucumber [ J ] . AMB Express, 2019,9 (1) : 76.

2005,6 (8): 229. [26 ] 5kin , SF003E , KA, 55 . RIFEA 309 eGFP ZEFF LK
(18] AB= , WAF, 205, 55 . BT B 2L 2 DNA 42 AR R S [T] . AR E R, 2020, 18 (19):

WD) ] AR , 2016,32 (1) : 74-79. 6350-6358.

Zhao LY, Fan DY, Li YF, et al. The extraction of metagenom DNA Zhang L, Guo PY, Zhang CH, et al. Establishment of Agrobacterium

in branch bark [ J | . Biotechnol Bull, 2016,32 (1) : 74-79. tumefaciens-mediated genetic transformation system of eGFP gene
[19] JHE , FoMefs , T8, 55 A bR 3 SO oy (7] . in Pericallis hybrida [ J] . Mol Plant Breed, 2020, 18 (19) :

FPIRSE | 2006, 26 (2) : 2233-2237. 6350-6358.

Zhou Y, Qiao XW, Wang J, et al. Extraction methods of microor- [27 ] B, BEF4:, B, 2 . Tween 80 43 T-1E< - 5L 1A 11

ganisms from phyllosphere [ J] . Bull Bot Res, 2006, 26 (2 ) : WA 5 (7] BT R S 254 , 2005,25 (4) : 49-53.

2233-2237. Luo SD, Mo CS, Xia J, et al. Adsorptive kinetics of aqueous tween
[ 20 ] Schreiber L, Krimm U, Knoll D, et al. Plant-microbe interactions : 80 solutionsat the air-water interface [ J | . J Zhanjiang Ocean

identification of epiphytic bacteria and their ability to alter leaf Univ, 2005, 25 (4) : 49-53.

surface permeability [ J ] . New Phytol, 2005, 166 (2) : 589-594. [ 28 ] Delmotte N, Knief C, Chaffron S, et al. Community proteogenomics
(21 ] &M, AR, 75 . L IERUEY) S DNA SR BOH L9 4k reveals insights into the physiology of phyllosphere bacteria [ J ] .

(1] e, 2012, 52 (9) : 1143-1150. PNAS, 2009, 106 (38 ) : 16428-16433.

Zhao YD, Zhou J, He J. Optimization of soil microbial DNA [ 29 | Bulgarelli D, Rott M, Schlaeppi K, et al. Revealing structure

isolation [ J ] . Acta Microbiol Sin, 2012, 52 (9) : 1143-1150. and assembly cues for Arabidopsis root-inhabiting bacterial
[22] PR, Sk, 40H , 55 . REE6A: 4 DNA SO iRt g microbiota [ J ] . Nature, 2012, 488 (7409 ) : 91-95.

[J] . &fh 500, 2017, 33 (3): 207-210, 215. [ 30 ] Knief C, Delmotte N, Chaffron S, et al. Metaproteogenomic analysis

Yang J, Zhang J, Zou W, et al. Progress of study on extraction of microbial communities in the phyllosphere and rhizosphere of

methods of environmental microbial DNA [ J ] . Food Mach, 2017, rice [ J] . Tsme J, 2012, 6 (7): 1378-1390.

33 (3): 207-210, 215. [ 31 ] Fadiji AE, Babalola 00. Metagenomics methods for the study
[ 23 ] Kembel SW, O’ Connor TK, Arnold HK, et al. Relationships of plant-associated microbial communities : a review [ J ] . J

between phyllosphere bacterial communities and plant functional Microbiol Methods, 2020, 170 : 105860.

traits in a neotropical forest [J].PNAS, 2014, 111 (38): [ 32 ] Knief C. Analysis of plant microbe interactions in the era of next

13715-13720. generation sequencing technologies [ J | . Front Plant Sci, 2014, 5:
[24 ] ¥R . WOTR., A9KF, % . FmIEHH silwet408 $ 5 25 1E 216.

By ISR REIT [T ] . ARZ5RLA SR, 2005, 26 [33] w8, XI5y, wish, 4% . mHPRfiE ) ML S U 5T

(7):2225,19. I [ ] MR, 2016, 34 (4) 1 654-661.

Pang S, Yuan HZ, Li YP, et al. Study on the wetting property of Gao S, Liu XC, Dong Z, et al. Advance of phyllosphere microorgan-

surfactant Silwet408 on vegetable leaf surface [ J | . Pestic Sci isms and their interaction with the outside environment [ J | . Plant

Adm, 2005,26 (7): 22-25, 19. Sci J,2016,34 (4) : 654-661.

[ 25 ] Luo L, Zhang Z, Wang P, et al. Variations in phyllosphere microbial
community along with the development of angular leaf-spot of ( /fjt_%ff;F Tk A4 )



