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endophyte strains selected and/or isolated by the method.
The present invention also relates to methods for transfer-
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toad File
E {Batch x}
I
v v

mfr Grid 7 Gried

v
e Subitraction

Spectrim Bas

¥
Sgectrun Basstine Subtrackion

‘:' ¥
miz Alignment iz Alignrment

mfz Aligrisaerd

v

Specioumn Smoothing

¥

mife Bange Besriction

v

Speciiuy Peak Datection

v

Wakid Featuee Piltey



US 2022/0333151 Al

Oct. 20,2022 Sheet 1 of 13

Patent Application Publication

YuasiesBiy L

WP NG

{x 130364
A peuy

R

23
>~ :S: s,

s

3 e
Y
2]

P
HER gLy

£

B4

suay WA Rds

e

R i i

i PHEA

saui By i

o
a
L
A T
et
T
&

FIG1



Patent Application Publication  Oct. 20, 2022 Sheet 2 of 13 US 2022/0333151 A1

miz Grid
myfz Grid Method: Adaptive Grid

-

Soantount 1- 10

Spectrum Bassline Subtraction
Mathod: Cuandile

Quantile: 109208

' Window 10-100 Da
Advanced

Expert Background Functinn false

miz Allgnmaent

Aligament: Rafareres Spechrem
Spectriv inde 345

myfr Windmw: 52000 Da

Max, nfe Shills 1200 0

o]

Spactrum Smouthing
Alporitherg Moving Rverage
i Window: 8 - 30 Points

g

myiz Range Restriction
e RMintmuae 3000 Da

@ Maxiaury 0040 0a

bon 4
"3
e
"

Spectrum Peak Detection
Uae Sravothing: false

Foak Detectiorn: Besolution-hased

Ditection: Standard

Centey Lamputation: Lovd Madmum

goun daw 13&\ arminatione Maxivun Qurvature
Faak Filtering

Prosent in ot lowshy 2 Experirnants

Valid Feature Filter

Uhabs Typer Auto Dalent

Fagture Typer Auto Detent

Vallddity Theeshold: O- 40 Selntenaity
Prasent i ot Least: 2 Expariments

4,

FIG 1 (ctd)



HlﬁIlOl._.D P——
H|®I|O|NI_-D [

o H\HU\O\_W\]
T4 0 N<IWJ
40 ZMO®

17214707 ZAD ]

T
=

US 2022/0333151 Al

T GT4 0+VH

Hlﬁﬁu_odc.u“Hl_

H|NND|O|N_O\[

T SE3 0 ONi

Oct. 20, 2022 Sheet 3 of 13

Teods T 01D 0 TS i
T 213 0 IVNNYIN CAD ey

H|MN<|O|V_|_”]

B H\AVN(\O\NV_A“[
T €T3 0 NO: ] mmmmm—ssssoosoon
17€2Q 0 [0 D—iiiiind

H|OH w|O|N_T_I

1760 0 WSl

HIHNUIOIWWI

Patent Application Publication

FIG 2



Patent Application Publication

Ak

SABHG

HOGR0

IDGON

Lot

o
b

13GO0G

EEEEC T

GOB00

300G

o

70000 §
50000

SEEEE
200600

JRECE U

- ¥ 3
E i i

Oct. 20,2022 Sheet 4 of 13

US 2022/0333151 Al

e 3
H

: 5,
SL I ———on.

|
|

e 46450561

v oA
e

<

§
;
d

vz o

3

e B

fie

GW

poN

A,
P

AN}

{
‘&&Ls l&,‘&&}g . -'Ii“)_. 33

RAWARY

HO00

LOWIIEAT LY

B0

12000

s

S5

4 o
: o
) H 3 H
oy i
| i s
<+
E } § =~ i i
g, 3 i H £ i . i
g R i § L% i it ,
A . \.il R j\_ i &% \i FA N ‘3 \'ié 15.
LLT LS WAL LAY ALY LY. N AL

RiECY

SR

Y

TR0

miz

AR e

Ppazaeig

.

e
o2 AT

L

oy

KA AN

e £

;;;’::{"””’Vm

(

XK

FIG3

D000

B2



US 2022/0333151 Al

Oct. 20, 2022 Sheet 5 of 13

Patent Application Publication

L 30 SUBBQEIZAI0 SRUOWOPNSSY £1-74-40D i

| BLO( SUBPOBYIZAID SEUOWIOPNESY ZI7J- R0

b pLoD suegeyizAn seuowopnasd §L-gd ool

b PDD sueygeyzAn SBUOWORASS] £0-L4- WG

LOeO- SUBYOBUIZMD SEUDWODNASS BO-Lo-wnin

* L OT5rD SUBHGEHZAID SBUDWIOPNYS] ZLT4-0RIOE

L 8100 suengeyzA Seunwopnasd GL-v-io B

* L 930 SUBJMRYZAIC SPUCWIOINAS bi-Z4-Woin B
b ET

X

[ SuepgeUzhin SEUDWOPNESd FL-T4wos B

FIG4

*QE-?EﬁEgmlmﬁas%am&.m-\wq.“_ﬁ

* L Ry SURIGBUIFAID SRUCUODNASS 77T-YIM
| ¥org SuRyqRYZAI0 SRUOWOPNaS LG 1450 I

L $O-( SUBNGEWZAIC SBUOIWORNIS] L6145 10 B

L FEDr0 SuspqeuzAc Seuswopnasy l-yiuc il

bRl SUENGBUIZAIC SEUDRIDPNRSY §i-Z4 U0

L 9 SURigRUZAIC SRUDIGDNESY 74O B

| 890 sueygeyA seuowopnasd 1414 Woin B

| 1) SUBYOBYZAID SEUOWOPNIS] L3ld WO B

L 5Er0 SUBjqeizAc SBuswiopnasd ¢ umo B




Patent Application Publication

4 g
R

S

-

Oct. 20, 2022 Sheet 6 of 13

H
i
i
H

Ty

Ry
b
} .
3
N
3
el

US 2022/0333151 Al

””””””i

FIGS5



Patent Application Publication  Oct. 20, 2022 Sheet 7 of 13 US 2022/0333151 A1

4

o ;
X <3
N i
st S
e s ;
wt AR
N o
R §
R
Y
&

-

i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
3

Fngans

Y,

FIG6




Patent Application Publication

Oct. 20, 2022 Sheet 8 of 13

2 >
I :
&
E O3 <% B S
[RA IR S & & ¥ ,\.%
- R
oW
NN n
2 W
w
oy
I

US 2022/0333151 Al

FIG?7



US 2022/0333151 Al

Oct. 20, 2022 Sheet 9 of 13

Patent Application Publication

{MSN) xow 9

™,

e RS BPROL SUIHE
e,

———r

{4ied [RUCHIEN BINSUIUSY

z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z
z

uol1BulUIoN) Sunsapuba g

{sn153Y Y=aiD
YIOREA UipHEAR) BUnsspUDE B

Desun Suiuuny) ausepuos o

{ied [euonen
Suouspue() auNsIpUOD 'S

{3281 BRINDIRT) SUISAPUDD "D

SAIBsaY P
playdsnng) ouIsapuBni3 o

NN

FIG 8



US 2022/0333151 Al

Oct. 20, 2022 Sheet 10 of 13

Patent Application Publication

T 913-0 sliqowoned seuowodulyds 60-Td-woi1 §

T 8T3-0 sliiqowidned seuowosulyds 80-Td-WO01D) i

T 0T3 siuindues seuowoSulyds ~ZT-Td-WOID) [ —
T 63 stuindues seuouwlodulyds ¢T-Td-Woio §

T £12-0 sijigowned seuowo3dulyds Tg-gd-woio

%wc:mh.HlmU|o|m___n_oE_u:ma seuowo3ulyds T-9€T-S|-SSeI8paas-SN-XeWD-7d $ i
kﬁmcr@.H|D|o|m___o_oE_u:mo_lmmcoEomc_so_.mlﬂ.@mﬁw_.mem_umm.m..mz.xmEo.Na Promsscccccoccossed i T e
T LD 0 TT-TTV-IUD T-TTTV-NYD fromsmnns .

1 8D-0 swuindues seuowoduiyds Qg-v-1Iyo

T 8D 0 T-T-TTV-NYD T-T-TT-V-IUD fesssssssoss ; . A

17 /9-07s1unSues seuowosulyds 0z-v-IIUD s
*Eée.Huoﬂuuoum___D_og__u:Suwmcog_omc_;o_muﬂ-omvm_-&@_mummm-mz-meo-Na§ ........................................................
k{_uwc_u,mh.HlmWU|0|w___n_o_.c_u:mn_lmmco_.comc_;n_.m.H.OMH..m_.mmEw_uwm.m..mz.xm_.cmv.Na - m—— ,
;(r_omc:e,Hdououco_ps_uﬁc%_um_gm__e_upoCuH-mm-m_-Emo-mz-_ocm_uoé rosmmnaasenn
PaulalT ZZ3 O UOIedlIIUBPI B|gel|d) 30U T-Z0T-SI-PUBQ-SN-PUBIID-Td i
L{mmée.H\Duwo\co_pmu_uﬁc%_\m_o_m__EJOCJ-mm-m_-Emo-mz-_ocm_uo-ma ““““““““““
;(r_omée,HumHuuouco:mu_u,_z%_um_o_m__e_upoCuH-SH-m_-Emo-mz-_ocm_uo-z
*Eée,ﬁuﬁH<|o|co:8_u,_z%_|m5m__e 30U T-16-SI-pued-SN-pueP-¢d}
;(r_omc_U_e‘Huomuouco_psc_zm_o_um_o_m__eJoCJ-Nm-m_-_ocmo-mz-_ocm_uo-ma ¥
;(rumc_u@_.H|mm|o|coz8_u,_z%_| B

3[qel|a) 10U T-76-SI-PURQ-SN-PURID-Ed fems

*mmc_ua:uﬁ 7370 uoneaynuapl d|qelja) 10U T-Z0T-SI-pued-SN-puepP-Tdl

paulas T €T3 Q UOIIBIIUSPI 3|geI3) 10U T-86-S|-PUBQ-SN-PUR|ID)-T J it L
;(r_omc_u.e.ﬁ 8TD 0 Uuonesynuapl sgel|al 10U T-88-S|-PUBQ-SN-PUBID-Ed ;

2LPAUYAIT /T3 0 UOHEIHRUSP! 3|qeI@4 30U T-TOT-SI-PUBQ-SN-PUBPD-Td §

ALPAUYBIT 2TV 0 UOIIBIJIIUSPI B|g.I[3 10U T-T6-SI-PUBQ-SN-PUBIID-E frmmmmmmmmens .

T 073-0 sljiqowrned seuowosulyds £0-Td-WolD § A

T 613-0 sijigowned seuowoduiyds /0-Td-wWolD g,

T £13-0 slliqowoned seuowodulyds 80-Td-WwoiD

FIG9



US 2022/0333151 Al

Oct. 20,2022 Sheet 11 of 13

Patent Application Publication

pauyal T 73 0 UOIeIYIIUSPI B|qelds 10U T-08-SI-O||EX|BY-SN-XeWD-€d
pauyal T T3 0 UOIIEIYIIUSPI B|qelds 10U T-08-SI-O||EX|eY-SN-XeWD-€d
pauyal T zzy 0 oetaeydsojjAyd seuowosuiyds T-z-SI-O||X|EY-SN-XeWD-Ed §

pauyasT Tgv 0 oesseydsojjAyd seuowo3uiyds” T-z-SI-0]eY|B)-SN-XWD-Ed e

P

{7_85_E.H\oU\o\co_HS_u,_Em_o_\m_o_m__e 10U T-£ET-SI-SSBIBPIIS-SN-XeWD-Td jm
S pauyaST 63 O UonEdlIIUBPI B|qel[a) JoU T-LET-S|-SSeISPAIS-SN-XEWD-Td s

fpauya 178y 0 UOKRILIIUSPIB|qRII 10U T-6€ T-SI-SSIFPRRS-SN-XRWD-7d |

*vmc:E.H|m<|olco_pmu_u._pcm_u_lm_n_m__mhlporhlﬁ-mmﬁm_-mmEmvmmm-mz-xm_&o-m& St

fpauyasT 8T O UOHBILIIUSPI™ B|qeI|R1 10U T-ET-§I-SSeIIPIDS-SN-XeWD-Td §
;(mmc:e‘H\Duwo\co_pmu_u._zm_o_\m_o_m__9393-wﬂ-m_-&emummm-mz-xmeo-Na .

T 612-0 Sluin3ues” seuowosuIydS™ 20-7d-WO1D) s
T ST3-0 sljiqowned seuowosulyds 60-Td-Wo1D |
T 812-0 sijigowdned seuowodulyds TZ-2d-WolD

T T20-0 siiigowdned seuowosulyds 6T-2d-WolD s

T ¢¢2-0 sljigowdned seuowodulyds 6T-gd-wolo
1 02D-0 stuindues seuowoduiyds Qz-¢d-woin

FIG 9 (cont)



US 2022/0333151 Al

Oct. 20,2022 Sheet 12 of 13

Patent Application Publication

TGRS Arthradesier

RN

-3 o v

e A

SRl RI RIS

v
£z
%
%
£
g

i

S

SPIGE

R

TR RIA

-3

GENS

133
s

o

DR RN
RO

Y]
S

RS

Y

oo WM

R

R

FIG 10



US 2022/0333151 Al

Oct. 20, 2022 Sheet 13 of 13

Patent Application Publication

EUUROORO < > 81

Ay Rusode

5

o428

R

. 3

{

|

SRR A EV RO R

£

RN

=

¥
3

H

a

e O

et

%

o REB Y

|

|

58 S8,

AR

P BIRTRER S R

ASWobaasy Sy
A

]

&

i

st

oo R
e S

(4

pades

SERNNA

TS0 Arifwsbes iy &

DAAS A

¥

i

=
RO

|

i

o YRS AT

4

oo

| Arradecis

e £ 38R
e AR A A Rad

LA

33

L]

rEnRaiay ¢

S-S

b

:
i
{
w
¢
:
i
i
T
i eyt

i
e

FIG 10 (Cont.)



US 2022/0333151 Al

PLANT MICROBIOME AND METHODS FOR
PROFILING PLANT MICROBIOME

FIELD OF THE INVENTION

[0001] The present invention relates to method for iden-
tifying, characterising and/or comparing endophyte strains
and to novel endophyte strains selected and/or isolated by
the method. The present invention also relates to methods
for transferring endophyte strains between plants.

BACKGROUND OF THE INVENTION

[0002] Microbes represent an invaluable source of novel
genes and compounds that have the potential to be utilised
in a range of industrial sectors. Scientific literature gives
numerous accounts of microbes being the primary source of
antibiotics, immune-suppressants, anticancer agents and
cholesterol-lowering drugs, in addition to their use in envi-
ronmental decontamination and in the production of food
and cosmetics.

[0003] A relatively unexplored group of microbes known
as endophytes, which reside e.g. in the tissues of living
plants, offer a particularly diverse source of novel com-
pounds and genes that may provide important benefits to
society, and in particular, agriculture.

[0004] Endophytes may be fungal or bacterial. Endo-
phytes often form mutualistic relationships with their hosts,
with the endophyte conferring increased fitness to the host,
often through the production of defence compounds. At the
same time, the host plant offers the benefits of a protected
environment and nutriment to the endophyte.

[0005] Important forage grasses perennial ryegrass (Lo-
lium perenne) are commonly found in association with
fungal and bacterial endophytes. However, there remains a
general lack of information and knowledge of the endo-
phytes of these grasses as well as of methods for the
identification and characterisation of novel endophytes and
their deployment in plant improvement programs.

[0006] Glycine (soybean) is a genus in the bean family
Fabaceae. The best known species is the cultivated soybean
(Glycine max). Again, there remains a general lack of
information and knowledge of the endophytes of these
plants as well as of methods for the identification and
characterisation of novel endophytes and their deployment
in plant improvement programs.

[0007] Knowledge of the endophytes of perennial ryegrass
may allow certain beneficial traits to be exploited in
enhanced pastures, or lead to other agricultural advances,
e.g. to the benefit of sustainable agriculture and the envi-
ronment.

[0008] Identification of phylogenetically related microbes
typically involves isolation of microbes from e.g. plant
material and subsequent processing by genetic sequencing to
allow for comparison of microbes. Microbes can then be
clustered based on genetic similarities.

[0009] Further methods for identification and character-
ization of for microbes, in particular endophytes, are gen-
erally based on morphological characterisation and molecu-
lar taxonomy analyses. Morphological characterisation
includes analyses of macroscopic and microscopic struc-
tures of microbes grown on culture media. Molecular tax-
onomy analysis is mainly based on gene sequence analysis
of spacer regions in nuclear ribosomal DNA (nrDNA),
particularly in phylogenomics. However, traditional meth-
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ods of phylogenomics based on nrDNA sequences may not
reflect the divergence of closely related species.

[0010] There exists a need to overcome, or at least alle-
viate, one or more of the difficulties or deficiencies associ-
ated with the prior art.

SUMMARY OF THE INVENTION

[0011] In one aspect, the present invention provides a
method for profiling endophyte strains from a microbiome,
said method including the steps of:

[0012]

[0013] obtaining protein profile spectra from one or
more endophytes of the microbiome;

[0014] processing the protein profile spectra;

0015] clustering the endophyte strains based on the
2 phy
processed protein profile spectra; and

[0016] selecting and/or isolating endophyte strain(s)
having desired genetic and/or metabolic characteristics,
or being phylogenetically related to a desired endo-
phyte strain.

[0017] As used herein, the term ‘profiling’ endophyte
strain(s) means identifying, characterising and/or comparing
endophyte strain(s). For example, this may include selecting
and/or isolating endophyte strain(s) having desired genetic
and/or metabolic characteristics, or endophyte strain(s) that
are phylogenetically related to a desired endophyte strain.

[0018] As used herein the term ‘isolated’ means that an
endophyte is removed from its original environment (e.g. the
natural environment if it is naturally occurring). For
example, a naturally occurring endophyte present in a living
plant is not isolated, but the same endophyte separated from
some or all of the coexisting materials in the natural system,
is isolated.

[0019] As used herein the term ‘endophyte’ is meant a
bacterial or fungal strain that is closely associated with a
plant. By “associated with’ in this context is meant that the
bacteria or fungus lives on, in or in close proximity to a
plant. For example, it may be endophytic, for example living
within the internal tissues of a plant, or epiphytic, for
example growing externally on a plant.

[0020] In a preferred embodiment the microbiome may be
isolated from a plant material. The plant material may be of
any suitable type. For example, the plant material may be
from a grass, tree, flower, herb, shrub or bush, vine or
legume, or a product thereof. The method according to the
present invention is particularly applicable to grasses and
legumes.

[0021] In a preferred embodiment the plant material may
be from a perennial ryegrass (Lolium perenne), tall fescue
(Festuca arundinaceae), corn (Zea mays), Glycine species,
wheat (Triticum aestivum) and barley (Hordeum vulgare), or
any combination thereof.

[0022] In a further preferred embodiment the Glycine
species includes Glycine tomentella, Glycine tabacina, Gly-
cine latifolia, Glycine hirticaulis, Glycine microphylla, Gly-
cine clandestine.

[0023] In another preferred embodiment the Glycine spe-
cies includes Glycine max.

[0024] In a preferred embodiment the plant material
includes seeds, leaves, stems, petioles, roots, buds, flowers
or any combination thereof.

providing a microbiome;
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[0025] In a preferred embodiment, the step of providing
the microbiome includes the steps of:

[0026] providing plant material;

[0027] washing the plant material in an aqueous solu-
tion;

[0028] submerging the plant material in an aqueous
solution;

[0029] macerating the plant material; and

[0030] applying the macerated plant material to a

growth medium for growth of the microbiota to provide
the isolated microbiome.
[0031] In a preferred embodiment, the microbiota grown
on the growth medium may be subjected to a re-streaking so
as to obtain an isolated endophyte colony.
[0032] In a preferred embodiment, the method may
include obtaining protein profile spectra from one or more
isolated endophyte colonies.
[0033] Ina preferred embodiment, when the plant material
includes a seed, the step of providing the microbiome may
include the preliminary steps of:

[0034] harvesting the plant material;
[0035] sterilising the plant material;
[0036] germinating the plant material;
[0037] growing the germinated plant material.
[0038] In a further preferred embodiment, the aqueous

solution may be a buffer solution. In a further preferred
embodiment the buffer solution may be a phosphate buffered
saline (PBS) solution.

[0039] In a preferred embodiment, the protein profile
spectra may be obtained by mass spectrometry. In a further
preferred embodiment, the mass spectrometry technique
used to obtain the protein profile spectra may be matrix
assisted laser desorption/ionisation (MALDI) mass spec-
trometry.

[0040] In a preferred embodiment, the protein profile
spectra are processed by a data deconvolution workflow. In
a further preferred embodiment the data deconvolution
workflow includes performing the steps of:

[0041] a m/z scan to create a m/z grid;
[0042] a spectrum baseline subtraction; and
[0043] a m/z alignment;

wherein the data deconvolution workflow provides the pro-
cessed protein spectra.

[0044] In a preferred embodiment, processed protein pro-
file spectra may be obtained for one or more isolated
endophyte colonies.

[0045] As used herein ‘m/z’ means a measurement of the
mass to charge ratio resulting from a mass analysis experi-
ment wherein one or more electrons are taken from mol-
ecules to create charged ions. The number of electrons
removed is the charge number (for positive ions), wherein
m/z represents mass (m) divided by charge number (z).
[0046] In a further preferred embodiment the m/z grid may
be produced according to an adaptive grid method. In a more
preferred embodiment the adaptive grid method scan count
is between approximately 1 and 10.

[0047] In a further preferred embodiment the spectrum
baseline subtraction may be performed according to a quan-
tile normalization method. In a more preferred embodiment
the quantile normalization method may be limited to
between approximately 10% and 20%. In a more preferred
embodiment the spectrum baseline subtraction may be per-
formed wherein the m/z window is between approximately
10 and 100 Da.
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[0048] In a preferred embodiment the m/z alignment may
be performed with reference to a reference spectrum. In a
further preferred embodiment the reference spectrum may
be from Escherichia coli ATCC 25922. In a further preferred
embodiment the m/z alignment may be performed with a
spectrum index between approximately 1 and 5. In a further
preferred embodiment the m/z alignment may be performed
with a m/z window between approximately 5 and 1000 Da.
In a further preferred embodiment the m/z alignment may be
performed wherein the maximum m/z shift is between
approximately 1 and 200 Da.

[0049] In a preferred embodiment, the method includes
combining the protein profile spectra, for example protein
profile spectra from one or more isolated endophyte colo-
nies, and performing one or more of the steps of:

[0050] a m/z alignment;

[0051] a spectrum smoothing;

[0052] a m/z range restriction;

[0053] a spectrum peak detection; and

[0054] a valid peak filtration to remove peaks which do

not meet a defined threshold.

[0055] In a preferred embodiment, the processed protein
profiles may be converted into a matrix for analysis.
[0056] In a further preferred embodiment the m/z ratio
alignment may be performed with reference to a reference
spectrum. In a further preferred embodiment the m/z ratio
alignment may be performed with reference to a reference
spectrum from Escherichia coli ATCC 25922.
[0057] In a further preferred embodiment the m/z ratio
alignment may be performed with a spectrum index between
approximately 1 and 5. In a further embodiment spectrum
smoothing may be performed according to a moving average
algorithm. In a further preferred embodiment spectrum
smoothing may be performed with a m/z window of
approximately 4 to 30 points.
[0058] In a further preferred embodiment the m/z range
may be between approximately 2000 and 20000 Da.
[0059] In a further preferred embodiment the spectrum
peak detection may be performed by a resolution-based
method. In a further preferred embodiment the boundary
determination may be performed at maximum curvature
peak filtering. In a further preferred embodiment the spec-
trum peak detection may be present in at least two experi-
ments. In a further preferred embodiment the valid feature
filter may have a threshold between approximately 0-40%
intensity. In a further preferred embodiment the feature filter
may be present in at least 2 experiments.
[0060] In a further embodiment the processed protein
profile spectra may be used to perform hierarchal clustering.
In a further embodiment the hierarchal clustering may be
used to compare endophyte strains and, in particular, iden-
tify related endophyte strains.
[0061] In apreferred embodiment the hierarchal clustering
provides a phenogram wherein endophyte strains are clus-
tered based on similar protein profiles. In a further embodi-
ment the hierarchical clustering provides a clade of endo-
phytes having properties selected from:

[0062] 1i. related bioactivity;

[0063] ii. related geographic ranges; or

[0064] iii. belonging to plant lines having the same

phenotype.

[0065] In another preferred embodiment the hierarchical
clustering provides a clade of endophytes having properties
selected from:
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[0066] 1i. related bioactivity;
[0067] ii. related geographic ranges;
[0068] iii. belonging to plant lines having the same

phenotype; or

[0069] iv. similar protein profiles.
[0070] In a further embodiment the related bioactivity may
be selected from bioprotection and biofertilizer activity. In a
preferred embodiment the bioprotection and biofertilizer
properties may be the same or similar to those of Xanthomo-
nas sp. bacterial strain GW.
[0071] By “bioactivity” or “bioactive properties” is meant
the capacity of a compound to elicit pharmacological or
toxicological effects in plants, humans or animals. In par-
ticular, plants may contain secondary compounds and
metabolites with bioactive properties that are produced by
endophytes.
[0072] For example, the bioactivity may be selected from
bioprotection and biofertilizer activity. In a preferred
embodiment the bioprotection and biofertilizer properties
may be the same or similar to those of Xanthomonas sp.
bacterial strain GW.
[0073] As used herein the term ‘bioprotection and/or
biofertilizer’ means that the endophyte possesses genetic
and/or metabolic characteristics that result in a beneficial
phenotype in a plant harbouring, or otherwise associated
with, the endophyte. Such beneficial properties include
improved resistance to pests and/or diseases, improved
tolerance to water and/or nutrient stress, enhanced biotic
stress tolerance, enhanced drought tolerance, enhanced
water use efficiency, reduced toxicity and enhanced vigour
in the plant with which the endophyte is associated, relative
to an organism not harbouring the endophyte or harbouring
a control endophyte such as standard toxic (ST) endophyte.
[0074] The pests and/or diseases may include, but not
limited to, fungal and bacterial pathogens. In a particularly
preferred embodiment, the endophyte may result in the
production of the bioprotectant compound in the organism
with which it is associated.
[0075] As used herein, the term ‘bioprotectant compound’
means a compound that provides bioprotection to the plant
or aids the defence of the plant with which it is associated
against pests and/or diseases, such as fungal and/or bacterial
pathogens. A bioprotectant compound may also be known as
a ‘biocidal compound’. In a particularly preferred embodi-
ment, the endophyte produces a bioprotectant compound
and provides bioprotection to the organism against fungal
and/or bacterial pathogens. The terms bioprotectant, biopro-
tective and bioprotection (or any other variations) may be
used interchangeably herein.
[0076] As used herein, a ‘bioprotectant property’ provides
bioprotection to the plant or aids the defence of the plant
against pests and/or diseases, such as fungal and/or bacterial
pathogens. A bioprotectant compound may also be known as
a ‘biocidal compound’. In a particularly preferred embodi-
ment, the endophyte produces a bioprotectant compound
and provides bioprotection to the plant with which it is
associated against fungal and/or bacterial pathogens. The
terms bioprotectant, bioprotective and bioprotection (or any
other variations) may be used interchangeably herein.
[0077] As used herein, a ‘biofertilizer’ improves the avail-
ability of nutrients to the plant with which the endophyte is
associated, including but not limited to improved tolerance
to nutrient stress.
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[0078] The nutrient stress may be lack of or low amounts
of a nutrient such as phosphate and/or nitrogen. The endo-
phyte is capable of growing in conditions such as low
nitrogen and/or low phosphate and enable these nutrients to
be available to the plant with which the endophyte is
associated.
[0079] In a further embodiment there is provided a method
for clustering endophytes of the plant phenotype is for
drought tolerance or drought resistance.
[0080] In a further embodiment the hierarchical clustering
provides identification of a clade of endophytes of a group
selected from:
[0081] i. multiple host species, wherein said host spe-
cies is from multiple geographic locations;
[0082] ii. multiple host species, wherein said host spe-
cies is from a single geographic location;
[0083] iii. one host species, wherein said host species is
from multiple geographic locations; or
[0084] iv. one host species, wherein said host species is
from a single geographic location.
[0085] In another aspect, the present invention provides a
substantially purified or isolated endophyte strain, prefer-
ably selected and/or isolated using a method according to the
present invention, as described herein.
[0086] In another aspect of the present invention there is
provided a method for profiling a plant microbiome said
method including the steps of:

[0087] providing plant material from a first plant spe-
cies and plant material from a related second plant
species;

[0088] characterising the microbiome of the first and
second plant species by analysing the plant material;
and

[0089] assessing the microbiome of the first and second

plant species to identify endophyte strains found in
both the first and second plant species or endophyte
strains found in the second plant species but not in the
first plant species.
[0090] In a preferred embodiment, the method of profiling
a plant microbiome as described herein and the method of
profiling endophyte strains from a microbiome as described
herein may be performed sequentially.
[0091] In a preferred embodiment the first plant species
may be selected from perennial ryegrass (Lolium perenne),
tall fescue (Festuca arundinaceae), corn (Zea mays), Gly-
cine species, wheat (Triticum aestivum) and barley (Hor-
deum vulgare).
[0092] In a further preferred embodiment the first plant
species may be selected from Glycine tomentella, Glycine
tabacina, Glycine latifolia, Glycine hirticaulis, Glycine
microphylla, Glycine clandestine and Glycine Max.
[0093] In a further embodiment the second plant species
may be a crop wild relative (CWR) of the first plant species.
[0094] As used herein ‘crop wild relative (CWR)’ is meant
plants that have not been domesticated and are genetically
related to crop plants. These CWR may be used as a source
of endophytes or alleles for crop plants that have been lost
through their domestication. Accordingly, in a preferred
embodiment, the present invention may include screening
microbiomes of CWR, such as Glycine CWR, to identify
endophytes that could be substituted for similar endophytes
of the crop plant, or introduced into the crop plant, for
example the crop plant Glycine max (soybean).



US 2022/0333151 Al

[0095] In a further embodiment providing the plant mate-
rial from the first and second plant species includes the steps
of:

[0096] sterilising the plant material; and

[0097] germinating the plant material,
wherein the germinated plant material provides seedlings for
characterisation.
[0098] In a further preferred embodiment, the step of
providing the plant material may include the steps of:

[0099] washing the plant material in an aqueous solu-
tion;

[0100] submerging the plant material in an aqueous
solution;

[0101] macerating the plant material; and

[0102] applying the macerated plant material to a

growth medium for growth of the microbiota to provide
an isolated microbiome.
[0103] In a further preferred embodiment, when the plant
material includes a seed, the step of providing the plant
material may include the preliminary steps of:

[0104] harvesting the plant material;
[0105] sterilising the plant material;
[0106] germinating the plant material; and/or
[0107] growing the germinated plant material.
[0108] In a preferred embodiment the plant material may

be from a grass, tree, flower, herb, shrub or bush, vine or
legume, or a product thereof. The method according to the
present invention is particularly applicable to grasses and
legumes. In a further preferred embodiment the plant mate-
rial may be selected from seeds, leaves, stems, petioles,
roots, buds, flowers or any combination thereof.

[0109] In a further preferred embodiment, the aqueous
solution may be a buffer solution. In a further preferred
embodiment the buffer solution may be a phosphate buffered
saline (PBS)

Solution

[0110] In a further embodiment characterising the micro-
biome of the first and second plant species includes the steps
of:

[0111] extracting nucleic acid from the plant material;
and
[0112] analysing the extracted nucleic acid to profile the

plant material microbiome.
[0113] The steps of extracting nucleic acid and analysing
the extracted nucleic acid as used herein may be performed
by any suitable technique. In a particularly preferred
embodiment analysis of the extracted nucleic acid may be
performed by Unweighted UNIFRAC Distance Principal
Components Analysis utilising operational taxomic units
(OTU) phylogeny.
[0114] In a preferred embodiment, the microbiota grown
on the growth medium may be subjected to a re-streaking so
as to obtain an isolated endophyte colony.
[0115] In a preferred embodiment, the method may
include obtaining protein profile spectra from one or more
isolated endophyte colonies.
[0116] In a further preferred embodiment, the step of
assessing the microbiome of the first and second plant
species may include statistical analysis to determine micro-
biome operational taxomic units (OTU) present within each
plant species.

Oct. 20, 2022

[0117] As used herein ‘operational taxomic units (OTU)’
may include clusters of related organisms having similar
physiological, bioactivity, genetic or peptide properties.
[0118] In a further preferred embodiment the microbiome
OTU within the first plant species may be compared with
that of the second plant species to determine microbiota
which are either:
[0119] shared between the plant species, or
[0120] unique to the second plant species, relative to the
first plant species.
[0121] In a preferred embodiment the identified microbi-
ome OTU may be selected from the group including Steno-
trophomonas sp., Pseudomonas sp., Acinetobacter sp.,
Holomonas sp., Enterobactereaceae sp., Pantoea sp., Bur-
kholderiaceae sp., Ralstonia sp., Massilia sp., Herbaspiril-
lum sp., Delftia sp., Curvibacter sp., Aquabacterium sp.,
Sphingomonas sp., Novosphingobium sp., Bradyrhizobium
sp., Ochrobactrum sp., Methylobacterium sp., Lactobacillus
sp., Staphylococcus sp., Bacillus sp. and Curtobacterium sp.
[0122] In a further aspect of the present invention, there is
provided a method for enhancing the bioactivity of a plant
species, said method including:
[0123] identifying endophyte strains found in the first
and second plant species; and
[0124] transferring one or more endophyte strains from
the second plant species to the first plant species to
enhance bioactivity of the first plant species,
wherein the transferred endophyte enhances bioactivity of
the first plant species.
[0125] In a preferred embodiment, the step of identifying
endophyte strains found in the first and second plant species
may be performed by a method of profiling plant microbi-
ome, as hereinbefore described.
[0126] In a further aspect of the present invention, there is
provided a method for enhancing the bioactivity of a plant
species, said method including:
[0127] identifying endophyte strains found in the sec-
ond plant species but not in the first plant species, and
[0128] transferring one of said more endophyte strains
from the second plant species to the first plant species,

wherein the transferred endophyte enhances bioactivity of
the first plant species.

[0129] In a preferred embodiment, the step of identifying
endophyte strains found in the second plant species but not
in the first plant species may be performed by a method of
profiling plant microbiome, as hereinbefore described.

[0130] By “enhancing the bioactivity of a first plant spe-
cies” is meant that the first plant species has a beneficial
phenotype relative to the same plant species not harbouring
the transferred endophyte or harbouring a control endophyte
such as standard toxic (ST) endophyte. Such beneficial
properties include improved resistance to pests and/or dis-
eases, improved tolerance to water and/or nutrient stress,
enhanced biotic stress tolerance, enhanced drought toler-
ance, enhanced water use efficiency, reduced toxicity and
enhanced vigour in the plant with which the endophyte is
associated, relative to a plant not harbouring the endophyte
or harbouring a control endophyte such as standard toxic
(ST) endophyte.

[0131] In a preferred embodiment the microbiome may be
isolated from plant material of the first and second plant
species. The plant material may be of any suitable type. In
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a preferred embodiment the plant material includes seeds,
leaves, stems, petioles, roots, buds, flowers or any combi-
nation thereof.

[0132] By a“related second plant species” is meant a plant
species sharing substantial genetic identity with the first
plant species, for example greater than approximately 80%
genetic identity, preferably greater than 90% genetic iden-
tity, more preferably greater than approximately 95%
genetic identity, even more preferably greater than approxi-
mately 98% genetic identity.

[0133] In a preferred embodiment, the protein profile
spectra may be obtained by mass spectrometry. In a further
preferred embodiment, the mass spectrometry technique
used to obtain the protein profile spectra may be matrix
assisted laser desorption/ionisation (MALDI) mass spec-
trometry, as hereinbefore described.

[0134] The step of transferring one or more of said endo-
phyte strains from the second plant species to the first plant
species may be performed by any suitable technique. Pref-
erably, the first plant species is infected with the endophyte
by a method selected from the group consisting of inocula-
tion, breeding, crossing, hybridization and combinations
thereof.

[0135] In a further aspect, the present invention provides
a plant, plant part or plant product with enhanced bioactivity
produced by a method according to the present invention.
[0136] In another aspect, the present invention provides a
substantially purified or isolated endophyte strain, prefer-
ably selected and/or isolated using a method according to the
present invention, as described herein.

[0137] Ina preferred embodiment, according to any aspect
of'the present invention, the endophyte strain may be a strain
of Xanthomonas sp. which provides bioprotection and/or
biofertilizer phenotypes to plants into which it is inoculated.
In a preferred embodiment, the Xanthomonas sp. strain may
be GW as described herein and as deposited with The
National Measurement Institute of 1/153 Bertie Street, Port
Melbourne, VIC 3207, Australia on 17 May 2019 with
accession number V19/009902.

[0138] In another preferred embodiment the endophyte
strain may be a strain of Xanthomonas sp. which provides
enhanced bioactivity to plants into which it is inoculated.
[0139] In another preferred embodiment, according to any
aspect of the present invention, the endophyte strain may be
a strain of Arthrobacter sp. which provides bioprotection
and/or biofertilizer phenotypes to plants into which it is
inoculated. In a preferred embodiment, the Arthrobacter sp.
strain may be a D4-11 strain as described herein and as
deposited with The National Measurement Institute of 1/153
Bertie Street, Port Melbourne, VIC 3207, Australia on 9 Jul.
2019 with accession number V19/013680.

[0140] In another preferred embodiment the endophyte
strain may be a strain of Arthrobacter sp. which provides
enhanced bioactivity to plants into which it is inoculated.
[0141] In another preferred embodiment, according to any
aspect of the present invention, the endophyte strain may be
a strain of Papiliotrema sp. which provides bioprotection
and/or biofertilizer phenotypes to plants into which it is
inoculated. In a preferred embodiment, the Papiliotrema sp.
strain may be a strain selected from the group consisting of
P2-Gland-NS-Runn Creek 1S-107-1, P1-Geland-NS-Morn-
ington-1S-114-1, and P2-Geland-NS-Card Creek 1S-34-1
strain as described herein and as deposited with The
National Measurement Institute of 1/153 Bertie Street, Port
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Melbourne, VIC 3207, Australia on 9 Jul. 2019 with acces-
sion numbers V19/013679, V19/013678 and V19/013677,
respectively.

[0142] In another preferred embodiment the endophyte
strain may be a strain of Papiliotrema sp which provides
enhanced bioactivity to plants into which it is inoculated.
[0143] In another preferred embodiment, according to any
aspect of the present invention, the endophyte strain may be
a strain of Sphingomonas paucimobilis which provides
bioprotection and/or biofertilizer phenotypes to plants into
which it is inoculated. In a preferred embodiment, the
Sphingomonas paucimobilis strain may be Gtom-P2-19 as
described herein and as deposited with The National Mea-
surement Institute of 1/153 Bertie Street, Port Melbourne,
VIC 3207, Australia on 9 Jul. 2019 with accession number
V19/013676.

[0144] In another preferred embodiment the endophyte
strain may be a strain of Sphingomonas paucimobilis which
provides enhanced bioactivity to plants into which it is
inoculated. In another preferred embodiment, according to
any aspect of the present invention, the endophyte strain
may be a strain of Argobacterium lanymoorei which pro-
vides bioprotection and/or biofertilizer phenotypes to plants
into which it is inoculated. In a preferred embodiment, the
Argobacterium lanymoorei strain may be a strain selected
from Gcela-P1-10, and Gtab-P2-18 as described herein and as
deposited with The National Measurement Institute of 1/153
Bertie Street, Port Melbourne, VIC 3207, Australia on 9 Jul.
2019 with accession numbers V19/013675 and V19/013671,
respectively.

[0145] In another preferred embodiment the endophyte
strain may be a strain of Argobacterium lanymoorei which
provides enhanced bioactivity to plants into which it is
inoculated.

[0146] In another preferred embodiment, according to any
aspect of the present invention, the endophyte strain may be
a strain of Pseudomonas oryzihabitans which provides bio-
protection and/or biofertilizer phenotypes to plants into
which it is inoculated. In a preferred embodiment, the
Pseudomonas oryzihabitans strain may be a strain selected
from Ghir-A-22-2, Gtab-P2-12 and Gtom-P2-14 as
described herein and as deposited with The National Mea-
surement Institute of 1/153 Bertie Street, Port Melbourne,
VIC 3207, Australia on 9 Jul. 2019 with accession numbers
V19/013672, V19/013674 and V19/013673, respectively.
[0147] In another preferred embodiment the endophyte
strain may be a strain of Pseudomonas oryzihabitans which
provides enhanced bioactivity to plants into which it is
inoculated.

[0148] In this specification, the term ‘comprises’ and its
variants are not intended to exclude the presence of other
integers, components or steps.

[0149] Inthis specification, reference to any prior art in the
specification is not and should not be taken as an acknowl-
edgement or any form of suggestion that this prior art forms
part of the common general knowledge in Australia or any
other jurisdiction or that this prior art could reasonably
expected to be combined by a person skilled in the art.
[0150] The present invention will now be more fully
described with reference to the accompanying Examples and
drawings. It should be understood, however, that the
description following is illustrative only and should not be
taken in any way as a restriction on the generality of the
invention described above.
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BRIEF DESCRIPTION OF THE

DRAWINGS/FIGURES
[0151] In the Figures:
[0152] FIG. 1 shows the data deconvolution workflow and

associated parameters (Refiner, Genedata) used to process
raw MALDI spectra from multiple novel bacterial strains
across multiple Batches, in order to align and smooth
spectra, reduce background noise, and identify all valid
protein peaks and their relative intensities.

[0153] FIG. 2 shows a region of the Hierarchical Cluster-
ing tree generated from protein spectra from novel bioactive
bacterial strain GW and other Xanthomonas strains. The
novel Xanthomonas sp. bacterial strain GW_0_F7_1 (V19/
009902, star) is a representative strain of this clade (bioac-
tive strain)

[0154] FIG. 3 shows the protein spectra of the three
Xanthomonas sp. novel bacterial strains GW, SS and SI. A.
Full chromatogram (2000-14000 Daltons). Proteins unique
to either the novel bacteria strain GW (4646.0561) or SS
(4494.1438) are evident within the boxed area.

[0155] FIG. 4 shows a region of the Hierarchical Cluster-
ing tree generated from protein spectra from novel
Pseudomonas oryzihabitans bacterial strains isolated from
three Glycine species, Glycine tomentella (Gtom designa-
tion), Glycine hirticaulis (Ghir designation) and Glycine
tabacina (Gtab designation) from two locations, Kakadu
National Park (NT), La Trobe University Wildlife Sanctuary
(Victoria). The novel Pseudomonas oryzihabitans bacterial
strains Ghir-A-22-2 (V19/013672, star) and Gtom-P2-14
(V19/013673, star) and Gtab-P2-12 (V19/013674, star) are
representative strains of this clade (broad host range, broad
geographic range).

[0156] FIG. 5 shows a region of the Hierarchical Cluster-
ing tree generated from protein spectra from novel Agro-
bacterium lartymoorei bacterial strains isolated from two
Glycine species, Glycine clandestina (Gcla designation) and
Glycine tabacina (Gtab designation) from one location, the
La Trobe University Wildlife Sanctuary (Victoria). The
novel Agrobacterium lartymoorei bacterial strains Gtab-P2-
18 (V19/013671, star) and Gela-P1-10 (V19/013675, star)
are representative strains of this clade (broad host range,
narrow geographic range).

[0157] FIG. 6 shows a region of the Hierarchical Cluster-
ing tree generated from protein spectra from fungal strains
(Papiliotrema sp.) isolated from only Glycine clandestina
from three locations, Mornington Peninsula National Park
(Mornington designation), Cardinia Creek Parklands (Card_
Creek designation) and Kinglake National Park: Running
Creek (Runn_creek designation) (Victoria). The novel (Pap-
iliotrema sp.) fungal strains P1-Gcland-NS-Card_Creek-IS-
34-1 (V19/013677, star), P1-Gcland-NS-Mornington-IS-
114-1 (V19/013678, star) and P2-Gcland-NS-Runn_creek-
18-107-1 (V19/013679, star) are representative strains of
this clade (narrow host range, broad geographic range).

[0158] FIG. 7 shows a region of the Hierarchical Cluster-
ing tree generated from protein spectra from Sphingomonas
bacterial strains isolated from only Glycine tomentella from
one location, Kakadu National Park (NT). The novel Sphin-
gomonas paucimobilis bacterial strain Gtom-P2-19 (V19/
013676, star) is a representative strain of this clade (narrow
host range, narrow geographic range).
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[0159] FIG. 8—Seed microbiome profiles of Glycine clan-
destina, G. tabacina and G. max, collected from various
locations across the greater Melbourne region in Victoria,
Australia.

[0160] FIG. 9—Sphingomonas sp. clade from a Hierar-
chical Clustering analysis of MALDI protein spectra from
strains isolated from G. clandestina (Gcland designation,
light grey star) and G. max (Gmax designation, dark grey
star), demonstrating a microbe that could potentially be
transferred from one species to another.

[0161] FIG. 10 shows a region of the hierarchical tree
generated from protein spectra from Arthrobacter bacterial
strains isolated from drought tolerant wheat lines. The novel
Arthrobacter sp. bacterial strain D4-11 (V19/013680, star) is
a representative strain of this clade (associated with a plant
phenotype—drought tolerance).

DETAILED DESCRIPTION OF THE
EMBODIMENTS

Using Matrix Assisted Laser Desorption/lonisation
(MALDI) Mass Spectrometry for Plant Microbiome
Profiling

[0162] The invention comprises methods for profiling
plant bacterial and fungal microbiomes using MALDI. The
bacterial and fungal microbiome is isolated from plants, and
these microbes are identified and compared using MALDI.
The spectra from bacterial and fungal strains are processed
using novel filtering settings to produce validated spectra
that are used for hierarchical clustering. Strains occupying
the same clades of the tree shown to be phylogenetically
related.

[0163] Applying this method allows the rapid identifica-
tion of phylogenetically related microbes without the need to
further process the microbes beyond their isolation, as whole
colonies can be used for the MALDI spectra generation and
comparison. The more time consuming and costly DNA
sequencing can thus be targeted to microbes of interest.
[0164] This method can be used to specifically identify
bacterial and fungal strains among a collection of isolated
microbes that (i) are closely related to strains with bioac-
tivity (e.g. bioprotection and biofertilizer properties); (ii) are
closely related to strains with broad/narrow host ranges from
broad/narrow geographic ranges; (iii) are closely related to
strains from plant lines with a specific phenotype (e.g.
drought tolerance).

Example 1—Microbe Isolation

[0165] Plant material (seeds, leaves, stems, petioles, roots,
buds, flowers) was harvested from perennial ryegrass (Lo-
lium perenne), tall fescue (Festuca arundinaceae), corn (Zea
mays), Glycine species, wheat (Triticum aestivum) and bar-
ley (Hordeum vulgare). Seed was surface sterilised, germi-
nated and allowed to grow for up to 14 days prior to microbe
isolation. All other plant material was washed in sterile
distilled water or phosphate buffered saline (PBS) up to 5
times prior to microbe isolation. The plant material was
submerged in sufficient PBS to completely cover the tissues,
and ground using a Qiagen TissueLyser I, for 1 minute at 30
Hertz. A 10 pl aliquot of the macerate was added to 90 pl of
PBS. Subsequent 1 in 10 dilutions of the 10~ suspension
were used to create additional 107 to 10~* suspensions.
Once the suspensions were well mixed 50 pl aliquots of each
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suspension were plated onto Reasoners 2 Agar (R2A) for
growth of bacteria and fungi. Dilutions that provided a good
separation of microbial colonies were subsequently used for
isolation of individual colonies through re-streaking of
single colonies from the dilution plates onto single R2A
plates to establish a pure colony.

Example 2—Spectra Acquisition, Processing and
Analysis

Spectra Acquisition

[0166] MALDI spectra were acquired for all novel bacte-
rial and fungal strains to determine the relatedness of each
strain. The analysis acquired and compared spectra of pro-
tein profiles from each novel bacterial and fungal strain
using the Bruker MALDI Biotyper system. Single bacterial
and fungal colonies of each strain were generated through
streaking from glycerol stocks onto R2A plates and allowing
colony growth for 48 hours. Single bacterial and fungal
colonies were applied to a Bruker MALDI Biotyper target
plate using the Extended Direct Transfer (EDT) method. In
the EDT method novel bacterial and fungal strains were
inoculated on to two consecutive wells on the target plate
(primary spot and secondary spot), treated with 70% formic
acid (for up to 30 mins) and covered with HCCA (a.-cyano-
4-hydroxycinnamic acid) matrix solution [10 mg HCAA in
1 mL of solvent solution: 50% volume pl. ACN (acetoni-
trile), 47.5% volume pl. water, and 2.5% volume ul. TFA
(trifluoroacetic acid)]. The plate was dried at room tempera-
ture. Escherichia coli strain ATCC 25922 was included as a
quality control. The target plate was analysed in a Bruker
MALDI-TOF ultrafleXtreme according to manufacturer’s
instructions. Protein spectra were calibrated with the
Escherichia coli ATCC 25922 quality control strain, and an
internal standard. Automated analysis of the raw spectral
data was performed by the MALDI BioTyper automation 2.0
software (Bruker Daltonics) using default settings. Protein
spectra were compared to MALDI BioTyper library (3,746
spectra—Jun. 9, 2010) for preliminary identification and
taxonomical assignment.

Spectra Processing

[0167] The raw protein spectra from each novel bacterial
and fungal strain were processed through a data deconvo-
lution workflow in the software Refiner, GeneData. The raw
spectra from each plate (i.e. Batch) were processed sepa-
rately, first by aligning spectra to create a m/z grid (m/zx
sample), followed by spectrum baseline subtraction to
reduce background noise across the grid, and finally aligning
m/z across key reference spectra from the grid (e.g. E. coli
ATCC 25922) (FIG. 1). Batches were then merged and
processed further, first by again aligning m/z across key
reference spectra (e.g. £. coli ATCC 25922) from the grid,
followed by spectrum smoothing to reduce intensity jitter of
putative peaks, then restricting m/z from a defined range,
then detecting spectrum peaks using a resolution-based
method, and finally filtering valid peaks by removing those
that did not meet specific thresholds. Parameters for the data
deconvolution workflow are defined in FIG. 1. The resultant
processed data of valid peaks and intensities was converted
into a matrix for statistical analysis.

Spectra Analysis

[0168] The matrix was analysed in the software Analyst,
Genedata. A Hierarchical Clustering analysis was conducted
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to compare protein spectra between novel bacterial and
fungal strains. The analysis utilised the Positive Correlation
(1-r) distance algorithm, with complete linkage, and only
included values present in 50% of samples. A Hierarchical
Clustering tree was generated whereby novel bacterial and
fungal strains clustered based on similar protein profiles.

Example 3—Use of MALDI Spectra to Identify
Closely Related Bacterial Strains to Bioactive
Strains

[0169] A method has been developed that uses MALDI to
compare protein spectra from bioactive bacterial strains with
other bacterial strains isolated from the same host plant, to
identify closely related strains that may possess equivalent
or superior bioactivity.

[0170] A total of 600 bacterial strains were isolated from
seed, leaves and roots of perennial ryegrass (Lolium
perenne). The novel Xanthomonas sp. bacterial strain GW
isolated from seed was demonstrated to have bioprotectant
and biofertilizer activity. The protein profiles of all bacterial
strains were acquired, processed and analysed to determine
their phylogenetic relatedness, including strains that were
closely related to the novel bioactive Xanthomonas sp.
bacterial strain GW.

[0171] The novel bioactive Xanthomonas sp. bacterial
strain GW clustered with 17 additional strains in the phe-
nogram. Some of these strains were isolated from seeds,
while others were isolated from leaves and roots from
mature plants. These strains included SS, SI, SM, GN, X,
GU, HI, GJ, GM, LK, NC, NG, GY, HA, GKc, GKb, UT.
The GW containing clade of the Hierarchical Clustering tree
was referred to as a Xanthomonas clade (FIG. 2). An
assessment of the protein spectra of Xanthomonas sp. strains
(GW, SS and SI) indicated that the profiles were highly
similar, differing with respect to proteins, 3953.8004 Dal-
tons (unique to strain GW), 4497.4911 Daltons (Unique to
strain SS) and 12741.7201 Daltons (Unique to strains SS and
SI) (FIG. 3).

[0172] The 17 additional strains are candidates for further
characterisation to determine if they possess equivalent or
superior bioactivity.

Example 4—Use of MALDI Spectra to Identify
Bacterial Strains Common within a Plant Genera
(Host Range) and Across Diverse Geographic
Locations (Geographic Range)

[0173] A method has been developed that uses MALDI to
compare protein spectra from bacterial and fungal strains
isolated from within a plant genera and from a diverse
geographic locations, to identify closely related bacterial
and fungal strains that (i) are specific to multiple host species
from diverse locations (i.e. broad host range, broad geo-
graphic range), (ii) are specific to multiple host species from
a single location (i.e. broad host range, narrow geographic
range), (iii) are specific to one host species from diverse
locations (i.e. narrow host range, broad geographic range) or
(iv) are specific to one host species from a single location
(i.e. narrow host range, narrow geographic range).

[0174] A total of 331 bacterial and fungal strains were
isolated from seeds of soybean (Glycine max) and six native
Glycine species (Glycine tomentella, Glycine tabacina, Gly-
cine latifolia, Glycine hirticaulis, Glycine microphylla, Gly-
cine clandestina). The protein profiles of all bacterial and



US 2022/0333151 Al

fungal strains were acquired, processed and analysed to
determine their phylogenetic relatedness.

Broad Host Range, Broad Geographic Range

[0175] A clade was identified that contained closely
related Pseudomonas oryzihabitans bacterial strains, that
were isolated from three Glycine species, Glycine toment-
ella, Glycine hirticaulis and Glycine tabacina (F1G. 4). The
bacterial strains were isolated across a range of locations
throughout Australia—Kakadu National Park (Northern Ter-
ritory, NT), La Trobe University Wildlife Sanctuary (Victo-
ria). These bacterial strains all had spectra with identical
proteins, differing only in the intensity of those proteins.
This clade represents closely related bacterial strains with a
broad host range and from a broad geographic range.

Broad Host Range, Narrow Geographic Range

[0176] A clade was identified that contained closely
related Agrobacterium larrymoorei bacterial strains that
were isolated from two Glycine species, Glycine clandestina
and Glycine tabacina (FIG. 5). The bacterial strains were
isolated from one location in Victoria—I.a Trobe University
Wildlife Sanctuary. These bacterial strains all had spectra
with identical proteins, differing only in the intensity of
those proteins. This clade represents closely related bacterial
strains with a broad host range and from a narrow geo-
graphic range.

Narrow Host Range, Broad Geographic Range

[0177] A clade was also identified that contained closely
related fungal strains (Papiliotrema sp.), that were isolated
from only Glycine clandestina (FIG. 6). The fungal strains
were isolated across a range of locations throughout Victo-
ria—Mornington Peninsula National Park, Cardinia Creek
Parklands and Kinglake National Park: Running Creek.
These fungal strains had spectra with identical proteins,
differing only in the intensity of those proteins. This clade
represents closely related fungal strains with a narrow host
range and from a broad geographic range.

Narrow Host Range, Narrow Geographic Range

[0178] A clade was also identified that contained closely
related Sphingomonas bacterial strains that were isolated
from only Glycine tomentella (F1G. 7). The bacterial strains
were isolated from one location, Kakadu National Park
(NT). These bacterial strains all had spectra with identical
proteins, differing only in the intensity of those proteins.
This clade represents closely related bacterial strains with a
narrow host range and from a narrow geographic range.

Example 5—Use of MALDI to Identify Bacterial
Strains Exclusive to a Plant Phenotype

[0179] A method has been developed that uses MALDI to
compare protein spectra from bacterial strains isolated plant
lines exhibiting different phenotypes, to identify closely
related bacterial strains that are exclusive to a specific
phenotype.

[0180] A total of 580 bacterial strains were isolated from
seeds of 11 wheat (Triticum aestivum) lines that were
phenotyped as either drought tolerant or drought resistant.
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The protein profiles of all bacterial strains were acquired,
processed and analysed to determine their phylogenetic
relatedness.

[0181] A clade was identified that contained closely
related Arthrobacter bacterial strains that were exclusive to
the drought tolerant lines (FIG. 8). These bacterial strains all
had spectra with identical proteins, differing only in the
intensity of those proteins. This clade represents closely
related bacterial strains that are exclusive to a plant pheno-
type.

[0182] Finally, it is to be understood that various altera-
tions, modifications and/or additions may be made without
departing from the spirit of the present invention as outlined
herein.

Example 6—Profiling the Glycine Seed
Microbiome

[0183] The seed microbiome of Glycine CWR was com-
pared to commercial G. max to determine similarities across
the species. The core microbiome of G. clandestina was
identified and compared to G. max to identity operational
taxonomic units (OTUs) present in (Scenario 1) both Glycine
CWRs and G. max, in an effort to identity strains that could
be transferred from one species to another, which could
potentially offer enhanced bioactivity, or (Scenario II) bac-
teria that were only found in Glycine CWRs that could be
introduced into G. max, which could potentially offer novel
bioactivity. The process was validated by isolating strains
from Glycine CWRs and G. max, which were taxonomically
identified and compared using MALDI-TOF MS to deter-
mine if there were strains that clustered according to Sce-
nario I or Scenario II. Candidate microbes were identified
that fulfilled Scenario I, and the putative identities of
microbes that fulfil criteria were identified within the core
microbiome of G. clandestina.

[0184] Seed from Glycine max, Glycine clandestina, Gly-
cine hirticaulis, Glycine tomentella, Glycine tabacina, and
Glycine microphylla was collected across Victoria and the
Northern Territory, and stored at room temperature (22-24°
C.). The seed were washed 10 times with excess amount of
sterile distilled water in sterile conditions. All the Glycine
CWR seeds were then scarified using sterile scalpel blade to
initiate the process of water absorption. Seeds of both
Glycine max and CWR were germinated in large (12 cm
diameter) sterile petri dishes containing three layers of
sterile Whatman™ paper (two on bottom and one layer on
top of seeds). Under aseptic conditions, 10-20 seeds were
placed into each dish followed by the addition of 5-7 ml of
sterile distilled water. The petri dishes were sealed with
Parafilm™ and incubated first for 2-3 days in dark at room
temperature. Once the seed germinated the top layer of filter
paper was removed aseptically and petri dishes were then
resealed with Parafilm™ allowed further to grow for 10-12
days. Once the seedlings were of sufficient size, a total of 16
seedlings were harvested per Glycine species and per loca-
tion. DNA extraction of seedlings was performed in 96-well
plates using the QIAGEN MagAttract 96 DNA Plant Core
Kit according to manufacturers’ instructions with minor
modifications for use with a Biomek FX liquid handling
station. The bacterial microbiome was profiled targeting the
V4 region (515F and 806R) of the 16S rRNA gene according
to the Illumina 16S Metagenomic Sequencing Library
Preparation protocol, with minor modifications to include
the use of PNA PCR blockers to reduce amplification of 16S
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rRNA genes sequences derived from the plant chloroplast
genome and mitochondrial genome (Wagner et al., 2016).
Paired-end sequencing was performed on HiSeq3000 using
a 2x150 bp v3 chemistry cartridge. Sequence data was
trimmed and merged using PandaSEQ (removal of low
quality reads, 8 bp overlap of read 1 and read 2, removal of
primers, final merged read length of 253 bp) (Massela et al.,
2012). QIME2 (release 2019.4) was used for dereplication
for taxonomy assignment, removal of organelle OTUs, and
statistical analysis (multivariate statistics for qualitative and
quantitative OTU analysis; presence/absence searches for
core microbiome analysis).
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sp., Curvibacter sp., Aquabacterium sp., Sphingomonas sp.,
Novosphingobium sp., Bradyrhizobium sp., Ochrobactrum
sp., Methylobacterium sp., Lactobacillus sp., Staphylococ-
cus sp., Bacillus sp. and Curtobacterium sp. (Table 1). Of
these, a total of 14 OTUs were also present in G. max, with
these OTUs representing microbes that could potentially be
transferred between the two species. In addition, there were
8 OTUs that were absent from G. max, with these OTUs
representing microbes that could potentially be introduced
into G. max. These included Stenotrophomonas sp., Acine-
tobacter sp., Holomonas sp., Pantoea sp., Curvibacter sp.,
Aquabacterium sp., Novosphingobium sp. and Bradyrhizo-
bium sp.,

TABLE 1

Core seed microbiome of G. clandestina, and assessment of their presence in G. max. OTUs in bold are
present in both G. clandestina and G. max and represent microbes that could potentially be
transferred between species, while OTUs in underline are only from G. clandestina and represent
microbes that could potentially be introduced into G. max.

Glycine clandestina

Butterfield Dandenong Mornington Running Glycine max
Wildlife  Cardinia Ranges Peninsula Creek Wandin Yallock  New South

Bacterial genera Reserve Creek National Park  National Park Road Creek Reserve Wales
Curtobacterium sp. 0.081% 0.053% 20.837% 1.288% 0.900% 0.006% 0.023%
Bacillus sp. 5.259% 2.229% 0.315% 0.058% 2.061% 0.146% 0.862%
Staphylococcus sp. 1.507% 0.198% 0.014% 0.024% 1.242% 0.021% 0.020%
Lactobacillus sp. 0.662% 0.234% 0.002% 1.257% 1.185% 0.011% 0.001%
Methylebacterium sp. 0.272% 0.006% 5.367% 0.247% 0.700% 0.000% 0.280%
Ochrobactrum sp. 0.253% 0.177% 0.024% 0.549% 0.155% 0.001% 0.019%
Bradyrhizobium sp. 0.051% 0.006% 0.023% 0.584% 0.088% 0.001% 0.000%
Novosphingobium sp. 0.027% 0.002% 0.024% 0.522% 0.018% 0.000% 0.000%
Sphingomonas sp. 2.309%  44.282% 42.417% 1.514% 2.075% 1.791% 2.132%
Aquabacterium sp. 0.152% 0.503% 0.054% 2.208% 0.450% 0.004% 0.000%
Curvibacter sp. 0.172% 0.309% 0.014% 1.167% 0.872% 0.004% 0.000%
Delftia sp. 3.926% 1.781% 0.627% 18.702% 9.746% 0.018% 0.224%
Herbaspirillum sp. 0.737% 0.332% 0.155% 1.851% 0.587% 0.004% 0.045%
Massilia sp. 9.919% 0.090% 0.867% 4.367% 5.578% 0.001% 1.387%
Ralstonia sp. 0.845% 2.128% 0.247% 3.509% 0.812% 0.005% 0.043%
Burkholderiaceae 0.445% 0.670% 0.195% 5.778% 5.947% 0.002% 0.443%
Pantoea sp. 4.810% 3.705% 0.670% 24.130% 15.848% 0.058% 0.000%
Enterobacteriaceae 5.621% 0.780% 0.537% 6.228% 2.276% 0.010% 0.093%
Halomonas sp. 0.002% 0.080% 0.007% 0.199% 0.063% 0.000% 0.000%
Acinetobacter sp. 0.191% 0.480% 0.034% 1.854% 2.764% 0.010% 0.000%
Pseudomonas sp. 52.354%  35.410% 1.906% 18.715% 13.147% 97.855% 43.240%
Stenotrophomonas 0.201% 0.001% 0.030% 0.594% 0.320% 0.000% 0.000%
sp.

[0185] Seed microbiomes were assessed from G. clandes-
tina accessions collected from 6 locations across the greater
Melbourne region of Victoria and compared to G. tabacina
(one accession—greater Melbourne region) and G. max (one
accession—NSVV). The comparison utilised Unweighted
UNIFRAC Distance Principal Components Analysis, which
is a qualitative assessment that utilises OTU phylogeny
(FIG. 8). The microbiomes of G. clandestina and G. max
were similar with replicates clustering together, particularly
replicates from G. max and G. clandestina (Dandenong
National Park), indicating the phylogeny of OTUs within the
microbiomes were similar. The seed microbiome of G.
tabacina was different from G. max and G. clandestina
forming a distinct cluster. An assessment of the core micro-
biome of G. clandestina identified 22 OTUs present in seed
accessions from the six locations, including Stenotrophomo-
nas sp., Pseudomonas sp., Acinetobacter sp., Holomonas
sp., Enterobactereaceae sp., Pantoea sp., Burkholderiaceae
sp., Ralstonia sp., Massilia sp., Herbaspirillum sp., Delftia

Example 7—Isolation and Characterisation of the
Glycine Microbiome

[0186] Seed from the 6 Glycine spp. from Victorian and
the Northern Territory were washed and germinated as per
Example 6. Seed was harvested by removing aerial tissue
and root tissue, and discarding the seed coat. The plant
tissues were submerged in Phosphate Buffered Saline (PBS)
to cover the plant tissue, and ground using a sterile micrope-
stle or Qiagen TissueLyser II, for 1 minute at 30 Hertz. A 10
pl aliquot of the macerate was added to 90 ul of PBS.
Subsequent 1 in 10 dilutions of the 107" suspension were
used to create additional 1072 to 10~* suspensions. Once the
suspensions were well mixed 20 ul aliquots of each suspen-
sion were plated onto Reasoners 2 Agar (R2A) for growth of
bacteria. Dilutions that provided a good separation of bac-
terial colonies were subsequently used for isolation of
individual bacterial colonies through re-streaking of single
bacterial colonies from the dilution plates onto single R2A
plates to establish a pure bacterial colony. Around 400
bacterial strains were obtained from sterile seedlings.
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[0187] MALDI spectra were acquired for all novel bacte-
rial and fungal strains to determine the relatedness of each
strain. The analysis acquired and compared spectra of pro-
tein profiles from each novel bacterial and fungal strain
using the Bruker MALDI Biotyper system. Single bacterial
and fungal colonies of each strain were generated through
streaking from glycerol stocks onto R2A plates and allowing
colony growth for 48 hours. Single bacterial and fungal
colonies were applied to a Bruker MALDI Biotyper target
plate using the Extended Direct Transfer (EDT) method. In
the EDT method novel bacterial and fungal strains were
inoculated on to two consecutive wells on the target plate
(primary spot and secondary spot), treated with 70% formic
acid (for up to 30 mins) and covered with HCCA (a.-cyano-
4-hydroxycinnamic acid) matrix solution [10 mg HCAA in
1 mL of solvent solution: 50% volume pl. ACN (acetoni-
trile), 47.5% volume pl. water, and 2.5% volume ul. TFA
(trifluoroacetic acid)]. The plate was dried at room tempera-
ture. Escherichia coli strain ATCC 25922 was included as a
quality control. The target plate was analysed in a Bruker
MALDI-TOF ultrafleXtreme according to manufacturer’s
instructions. Protein spectra were calibrated with the
Escherichia coli ATCC 25922 quality control strain, and an
internal standard. Automated analysis of the raw spectral
data was performed by the MALDI BioTyper automation 2.0
software (Bruker Daltonics) using default settings. Protein
spectra were compared to MALDI BioTyper library (3,746
spectra—Jun. 9, 2010) for preliminary identification and
taxonomical assignment. The raw protein spectra from each
novel bacterial and fungal strain were processed through a
data deconvolution workflow in the software Refiner, Gene-
Data. The raw spectra from each plate (i.e. Batch) were
processed separately, first by aligning spectra to create a m/z
grid (m/zxsample), followed by spectrum baseline subtrac-
tion to reduce background noise across the grid, and finally
aligning m/z across key reference spectra from the grid (e.g.
E. coli ATCC 25922). Batches were then merged and
processed further, first by again aligning m/z across key
reference spectra (e.g. £. coli ATCC 25922) from the grid,
followed by spectrum smoothing to reduce intensity jitter of
putative peaks, then restricting m/z from a defined range,
then detecting spectrum peaks using a resolution-based
method, and finally filtering valid peaks by removing those
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that did not meet specific thresholds. The resultant processed
data of wvalid peaks and intensities was converted into a
matrix for statistical analysis. The matrix was analysed in
the software Analyst, Genedata. A Hierarchical Clustering
analysis was conducted to compare protein spectra between
novel bacterial and fungal strains. The analysis utilised the
Positive Correlation (1-r) distance algorithm, with complete
linkage, and only included values present in 50% of
samples. A Hierarchical Clustering tree was generated
whereby novel bacterial and fungal strains clustered based
on similar protein profiles.

[0188] The Hierarchical Clustering tree was assessed for
clades that contained strains (i) common to both G. clan-
destine and G. max that could be transferred to both species,
and (ii) unique to G. clandestine that could be introduced to
G. max. A clade was identified containing Sphingomonas sp.
strains isolated from both G. clandestine and G. max, which
is a bacterial species identified in the core microbiome of G.
clandestine and G. max (F1G. 9).

Example 8—Use of MALDI to Identify Bacterial
Strains Exclusive to a Plant Phenotype

[0189] A method has been developed that uses MALDI to
compare protein spectra from bacterial strains isolated plant
lines exhibiting different phenotypes, to identify closely
related bacterial strains that are exclusive to a specific
phenotype.

[0190] A total of 580 bacterial strains were isolated from
seeds of 11 wheat (Triticum aestivum) lines that were
phenotyped as either drought tolerant or drought resistant.
The protein profiles of all bacterial strains were acquired,
processed and analysed to determine their phylogenetic
relatedness.

[0191] A clade was identified that contained closely
related Arthrobacter bacterial strains that were exclusive to
the drought tolerant lines (FIG. 10). These bacterial strains
all had spectra with identical proteins, differing only in the
intensity of those proteins. This clade represents closely
related bacterial strains that are exclusive to a plant pheno-

pe.

[0192] Finally, it is to be understood that various altera-
tions, modifications and/or additions may be made without
departing from the spirit of the present invention as outlined
herein.
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BUDAPEST TREATY ON THE INTERNATIONAL
RECOGNITION OF THE DEPOSIT OF MICROORGANISMS
FOR THE PURPOSES OF PATENT PROCEDURE

INTERNATIONAL FORM
r 1
TO:
Professor German Carlos Spangenberg RECEIPT IN THE CASE OF AN ORIGINAL DEPOSIT
AgriBio, Centre for AgriBioscience, issued pursuant to Rule 7.1 by the
5 Ring Road, La Trobe University, INTERNATIONAL DEPOSITARY AUTIIORITY
Bundoora, Vicloria 3083, Australia idenlified at the bottom of this page
L il

I IDENTIFICATION OF THE MICROORGANISM

Identification reference given by the Accession number given by the
DEPOSITOR: INTERNATIONAL DEPOSITORY AUTHORITY:
Xanthomonas sp. (GW) V19/009902

I SCIENTIFIC DESCRIPTION AND/OR PROPOSED TAXONOMIC DESIGNATION

The microorganism identified under I above was accompanied by:
a scientific description

a proposed taxonomic designation
(Mark with a cross where applicable)

1T RECEIPT AND ACCEPTANCE

This International Depository Authority accepts the microorganism identified under I above, which was received by it
on 17" May 2019 (date of the original deposil) 1

IV RECEIPT OF REQUEST FOR CONVERSION

The microorganism identificd under I above was reccived by this International Depository Authority on
(date of original deposit) and a request to convert the original deposit to a deposit under the Budapest Treaty was received by it on
(datc of receipt of request for conversion)

V INTERNATIONAL DEPOSITARY AUTHORITY

Name:  NATIONAL MEASUREMENT INSTITUTE Signaturce(s) of person(s) having the power
to represent the International Depositary
Address: 1/153 BERTIE STREET Authority or of authorised official(s)
PORT MELBOURNE

VICTORTA, AUSTRALTA, 3207
Phone: +01 3 9044 4888
Facsimile: +61 3 9644 4999 Dean Clarke
Date: 21 May 2019

1 Where Rule 6.4(d) applies, such dale is the date on which the status of International Deposilary Authorily was acquired.
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Appendix 3
page 21

BUDAPEST TREATY ON THE INTERNATIONAL
RECOGNITION OF THE DET'OSIT OF MICROORGANISMS
FOR THE PURPOSES OF PATENT PROCEDURE

INTERNATIONAL FORM
[TO: i
Professor German Carlos Spangenberg VIABILITY STATEMENT
AgriBio, Centre for AgriBioscience issued pursuant to Rule 10.2 by the
5 Ring Road, La Trobe University, INTERNATIONAL DEPOSITARY AUTHORITY
Bundoora, Victoria, Australia 3083 identified on the following page
L J
I DEPOSITOR II IDENTIFICATION OF THE MICROORGANISM
Name: Accession number given by the

INTERNATIONAL DEPOSITARY AUTHORITY:
Professor German Carlos Spangenberg

V19/009902
Address:

AgriBio, Centre for AgriBioscience Datc of the deposit or of the transfer © :
5 Ring Road, La Trobe University,
Bundoora, Victoria, Australia 3083 17th May 2019

IIT VIABILITY STATEMENT

The viability of the microorganism identified under II above was tested on 17th May 2019 2
On that date, the said microorganism was

3 viable
D 3 no longer viable

1. Indicate the date of the original deposit or, where a new deposit or a transfer has been made, the most recent relevant date
(date of the new deposit or date of the transfer).

2. In the cases referred to in Rule 10.2(a) (ii) and (iii), refer to the most recent viability test.

3. Mark with a cross the applicable box.
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Appendix 3
page 22

IV. CONDITIONS UNDER WITICIT TITE VIABILITY TEST T1AS BEEN PERFORMED *

Deposit was grown on R2A (agar) at 21°C for 24-48 hours

V. INTERNATIONAL DEPOSITORY AUTHORITY

Name:

Address:

Phone:

NATIONAL MEASUREMENT INSTITUTE

1/153 BERTIE STREET, PORT MELBOURNE
VICTORIA AUSTRALIA 3207
+61 3 9644 4888

Facsimile: +61 3 9644 4999

Signature(s) of person(s) having the power to represent the
International Depositary Authority or of authorized
ollicial(s)

Dean Clarke
Dale: 21% May 2019

4 Fill in if the information has been requested and if the results of the test were negative
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BUDAPEST TREATY ON THE INTERNATIONAL
RECOGNITION OF THE DEPOSTT OF MICROORGANISMS
FOR THE PURPOSES OF PATENT PROCEDURE

INTERNATIONAL FORM

SCEIPT IN THE CASE OF AN ORIGINAL DEPOSEY
AgriBic, Centre for AgnBios issued pursuant to Rule 7.1 by the

5 Ring Boad, Ls \ INTERNATIONAL DEPOSITARY AUTHORITY
Bundonra, rja- 3083, Australia ideniified af the bottem of this page

ton Genman Spangeaberg

L 4

T IDENTWICATION OF THE MICROORGANISM

{dentification reforonce wven by the ssion nwnber given by the

DEPQSITOR; INTERNATIONAL DEPOSITORY AUTHORITY:

Argobacterivm lurrymoeored {Gtab-P2-18} YVispiisTy

SENTIRIC DESCRIPTION ANDAOR PROPUSED TAXONOMIC DESIGNATION

roorganism identified under I sbove wag accompanied by:
a seientific despription
¥ i proposed axonomie designaiion

{Mark with a eross where applicable)

T RECEIPT AND ACCEPTANCE

This huemational Depesit
on  9th July 2049

1V RE

The nuiereorganism idendi fod ander Tabove was reccived by this buemational Depasitory Authorit
{date of original deposit) and 2 request fo'convert the ouginal deposit to 2 deposit under the Budspest Treaty was recgived by it on
fdaterof recetptol roguaest for conversing)

YVoOIMTERNATIONAL DEPOSITARY AUTHEORITY

Name:  NATIONAL MEASUREMENT INSTITUTE Signature(s) of porson(s} having the powsr

to represent the Internations! Dep
EET Authority or of authorised official{s)

VICTORLA, AUSTRALLA, 3207

; : e
oy
Fhower 61 39644 4883

E
Favsimile: 161 3 9644 4909 Bian Clarke
Date: 13 July 2618
I Whers Rule 8.4(d) applies, such date is the date oo which thestitug of hitenwattonal Depésitary Santharity was acguired.

Adidress: 1153 BERTIE STR
PORT MELBOUERN
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Appendix 3
page 21

BUDAPEST TREATY ON THE INTERNATIONAL
RECOGNITION OF THE DEPOSIT OF MICROORGANISMS
FOR THE PURPQOSES OF PATENT PROCEDURE

INTERNATIONAL FORM

[To: 1

Attention: German Spangenberg VIABILITY STATEMENT

AgriBio, Centre for AgriBioscience issued pursuant o Rule 10.2 by the

3 Ring Road, La Trobe University, INTERNATIONAL DEPOSITARY AUTHORITY

Bundoora, Victoria, 3083, Australia identified on the following page

]

1 DEPOSITOR I IDENTIFICATION OF THE MICROORGANISM
Name: German Spangenberg Accession number given by the

INTERNATIONAL DEPOSITARY AUTHORITY:

Address:
V19/013671

AgriBio, Centre for AgriBioscience
5 Ring Road, La Trobe University, Date of the deposit or of the transfer ! :

Bundoora, Victoria, 3083, Australia
9t Faly 2019

III VIABILITY STATEMENT

The viability of the microorganism identified under II above was tested on - 9™ July 2019
Om that date, the said microorganism was

% viable
D ¥ 1o longer viable

1. Indicate the date of the original deposit or, where a new deposit or a transfer has been made, the most recent relevant date
(date of the new deposit or date of the transfer).

2. Inthe eascs referred 1o in Rule 10.2(a) (if) and (i1, refer to the most recent viability test.

3. Mark with a cross the applicable box.
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{1V, CONDITIONS UNDER WHICH THE VIABILITY TUST HAS BEEN PERFORMED

Depusit was grows on Reaseuse’s T Agar {RIA) at 21% for 3 days,

V. INTERNATHONAL DEPOSITORY ALTHORITY

Name: NATIONAL MEASUREMENT INSTITUTE
{(PORMERLY AGALY

Address: 17153 BERTIE STREET, PORY MELBOURNE
VIO AUSTRALIA 3207

Phone: +R1 3 9644 4537

Facaimiler $01 39444 4873

§:I?;.€§irs Clivke
Dates 120 July 2014

4 Fill jw i the inforrmation has been requested and ifihe results of the tesi were negative
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{ TERNATIONAL
SEIT OF MICROORGANISMSE

FPATENT PROCEDURE

BUDAPESTIR
RECCGENITY ’
FOR THE PURPOS

INTEENATIONAL FORM

1

T
Adtention German Spangenberg BECEIPT IN THE CASE OF AN ORIGINAL IEPOSIT
AgriBio, Cenire for AgriBioscisnce issusd pursnant o Rule 7.1 by the
5 Ring Road, La Trobe University INTERNATIONAL DEPOSITARY AUTHORITY
Bundoora, Victnaa, 3083, Avstralia dentified at the bottora of this page
L 4
1 IDENTIFICATION OF THE MICROURGANISM
IdenuBedtion referense given by the Accession munber ghven by the

TEPOSITOR: INTERMATIONAL DEPOSITORY AUTHORITY:

FPyevdossonas orysihabitany (Ghiv-A-22-2) VIHG13672

I SCIENTIFIC DESCRIFTION ANDIGE PROPOBED TAXONIMIC DESIGNATION

A proposed taxonomie des
(Mark with 4 cross wheve agg

{1l RECEWPTARD ACCERTANCE

‘This International Depositary Authority accepts the microorganive identifed ander T above, which was recetved by it
on th dudy 2019 {date of the o¥iging depoxit) |

IV RECERT OF REQUEST FOR CONVERSION

Themicroorgantsm identified under Dabove was received by this lilemational Depository Authosdiy nu
{dute of original deposity and g request o converd the orfgfnal deposit o adeposit undey-tie Rudapest Treaty was veesived by it on
(date of receipt of request for conversion)

3OINTERNATIONAL DEPOSITARY AUTHORITY

Nume:  NATIONAL MEASUREMENT INSTITUTE Signaturg(s} of personis) having the power
to reprosend-the International Depositary

Address: FISIBERTE STREET | Autharity or of authy
PORT MELBOURNE
VICTOREA, AUSTRALIRN, 3207

Phone: +i1 3 9644 448§ A

Facstmiler -+ 3 0644:480% “lean Clarke

Date; 120 Julv 3018

s, sueh dale is the date onowhich-the'status of Tnternational Drepositary Authorty was dsqiired,

ised nificial{s}

L Whare Rule 6:40d) appl
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BUDAPEST TREATY ON THE INTERNATIONAL
RECOGNITION OF THE DEPOSIT OF MICROORGANISMS
FOR THE PURPOSES OF PATENT PROCEDURE

INTERNATIONAL FORM

[TO: 1

Attention: Genman Spangenberg VIABILITY STATEMENT

AgriBio, Centre for AgriBioscience issued pursuant to Rule 10.2 by the

5 Ring Road, La Trobe University, INTERNATIONAL DEPOSITARY AUTHORITY

Bundoora, Victoria, 3083, Australia identificd on the following page

i
I DEPOSITOR 1L IDENTIFICATION OF THE MICROORGANISM
Name: German Spangenberg Accession number given hy the
INTERNATIONAL DEPOSITARY AUTHORITY:

Address:

V19/013672
AgriBio, Centre for AgriBioscience
5 Ring Road, La Trobe University, Date of the deposit or of the transfer ! ;

Bundoora, Victoria, 3083, Australia
o™ July 2019

I VIABILITY STATEMENT

The viability of the microorganism identified under I above was tested on > 91 July 2019
On that date, the said microorganism was

3 viable
D ¥ no longer viable

2. Indicate the date of the original deposit or, where a new deposit or a transfer has been made, the most recent relevant date
(dale of the new deposit or date of the transfer).

2. In the cases referred to in Rule 10.2(a) (ii} and (ii), refer to the most recent viability test,

3. Mark with a cross the applicable box.
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Appendix i
page 22

IV, CONDYTIONS UNDER WHICH THE VIABILITY TEST HAS BEEN PERFORMED

Depasit way grown on Beasoner’s 2 Agar (BIAY at 210 for 3 days.
¥ = 3 z &

V.o INTERNATIONAL DEROSITORY AUTHORITY

Ngme!  NATIONAL MEASUREMENT INSTITUTE

3} having the povesr (o yopies
i gl dutovied

Addregs:

Phong: 61 3 9644 4837
Facsiinile: +61 3 0644 4863

i fedn Flarke
Date 120 Juldy 2819

4 Fillinif the faformiation has beon requested and i the resudis of the test wers negative
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BUDAPEST TREATCON THE INTERNATIOMAL
RECOGNITION QF THE BEPCOSIT OF MICROORGANISMS
FOR THE PURPOSES OF PATENT PROCEDURE

INTERNATIONAL FORM

r 7
TG

Axtzntion Geoman Spangenberg RECEIPT IN THE CARE OF AN ORIGINAL DEPOSIT
AgriBlo, Centre for AgriBioscience issued pursuaat to Hule 7.1 by the

5 Ring Road, La Trobe University, INTERNATIONAL
Bundeory, Victoria, 3083, Aasiralia identified at the botiom

L J

IEPORITARY AUTHORITY
of this page

I IDEMTIFICATION OF THE MICROORGANISM

aioh mamber given by the
ERNATIONAL DELOSTTORY AUTHORITY:

{dentificating reference given by the Ac

DEPOSITOR: NT

Prendomonas ovpubabitass {(Gonm-P2-14) YVi9/G13673

I SCIENTIFIC DESCRIPTION ANIDVOR PROPOSEDR TAXONOMIC DESIGNATION

The microcrganism deptifed wder | above was necompanied iy

asciemtific descripBon

J proposed wxonne designation

{Mark with a croas where applio

CEIFT AND ACCEPTANCE

i1 HE

This Infernational Depository Authority acoepts the microorganism identified under [ above, which was reosived by &
as Sth o dady 201% {date of the origing depesity !

IV RECEIPT QF REQUESETOR. CONVERSION

The microorganism identifed © od by this International Deposttory Authority on
{date of original deposittand & réqu

(date of receipt of requiest For conversion)

L above was 3
B reaty was received by i on

VOINTERNATIONAL DEPODSITARY AUTHORITY
Numier  NATIONAL MEASUREMENT INSTITUTE

sonisy Raving the power
Y

Address: F133 BERTIE STRELRY

PO L NE

ALLIA, 3207

Phone: it
Fagstnile: +01 3 9644 4980 Pean Clarke

Daver 12% July 2019
1 Where Rule 6.4(d) appliss; sich date is the date o wdoed the status of Ddematioual Depositary Authority was dequired.




US 2022/0333151 Al Oct. 20, 2022
21

BUDAPEST TREATY ON THE INTERNATIONAL
RECOGNITION OF THE DET'OSIT OF MICROORGANISMS
FOR THE PURPOSES OF PATENT PROCEDURE

INTERNATIONAL FCRM

[To: 1

Attention: German Spangenberg VIABILITY STATEMENT

AgriBio, Centre for AgriBioscience issued pursuant to Rule 10.2 by the

5 Ring Road, La Trobe University, INTERNATIONAL DEPQGSITARY AUTIIORITY

Bundaoora, Victoria, 3083, Australia identified on the following page

]

1 DEPOSITOR II IDENTIFICATION OF THE MICROORGANISM
Name: German Span.genberg Accession number given by the

INTERNATIONAL DEPOSITARY AUTHORITY:

Address:
V19/013673

AgriBio, Centre for AgriBioscience
5 Ring Road, La Trobe University, Date of the deposit or of the transfer ! ;

Bundoora, Victoria, 3083, Australia
9th July 2019

I VIABILITY STATEMENT

The viability of the microorganism identified under II above was tested on 2 9% July 2019
On that date, the said microorganism was

3 viable
D 3 1o longer viable

3. Indicate the date of the original deposit or, where a new deposit or a transfer has been made, the most recent relevant date
{date of the new deposit or date of the transfer).

2. In the cases referred to in Rule 10.2(a) (ii) and (iii), refer to the most recent viability test.

3. Mark with a cross the applicable box.
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Appendix 3
page 22

Y. CONPUTIONS UNDER WHICH THE VIABILITY TEST HAS BEEN PERFORMED *

Degosit was grown on Reasener’s 2 Agar (R24) & 23% for 3 days,

Voo INTRRNATIONAL DEPOSITORY AUTHORITY

Neme:  NATIONAL MEASUREMENT IMSTITUTE Si
{FORMERLY AGAL)Y {6

Address: 17153 BERTIE §TREET, PORT MELBOURNE
VIO ALST

urels} ol personis) having the powerto reprosent the
stional Depositiny Authurity oF of agihorized

kel SR, 3
Phane: ; : : g}s"- ke
Favmimile: +81 3 8643 4863 L aan Liarse

“fate: 127 July 2019

4 Fiil in il the information Hag been requesied and if the results of dielestUwere negative
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BUDAPEST TREATY (N THE INTERNATIONAL
RECQGHITION. OF THE DEPOAIT OF MICROORGANISME
FOR THE PURPOSES OF PATENT FROCEDURE

INTERNATIONAL FORM

I g
T

Attension German Spangenbery RECEIPT IM THE CASE OF AN ORIGINAL DEPOSIT
ApriBio, Centre for AgriBinsciones issued pursuant fo Rule 7.1 by the

3 Ring Road, La Trobe University, INTERNATIONAL DEFOSITARY AUTHOQRITY
Bundoora, Victera, 3 f idantified at the bottom of this page

L 4

i IDENTIFICATION OF THE MICROOBGANIEM

sessivn nutnber givan by the

NTERNATIONAL DEPOSITORY AUTHORITY:

Identificalion referenne given by the
DEPOGRITOR:

Preadomonas orygthabiions (Giab-F2-12) VI9/013674

I SCIENTIFIC DESCRIFTION ANIHVOR PROPOSED TANONOMIC DESIGNATION

The mieronoganiam iderified vader § sbove was accompsuied by

S s selontifie desoriptivs

a proposed taxnunmis dasignation
Mark with & cross where applicabls)

H RECERT AND ACCENTANCE

This International Doposttory Authorlly acuepts the hicroorganizm idendified under | above, which was veceived by it
on 9t Jaly 2919 {Jaie of the ordgioat deposit) !

W RECEIPT OF REQUEST POR CONVERSION

The mitreorganism dentified under Dabove was received by this Totermational Depostiory Autharity on
{date of original deposit) and @ request to convert the origing doposit (o2 depostt under the Budapost Treaty was recaived by it on
{date ol wewipt of requast for conversion)

VOINTERNATIONAL DEPOSITARY AUTHORITY

Kame: NATIONAL MEASUBREMENT INSTITUTE Slgnagure(sY of personis) baving the power

o repraseny the Intsrnationa) Depositary

Addressr 1183 BERTIESTREET Authearity or of authorised oftcial{s)
PORT MELBOURN !
VICTORIA, AUSTRALLA

Phone: 81 3 9644 3838 i

Facsimnr +01 3 D644 499¢ Pean Clarke

] Tlawe: 239 Yuly 2009

b Wihere Bude 6.4{(d) applies, such dale is e date oo whiclvthe status of International Dapositary Authosily was acquired:

>
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BUDAPEST TREATY ON THE INTERNATIONAL
RECOGNITION OF THE DEPOSIT OF MICROORGANISMS
FOR THE FURPOSES OF PATENT PROCEDURE

INTERNATIONAL FORM

[To: ' 1

Attention: German Spangenberg VIABILITY STATEMENT

AgniBio, Centre for AgriBioscience issued pursuant to Rule 10.2 by the

5 Ring Road, La Trobe University, INTERNATIONAIL DEPOSITARY AUTHORITY

Bundoora, Victoria, 3083, Australia identified on the following page
I DEPOSITOR II IDENTIFICATICN OF THE MICROORGANISM
Name: German Spangenberg Accession number given by the

INTERNATIONAL DEPOSITARY AUTHORITY:
Address:
V19/013674
AgriBio, Centre for AgriBioscience
5 Ring Road, La Trobe Uni\;ersit}J, Date of the dEPOSit or of the transfer ! .

Bundoora, Victoria, 3083, Australia
9t July 2019

1II VIABILITY STATEMENT

The viability of the microorganism identified under II above was tested on > 9™ July 2019
On that date, the said microorganism was

3 viable
D 3 o longer viable

4. Indicate the date of the original deposit or, where a new deposit or a tranafer has been made, the most recent relevant date
(date of the new deposit or date of the transfer).

2. In the cases referred fo in Rule 10.2(a) (ii) and (iii), refer to the most recent viability test.

3. Mark with a cross the applicable box.
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Appendix 3
page 23

IV, CONDITIONS UNDER WHICH THE VIABILITY TEST HAS BEEY PERFORMED !

Deposit was grown on Reasnaer s 2 Agar (R2A) af 21°0 for 3 days,

RNATIONAL DEPOSITORY AUTHORITY

Wi the power 10 vepresea the
ity o ol aniherized

stve(s) of persorgs)
il Draposit

Name:  NATIONAL MEASUREMENT INSTITUTE S
{FORMERLY AGAL)

Address: 17153 BERTIE-STREST, PORT MELBOURNE
VIO AUSTRALIA 3207

Phone: 613 Uk 4837

Facgimiley +61 379844 4843

i}mn Clarke
Date: 125 hdy 2919

4 Vil if the ivfurmation has been teljuested and if the rostlty of the tost Were negative
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BUDAPEST TREATY ON THE INTERNATIONAL
RECOGHITION OF THE DEPGEIT OF MICROORGANISMS
FOR THE PURFPOSES OF PATENT FROCEDURE
INTEENATIONAL FORM
o i
T
Altention German Spaagenberg RECEIPT N THE CASE (F AN DRIGINAL DEPOSIT

AgrtBin, Ceatre for AgriBilosciznee i suand 1o Hule 7.1 by he
A Ring Road, La Trobe University, INTERNATIONAL DEPOSITARY AUTHORITY
Bundoora, Vietorla, 3083, Austraba identifiod at the botton o ihis page

L N

U IDENTIFICATION OF THE MICROORGANIS M

fdentification veference given by the Actessiah tumber given by the

DEPOSTTOR: INTERNATIONAL DEPOSITORY AUTHORITY:

Argobacterine larrymonrel {Gela-P1-18) YIHOI3675

I SCIENTIFIO DESCRIMVEION ANIDYOR PROPOSED TAXONOMIC DESIGNATION

srmcrontganism wWentified snder T above was accompanied by

wacientific descoption

¢ oa preposed taxonomic desiznadion
(Mark with'a cross where applicablc)

Hi RECEIPT aND ACCEPTANCE

This Intevnational Depository Audweity aocepte the miforoorganism identifisd under T above, whick was received by it

on B July 1019 {diats of the urigingd deposi |

¥ RECRIPT OF REQUEST FOR CONVERSION

The microorganisitsdentified pnder T above was rossived by this rternational Depository Aulburity te
{date of original deposit) and & regquest o convert the original depasit to-a deposit under the Budapest Troaly was received by it on
{date of receipt of reguess for conversion)

VoOINTERNATIONAL DEPORMTARY AUTHORITY

Naow,  NATIONAL MEASUREMENTINSTITUTE Signawra(sy of personds)
B represent the nten
Address: 17153 RERTIE STREET Authority or of antha
PORT MELBOURNKNE
VICTORIA, AUSTRALIA, 3207
Phoyier 513 9444 4584 &
Facsimifer+61 3 D644 4899 CDean Choke
_ Date: 13™ July 2019
1 Whers Ruls 6.40d) applies, such date s the date op-which the sintes of Tternational Depositary Authority was acquired,

faving the power
nal Dlepositary
dofficiales)
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BUDAPEST TREATY ON THE INTERNATIONAL
RECOGHNITION OF THE DEPOSIT OF MICROORGANISMS
FOR THE PURPOSES OF PATENT PROCEDURE

INTERNATIONAL FORM

[TO: ]

Attention; German Spangenberg VIABILITY STATEMENT

AgriBio, Centre for AgriBioscience . issued pursuant to Rule 10.2 by the

5 Ring Road, La Trobe University, INTERNATIONAL DEPOSITARY AUTHORITY

Bundoora, Victoria, 3083, Australia identified on the following page

]

I DEPOSITOR iI IDENTIFICATION OF THE MICROORGANISM
Name: German Spangenberg Accession number given by the

INTERNATIONAL DEPOSITARY AUTHORITY:

Address:
V19/013675

AgriBio, Centre for AgriBioscience
5 Ring Road, La Trobe University, Date of the deposit or of the transfer ' :

Bundoora, Victoria, 3083, Australia
gth July 2019

IIT VIABILITY STATEMENT

The viability of the microorganism identified under I above was tested on > 9" July 2019
On that date, the said microorganism was

3 viable
D 3 no fonger viablc

5. Indicate the date of the original deposit or, where a new deposit or a transfer has been made, the most recent relevant date
(date of the new deposit or date of the transfer).

2. In the cases referred to in Rule 10.2(a) (ii) and (iii), refer to the most recent viability test.

3. Mark with a cross Lthe apphcable box,
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Appendix 3

page 22

Oct. 20, 2022

IV, CONDITIONS UNDER WHICH THE VIABILITY TEST HAS BEEN PERFORMED *

Treposit was grown on Reasoner’s T Agar (H2A) af 21°0 for 3 dags.

Y. TNTERNATIONAL DEPOSITORY AUTIHORITY

Name:
Address:

Phone:
Faesimile:

NATIONAL MEASUREMENT INSTITUTE
{FORMERLY AGAL)

V33 BERTIE STREET, PORT MELRGURNE
VIC AUSTRALLA 3207

51 F S5dd 4837

&L 306444863

Trean Clarke
TTrate: 13 Juky 2819

cefs) of persons} hevigihe power to represent ihe
) Rapositary Authwerity or of authorized

Ay

4 Filtin if the information hes been requested and.if the resubts of the test-were negative
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BUDAPENT TREATY OGN THE INTERNATIONAL
RECOGMNITION OF THE RDEPCSIT OF MICROORGANISMS
FOR THE PURPOSES OF PATENT FROCEDURE

INTEENATIONAL FORM

T 7
T

Attention Gerinan Spangerberg

ApniBio, Centre for AgriBloscience

& Ring Road, La Trebe Umvarsity,

Bundoora, Vicieria, 2083, Ausualia

L

RECEIPT IN THE CASE OF ANDRIGINAL DEPOSIT

issusd pursy
INTERNAT
sdentifiad at

aut to Bule 7.1 by fhe
HOMNAL DFPOSITARY AUTHORITY
the bottom of ihis page

T IDENTIFICATION OF THE MICROUBRGANIEEM

Ideniiflention reference given by the

DEPOSITOR:

Sphingomonas paacimebilis (Gom-PI-19)

ol nunther givin by the
INTERNATIONAL DEPQSITORY AUTHORITY:

YVIWGL3676

o SCIRNTIFIC DESCRIFTION ANEVOR FROPOSED TAXONOMIC DESIGNATION

The microorganisny idendifiod under 1 above was accompanied by

Voasciendifie deserption

¥oa proposed faxonnmic designating
(Mark with a cress where applicable)

I RECEIPT AND ACCEPTANCE

This Interuational Deposdiory Authority s
ap 9th July 2009

ota-the misroorganism- identified under Dabove, which was meeadvad et
{ifarte of the onginal depogit} !

IV RECEIFT OF BEQUEST FOR CONVERSION

The muc nisng identified voder I above

{date of 0

i ferehverd
peinal deposit) and s request o convert the orig
{daie of receipt:af redusst for cony

by this Interpational Depository Auihority
fal deposit to @ deposit nader the Budapest

G
Treaty way recctved by it o

VOINTERNATIONAL DEPOSITARY AUTHORITY

| Namer NATIONAL MEASUREMENT INSTITUTE

133 BERTIE STREET
PORT MELBQUBNE
VICTORIA, AUSTRALIA, 3207
Phone: +61 3 8644 4488
Facsimile; +61 3 9644 4940

Address:

&

Sig
£ YepTesen

s
ghn Clarke
Dste: 12% July 1019

1 Where Rule 4(d) applies, such date i5 thedate o which the staius of Totemational Depositary Authosity way acquired.
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BUDAPEST TREATY ON THE INTERNATIONAL
RECOGNITION OF THE DEPOSIT OF MICROORGANISMS
FCR THE PURPOSES OF PATENT PROCEDURE

INTERNATIONAL FORM

iTO: i

Attention: German Spangenberg VIABILITY STATEMENT

AgriBio, Centre for AgriBioscience issued pursuant to Rule 10.2 by the

5 Ring Road, La Trobe University, INTERNATIONAL DEPOSITARY AUTHORITY

Bundoora, Vicloria, 3083, Australia identified on the following page

J

I DEPOSITOR II IDENTIFICATION OF THE MICROORGANISM
Name: German Spangenberg Accession number given by the

INTERNATIONAL DEPOSITARY AUTHORITY:

Address:
V19/013676

AgriBio, Centre for AgriBioscience
5 Rlng Road, La Trobe UniversitY, Date of the dBpOSit or of the transfer ! .

Bundoora, Victoria, 3083, Australia
gth July 2019

III VIABILITY STATEMENT

The viability of the microorganism identified under Il above was tested on 2 9t July 2019
On that date, the said microorganism was

3 yiable
D ¥ no longer viable

6. Indicatc the date of the original deposit or, where a new deposit or a transfer has been made, the most recent relevant date
(date of the new deposit or date of the transfer).

e}

. In the cases referred to in Rule 10.2(a) (i} and (i), refer to the most recent viability test.

3. Mark with a cross the applicable box.
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Appendix 3
page 22

i

. CONDITIONS UNDER WHICH THE VIABILITY TEST HAS BEEN PERFORMED Y

Deposit was grown on Reasoner’s 2 Agar (RIA) at 21°C for 3 days.

V. INTERNATIONAL DEPOSITORY AUTHORITY

Name

Phone:
Fapmiavie) <

U3 ondd 4803

NATHINAL MEASUREMENT INSITTUTE
(FORMERILY AGAL) .
Address: 17153 BERTIF STREET, PORT MELBOURNE
VIC AUSTRALIA 20T
i 13 D64 4537

he pirwvet 1o represent e
Inten v Autharity oy ol astligined

oi“f'sl_‘;s{sxli ;

can Clarke
Date: 13% Fuly 2014

4 Fillin it she information has been requested and if the resulls of the sl wers negative
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BUDAPEST TREATY ON THE INTERNATIONAL
RECOQGHNITION OF THE DEPOSIT GF MICROORGANISMA
FOR THE PURPOSES OF PATENT FROCEDURE

INTEERATIONAL FORM

iy 1

T

Attaxtion Geriman Spangeéaherg BECEIPT IN THE CASE OF AN QRIGINAL DEPOSIT
AgnBio, Cenfre for AgriBivsc issted pursuant 1o Rule 7.1 by the

3 Ring Road, Lo Toobe Uhiversity, INTERNATIONAL DEPQSITARY AUTHORITY
Bundoors, Victoa, 3083, Avsualia sdenttifted at the bottom of this page

L A

I IDENTIICATION OF THE MICROGRGANEM

Ideptification reference given by the ; siov sunmber given by the
DEPOSITOR: ) INTERNATIONAL DEPORITORY AUTHORITY:

Fapitivirema sp. (P2-Geland-NS-«Card Creek §8-34-1) Vigaiier?

1 SCIERTIFIC DESCRIPTION ANIVOR FROPOSED TAXONCMIT DESIGNATION

Themierapeganism wdentifled under I above was setompanivd by

SRCTipHon

a proposed- taxonorsic-desigration
{Madk witlra cross wherd applicabls)

10 BECEIPT AND ACCEPTANCE

This Tnictrationnl Depasitony Authorily scoepts the mi
o Yeh July 2018 {date of the o

ganisi {dentified under T sbove, whieh was recsdved by it
L
sreal deposit)

IV RECEFT OF REQUEST FOR CONVERSION

The mictocrganism ideniified uoder Tabove was reecived §
{date of original deposit) and & request fo eonvert th
{date of recei

¢ this Tternational Depository- Authority on .
st o a depositunder the Budapest Treaty was rencived by iton

ot of regues

¥V OINTERNATIONAL BEPOSITARY AUTHOREYY
Namer  NAJTONAL MEASURE

Signnivre{st of personis} having the powss
10 rep {the al Depositary

Addressy 1S3 BERTIE STREET
PORT MELBOUR
VICTORIA, AUSTRALLS, 3207

Fhope: 613 86 &8 B
Facsimile: +61 3 96444999 M Bean Clarke

Date: 2% Jaly 3012
1 Where Rule 6.4(0) applics, such date is the date anowhich the stadus of Tidermational Depositary Arthority was acquired,
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BUDAPEST TREATY ON THE INTERNATIONAL
RECOGNITION OF THE DEPOSIT OF MICROORGANISMS
FOR THE PURPOSES OF PATENT PROCEDURE

INTERNATIONAL FORM

[To: i

Attention: German Spangenberg VIABILITY STATEMENT

AgriBio, Centre for AgriBioscience issued pursuant to Rule 10.2 by the

5 Ring Road, La Trobe University, INTERNATIONAL DEFOSITARY AUTHORITY

Bundoora, Victoria, 3083, Australia identified on the following page

J

I DEPOSITCOR II IDENTIFICATION OF THE MICROORGANISM
Name: German Spangenberg Accession number given by the

INTERNATIONAL DEPOSITARY AUTHORITY:

Address:
V1%/013677

AgriBio, Centre for AgriBioscience
5 Ring Road, La Trobe University, Date of the deposit or of the transfer ! :

Bundoora, Victoria, 3083, Australia
9% July 2019

II VIABILITY STATEMENT

The viability of the microorganism identified under II abeve was tested on 2 9 July 2019
On that date, the said microorganisin was

3 viable
G 3 ho longer viable

7. Indicate the date of the original deposit or, where a new deposit or a transfer has been made, the most recent relevant date
(datc of the new deposit or date of the transfer).

2. In the cases referred ta in Rule 10.2(a) (if) and (jii}, refer to the most recent viability test.

3. Mark with a cross the applicable box.
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Appendiy 3
page 22

Y. CONDITIONS UNDER WHICH THE VIABILITY TEST HAS BEEN PERFORMED ¢

Deposit was grows on Hegsener’s 2 Agar (R2A) 0t 21°C for 3 days,

V.o INTERNATIONAL DEPOSITORY AUTHORITY

HOAUSTRALLIA 3207
Phone: +h1 3 9644 4537
Fasstrailer 61 329644 4873

Name  NATHONAL MEASUREMERT INSTITUTE
{(FORMERLY AGAL)
Addross:  BIS3BERTIE STREET, POIRT MELBOURNY

Signatare(sy of peesomis) having the prwer 1o represent the
I sous] Depositany duharity ov of authisized

offNals

L Dean Clarke
Dater 129 July 2019

Fillin i the information hay been requested and 1 the results of the test wore negative
4 Fillin ilthe information hax been reguested i sulis of e v Fatiy
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BUBAPEST TREATY ON THE INTERNATIONAL
RECOGNITION OF THE DEPOSIT OF MICROQRGANIEMS
FOR THE PURPOSES OF PATENT PROCEDURE

INTERNATIONAL FORM

r
T
Asxigntion Geraan, Spangsnberg RECEIPT BN THE CASE OF AN QRIGINAL DEPGSIT

seitties issped pursuant to Rale 7.1 by the

ity INTERNATIONAL DEPOSITARY AUTHORITY

i identified at the bottom of this page

5 Hing Road, La Trobe Unive
Bundoora, Vieroria, 3083, .

L ' o

I BENTIFWCATION OF THE MUICROORGANISM

identificauon refercnce given by the Acvession gumber piven by the
DEPOSITOR: NTERNATIONAL DEFOSITORY AUTHORITY:

Papilioirerna sp. (PL-Geland-NS-Morningion-18-114-1 VI9/013678

1 SCIENTIFIC DESCRIPTION ANDAR PROPOSED TAXGROMIC DESIGNATION

nigroorganism sdentified vnder D above wag ascompanied by

@ seientific deseription

3 proposed taxonevuic desigration
{Mark with @ cross where soplicable)

Y RECEIPT AND ACCEPTANCE

This International Drepositery Authority secepts the muvroorganism dentified ander Tabove, which way recetved by it
on Gth Sudy 28 {date of

N i b
hie oviginal deposity

IV RECERT OFREQUEST TOR CONVERSION

The nucroovgamsm wWentifed wnder ¥ above was
{date ol oviginal depnsi} and & réquest i cons

{thate of receipt of 1y

sedved by this Dnterpational Depository Aulbonty on
leposit fo g deposit dnder the Budapest Treaty was reseived by dhon
uest for convernion}

VOINTERNATIONAL DEFOSITARY AUTHORIYY.

Name:  NATIONAL MEASUREMENT INSTITUTE Signatyre{s} of personls) having thie power
o represent the Infernational Depositary
Addresst 1133 BERTIE STRERT Am%mrity ar &t authorised officialis)

PORT MELBGURNE
VICTORIA, AUSTRALIA, 3207 o
Fhoner  +81 3 9644 4884 I -
Facsimile: +61 3 9844 4690 Bean Clarke

Prate: 5% July 2819

ey

I Where Rale 6o3{d) applics, such daw is the daie on o which the siatus of Internatinaal Trepasitary Anthorily wag aeduired,
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BUDAPEST TREATY ON THE INTERNATIONAL
RECOGNITION OF THE DEPOSIT OF MICROORGANISMS
FOR THE PURPOSES OF PATENT PROCEDURE

INTERNATIONAL FORM

[TO: 1

Attention: German Spangenberg VIABILITY STATEMENT

AgriBio, Centre for AgriBioscience issued pursuant to Rule 10.2 by the

5 Ring Road, La Trobe University, INTERNATIONAL DEPOSITARY AUTHORITY

Bundoora, Victoria, 3083, Australia identified on the following page

i

I DEPOSITOR I1 IDENTIFICATION OF THE MICROORGANISM
Name: German Spangenberg Accession number given by the

INTERNATIONAL DEPOSITARY AUTHORITY:

Address:
V19/013678

AgriBio, Centre for AgriBioscience
5 Ring Road, La Trobe University, Date of the deposit or of the transfer L

Bundoora, Victoria, 3083, Australia
9t July 2019

III VIABILITY STATEMENT

The viability of the microorganism identificd under I above was tested on 2 9™ July 2019
On thal date, the said microorganism was

3 viable
D * 1o longer viable

8. Indicate the date of the original deposit or, where a new deposit or a transfer has been made, the most recent relevant date
{date of the new deposit or date of the transfer).

2. Inthe cases referred to in Rule 10.2(a) (ii) and (ii1), refer to the most recent viability test,

3. Mark with a cross the applicable box.
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V. CONDITIONS UNDER WHICH THE VIARILITY TEST HAS BEEN FERFORMED®

Peposit was grown oo Reasoner's 2 Agar (R2A) a8 31%0 for & daye.

V.o INTERNATIOMAL DEPOSITORY ALUTHORITY

P KATHIN
(FRRMERL
D Addesss: IESBE R
VIO AUSTRALIAG
Phoae: 61 9644 9837
Faeshirale: +01 3 94644 4863

RE

MENT IWSTITUTE

£ L PORT MELBOURNE

§ .
Bt Oavke
Prars: 15% udy 2019

4 Fill in if the inforroatinn has been requested and i the resulis of the wel were nogative
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BUDAPEST TREATY ONTHE INTERNATIONAL
RECOGNITION OF THE DREPOSTT OF MICRCORGANISMS
FOR THE PURPOSES .OF PATENT PFROCEDURE

INTERNATIONAL FORM

ation. Geoxan Spangenberg RECEIPT T THE £DASE OF AN QRIGINAL DEPOSIT

2riBio, Centre for AgriBiosciease isvued pursuant o Role 7.1 by the
5 Ring Bead, La Trobe Untversity, INTERNATIONAL DEPOSTTARY AUTHORITY
Bundoors, Victforis, 3083, Ausiralia deniificd &b the bottoms of s page

L 4

i [DENTIFICATION OF THE MICROQORGANIEM

seession noinber glven by the

INTERNATIONAL BEPOSITORY AUTHORITY:

crenes given bythe

Papiliotreng sp. (P2-Geland-NS-Ruoun Creek 13-107-1) Y1%/013678

I SCIENTIFIC DESCRIPRIN ANDHIR PROPOSED TAXONGMIC DESIGNATION

he micrporganisw dentidfiad wnder I above was accompanisd by

§ g seigntfie deseription

a proposed
(Mark with a-¢ross where applicabic}

ixomoe: designation

HY BECEIPT AND ACCEPTANCE

This huemational Deposiiory Anthority aceapts the microorganisi identified under T above, which was reeeived hy it

I
on Bth July 2819 {daie-of the original deposity !

IV RECERT OF REQUEST FOR CONVERSIOGN

he pdcroorganisy identified under Labove was regeived by this Lstemational Depository Autharity on
originnd deposit 10 a deposit under the Budapest Treaty was recelverd by fion
st o conversion}

T
{date of arigingt deposit) and 2 seqiest to conve
{daie of rebeiptof re

VoOINTEENATIONAL DEPOSITARY AUTHORITY
Wame:  NATIONAL MEASUREMENT INSTITUTE

Address: 1153 BERTIE STREET
PORT MELBOURNE
VICTORIA, AUSTRALIA

Phens: 0139044 4588 4

Facsimile: +61 3 3844 4804 . Pean Clarke

Dade: 18% July 2019

P Where Rule 6.4(d) spplics, such date s the date pe which the stabus of hdernaionat T

S

positany Authonty was apguived.
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BUDAPEST TREATY ON THE INTERNATIONAL
RECOGNITION OF THE DEPOSIT OF MICROORGANISMS
FOR THE PURPOSES OF PATENT PROCEDURE

INTERNATIONAL FORM

To: _ 1

Attention: German Spangenberg VIABILITY STATEMENT

AgniBio, Centre for AgriBioscience issued pursuant to Rule 10.2 by the

5 Ring Road, La Trobe University, INTERNATIONAL DEPOSITARY AUTHORITY

Bundoora, Victoria, 3083, Australia identified on the following page

]

1 DEPQSITOR II IDENTIFICATION OF THE MICROORGANISM
Name: German Spangenberg Accession number given by the

INTERNATIONAL DEPOSITARY AUTHORITY:

Address:
V19/013679

AgriBio, Centre for AgriBioscience
5 Ring Road, La Trobe University, Date of the deposit or of the transfer I

Bundoora, Victoria, 3083, Australia
9% July 2019

I VIABILITY STATEMENT

The viability of the microorganism identified under Il above was tested on 2 9t July 2019
On that date, the said microorganism was

3 viable
D 3 Jo longer viable

9. Indicate the date of the original deposit or, where a new deposit or a transfer has been made, the most recent relevant date
{date of the new deposit or date of the transfer).

2. In the cases referred to in Rule 10.2¢a) (i) and (iii), refer to the most recent viability test.

3. Mark with a cross the applicable box.
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Appendiy 3
page 32

IV, CONDITIONS UNDER WHICH THE VIABILITY TEST HAS BEEN PERFORMED

Beposit way grown on Reasener’s 2 Agae (R2A7 ot 21°C for 6 days.

V. INTERNATIONAL DEPOSITOEY AUTHORITY

the powey & veprosent the
by or oF authorived

Namer  NATIOMAL MEASUREMENT INSTTTUTE
{PORMERLY AGALY

Adefressn A5 RERTIE STREET, PORTMELBOUENE
VIO AUSTRALIA 3707

Phune: +51 3 9add 4837 s e S
- - - e K P TN
Fasmorler 613 9544 4863 { Dean Clarke

1 Bate 1587 Sy 2018

4 FiL il ehe infermation has beeo requested and i the fendty of the tos were negative
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BUDAPESRT TREATY ON THE INTERMATHINAL
RECOGNITION OF THE DEPOSIT OF MICROORGANISMS
FOR THE PUBPOSES OF PATENT PROCEDURE

INTERNATIONAL FORM
o R
TO:
Agtention Genman Spangenbery RECEIPT IN THE CASE OF AM ORIGINAL DEPOSTY

AgriBio, Centre for AgriBioscisnce tssved purseant to Rule 7.1 by the
F Ring Foad, La Trebe University, INTESNATHINAL DEPGRITARY AUTHORITY

Rupdeors, Viclora, 3

3, Ausiraia itentifiad at the hottony pfithis page

L 4

I IDENTIFICATION OF THE MICROORGANISM

Identification veference given by the Ascession sumber given by the
DEFOSITOR: INTERNATIONAL DEPGSITORY AUTHORITY:

Arthrebacter sp, {iD4-18 YVIW/13688

Y RCENTIFIC DESCRIPTION AND/OR PROFOSED TAKONGMIC DESIGNATION

The mivroorganisn identifisd under Dabove way agcompanied by

4 aseientific description

@ propused taxonomic designation

(Meark with @ eross where applicalbis)

I RECEIPT AND ACCE

YNCE

This Iyternativnal Deposiiory Anthority acoepiz (e microorganism identificd under T above, which was received by it
on Sthduly 2018 fdare of the onim

ceposiny!

V RECEWRT OF REQUEST FOR CONVERSION

The misroergavdsye ientified under 1 above vag reseived by this Internatiosal Depesitory Awhonity on
{date of original deposit) and 4 request to cogvert the ouginal deposit to-a depesitunder e Bodapest Treaty was received by 1t on
{date of reeaipt of request for cosversiog)

VoOINTERMATIONAL DEPORITARY AUTHORITY

Mame:  NATIORKAL ME ENT TNETIIUTE Sigraturelx) ol porson(s) baving the powet
to represent the Intemational Depositary
Addvers: VI3 BERTIESTREET Authotity or of aufhorised officiai{s)

PORT MELBG
VICTORIA, A
Phone: 61 3 9644 4888 :
Facsimiler +61 3 9594 4288 Pean Clarke
o Dater 127 huly 2019
1 Where Rale 8.4{d) applies, such dateis the date on which the siatus of Inlernational Depositary Aathority was aoquired.

FITRNE
TRALIA, 3307
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BUDAPEST TREATY ON THE INTERNATIONAL
RECOGNITION OF THE DEPOSIT OF MICROORGANISMS
FOR THE PURPOSES OF PATENT PROCEDURE

INTERNATIONAL FORM

[To: 1

Attention: German Spangenberg VIABILITY STATEMENT

AgriBio, Centre for AgriBioscience issued pursuant to Rule 10.2 by the

5 Ring Road, La Trobe University, INTERNATIONAL DEPOSITARY AUTHORITY

Bundcora, Victoria, 3083, Australia identified on the following page

]

I DEPOSITOR II IDENTIFICATION OF THE MICROORGANISM
Name: German Spangenberg Accession number given by the

INTERNATIONAL DEPOSITARY AUTHORITY:
Address:
V19/013680
AgriBio, Centre for AgriBioscience
5 Ring Road, La Trobe University, Date of the depasit or of the transfer | :

Bundoora, Victoria, 3083, Australia
9™ July 2019

111 VIABILITY STATEMENT

The viability of the microorganism identified under II above was tested on = 91 July 2019
On that date, the said microorganism was

} viable
D * o longer viable

10. Indicate the date of the original deposit or, where a new deposit or a transfer has been made, the most recent relevant date
(date of the new deposit or date of the transfer).

2. 1In the cases referred to in Rule 10.2(a) (i) and (iii), refer to the most recent viability test,

3. Mark with a cross the applicable box,
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Appendiy 3
page 22

IV, CONDITIONS UNDER WHICH THE VIABILITY TEST HAS BEEN FERFORMED *

Bepastt was grown on Reasoner™s T Agar (RIA) at 21% for $ days.

Voo INTEENATIONAL DEPOSITORY ALTHORITY

n{s) having the power tu sepresent ithe
s Awtlirityoor of suibovized

Name: NATIORAL MEASUREMERNT INSTITUTE
{(FORMERLY ALY

Address: 17153 BERTIE STREET, PORT MELBOURNE
VIO AUSTRALIA 2207

Phons: +i1 3 0644 4837

Faemmiler 461 3 0644 4803

! ,«}‘,‘:fan Clarke
Date: 12 July 2899

4 Fill buif the information has been requested and iF the results of the s were negative
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1-59. (canceled)

60. A method for profiling endophyte strains from a
microbiome, said method including the steps of:

providing a microbiome, preferably wherein the micro-

biome is isolated from a plant material selected from
seeds, stems, leaves, petioles, roots, buds, flowers or
any combination thereof, preferably isolated from a
plant selected from perennial ryegrass (Lolium
perenne), tall fescue (Festuca arundinaceae), corn (Zea
mays), Glycine species including Glycine max, Glycine
tomentella, Glycine tabacina, Glycine latifolia, Glycine
hirticaulis, Glycine microphylla, and Glycine clandes-
tine, wheat (Triticum aestivum) and barley (Hordeum
vulgare) and preferably wherein the microbiome
includes bacteria and/or fungi;

obtaining protein profile spectra from one or more endo-

phytes of the microbiome;

processing the protein profile spectra;

clustering the endophyte strains based on the processed

protein profile spectra; and

selecting and/or isolating endophyte strain(s) having

desired genetic and/or metabolic characteristics, or
being phylogenetically related to a desired endophyte
strain.

61. The method according to claim 60, wherein the step
of providing the microbiome includes the steps of:

providing plant material;

washing the plant material in an aqueous solution;

submerging the plant material in a aqueous solution;

macerating the plant material; and

applying the macerated plant material to a growth

medium for growth of the microbiota to provide the
isolated microbiome, preferably wherein the micro-
biota grown on the growth medium are subjected to a
re-streaking so as to obtain an isolated endophyte
colony.

62. The method according to claim 61, wherein the plant
material includes a seed, and wherein the step of providing
the microbiome includes the preliminary step of:

harvesting the plant material;

sterilising the plant material;

germinating the plant material; and

growing the germinated plant material.

63. The method according to claim 60, wherein the
protein profile spectra are obtained by mass spectrometry,
preferably matrix assisted laser desorption/ionisation
(MALDI) mass spectrometry.

64. The method according to claim 60, wherein the
protein profile spectra are processed by a data deconvolution
workflow, preferably wherein the data deconvolution work-
flow includes performing the steps of:

a m/z scan to create a m/z grid;

a spectrum baseline subtraction; and

a m/z alignment;
wherein the data deconvolution workflow provides the pro-
cessed protein spectra.

65. The method according to claim 64, wherein the m/z
grid is produced according to an adaptive grid method, the
spectrum baseline subtraction is performed according to a
quantile normalization method and wherein the m/z align-
ment is performed with reference to a reference spectrum,
preferably wherein the reference spectrum is of Escherichia
coli ATCC 25922.
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66. The method according to claim 60, wherein protein
profile spectra are obtained from one or more isolated
endophyte colonies and wherein processing the protein
profiles includes combining the protein profile spectra of
each isolated endophyte colony.

67. The method according to claim 66 further including
subsequently performing the steps of:

m/z alignment;

spectrum smoothing;

m/z range restriction;

spectrum peak detection; and

valid peak filtration to removing peaks which do not meet

a defined threshold.
68. The method according to claim 67, wherein the
processed protein profiles are converted into a matrix for
analysis, wherein the m/z ratio alignment is performed with
reference to a reference spectrum, preferably wherein the
reference spectrum is of Escherichia coli ATCC 25922,
wherein the spectrum smoothing is performed according to
a moving average algorithm, wherein the m/z range is
restricted to between 2000 Da and 20000 Da, wherein the
spectrum peak detection is performed by a resolution-based
method, wherein the valid feature filter has a threshold
between approximately 0-40% intensity, and wherein pro-
cessed protein profile spectra are used to perform hierarchal
clustering.
69. The method according to claim 68, wherein said
hierarchical clustering provides a clade of endophytes hav-
ing properties selected from:
i. related bioactivity;
ii. related geographic ranges;
iii. belonging to plant lines having the same phenotype; or
iv. including similar protein profiles; and
wherein the related bioactivity is preferably selected
from bioprotection and biofertilizer activity; and
wherein the plant phenotype is preferably for drought
tolerance or drought resistance.
70. The method according to claim 60, wherein prior to
profiling endophyte strains from a microbiome, plant micro-
biome profiling is performed, said plant microbiome profil-
ing including the steps of:
providing plant material from a first plant species and
plant material from a related second plant species;

characterising the microbiome of the first and second
plant species by analysing the plant material; and

assessing the microbiome of the first and second plant
species to identify endophyte strains found in both the
first and second plant species, or endophyte strains
found in the second plant species but not in the first
plant species.

71. A method for profiling a plant microbiome said
method including the steps of:

providing plant material from a first plant species and

material from a related second plant species, preferably
wherein said first plant species is selected from peren-
nial ryegrass (Lolium perenne), tall fescue (Festuca
arundinaceae), corn (Zea mays), Glycine species
including Glycine tomentella, Glycine tabacina, Gly-
cine latifolia, Glycine hirticaulis, Glycine microphylla,
Glycine clandestine and Glycine Max, wheat (Triticum
aestivum) and barley (Hordeum vulgare), and prefer-
ably wherein the second plant species is a crop wild
relative (CRW) of the first plant species;
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characterising the microbiome of the first and second
plant species by analysing the plant material; and

assessing the microbiome of the first and second plant
species to identify endophyte strains found in both the
first and second plant species or endophyte strains
found in the second plant species but not in the first
plant species.

72. The method according to claim 71, wherein providing
the plant material from the first and second plant species
includes the steps of:

sterilising the plant material; and

germinating the plant material,

wherein the germinated plant material provides seedlings

for characterisation; and

wherein the plant material is preferably selected from

seeds, leaves, stems, petioles, roots, buds, flowers or
any combination thereof.

73. The method according to claim 71, wherein charac-
terising the microbiome of the first and second plant species
includes the steps of:

extracting nucleic acid from the plant material; and

analysing the extracted nucleic acid to profile the plant

material microbiome.

74. The method according to claim 71, wherein assessing
the microbiome of the first and second plant species includes
statistical analysis to determine microbiome operational
taxomic units (OTU) present within each plant species.

75. The method according to claim 74, wherein the
microbiome OTU within the first plant species are compared
to that of the second plant species to provides a means for
determining microbiota which are either:

shared between the plant species, or

unique to the second plant species, relative to the first

plant species.
76. The method according claim 74, wherein the identi-
fied microbiome OTU are selected from the group including
Stenotrophomonas sp., Pseudomonas sp., Acinetobacter sp.,
Holomonas sp., Enterobactereaceae sp., Pantoea sp., Bur-
kholderiaceae sp., Ralstonia sp., Massilia sp., Herbaspiril-
lum sp., Delftia sp., Curvibacter sp., Aquabacterium sp.,
Sphingomonas sp., Novosphingobium sp., Bradyrhizobium
sp., Ochrobactrum sp., Methylobacterium sp., Lactobacillus
sp., Staphylococcus sp., Bacillus sp. and Curtobacterium sp.
77. A method of enhancing the bioactivity of a plant
species, said method including:
identifying endophyte strains found in the first and second
plant species according to the method of claim 71; and

transferring one or more endophyte strains from the
second plant species to the first plant species to enhance
bioactivity of the first plant species;
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wherein the transferred endophyte enhances bioactivity of
the first plant species; or
said method including identifying endophyte strains found
in the second plant species but not in the first plant species,
according to the method of claim 71, and
transferring one of said more endophyte strains from the
second plant species to the first plant species,
wherein the transferred endophyte enhances bioactivity of
the first plant species.

78. A substantially purified or isolated endophyte strain
selected and/or isolated by the method according to claim
60, preferably wherein said endophyte is a strain of
Xanthomonas sp., more preferably wherein the Xanthomo-
nas sp. strain is GW as described herein and as deposited
with The National Measurement Institute on 17 May 2019
with accession number V19/009902; preferably wherein
said endophyte is a strain of Arthrobacter sp., more prefer-
ably wherein the Arthrobacter sp strain is D4-11 as
described herein and as deposited with The National Mea-
surement Institute on 9 Jul. 2019 with accession number
V19/013680; preferably wherein said endophyte is a strain
of Papiliotrema sp., more preferably wherein the Papilio-
trema sp strain is selected from the group consisting of
P2-Gland-NS-Runn creek 1S-107-1, P1-Geland-NS-Morn-
ington-1S-114-1, and P2-Geland-NS-Card Creek 1S-34-1, as
described herein and as deposited with The National Mea-
surement Institute on 9 Jul. 2019 with accession numbers
V19/013679, V19/013678 and V19/013677, respectively;
preferably wherein said endophyte is a strain of Sphingomo-
nas paucimobilis, more preferably wherein the Sphingomo-
nas paucimobilis strain is Gtom-P2-19 as described herein
and as deposited with The National Measurement Institute
on 9 Jul. 2019 with accession number V19/013676; prefer-
ably wherein said endophyte is a strain of Argobacterium
larrymoorei, more preferably wherein said Argobacterium
larrymoorei strain is selected from Gela-P1-10, and Gtab-
P2-18, as described herein and as deposited with The
National Measurement Institute on 9 Jul. 2019 with acces-
sion numbers V19/013675 and V19/013671, respectively;
preferably wherein said endophyte is a strain of Pseudomo-
nas oryzihabitans, more preferably wherein the Pseudomo-
nas oryzihabitans strain is selected from Ghir-A-22-2, Gtab-
P2-12 and Gtom-P2-14, as described herein and as deposited
with The National Measurement Institute on 9 Jul. 2019 with
accession numbers V19/013672, V19/013674 and V19/
013673, respectively.

79. A plant, plant part or plant product with enhanced
bioactivity produced by the method according to claim 60.

#* #* #* #* #*



