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DESCRIPTION CN115595277A

Methods for enriching and isolating endophytic nitrogen-fixing bacteria from duckweed

i

SENBEFETRNERRERIS A

[0001]

Technical Field

ARG
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[n0001]

This invention belongs to the field of bacterial function research technology, and more
specifically, this invention relates to a method for enriching and isolating endophytic nitrogen-

fixing bacteria from duckweed tissue.

KXERPABTARNBEEM R AT, BAKMY, EAETR—MEEDBFYHRTNRNERRE

BT %o

[0003]

Background Technology

BEREA

[n0002]

Plant endophytic bacteria are natural resource bacteria that promote plant growth and resist
stress and disease. They have broad theoretical research value and development and
application prospects, and have become a research hotspot in multiple disciplines such as

botany, microbiology, and plant protection.
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BEYMAREARSENEKEHESNERFENRARER, B8 ANECHRANENALNARIR,
ERAENFE. HEMF. BEYRIPFEESERVAR AR
Endophytic bacteria colonize within plants, forming a symbiotic relationship with the host

plant and playing a vital role in the plant's growth and health.

NEREETEMERN, SBEEEVEREEXR, MEVNEKNBREEIEXEEZNIER.
Therefore, research on plant endophytic bacteria is becoming a focus in environmental,

biological, and chemical fields both domestically and internationally.

Eit, BXEYVNERNVHARERAERINFME. EY). LEFTRBER

[n0003]

Plant endophytic fungi are ubiquitous in all parts of plants and come in a wide variety of

species, but we still know very little about their habitats and species diversity.

BEYREEZBFETEVENS T ESUEMEERES, MANXERNEFTIFES BN S

AR Z B D
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Therefore, in order to fully develop and utilize plant endophytic bacteria and their metabolite
resources, it is essential to first achieve complete and accurate isolation of plant endophytic

bacteria.

Hif, ATRDALFBEYREREREARHSYRR, BROIRIMEYREERNTE. ERSD
o

However, current research on plant endophytic bacteria is mostly focused on terrestrial
plants, with relatively few studies on the enrichment and isolation of endophytic bacteria in

aquatic plants.

AMBERNEYAERNARSEFTREEY), WKEBYHREREES D BAFENRD,

[n0004]

With the rapid development of industry and agriculture, the overuse of nitrogen and
phosphorus resources has led to an increase in the eutrophication of rivers, lakes and other

water bodies.

EILIMRIECREARE, [BZRROIERR, SEH. BHFKEEEFHIZEME,
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Duckweed is an aquatic plant with strong environmental adaptability, characterized by its fast
growth rate and strong nitrogen and phosphorus absorption capacity. Recent studies have
found that multiple endophytic bacteria isolated from duckweed can improve the growth rate
of duckweed, accelerate the absorption of nitrogen and phosphorus in eutrophic waters, and
degrade heavy metals. Therefore, exploring the endophytic functional bacteria of duckweed,
including nitrogen-fixing bacteria and phosphorus-solubilizing bacteria, is of great
significance for solving problems such as nitrogen absorption and degradation of heavy
metals in eutrophic water bodies, and for enabling the aquatic ecosystem to develop towards

a higher level of biodiversity and a more stable self-regulating mechanism.

7% (Duckweed) 2—MIFIRIENRETISRAIKEEY), BEEKERR, RERWETEFHR. &
FRARRI, NEEDBHSHANERBRSFEIERKER, MREEFUKEREREERIRUAE
BMETRES, Alt, EFINEVRESEERAE. AREFHEREEFFUWKEFRRITRUL

MERESRFKIMESREFNT, FAREESERRNESKFHNEYSHFENERENBIRAT

MEIG L RRHERZ Mo

[n0005]

The traditional method for isolating and purifying endophytic nitrogen-fixing bacteria is the
streak plate method, which involves repeatedly diluting the microbial sample "from point to

line" on the surface of a solid culture medium to achieve separation.
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FHRNDBAURERRENG ZRFRVEDEZE, EREERHMEYFRERMEFEREZR
F'HRREIZ " HREMAZ S ENEN.

The specific method is as follows: First, sterilize the surface of the material to remove the
epiphytic bacteria on the surface, and then place it in a nitrogen-fixing medium for culture.

Use an inoculation loop to dilute the mixed microorganisms or different cells in the same
microbial community on the surface of the plate medium by streaking to obtain a large
number of independently distributed single cells. After culture, they grow and multiply into
single colonies. Usually, such single colonies are regarded as the pure culture of the
microorganism to be isolated. Sometimes, these single colonies do not all originate from a

single cell, so repeated isolation is necessary to obtain a pure culture.

BANGZER: CERBEMEREHRITAE, BFERENRER, BETREREFEREST, BEMK
RREAE—ENHEYSE—HMEYEHAT R R EARTEFIRIESFEREEI 2 XY EmEMmS 2R

ZIMIUDMIBETANR, SEFRERFEREET, BREXMBEESFHIBHEYRIA

B

M, BRXMBEEHIFEHBNMREAEMRY, BUARE DSBS R BSR4,

[n0006]

Traditional methods for isolating and purifying endophytic nitrogen-fixing bacteria typically

involve surface sterilization using disinfectants such as hydrogen peroxide, ethanol, and
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mercuric chloride. However, these disinfectants can be harmful to the plant itself, causing the
production of reactive oxygen species within the plant, which in turn can negatively impact

the endophytic bacteria.

FRNDBAUREERENSZE, BEEHAIENS, 28, HREFASHIHTRERE, XEFHW
HETNEMEEASZEHEN, SSBEYMHRRFEEES, #MESNEYRERERTRE
el

There are also reports of using formulated chemical detergents in conjunction with sterilizing
solutions for surface sterilization. However, chemical detergents alone cannot remove
epiphytic bacteria, and if the concentration of the matching sterilizing solution is not
appropriate, it will also remove the target endophytic bacteria. Although the combination of
the two can achieve the effect of removing epiphytic bacteria, the solution has too many
components, is very complicated to prepare, and the treatment steps are cumbersome and
time-consuming. It is crucial to find a simple tissue surface sterilization solution that can

thoroughly eliminate epiphytic bacteria without affecting endophytic bacteria.
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EEREHNCFAFFESAEREITREXENRE, AT, BRERUFETARTEERRM
55, PREARENKER, IRRERGE, RKETNERE—ESRKE, WERSGHER, BA
RESREIBMRMERNNR, BRBRNOTS, KEHERRER, LEBEDREDFET, HEI—F

B, EYRBRIER, MYXATMANERENEARRAXNERIFEEE,

[n0007]

More importantly, the inventors of this application have discovered through long-term
research that there are far fewer microorganisms in water than in the soil environment where
terrestrial plants live. As a result, the number and types of microorganisms adhering to the

roots or leaves of aquatic plants are not large, and endophytic bacteria are even fewer.

FHAEEN—RE. FHENLKPEASIKIANMARFPLRIN, B FREEYEENTIEIFE, KK
R EY) VRS, EAMMMTEKEEYIRASH AN EYHBENSEHTSZ, REENED,
Therefore, the traditional method of screening endophytic nitrogen-fixing bacteria by streak
plating is difficult to enrich endophytic nitrogen-fixing bacteria and cannot fully obtain the
target bacteria. New methods and strategies are needed to enrich and isolate endophytic

nitrogen-fixing bacteria from duckweed.

Eit, RAFENTRIESBHENEBRRENSGZE, BUEERNEERE, TERDIREER

Eo WMAREBEENIBIFETRNERRE, FEMGEMRE.
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[0010]

Summary of the Invention

RARE

[n0008]

Based on this, one of the objectives of the present invention is to provide a method for
enriching and separating endophytic nitrogen-fixing bacteria from duckweed, which can
rapidly, completely, and accurately enrich and separate endophytic nitrogen-fixing bacteria

from duckweed.

BT, ARANBNZ —BRE—MEESEFIRRNERRENSZE, ZAATURERETS.

HERMEREH DB EFPHNRNERRAR.

[n0009]

The specific technical solution to achieve the above-mentioned objectives is as follows:

S _ER R BRI ARG =T
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[n0010]

A method for enriching and isolating endophytic nitrogen-fixing bacteria from duckweed

includes the following steps:

—MESSEFERRNEBRRENG L, SFEUTSE:

[n0011]

(1) After surface sterilization of duckweed with tissue surface sterilization solution,

mechanically grind it in 0.1% to 1% PBS, filter it, and obtain the filtrate;

(1), ERARKREXERNFEHITRAKXNEE, F0.1%~1%PBSHIMAE, ik, FEIE

N

R,

[n0012]

(2) Place the filtrate in a nitrogen-fixing culture medium for enrichment culture for 5 to 7 days,

centrifuge, discard the supernatant, and obtain the enriched nitrogen-fixing bacteria.

(2). BWRRETERBFRPEREFSK~TR, B, FLF, REEENERRE;
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[n0013]

(3) Add nitrogen-fixing culture medium to a 96-well culture plate, and add the culture medium
enriched in step (2) according to the gradient. Culture for 5 to 7 days to obtain bacterial
culture. Then, take out the bacterial culture as reaction templates and add it to a 96-well PCR

plate for PCR amplification and sequencing.

(3) TEIFLIEFIRFMARRIETFR, RFBEDHANMTEQ)PFEEREFIEFR, HFRSR~T

RFEER, BOIRENERIFARNIRER, ANEI6FLPCRIR, HITPCRY &, NF;

[n0014]

(4) Bacterial solutions with no extraneous bands in PCR sequencing results are single
endophytic nitrogen-fixing bacteria; bacterial solutions with extraneous bands in PCR
sequencing results are streaked on nitrogen-fixing medium to separate and purify until single

endophytic nitrogen-fixing bacteria are obtained.

(4). PCRUFERERFNER, BMNE—REBRRAE; PCRIFERERTHER, EEREST

B LS BACERIE—RNERRAR.

[n0015]
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In some embodiments, the gradient in step (3) is: 50 uL, 20 pL, 10 puL, 5 uL, 1 pL and 0.5 pL of

culture medium are added to 100 pL of nitrogen-fixing culture medium, respectively.

FEHEHAP—LLEFIR, PEE)PRAEER: 100uLBRIEFRF 72 5I7RM50uL. 20puL. 10pL.

5uL. 1pLF10.5puLAYEFFR.

[n0016]

In some embodiments, the primers for PCR amplification in step (3) are shown in SEQ ID No. 1

and SEQ ID No. 2.

EHP—LESSHEGIR, TE(3)FFTAPCRY 1ERISI#IINSEQ ID No.1FISEQ IDNo.2F 7 R.

[n0017]

In some embodiments, the PCR amplification reaction system comprises: 2 uL-4 uL bacterial
culture, 5 uL bacterial cell lysis buffer, 2 uL-3 pL 10x PCR buffer, 0.3 mM-0.6 mM MgCINER, 0.1
mM-0.3 mM dNTPs, 0.5 uM-1.0 uM primers, 0.3 uL-0.6 pL 5 U/uL Taq polymerase, and sterile

ddHNERO to a final volume of 25 L.
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EHAP—LLMHEGIA, FIAPCRYIEMNRMARN: 2uUL~4uLER. SPLARARERER.
2uL~3pL 10x PCR buffer&g#i&. 0.3mM~0.6mM MgCl<sub>2</sub>. 0.1mM~0.3mM
dNTPs. 31#1&%0.5uM~1.0uM. 0.3uL~0.6uL 5U/uLTaqR &8, MEEJdH<sub>2</sub>0ZE

25uL,

[n0018]

In some embodiments, the tissue surface sterilization solution in step (1) comprises the
following components: 0.5X to 1.5 X PBS, Triton-X100 with a volume percentage of 0.2% to

0.4%, sodium hypochlorite with a mass-volume concentration of 3% to 6%, and pH 6.5 to 7.0.

FHEHP—LELREGIS, ZER()FAMRERREARNEREIEUATH?: 0.5X~1L5XPBS. FIRH IR

F£0.2%~0.4%BTriton-X100. FRE{AFIKE3%~6%BTXRERN, pH6.5~T7.0,

[n0019]

In some embodiments, the tissue surface sterilization solution in step (1) comprises the
following components: 1 X to 1.5 XPBS, Triton-X100 with a volume percentage of 0.3% to

0.4%, sodium hypochlorite with a mass-volume concentration of 4% to 6%, and pH 6.8 to 7.0.

FHEAP—ELMEGS, PR()PARELXREAEREEATAS: 1X~1.5XPBS, FIREDK

F£0.3%~0.4%B9Triton-X100. FREFRIRRE4%~6%HIRFELM, pH6.8~7.0,
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[n0020]

In some embodiments, the surface sterilization method in step (1) is as follows: add duckweed
to the tissue surface sterilization solution, shake and wash at 1500 rpm to 2500 rpm for 3 min
to 5 min, pour off the tissue surface sterilization solution, add sterile water, shake and wash at

1500 rpm to 2500 rpm for 1 min to 2 min, and repeat 2 to 3 times.

FEHEHAP—LLEFIF, PE(1)PAARERENAEN: EARKEARERFIMNETE,
1500rpm~2500rpmifRSHiaE3min~5min, FEIXALRERER, BIMALENK,

1500rpm~~2500rpmif&S%iEsElmin~2min, EE2~3/X,

[n0021]

In some embodiments, the method for determining whether the duckweed surface is
thoroughly sterilized in step (1) is as follows: the cleaning solution after washing the
duckweed with sterile water is dripped into the bacterial culture medium LB. If no colonies

are formed, it indicates that the duckweed surface has been thoroughly sterilized.

FHEAP-ELESS, PR()PHREMRFEFRERESEYMRNG ZN: BEEKERFEEH

AR, AEARIEFELBR, EXEELMN, WFRRFHEREEHRKE,

[n0022]
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In some embodiments, the grinding time in step (1) is 30s to 60s.

EEFP—LELmEGIS, PE(1)FFARMERYE30s~60s,

[n0023]

In some embodiments, the culture temperature in steps (2) and (3) is 28°C to 32°C.

EHP—LESREGIG, SERQ)MP R (3)FFrRETREN28°C~32°C,

[n0024]

This invention aims to provide a method for rapidly enriching and separating endophytic
nitrogen-fixing bacteria from the aquatic plant duckweed. Compared with the prior art, this

invention has the following advantages and beneficial effects:

FERABERH—TMREZRS D BEKEEYFIPNANEBRRENSZE, STARAMEL, &%FH

BEUTRRNBEmUR:

[n0025]
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1. In response to the difficulty in enriching endophytic nitrogen-fixing bacteria in duckweed
using traditional methods, the inventors have proposed a new approach and strategy to
rapidly and accurately enrich and isolate endophytic nitrogen-fixing bacteria from duckweed.
Based on the functional research system of duckweed as an "aquatic model plant," the
method first enriches endophytic nitrogen-fixing bacteria in duckweed, which are originally
present in small populations and quantities. Then, a gradient dilution method is used,
combined with high-throughput separation and sequencing analysis. The presence of
heterogeneous bands in the sequencing results determines whether the endophytic nitrogen-
fixing bacteria are a single pure species. Compared with the traditional streak plate method
forisolating and purifying endophytic nitrogen-fixing bacteria, the method of this invention
can isolate endophytic nitrogen-fixing bacteria from duckweed more quickly, completely, and

accurately.

1. #NEABARRANELURERG EZREEFFPNNERRE, KBEAMHEBEBREERMET
—HEESRETEBNEE DB FYRRERRERNSZE: BETFEN YKEEEY HThReRE
%, AEEFTHRAMBNSENRIONNEERE, BXABEREL HEasRENE. I
i, BENFEREEEERTRAIMNERRERE NRE—R4H, BLRESRINTIRYZE
DERAKANERRE, ALKBNGERTUENRE, Tetth, EHRMETFPHNANERRERFUD

25
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[n0026]

2. This invention uses a tissue surface sterilization solution to sterilize duckweed tissue.
Sodium hypochlorite in the sterilization solution is an oxidizing bactericide; a concentration
of 4% to 6% can quickly kill epiphytic bacteria with weak adhesion to the plant. When
combined with PBS, which maintains cell osmotic pressure and protects cell structure, and
Triton-X100, which can dissociate membrane proteins from the cell membrane and wash
away tissue surface deposits but has no killing effect on bacteria or other microorganisms,
this invention achieves thorough tissue surface sterilization while protecting plant and
endophytic bacterial cells from damage. This greatly simplifies the required solution

components and makes preparation simple.

2. AERABIERARREARERNFFARSTRENE, KERFRIRXRERMWE —MELER
E5T, 4%~6%BYRER A LUIRERKIEYF_LREMBES RS ER, Bzl btic SRR
AR S3E, RIFPARREIPBS, UINFIFIREB MR LB TR, BhEALARENE
¥, BINHESHENEERATERNTriton-X100; MME LUIEFRPFEYFINERARA RN

ERY, XARHLXEARKENER, RAMBE L TFRIFERRNS, ECHIES;

[n0027]

3. The method of enriching and separating endophytic nitrogen-fixing bacteria in duckweed of

the present invention helps to discover more functional nitrogen-fixing bacteria, improve the
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growth rate of duckweed, and accelerate the absorption of nitrogen in eutrophic water bodies
and the degradation of heavy metals and other water pollution problems. It is of great
significance for duckweed water body restoration and water environment purification,
enabling the water environment ecosystem to develop towards a higher level of biodiversity

and a more stable self-regulation mechanism.

3. AERANEESBEFFTRNERRAEN G ZETEEREZRERAFRS FEERER, UKk
INMREEF WK EFRENRBAMERESTBIF KR TRFNE, WEKEEENKIFFRUE

BEERN, KHRESFRBDESKIFNEYZSHENERENBETHGEG AR,

[0031]

Attached Figure Description

P ] 15 BF

[n0028]

Figure 1is a structural diagram of the endophytic nitrogen-fixing bacteria community

enriched from surface-sterilized duckweed in Example 1 of the present invention. DW is the
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experimental group that sterilizes the surface of duckweed using the tissue surface
sterilization solution of the present invention; CK is the control group that sterilizes the

surface of duckweed using the salt solution (SD+B) of the prior art.

E1RALALEAIFMNREXEENFFPEENAEEREHAMRSENE, Hb, DWAHXA
IERPANABLRRERERINFEREANENLIEA;, CKARBIERARNERR(SD+B) M FFRE

KERIFSBRA,

[0033]

Detailed Implementation

BixsLien Tl

[n0029]

To facilitate understanding of the present invention, a more comprehensive description of the

present invention will be provided below.

AT ETEERLE, TEHHNALRBHEITESEmAHEA,
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This invention can be implemented in many different forms and is not limited to the

embodiments described herein.

AR ALLF Z AR RS, HARBRF AR HEH),
Conversely, these embodiments are provided to enable a more thorough and complete

understanding of the disclosure of this invention.

AR, RAXLESLHGINENZENALAAFRNENEREMEY2H,

[n0030]

Experimental methods not specifically described in the following examples are generally
performed under standard conditions, such as those described in Sambrook et al., Molecular
Cloning: A Laboratory Manual (New York: Cold Spring Harbor Laboratory Press, 1989), or as

recommended by the manufacturer.

THLREFIPRFBEREZHIEN S ZE, BRIZREMEZMY, flsiSambrookFEA, HFRE: K
WEFM(NewYork:Cold Spring Harbor Laboratory Press,1989) iR RIS 4, SHIREBHE &R

BRI
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All commonly used chemical reagents used in the examples are commercially available

products.

SEHEFI PR R EIN S EBEFEF, HAHES M.

[n0031]

Unless otherwise defined, all technical and scientific terms used in this invention have the
same meaning as commonly understood by one of ordinary skill in the art to which this

invention pertains.

PRAIESBTEN, REAFRFERNAENRAMBFERNESETALFERRAR TR AA @ B IEMF
& X48[E,
The terminology used in this specification is for the purpose of describing particular

embodiments only and is not intended to limit the invention.

NERRABFAREANARIERZN THRAEKNEEAINEN, TATFREIELH,
The term "and/or" as used in this invention includes any and all combinations of one or more

of the associated listed items.

10-01-2026 - Page 21



IERPAFRERIAIE /5" SF—1THZ MEXBFRFITENERNMARENAS,

[n0032]

The present invention will be further described in detail below with reference to specific

embodiments and accompanying drawings.

AT Ea B fIAME 4 & PRIE#H—T 1+ AR PR,

[n0033]

Example 1: A method for enriching and isolating endophytic nitrogen-fixing bacteria from

duckweed

el —MEED B EPRNERRRENTT A

[n0034]

This embodiment of a method for enriching and isolating endophytic nitrogen-fixing bacteria

from duckweed includes the following steps:

LGN —MEESIBEFIRRNEBRRARENSZE, SEUTIR:
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[n0035]

1 Surface sterilization of duckweed

1. FHREXE

[n0036]

Pour 20 mL of sterile water into a 50 mL centrifuge tube, add a small amount of collected
duckweed (from Guangzhou, Guangdong) into the centrifuge tube, and shake and wash it at

2000 rpm for 3 minutes. Repeat 3 times.

ASOMLEOERFEN20mLEEK, BUDERERNZEE(T R MNBANBEOLES, LL2000rpmasiER=E

EiRSHEs L ITIR 7B R3min, EE3X,

[n0037]

The following methods were used to sterilize the surface of the cleaned duckweed.

DRRERLA T 73 A2 B R R R TR E K E

[n0038]

10-01-2026 - Page 23



a. The tissue surface sterilization solution of the present invention (labeled as DW)

a. RABAMVALREKER(FRICHIDW)

[n0039]

Pour 20 mL of sterile salt solution into a 50 mL centrifuge tube, then place the washed

duckweed into the centrifuge tube and shake it at 2000 rpm for 5 minutes.

FESOMLEOEREIN20MLEER AR, BREAEINEEIBABOER, L2000rpmAYERTEHR
e LHITIRZE S5 min,

Discard the sterile salt solution from the centrifuge tube, add sterile water, and shake at 2000
rpm for 1 minute on a shaker to rinse away any residual sterile solution on the surface of the

duckweed.

HEBOEPNERRAR, MALEK, LL2000rpmByREEIR %2 L#HITIRZ:E K 1min, LUH

TR EREA BN RE R,

[n0040]
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In this embodiment, the tissue surface sterilization solution comprises the following

components: 1 X PBS; 0.3% (v/v) Triton-X100, 5% (g/100ml) sodium hypochlorite, pH 7.0.

iz, ALREAREBREIEUTAS: 1XPBS. 0.3%(v/v)Triton-X100, 5%(g/100ml)x

SERTA, pHT.00

[n0041]

b. Control group consisting of chemical detergent and sterilizing solution (labeled CK)

b. FFRFR+ KE R IRA (PRI HICK)

[n0042]

Pour 20 mL of chemical washing solution SD into a 50 mL centrifuge tube, then place the

washed duckweed into the centrifuge tube and shake it at 2000 rpm for 5 minutes.

ESOMLEOEPREIN20mLIEERFRSD, BRIEAENFEIBRABOER, L2000rpmBEEE
i7es L ITIRZE 5 min.
Discard the salt solution from the existing method in the centrifuge tube, add sterile water,

and shake and wash at 2000 rpm for 1 min on a shaker to rinse away the residual chemical
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detergent SD on the surface of the duckweed; then wash with 5% sodium hypochlorite for 1
min to 2 min, and finally rinse twice with Na<sub>2</sub>S<sub>2</sub>0<sub>3</sub>

solution, and label it as CK;

BEXBLOERHNIMA L ENERER, MALEK, 2000rpmBVEREIR SR EH#HITIR %A
Imin, BURZGEEZEREZAERNAFRFRSD; BASWHRSERMITELImin~2min, &EHA

Na<sub>2</sub>S<sub>2</sub>0<sub>3</sub>a&H%2/x, tFi2HCK;

[n0043]

The SD contains the following components: 140 mM NacCl, 2.5 mM KCl, 10 mM
NaNER6HPONER7,2 mM KHNERSPONER9, 0.5 mM MgSONER10, 1 mM CaCINER11, 0.1% (v/v)

Triton-X100, pH 7.5.

Hrh, SDEFELLTS: 140mM NaCl, 2.5mM KCl, 10mM Na<sub>2</sub>HPO<sub>4<
/sub>, 2mM KH<sub>2</sub>PO<sub>4</sub>, 0.5mMMgSO<sub>4</sub>, 1mM

CaCl<sub>2</sub>, 0.1%(v/v)Triton-X100, pH7.5,

[n0044]

2. Place sterilized duckweed in a nitrogen-fixing medium for cultivation to enrich endophytic

nitrogen-fixing bacteria.
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2. FREFIFETEREFERESR, EENERRAR

[n0045]

Place 10-20 surface-sterilized duckweed pieces from step 1 into 50mL beakers, add 10-20mL
of sterilized 1 X PBS buffer, and grind them on a tissue homogenizer for 45-60s. Filter the
homogenate with sterile filter paper and transfer the filtrate to nitrogen-fixing culture
medium HB8541 (purchased from Qingdao Haibo Biotechnology). Incubate at 28°C-32°C for 5-

7 days.

RPBIPREAXREGHNI0~20/FHE72 3B TFS50mLEMFFR, MA10ML~20mLKEEH1XPBSE
R, FHTEARREN EREE45s~60s, TEIEBAIIEMER, KiBREEEEREFRHB8541

(WL XK. FEREEEY) R, F28°C~32°CIEF5~TXo,

[n0046]

Place the filtrate in a centrifuge and centrifuge at 6000 rpm to 8000 rpm for 10 to 15 minutes.
Discard the supernatant. The obtained product is the enriched endophytic nitrogen-fixing
bacteria community of duckweed. Store it frozen at -80°C. It can be used for subsequent high-
throughput isolation and sequencing to identify the types of endophytic nitrogen-fixing

bacteria in the duckweed endophytic nitrogen-fixing bacteria community.
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BIERETBONF, 6000rpm~8000rpmEBiLr10min~15min, F_Li&; FEMNEINEEMTTE
NEBREE, F-80°CRKRE, ARATFETRNEEENE. NF, BITEYRNERREEFHN

RNERBREME.

[N0047]

3. High-throughput isolation of enriched endophytic nitrogen-fixing bacteria in duckweed.

MNEENFINERREEEITEE

Hﬁlﬂ]
N
i

[n0048]

Using a multichannel pipette, add 100 uL of nitrogen-fixing culture medium HB8541
(purchased from Qingdao Haibo Biotechnology) to a sterile square 96-well cell culture plate in
advance. Take the culture medium enriched with duckweed endophytic nitrogen-fixing
bacteria in step 2 and add 50 pL, 20 uL, 10 pL, 5 pL, 1 pL and 0.5 pL to each well, respectively.

Incubate at 28°C~32°C for 5 to 7 days. Repeat each gradient 3 to 5 times.

FZBE%RIETETLTRE A A I6FLAMEF RPN I00uLE RIZFKRHB541 (WK R: FEE
HEY), RS E2HREE T FFRAEBRREEFIERR, SMNFLH2304#50ul. 20pL. 10uL.
SuL. 1uLF00.5pL, F28°C~32°CIERIEHFIEHRIA~TR, S MEEES3I~5X,
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After serial dilution culture, it can be seen that the color in the 96-well cell culture plate
becomes uneven. Bacterial solution is taken from the culture wells with different color
intensities for PCR identification, so as to screen different species of single endophytic

nitrogen-fixing bacteria from the endophytic nitrogen-fixing bacteria community.

ZPEHREES, JUEL, IFLAMEFRTHEETRIREL—, MEBRRLF ISR

IREXERATFPCRERE, UEMRNERRFERFFHEREMENE—RNERRE;

[n0049]

4 PCR amplification and sequencing were used to identify the types of endophytic nitrogen-

fixing bacteria in duckweed.

4. PCRY1E. MFEEFFEANEBREHIFPE

[n0050]

The depth of the colony was visually determined based on the transparency of the bacterial
culture. 2-4 pL of culture medium was aspirated from each of the 96-well cell culture plates
and placed into new 96-well PCR plates. PCR reaction reagents were added to each well,
including: 5 uL bacterial cell lysis buffer, 2.5 uL 10x PCR buffer, 0.2 mM dNTPs, 0.8 uM each of

the nitrogen fixation gene nifH primers (forward primer polF-SEQ ID No:1:
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TGCGAYCCSAARGCBGACTC, reverse primer polR-SEQ ID No:2: ATSGCCATCATYTCRCCGGA,
whereY=C/T,R=A/G,S=G/C,B=G/T/C), 0.5 uL 5 U/uL Taq polymerase, and finally, sterile

ddH<sub>2</sub>0 was added to a final volume of 25 uL per well.

KIERRERAEEMFIMERIIR %, MICFLARIEFARD 3IREN2~4uLIEFTR&, ETHBN967L
PCRIRA, EENFLADAIANPCRREZIAF, B1E: SuLAEMMEAEER. 2.5uL 10x PCRbuffers
AR, 0.2mM dNTPs, ERERNIfH|¥)(EEMS|#IpolF-SEQ IDNo:1:
TGCGAYCCSAARGCBGACTC. R E35|#IpolR-SEQ ID No:2: ATSGCCATCATYTCRCCGGA, Heh

Y=C/T, R=A/G, S=G/C, B=G/T/C)&0.8uM, 0.5uL5U/uL TaqR&EE, &EME

B

ddH<sub>2</sub>0ZE&f.25uL,
Perform PCR amplification reaction. PCR reaction conditions: 95°C for 5 min; 95°C for 1 min,

50°C for 1 min, 72°C for 1 min, 25 cycles; 72°C for 5 min.

HITPCRY 18 /A, PCRREZZM: 95°C5min; 95°C1min, 50°Clmin, 72°Clmin, 25/R1EIF;

72°C5min,

[n0051]

After the PCR reaction was completed, the PCR products were stained with ethidium olfactate
and then subjected to 1% agarose gel electrophoresis for about half an hour. The PCR

amplification results were then detected and photographed using a gel imaging system.
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PCRRRZER, FRIRWZTERBRE, PCREYIET 1%MIFAENEAR BIAF/NNEL, BEIERK
BROGEMPCRYTIGERHHER,
PCR products showing bands in gel imaging were purified using ExoSAP-IT (ThermoFisher,

USA) reagent and then sent to a sequencing company for gene sequencing.

R AIGE FHEHPCR™Y), FIEXoSAP-IT(ThermoFisher,USA)IAFIXE4, ARZEENRFA

BIHITEREINE;

[n0052]

The raw sequences obtained from sequencing are processed using software such as Geneious
(https://www.geneious.com/) and Serial Cloner (http://serialbasics.free.fr/Serial_Cloner.
html), and then compared with the NCBI gene database using BLAST to identify the species of

bacteria.

MRS RIGF @S X il Geneious(https://www.geneious.com/)FSerial Cloner
(http://serialbasics.free.fr/Serial_Cloner.html)%2f5, ENCBIFNEREEIEE @ L BLAST#HITLL

xt, HEMEEHAEFIBME,

[n0053]
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The presence or absence of impurities in the PCR sequencing peaks can be used to determine
whether the bacterial culture needs further separation and purification on nitrogen-fixing

medium or can be directly frozen for preservation.

BETFPCRUFEBBLRT, KFME FERERBFAE RSN BAK, E2RUEREHIT
RIERF

If the sequencing results show impurities, the bacterial culture is plated on nitrogen-fixing
solid medium, streaked to separate and purify it, and the single endophytic nitrogen-fixing
bacteria are screened for further culture, sequencing, identification, and cryopreservation. If
the sequencing results do not show impurities, it means that the bacterial culture is a purified

single endophytic nitrogen-fixing bacterium, and it can be directly cryopreserved.

NFERELMERT, WRKEER, EEREREFE LFR, WEoBal, mtSe—RE
BERAEHTEFEBETINF. £E, 2FRT, IFERELKALIRT, HBARRELZANUR

B—RERRE, WrIMERLERT.

[n0054]

The results are shown in Figure 1.
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ZERUNE 1FTRo

[n0055]

As shown in Figure 1, a total of 12 endophytic nitrogen-fixing bacteria were identified in the
duckweed tissue treated with the surface tissue sterilization solution (DW) of the present

invention. Among them, 6 belonged to Azotobacters sp. and the remaining 6 were Rhizobium

sp.

MEILFILEY, fKEBENREALNERODW)REXNFE GBI EFALOG, RHEFFE 124K
SERE, EF6MYETFAzotobactersp(BRERE), FR619%9Rhizobium sp.

(Rhizobium), Dechloromonas sp.

({R¥EE/E), Dechloromonas sp.

Thaurera sp. (Deoxymonas)

(BRE|EMEE), Thauerasp.

(Flavobacterium sp.)

(FEKEE), Flavobacterium sp.
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(Flavobacterium), Hydrogenophaga sp.

(E#FEE), Hydrogenophaga sp.

(Thiobacillus sp.)

(EEE/E), Thiobacillussp.

(Thiobacillus).

[n0056]

A total of 7 endophytic nitrogen-fixing bacteria were identified in the CK group (chemical
detergent + sterilization solution control group), of which 4 belonged to Azotobacters sp. and

the remaining 3 were Rhizobium sp.

CKA(MFLFER+AERMNBA) P2 HEFTRINTHREERE, HP41M19EFAzotobactersp(E
RERE), FIR3175179Rhizobium sp.

(Rhizobium), Dechloromonassp.
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({RJBEE), Dechloromonassp.

(Deoxymonas) Hydrogenophaga sp.

(AR MEE), Hydrogenophaga sp.

(Genus of hydrogenophilic bacteria).

(BEEEE).

B

i

[n0057]

The results in Table 1 show that, compared with the control group (CK), the surface
sterilization of duckweed using chemical washing solution + sterilization solution, the surface
tissue sterilization solution of the present invention can sterilize the surface of duckweed
without damaging the plant tissue or destroying the symbiotic nitrogen-fixing bacteria in the
tissue, while obtaining a richer variety of endophytic nitrogen-fixing bacteria genera, and

isolating a greater number of endophytic nitrogen-fixing bacteria from a single genera.
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RINGRRKRA: ERTFCKHRAFR, RBUFRFR+AERINFEHITRAKNE, RARLRAN
KEARKE RN FEREHAITRE, EARBEVALSNBIFARAHEERERNER, SEISIREX

MEBFENNERARRE, BE—EBRPOBLBEEZHNNERRAR.

[n0058]

Comparative Example

Xt Eb 1

[n0059]

The difference between the comparative example and Example 1 is that the traditional streak
plate method is used in step 3 to separate the endophytic nitrogen-fixing bacteria in

duckweed.

XA S SERGIINKAET : SE3FRAERTRNENGEZ DB EERNRNERRF,

All other steps are the same as in Example 1.

Hth P B9 5 5256 14818,

[n0060]
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First, use a sterile loop to pick up the filtrate and streak it repeatedly on a nitrogen-fixing solid
medium, repeating 3 to 5 times. Incubate at a constant temperature of 28°C to 32°Cfor5to 7
days. After colonies grow on the plate, use a sterile loop to pick out different colonies of
different shapes and sizes, and streak them repeatedly on a nitrogen-fixing solid medium.
Incubate at a constant temperature of 28°C to 32°C for 5 to 7 days. Repeat this process

multiple times until a single colony is selected from the plate.

BT, AREWEIUER, EERERERE ERENZL, EE3IR~5R, F28°C~32°CIERIESFT
FRIEFFOSR~TR; FFREEEKLYE, BARERREAXN N —HNAREZRL, 23IEER
BlfiEFE LREXLZ, T28°C~32°CIERIFFAEFTOSR~TR, REEEZR, EEFIRLIME

HE—EE.

[n0061]

Endophytic nitrogen-fixing bacteria in duckweed were isolated using the method of Example
1 and the traditional streak plate method. The number and names of the isolated bacterial

species are shown in Table 1.

RAKMEFINGEZSERNTIRNLZEZDTEFEIRNRNERRE, DBEFINEMERENRZNLES

MR 1FfRo
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[n0062]

Table 1 Comparison of the number and names of bacterial strains isolated in Example 1 and

the comparative example.

RISEREGILA X L F P 0 BREINEMEEMRIRLLIR

[n0065]

As can be seen from Table 1, the number of nitrogen-fixing bacteria isolated by traditional
streak plating is relatively small. Only five endophytic nitrogen-fixing bacteria with high
content in duckweed filtrate can be isolated, which belong to Azotobacters sp (two species of

nitrogen-fixing bacteria) and Hydrogenophaga sp.

MRIFTLUEY, AEAFEIRIEDBINEREMERLD, RESBHFERRPEERSAISH
RNEBRE, 7358 FAzotobactersp(BEREE, 2#). Hydrogenophagasp.

(Genus Dechloromonassp., 1 species)

(BEEEE, 1#). Dechloromonassp.

(Deoxymonas genus, 1 species) and Rhizobium sp.
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(| EMERE, 1%)FRhizobiumsp.

(Rhizobium genus, 1 species) Four genera.

(IRBERE, 1H)ENE.
The high-throughput separation and screening method in Embodiment 1 of the present
invention isolated a total of 12 endophytic nitrogen-fixing bacteria, belonging to Azotobacters

sp. and Rhizobium sp., respectively.

MARALEFILIPNEBESBHERZE, SHIBSEILRMRNEERE, 73BT
Azotobactersp(BEl®&/E), Rhizobium sp.

(Rhizobium), Dechloromonassp.

({RJBE ), Dechloromonassp.

Thaurera sp. (Deoxymonas)

(BREEMERE), Thauerasp.

(Flavobacterium sp.)
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(FEEKEE), Flavobacterium sp.

(Flavobacterium), Hydrogenophaga sp.

(&), Hydrogenophaga sp.

(Thiobacillus sp.)

(FES&EE), Thiobacillus sp.

(Thiobacterium) Six genera.

(AR 7SR

[n0066]

This is because: through the high-throughput separation and screening of the present
invention, the filtrate is added to different culture wells after multiple dilutions, which
gradually separates the bacterial species with different characteristics in the community,
allowing them to grow without restriction. This is conducive to the growth of bacteria with
lower content or slower growth rate, and thus these bacteria with lower content or slower

growth rate can also be screened out.
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XERRN: BIARANESEENBIHE, BRELSERERNEREIETIL, BEEPREE
HNEMZHOF, RIEEKAZRE, BFTFEERBHEEREXRENEEK, AMXLESER
REEEKERRIEHE B AT LUREL R,

When using the traditional streak plate separation method to separate endophytic nitrogen-
fixing bacteria from duckweed, bacteria with low content or slow growth rate in the nitrogen-
fixing bacteria community contained in the filtrate are not the dominant bacteria. The growth
of bacteria will restrict each other. Therefore, when dominant and non-dominant bacteria are
streaked onto the plate at the same time, the dominant bacteria will grow first, limiting or
even inhibiting the growth of other non-dominant bacteria. As a result, they cannot be

screened out even after repeated screening.

MEBESRNFIRYZ DB AN FEPNAEEREHTHEN, RRFAISHNEAERT, 2ERR
FEERKERRENEHIZLTNERE, EESRZENERIBERL, AMIARBEMIFNEE
BRI L E TR LAY, MBRMAALKE, REEZEMNHE T HMIFMBEMHRER, REZRARET
M AREETR K.

The comparative results show that the traditional streak plate separation method is not
suitable for the isolation and screening of endophytic nitrogen-fixing bacteria in aquatic

plants with low bacterial populations.
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MEEBIRNERIRER, FRINTIRIED B EZATESREHSEVRIKEEYFTRERREN D B

o

[n0067]

The technical features of the above embodiments can be combined in any way. For the sake
of brevity, not all possible combinations of the technical features in the above embodiments
are described. However, as long as there is no contradiction in the combination of these

technical features, they should be considered to be within the scope of this specification.

W EFMASSHEF MR HRAHER LU#FTAERNAS, AERRAENE, R ERLEF PN MR
{EFFE FIRERVAA G ER TR, AT, REXLERAFENAGAFETE, BNIIANZRRAS

IBHATEE,

[n0068]

The above embodiments are merely examples of several implementation methods of the
present invention, and their descriptions are relatively specific and detailed, but they should

not be construed as limiting the scope of the invention patent.
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W EFRIASEREBIR A T AR AR LML A I, HERRAEENIFA, BHFEEELEMmIER X
ARAEFSEERRH,

It should be noted that those skilled in the art can make various modifications and
improvements without departing from the concept of this invention, and these modifications

and improvements are all within the scope of protection of this invention.

NHIEHNE, WFARTVAREBERARAAGFRG, ERHBARLZAMEBNGRT, EAIHETE
ernchs, XLEE T AABARNERIFEE,
Therefore, the scope of protection of this invention patent shall be determined by the

appended claims.

Eitt, A&BALRAIRIFSE R N LARR M A B SR Ao

[0074]

sequence list

Ry

[0075]
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<110> Guangdong Academy of Sciences Institute of Biotechnology

<110> I REMFREY TIZRRFR

[0076]

<120> Methods for enriching and isolating endophytic nitrogen-fixing bacteria from duckweed

<120> BN BEFHERRNERRERIS A

[0077]

<130>1

<130>1

[0078]

<160> 2

<160> 2
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[0079]

<170> SIPOSequenceListing 1.0

<170> SIPOSequenceListing 1.0

[0080]

<210>1

<210>1

[0081]

<211>20

<211>20

[0082]

<212>DNA
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<212>DNA

[0083]

<213> Artificial Sequence

<213> AT F5(Artificial Sequence)

[0084]

<400>1

<400>1

[0085]

tgcgayccsa argcbgactc 20

tgcgayccsa argcbgactc 20

[0086]

<210>2
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<210>2

[0087]

<211>20

<211>20

[0088]

<212>DNA

<212>DNA

[0089]

<213> Artificial Sequence

<213> AIF5(Artificial Sequence)

[0090]
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<400> 2

<400> 2

[0091]

atsgccatca tytcrccgga 20

atsgccatca tytcrccgga 20
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