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Received 24 Oct 2014 | Accepted 11 Aug 2015 | Published 29 Sep 2015 OPEN
R Expanding the biotechnology potential of
2015.9 lactobacilli through comparative genomics of
213 strains and associated genera

Zhihong Sun**, Hugh M.B Harris®*, Angela McCann®*, Chenyi Guo™*, Silvia Argimén®*, Wenyi Zhang"*,
Kianwei Yanga, lan B. Jeffery?, Jakki C. Cooney®, Todd F. Kagawa®, Wenjun Liu', Yugin Song', Elisa Salvetti®,

IF: 11.47

AV AN
{E‘[\’ﬂ‘z ﬁ’fﬁ‘: Agnieszka Wrobel?, Pia Rasinkangas’, Julian Parkhill®, Mary C. Rea®, Orla O'Sullivan®, Jarmo Ritari’,

7 ALY Frangois P. IZr::ruiIIan:I?r R. Paul Rassg, Ruifu ‘r‘ang3, Alexandra E. Erinerm, Giovanna E. Felisé‘r Willern M. de Vos?-”,
DE TV i8N

Rodolphe Barrangou'®, Todd R, Klaenhammer'®, Page W. Caufield®, Yujun Cui®, Heping Zhang'
& Paul W, O'Toole?

MF-F &
Illumina HiSeq2000

Lactobacilli are a diverse group of species that occupy diverse nutrient-rich niches associated
with hurmans, animals, plants and food. They are used widely in biotechnology and food
preservation, and are being explored as therapeutics. Exploiting lactobacili has been
complicated by metabolic diversity, unclear species identity and uncertain relationships
batween them and other commercially important lactic acid bacteria, The capacity for
biotransformations catalysed by lactobacilli is an untapped biotechnology resource. Here we

report the genome sequences of 213 Lactobacillus strains and associated genera, and their
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Whole genome analysis of
halotolerant and alkalotolerant
plant growth-promoting
rhizobacterium Klebsiella sp. D5A

Wuxing Liu®, Qingling Wang?, Jinyu Hou?, ChenTu?, Yongming Luo® & Peter Christie!

This research undertook the systematic analysis of the Klebsiefla sp. D5A genome and identification of
genes that contribute to plant growth-promoting (PGP) traits, especially genes related to salt tolerance
and wide pH adaptability. The genome sequence of isolate DSA was obtained using an lllumina HiSeq
2000 sequencing system with average coverages of 174.7 % and 200.1x using the paired-end and mate-
pair sequencing, respectively. Predicted and annotated gene sequences were analyzed for similarity
with the Kyote Encyclopedia of Genes and Genomes (KEGG) enzyme database followed by assignment
of each gene into the KEGG pathway charts. The results show that the Klebsiella sp. D5A genome has
atotal of 5,540,009 bp with 57.15% G + C content. PGP conferring genes such as indole-3-acetic acid
(IAA) biosynthesis, phosphate solubilization, siderophore production, acetein and 2,3-butanediol
synthesis, and N, fixation were determined. Moreover, genes putatively responsible for resistance to
high salinity including glycine-betaine synthesis, trehalose synthesis and a number of osmaregulation
receptors and transport systems were also observed in the D5A genome together with numerous genes
that contribute to pH homeostasis. These genes reveal the genetic adaptation of D5A to versatile
enviranmental conditions and the effectiveness of the isolate to serve as a plant growth stimulator.
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Complete genome sequence and anal1ysis of
Lactobacillus hokkaidonensis LOOC260°, a
psychrotrophic lactic acid bacterium isolated
from silage

Yasuhiro Tanizawa'”, Masanori Tohno™, Eli Kaminuma®, Yasukazu Nakamura® and Masanori Arta™

Abstract

Background: Lacrobacilius hokkaldonensis s an obligate heterofermentative lactic acid bacterium, which is isalated
fram Timothy grass silage in Hokkaido, a subarctic region of Japan. This bacterium is expected to be useful as a
silzge starter culture in cold reglons because of its remarkable psychrotoleranoe; it can grow at temperatumes as
low as £C To elucidate its genetic background, particularly in relation to the source of peychiotolkeance, we
constructed the complete genome sequence of L hokkaidonersis LOOC250" using PacBlo single-molecule real-time
sequencing echnology.

Results: The genome of LOOC260" comprises one circular chromosome [2.28 Mbp) and two crcular plasmids:
pLOCC260-1 (816 kbp) and pLOOC260-2 (410 kop). We identified diverse mobile genetic elements, such as
prophages, integrated and conjugative elements, and conjugative plasmids, which may reflect adaptation to
plant-assaciated niches. Comparative genome analysis ako detected unigue genomic features, such as genes
involved In pentose assimilation and MADPH generation.

Conclusions: This s the first complete genome in the L vaooinostercus group, which is poorly characterized,
so the genomic information obtained in this stedy provides insight into the genetics and evolution of this
group. 'We ako found several factors that may contribute to the ability of L hokkaidonensic to grow at cold

temperatures. The mesults of this study will facilitate further investigation for the cold-tolerance mechanism of
L. hokkalgonensis.

Keywords: Lactic acid bacteria, Silage fermentation, Cold adaptation, Pentose metabolism, Mobile genetic

element, Integrative and conjugative element




S Y S ) z=xy

Majorbio

o T T FE R ) B A P A1 RN 3 DR AL

o« KBS, WA R, BEE ARSIt

NN PR BRL S ;

o I LR AR R TR F AR — R R
o gt T U RS, U RobE [RIAAE FI AR S R R 49 # AN
NADPHA: BlAH I 3 K] 737 5

o RIENAHIEERH I

LBEFTEVEZREFRAE

Shanghai Majorbio Bio-Pharm Technology Cos, Ltd. \



by

£S5
Majorbio

o MEERs) ot

/f

 irtegrane = Gl wall praein = Heavy meal ressstance B Giutaions synthass Gehf L, plaranim WoEFST
= 3MP synihase  B§ Conjugation rmed = Fhoge resstance ) Crineriuninoen funcion "hmn-'-"'ﬂmﬂw

L. conmeomms CECT SF01

Goas" s mik cheass)
Triig
AR T—T T.;Ea/

ilﬁiﬁ.“h-ll}_

(Y
T | NP =r=y=—ra=r

i
| ]

Furdecticr aepoenca datlhy
. > B .a:m L Illll:l';_ll":t’-.
AT MUY L 14057 fice brar)
e CHABET BT
' m QARG TODGANTA, -
L parmmcoss’
] LFPIS [Camal)

' —= |
Fgure 3 Comparisons of integrated and conjugative elements from L. hokkaidonensis and several species in the genus Loctobad lus
G and B0 Gorresnodd 1o e neceaioe denity Dased on BLASTH akpnmeants amnd the numbDens indicate the seniny. Small ek anrows

epesent direct repeal sequences fanking e elament.

LBEFTEVEZREFRAE

Shanghai Majorbio Bio-Pharm Technology Co., Ltds




g7
A3

|

[P SHT

Obligate hemofermentative LAB
Facultative heterofermentative LAB
L. vaccinostercus group
—____+~—Obligate heterofermentative LAB

L vhgoferrrertars DEMT 5307

Psduct

36 ribescral proves §11
DNA-Srected ANA pofyrersac spte wb
S rbesarel proten L1T
Cobat ranipore ATP Ginging sbent
cobalk traniporter ATP binding slbent
ccbealk tranuporter

LANA preudoundne nythase A
5 ribesavel proteie L13

X5 ndassral prosee 59

| hypotratical pratein
|typathetical praten
|traracrobionel reguietor

| hpathatiog pevien

| aeirane etein

| e rane pratein

Proteins conservaed
in all species

+— Proteins in L hokkaidonensis LOOC2607

Shydrcoratase
Loseryt-tRRA [Eoc) seleriur traralerase
|hsathatiod orvten
|carselodrete drase
|pehganctironme
o Scitator superfartly tracaporter
| byzothetizal praten

| on doreduite

bypathaticd grated

hypathatical pratan

hypathatical praten

ArwC farly traracrgtiorel regudetor
|hpothation proten

o DodRator sugefansly Uaapenter
wechal damdogaas
[trarazceass

sechol defvdrogenese
g laoiiatir sugerfarsly trasaperier
R
AAWC landy tracacrosices! reguleter |

Proteins unique
for L. vaccinostercus group

Proteins unigue
for L. vaccinostercus group

Pro!ems unigue
for L. hokkaldenensis

Figure 4 Orthdlog table. Comtnxted bamed on $he al-agamst-al SLAST dignmerts between cach twao species In fie vertcd drecon, fie
prowins are shown in onder of appeanance in e genome of L. hokkaidonensz LOOC260™. In $ie hormotal deecton, fie speces included
n the comgarzon e shown For exch ow, the bt “ores were normalzed by dwvidng by the maxmum value The number of cach

il repaiens fie nommalaed wore, and the ils ane colored varpng shades of red, acardng 10 their walues, w

v 2 deepier lor
mrepondng 1o a higher value

EXSE

Majorbio

R ERAE

m Technology Co., Ltd:




18 W FH 9 32 (R 1Y) 72 3

» BUE RIS R, FET IR, H5 AR

/

i 4

(SR LNG

WP

A

S EE

ZH RSN HE P AHALL

« 83 1 cold shock protein A (CspA);

o FHEM SR LEACUR = I UN AR BB PR BB

T

Tt AL 0720 AR I

PEEEEYESRBEERAR

Shanghai Majorbio Bio-Pharm Technology Co., Litd!




MmN R
* FRAE AT HIE X
Eﬁ%%ﬁ%TﬁW%%ﬁk@%%ﬁEMﬂﬁ

°**QHWCEI’J/\1‘)?TH§F SEHIRHADE T AR A IR
ME, §RRMWIT R B T

h 4

= B B B RHE R
- =51 R AR

Shanghal Majorbio Bio-Pharm Technology Co., Lt@:




L

( ESEN

Majorbio

. RNAHF

i

tBEFEVESHRREGIRAE

Shanghai Majorbio Bio-Pharm Technology Co., Ltds




2T =R
V53235
H L5

S EE

O RAAR AR EE KA (de novo)
eoAKF BB AT A R A6 KL
ORARRARBRAEFHTOHTET WA RHE
:>small RNA ZIncRNA# % &

w3k B R K KPR E F AT

:OSNP. SSRA& M 5 547

tBESEVESRRARAE

Shanghai Majorbio Bio-Pharm Technology Co.; LEta2




Hark

512

B - 1
RNA# 2 -7 45 445 jorhio
B
~ A "
J Ol TESmRNA s g
l mRNA frageani
N
S .
Y =r.—_i= o
L
hiseq 4000 PE150 |}
1

oM HARIER

BETEVELGHEBRAE

hanghai Majorbio Bio-Pharm Technology Co., Lt




N
1]

FesRA T H 2 ERRE

‘ Oligo dTEEmRNA
AAAAL. mRNA

l mRNA fragment

D D D O S G

1 RT-PCRE 5

llumina Hiseqg 2000

total RNA B RNA mRNA cDNA adaptor

21 FRASRATIRRIE

LBEFTEVEZREFRAE

Shanghai Majorbio Bio-Pharm Technology Co., Ltds



BxH-H2 52

RANA-Seq reads
| = =
N == BBy =
R R = e == o =
O oy & =¥
i eyeen E= .
Align reads to Assemble transcripts
genome de novo
= = -l
ﬁ;& O O0—AO0Om b—0 O jazé
= L i S I =
[ s | i | s | e ey i i T
== e R e o Y | | s | s e | s I e f s
] O C—IDOoOS o—Oo /.
Genome ]
Assemble transcripts Align transcripts
from spliced alignments to genome
A 4
e T T More abundant [ s &
[ — el ] (I B
L= | Less abundant
| | y

tBEFEVELSRZBRAE

Shanghai Majorbio Bio-Pharm Technology Co., Ltds



vBSiESsihte
ISIEE SR RANE ST

TR DS ' PB4 F A \unigen el i
( U\ SO 1 ) 4 )

RERAES A SSRESNPAHIF

ERUGOHRAINE

HEURF
NR\Pfam\swissprot\
strin g\KEGG\GO\COG

=S EFEGOKEGGRE

IpathBES

*8 \
tEEELEYESHEERAT

Shanghai Majorbio Bio-Pharm Technology Co.; Etas



LR

WL RANF, HRFERES
77 EBCH R IR B 5 e EAE BEIRES
FHIFRRIE, 19307 R E <R
G35V AL A A T i N ) e
A, HnTE EPURHLERECE FF £
HOw 7 1AL

A 3 LA 3 R

HESHE HE

Gene/Metabolite

ES5FE12
Maiorbio

1~wwyn

lm' seve )|

factarial time-series analysis
spatial-temporal distribution

W=

e
Meaca

- o

tBEFEVELSRZBRAE

Shanghai Majorbio Bio-Pharm Technology Co., Ltds




Ll w

AT AR

T 1 3 B P BRAS B 25 B i Y
Pk LR, P LB S 4 At
T T BUEFE [N 5 51 AN 5L (A 3R 08 7K
AR, A HI I FEAN R A (B
RER) 2 8] kAL 5% 28 DA R R YA
RTE AR HI 73§ BEA A ik I ML -

PEEEEYESRBERAS

Shanghai Majorbio Bio-Pharm Technology Co., Lta=S.



S EE

AN

20135 , SRR ( single-cell sequencing ) 558 (BA-TIi%) FE
A,

—PMNHIEEAIDNASKRNA{R{ZAMEEZ5E ( picograms ) AV |, IXAD
HNEmmA A ZIIE N EISRE EEES R, Bit/msioxd BRI ME RS
FHT1E , mEEIERrlge/ MBI ARE | DB EREAYNE A E th
s,

tBESEVESRRARAE

Shanghai Majorbio Bio-Pharm Technology Co.; LEta2




S EE

HLAH e S N

PRI E B T A TR AR S, FEREE AR, ARAA
BARIEEFZH, SRR, SEERGHESSEAIERRE,. A8EA
TIEFRIAEY | IXEE R RN A BE S — R AIB 5T U

LBEFTEVEZHEBFRAS

Shanghai Majorbio Bio-Pharm Technology Co., Lt@?




£54D
Majorbio
HAb = 5 A48 -- Pacbio4 K 3% % 41 iso-seq

DNA damage(Z2§8

1RV B RiESECDNA

2{<cDNARY

FERHNE PACBIO_E#1
P—{eHniria adaptersEf&HIEEL

total RNA i IR

Sequence length distribution

reads of full-length reads non-full-length
insert(CCS) (non-chimeric) reads

i Total sequence num 166306 63482 73626
Total sequence base 247441744 64407844 167875318
i Smallestseq 10 300 300
000 Largest seq 40009 18487 40009
20000 I | Average tengin 1487.9 1014. 6 2280. 1
;!fjfffff!!

Sequence number

EBESEVESRRBIRASE

Shanghai Majorbio Bio-Pharm Technology Co., Ltds




5 i SRR S

; — I *a Hbchik/Add: -9 T ¥ A< X R s 125 25 [X R 7 A #3399 53 5%
[ | 7/ Tel: 021-51875086 W4 Hikk: 400-660-1216

Major bio WIhE/Web: www.majorbio.com  {£/Fax: 021-51875086-8002



