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Presentation Notes
よろしくお願いいたします。



. symptoms of
__ late blight

Phytophthora infestans
zoosporangia
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P. infestans growing - bacterial rot




Processes leading to tuber rot

aerobic conditions

Primary Factors | | Secondary factors |

-—-_‘

Late blight Agrowth of
saprophytic

bacteria

Dry rot

Bacterial diseases
Pectobacterium —

Dickaya  etc.

Clostridiales and others

Wounds and bruises

; = Secondary growth of
Anaerobic conditions saprophytic bacteria?

J




Examination of tuber softening bacteria

1 . Isolation of pathogenic bacteria from tuber tissue
2 . ldentification of pathogenic bacteria

3. Pathogenicity to tubers

ldentify softening factors other than
saprophytic bacteria




Examination of tuber softening bacteria

1 . Isolation of pathogenic bacteria from tuber tissue




5 o : Bacillales / Paenibacillaceae
Clostridiales / Ruminococcaceae /

o)
e b
Clostridiales / Velllonellaggﬁz A\
é'.i S )

Clostridiales / Lachnos

Clostridiales /
Lachnospiraceae

P. infestans infection and
Bacterial rotted tubers

Approximately 230 types
of Bacteria were detected

No known pathogens

were detected Next generation sequencer ;

rDNA analysis

Dominant bacteria in rotting tuber tissue



Dilution plate method for isolation of
Method . .
pathogenic bacteria

diseased tubers Tissue suspension Plated on TSA medium

with P. infestans

(swTterine) INo heat treatment | ——m—pT—

80°C - 10min




Isolation of pathogenic bacteria and tuber
slice inoculation

Colonies arose in
hypoxic conditions

chemical
warmer



80°C + 10min

-

Some strains
were
pathogenic

-

Reaffirmed
pathogenicity



Isolation of pathogenic bacteria from tuber tissue

diseased tubers

with P. infestans  [80°C - 10min |
(softening)

Pathogenicity
to tuber slices

prm—

N

N 0O 0O 0O 0O O 0O 0O N

| bz3
_ba4
| bz5
| bz16
_ba20
_ba33
| bz44
_bz60
bz 71

| ba96
(10 isolates)



Examination of tuber softening bacteria

2 . ldentification of pathogenic bacteria




2. ldentification of pathogenic bacteria

Cultute morphology

Physiological properties
(sugar availability)

Sequence of 16S rRNA gene



Cultute morphology

Facultative anaerobic, Gram-positive rods
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Physiological properties
(sugar availability) _
API 50CH i T

SLba20
SLba33
SLba96
SLba4 _
SLps3 These strains belong to ....

SLbs5 > oo

creas — Bacillus pumilus
SLbs60
SLbs71
SLbs16

AP 50CH



2593 7 7
— B. subtilis ssp inaquosorum

2589 B subtilis Ssp spozizenii
2625

B. subtilis ssp subtilis
2148

2562

B. tequilensis

2023 2243

B. vallismortis

2483

B. mojavensis

2585

B. atrophaeus

1996 B. amyloliquefaciens ssp platarum

2083 I~ B. velezensis

B. methylotrophicus

2794 2870 ; ;
B. siamensis

@ B. amyloligquefaciens

B. licheniformis

2310

2232

2309

B. sonorensis

_ B. altitudinis

2164 1 B. stratosphericus

— B. aerophilus “I’H milu \Y 2
B. xiamenensis g r O u p

2151 B. pumilus
2192 B. safensis

1196
B. cereuis

1893

—

0.1

(Reference) Phylogeny of Bacillus subtilis species complex
based on core genome analysis (Fan et &/ 2017)
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List of hits from EzBioCloud 16S database

Sequence of 16S rRNA gene

Select hits by database

Tasks Hit taxon name Hit strain name  Accession Similarity (%)
= ) Bacillus safensis FO-36b(T) ASJDO1000027
== i) Bacillus australimaris NH7L 1(T) IX680098

Sequencing
Database Search

EzBioCloud (https://www.ezbiocloud.net)



Identification of pathogenic bacteria

Bacillus altitudinis Type strain: 41KF2b -

homology100% (3 isolates) = faen "\: -
SLba96

SLba33 L7y s
by

0 : s My VS aaING,

homology 99.86% (1 isolate) — SLbad4 &\ ) = 1" 7
LI Wi “l /
~ 1y i

SLba4d
Bacillus safensis Type strain: FO-36b gt
SLbs3 [ L
homology 100% (5 isolates) SLbs5 e /

SLbs44 ar e

SLhs60 [P LT

-

SLbs71 L : o
| S5 /|

homology 99.87% (1 isolate) — SLbs16 SLbs71



2593 7 7
— B. subtilis ssp inaquosorum

2589 B subtilis Ssp spozizenii
2625

B. subtilis ssp subtilis
2148

2562

B. tequilensis

2023 2243

B. vallismortis

2483

B. mojavensis

2585

B. atrophaeus

1996 B. amyloliquefaciens ssp platarum
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B. siamensis

@ B. amyloligquefaciens
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(Reference) Phylogeny of Bacillus subtilis species complex
based on core genome analysis (Fan et &/ 2017)



Bacillus altitudinis | No reports as potato pathogen

Shivaji et al 2006 : Isolated from an air sample
41 km above the ground

Elbanna et al 2014 : Soft rot of apple and
pear frUit (Egypt) https://n-kishou.com

Bacillus safensis No reports as plant pathogen

Satomi et a/. 2006 : Isolated from the
spacecraft assembly facility

Khan et a/. 2017 : Promotes plant growth

https://mars.nasa.gov



Examination of tuber softening bacteria

3. Pathogenicity to tubers




\Y[Zliglelel INnoculation of tubers with bacteria

Picked up a single colony Surface-sterilized tubers
with a toothpick were inoculated by puncture Cultured in a wet room

Anaerobic conditions




28°C

s — Bacillus altitudinis ~

SLba96

Dark purple discoloration /
Decay with well-defined

\_ borders -

— Bacillus safensis
SLbs71

Light discoloration /
Decay with indistinct

\_ boundaries y




Dark purple discoloration
of subcutaneous tissue
(cv. Irish Cobblar)

v

Bacillus altitudinis STta - Bt
(cv. Tokachi-kogane) 2009 stored-rotten tuber

2014 Field-collected tuber
\ J




SLba96

Bacillus altitudinis

18°C 28°C

According to single inoculation, these virulence in the
low temperature range is not as strong



=508 Tuber slice inoculation (Preliminary experiment, 18°C)

There are examples of bacterial rot intensified
by the presence of P. infestans + anaerobic conditions

Further investigation is needed to
determine the conditions for disease onset

SLba96 only P. infestans SLba96
Bacillus altitudinis only B in 7;; —



In tubers under @ Healthy tubers

different conditions? @ Tubers in geographically distant fields
{]O @ Tubers of different varieties
\ \fx‘
\
: /0y T
Sapporo field i T /)
. - y U .
cv. Irish Cobbler e B ¢
\{:J {7 ) P HL\/ J
p \r (/_,x_,-«"x___ \’\-BJ > ]
Healthy | Blighted [N QSRS P, &
t ¥t o '
~ ) Vgt ‘_r‘/ ﬁ\
y ~( | Obihiro field
7 o
3 100 km cv. Snowden
e



cv. Snoden
(Healthy)

Irish Cobbler
(Healthy)

Irish Cobbler '
(Blighted)

"y Bacillus altitudinis



Discussion 1

Bacillus altitudinis

Bacillus safensis  _

Pathogenic Bacillus spp.

Likely involved in rot diseases,
but not sure if it is the primary cause

Possibly widespread

(Relationship with P, infestans? )



Discussion 2

Healthy

8. -

pathogenic Bacillus spp.

: : Growth of bacteria
”
L atent infection” athnaeri
bacteria?

Potato tuber rot and bacteria

(hypothesis)
Bacterial rot

Clostridiales etc..

1

Saprophytic

without
: | symptoms
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