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MW OE: IHF] R L-ZS9 R —RAER LB 5 REE 7 d B4 B 2 {869 = tm
HAEHAT. (B BAT AT EEHIATE L-2S9 mE F oA EZHXAT
ARREE, [Fx] BEZHAZNFEAN M IATH S RASTNG, TR TR
4T COG (Clusters of Orthologous Groups). GO (Gene Ontology)#+ KEGG (Kyoto Encyclopedia of
Genes and Genomes) 5% 4= Pathway 2%, [4R] #F4an 5 27 2 M F & 2 Z A1 E 90%
AL, ZFFEERR 9274, Hd 744 A~ LR, 183 AT . KEGG 4474 R A, 649 A2
FAREAE T 68 NE T A ABC 218427, & 1048%, H P 3IAERE AL LERE 1645, 1A
AR AKX TRARE 116, BrEMAWIATE L-ZS0 M 44 M5 ABC #E 82" Mm%, %Ik
ZAMIUER R AT AL AL 1645, AL ZRL LRETAE. [£#] & —FRT XY
FAFRA ARG L, AHARMEYIATE @A F R B EF B SRR T B R e Ak,

KR AT, ke, AR KK, FEME, mEE

Transcriptome analysis of Lactobacillus paraplantarum
L-ZS9 under environmental stress and control conditions
YAN Hong-Bo ZHANG Xiang-Mei® XU Dong-Qian

(Bioscience and Bioengineering School, Hebei University of Economics and Business,
Shijiazhuang, Hebei 050061, China)

Abstract: [Background] Lactobacillus paraplantarum L-ZS9, which could produce bacteriocin,
would be used in food preservative and fermentation. [Objective] To understand expression characters
of regulated genes of bacteriocin synthesis under environment stress conditions for Lactobacillus
paraplantarum L-ZS9. [Methods] We used high-throughput sequencing technology to sequence its
transcriptome. Based on the Clusters of Orthologous Groups (COG), Gene Ontology (GO) and Kyoto
Encyclopedia of Genes and Genomes (KEGG) databases, we carried out functional annotation and
classification, pathway annotation. [Results] The results suggested that distribution of genes
coverage is beyond 90% of two samples, the total genes with expression difference were 927, of
which 744 were up regulation and 183 down regulation. KEGG pathway analysis showed that 68 out
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of the 649 genes with different expression levels were classed into ABC transport pathway,
accounting for 10.48% and three genes were up regulated beyond 16 times and one was down
regulated beyond 1/16. In addition, expression of some orphan genes changed with 16 times up or
down-regulation, some even could increase more than 10 000 times. [Conclusion] This study further
improved the gene information and laid the foundation of bacteriocin metabolic pathway and stress

respond research for Lactobacillus paraplantarum.

Keywords: Lactobacillus paraplantarum, Transcriptome, Gene expression, Environmental stress,

Bacteriocin

KiYFI R R EEM G AR, EREmA
T AL S P 25 T 3 Iz R Y. ek EL
FFE L-ZS9 (Lactobacillus paraplantarum L-ZS9)J&
A & W P B — MR R R D, %
REA RGN RIS AR R K, BA TR U
R i A TR T 00 B A AR TS IR v, A
T 2R 16 2 WU 43 BEAARC Y, 2R 48 plnB/pInCD ]
B BB A R R . FFATIE L-ZS9
P53 #8137 i Kt DAL R DRLTRE 5 M £ K I BE A%
SO IS B R, B A AR A K
7] SR A 1 125 K TR g ALY ) . Wang 24
FAWFAT R L-ZS9 F Tt A7 1 A, KK
P TR A VERMIREES . FREEA R FLAT i
TR A, Rk R 40 T 2R FUAF Y
—AEENECY, HRTEHYIATE L-Z2So B4
SERL T R DT, WA RO 4R GenBank
(https://www.ncbi.nlm.nih.gov/Traces/wgs/ ?val=JPEB
Ol#contigs A % https://www.nchi.nlm.nih.gov/nuccore/

NZ_CP013130.1), {H &5 iiE 52 m H A 7 3R 5 AR
(8953 BILH 1 75 BRABHSE o

I SR AR — AR AR A M P T A A ok
FEIAES . A3 mRNA FIESES RNA TG
RNA A1, 5 L2l 3T RE RS X i = 43
FERIZHINRETCIF | Bl s ahitt) | B sk e 1B LA K Jihia
S22 SRR BT SE L m R AR SRR
“ N — %7 W B R (“Next-generation”  sequencing
technology) , #3427 3 R4 Xy 25 SR T2 2%
BA RS TR BOHREE . Sz s g
AN A A, BT, R E RN
TEShY) . A AR P R SR AR O

I e 0 R R X R FLAT TR L-ZS9
PEFT A SR ANy, ARAG R B RS B, Iy
2 %E (G kAR A A8k . GO (Gene Ontology)Y)
it/ . KEGG (Kyoto Encyclopedia of Genes and
Genomes) fC il i S A THF Y, B NFE A2
RTS8 S5 L-ZS9 4 A i E
BOAH DG S
1 MRS
11 ##

111 BEk

FAEPIFUAT IR L-ZS9 fh rp E O K i SRl #
HEFR TR 2T 22 BG4
112 FERFIFLEE

S I A 2 E R A AR 2, A T A
TARE(E) A RRA A RNA $2HGAF] Trizol,
Invitrogen /A ; Ribo-Zero rRNA Removal Kit,
HluminiaZy ] ; MiniElute PCR Purification i 71 & .
QIAquick il & FIfE, QIAGEN 24w, AR H%
ZRYNAL, Sigma/Ar]; 2100 Bioanalyzer, Agilent
2l
12 ik
121 ##4bE

¥ L. paraplantarum L-ZS9 ) 1% Lo i 52 3]
MRS 1A 85 55 4 p (KW 9 107 CFUImML),
37 °CHERGFF 20h, R 4°C. 10000 r/min £.0»
10 min, WEERIADITE % (M 1), 7€ 45°C. 6%
L TE(MRS AR FRE P &M E) . 010 gL 1Y
NaNO, (MRS WA S:F5 5 h 2 BE) 458 43 il 5
7% L. paraplantarum L-ZS9, 43 HIMAR %A 5544 T 15
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7% 20 h A, AR L11IRA, #1280 RNA %1
(FE 2).
122 RNA BY#ZEUFASCEE#E

S RNA $2ECRFH Trizol i) h72: , Al iiifr&
st RNA FWARE(RNA S5>6 g, OD260/0D280
£ 1.8-2.1 3, rRNA H% 23S:185>1.5:1), i
FH A P JR R . RNA Fl 52 35 e

FEALEL RNA A Ribo-Zero rRNA Removal Kit
Z5 rRNA, 25K mRNA FT KA HBE, LA mRNA
sk, FH/SEEERENLS | )& s — 2% cDNA %%,
INAZE v . dATP, dGTP., dCTP. dUTP, RNase
H F1 DNA polymerase | G155 — 4% cDNA fif . 7E48
i QIAquick BRI &alifbfackuniE=E . i PolyA
R PRk, S8 5 F UNG Bl 1L 55 — 4% cDNA
B SEREYZ: MiniElute PCR Purification 714
alfifb )5 i T PCRY Y, AN SO, Bk G )a
AT
123 MFEES

W25 SR A0 B R (Raw reads) FR AT BE 2R
Y, B Q20 (BHEHERRZRIAF] 99.9%) ) iz by
i, 1% Reads Hx%kfF SOAPaligner/soap2™”
¥ Clean reads 435I X} 51225 3 K 241 Fi 525 S [H
FEol, gt text s,

EE ST, A Trinity £ Velvet #E%) 55 1k
J5 ) Clean reads #E47 M 34126 FIH] Bowtie
(http://bowtie.bio.sour.cegorge.net/index.shtm)}
100 bp AET B 1 Reads BHEIY, PEEE AL F BE B
“fy Contig 42 Bt FIH Paired-end reads #ffj & [7]—
S AR ANTE) Contig S HIF S, KX gt Contig 4%,
HAF P AR K T4 it K ERTF 150 bp
HAV BB R T 2 sk X, AR R T

x1 HRMSEEELLMRITER

FEPR ) DI (— AN R 3 Ui 200 bp F] R —4~3E
5'%is L3 200 bp 22 [1] {4 DI 8 V5 6 e S AR Ny
B BT S AR
IRe B ORF Tl . ¥ sk A< 5 NCBI Href

TUAEBHEZE (NG (http:/Amww.nim.nih.gov/) . 29T
AR VSO %R (SwissProt) . 2R T 2 Rl
KEGG™ %}, #IJH BLASTn ¥ 5574 5 NCBI EIE

TUAREREE 4 (NE) Ho X (E-value cutoffs<107),
AR LR f v 19 2R M B AT T R %Uﬁﬁ
InterProScan #f4x 2 (I RES T1ERE, BLAST2GO
B B AW BRI R GO (BEDRI A ) 12
FIF WEGO #fh6r GO SREHE T3, R
KRR RPKM 2:23 ) 288 Audic 2:21%
T 1 2 S RGN i, ISR 5 B AR LA
FRE I FAER A Tk TR

2 HRE54H
2.1 MFFFHEER
211 HRES5SEZEERFBALET

fd FH % Reads HX BRI A E 0 B9 77 47 X
FIAEYIFLIF P L-Z2S0 S rp . FOh BRI SE 4 L
Xf AL 4 i) Reads #iF7 4 Perfect match reads, 5
FERA AR 2 MIEFEICHY Reads #FRH
Mismatch reads, X #4547 Mapped reads; BEE
Fb Xt 1) 56 R 4 2 4 037 B (1) 85 FR S Multi-position
matched reads, X Reads Al {5 A%, — AR
YRR FIR 22 5500 5 {CREAS LT B S DRI 20 {7
HI8EFR A Unique matched reads, AI{E1E . IS
Unique matched reads FF /54534, ARUES T4
FIATERE (3R 1) R 1 AT LIE H Multi-position match
FUABIAEHAIR, LB I P45 SR o i AT

Tablel Readsnumber based on the RNA-Seq dataintwolibraries

Sample Total reads Mapped reads Multi-position match Unique match
Sample 1 8962 774 7 761 215 (86.59%) 958 (0.01%) 7 760 257 (86.58%)
Sample 2 8985 876 7 792 327 (86.72%) 1 853 (0.02%) 7 790 474 (86.70%)
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212 MFFREHLHEEIEMR
RS EHEENA AR, 4 Reads 785
A BEAR L BIARXT LB, SRIG SRR
Reads AR E HoF EIOE. ANERATWTRERLIELS,
P R AR N A A A5 L8 5 . AR LT AR
B R L-ZS9 PI/NFE L G S 20 ST
R IR iy S U 2 R Y B 7 e S S e S =i YV
AREHAS), BEITIERE S I BEATLPE AT & 1T o
22 EREBEESH

FEH 7 55 R AR A L 9 Reads 55 10 H
A3 b, HAE 4 F 5L K 7h Unique mapping reads 7 &
F14) A 56 5 R PR 2 0 DX P97 A BB 5 B . 25
PFLAF IR L-ZS9 7 4 3R 1A 14 7 760 257 4~
Unique match reads PCREC#| LR, L5 T
2683 MM, B 90.2% (K 2); A AN
KA 2, 45 7 790 474 /> Unique match reads 'L
Fo AL, HE T 2 695 ML, HHEN
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Figurel Distribution statistics of reads mapped to genome
Note: A: Sample 1; B: Sample 2.
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TEZRAEYFUAT I L-Z.SO R A 4 Hh 43 3G
W T 6 090 1 5 953 4~ sk AR (% 2 HFIH 54N
24 ERERFTIESH
S0 Audic PRI 14 25 S G )y
e, FIFEE 5 B AR B F (R A R 2=
T . TEAS IR G 2R (False discovery rate)<0.001
RN, GIFRIARZERTE 2500 FRVEE, B
FOR MR RPKM 25 FEAFI T, 740
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(6.8%) T (I 3).
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Table2 Novel transcriptsdetected in sample 1

i
WERAGS  Rak BE &L L*‘E‘;h
Novel TU ID Chromosome Start End (egg
TUl KN173683.1 6 1057 1052
TU2 KN173683.1 7 994 988
TU3 KN173684.1 2 1060 1059
TUS KN173685.1 1 1113 1113
TU7 KN173686.1 4 1079 1076
8001 744 Il Up-regulated
700F [ ] Down-regulated
Eg 600
2 500
Y
S 400}
(5]
£ 300}
Z 200} 183
100F
0

B3 ERFTIEEEFKITE
Figure 3 Satistical diagram of differentially expressed
genes
e PR L SHES 2 41
Note: Sample 1 vs Sample 2.
25 GO Lh#giEH

| i Gene Ontology %% #& /& (http:/www.
geneontology.org/) 7 1 T A 22 5 Rk FLH 5T, GO
SRE M Bl 43y =S8R 43 . o F L RE (Molecular
function) . 41 #2(Biological process) 4 iflZH
43 (Cellular component). A T 3R 45 3 K 58 48 1) ) g
R, R2ERRINENT GO TiResartr, s
TEXSER 2 695 DM AEMFATRIIEH P, A 961 4>
GO 4% H i B3 39 M REZE A (K] 4) . in &l 4 B
HORA R RS FRMERE G B TAY R
MAMIRGE . RE SR, BN, ERiMA
TR, ZERERESR. AESBREN; BT
ML ZH 53 S 20 L S B B A AR A s 2 o0 LY s )R
T FINEeEN D-1N 2 Bk 2R F i 1% 338 2R
FEDA ;TR T AN M A S A D B R AR AT H
AT A S B I DR AT B R A AR I A

FEAEYIRP, RIS A B R A T A 2
itig, il Pathway I k& L et 22 7 aRiA A
K250 FEACHE A G T RiER . &
S R ISHE LT 2 SRR S 1 e B 21 2%
PR iR 8 22 R W B E % E £ Pahway
(3% 3), 649 PMEFRBIENILEE ZA KEGG
pathways, i HACER MY & £V %A “ABC
i iEAE" (ko02010), MR AFREE T IRE MR
14§ " (ko01120) F1 AL 21 43 7 %t (ko02020) P {H K T
0.05, {HZiX M /MR R e SRR R L kA
Ak, e S e N U S 2 SRR 3
5 L%k 14.84%, HEFES—1N; T W sy REE"
ZRFIRIEH HLHIRN 6.41%, FIES UL, XL
TR B R WE I A FLAT 1 4 1R R A B T iR
I T A MER BT
26 FEYIAMTFHATHERERNEZMRXE
ESE iy

FAF ) FLAT TR 2 B S8 T A S0 RN A 7 2R 5 il
M) — PV MY, IO 4RI Y AT A
(L-ZS9)ikAE 1 A LIER AR R, A 232
ISR AR B 2, R AT DA S Y
X P AN R I R 0k 119 2 53 R 43 M Al 7 2R T 1)
R KN o X2l Wy FLAT 0 e S L B kA 7
ZRFIRIEN Pahway &EMSH, Z5HEFH
(& 4), f 68 FEGAIHEKT“ABC fiz 50",
Hrp, HR47_00285. HR47_08345., HR47_08340
FF A E B 16 5, HR47_00775 L[N FKik
AR E RO A R 116 IR . Rk —40Hr
22 FRIRFE B O, geit T F iRk 16 £
By R (£ 4)., HR47_00190 ., HRA47_13845 .
HRA47_08350, HR47_10850. HR47_ 09160 % JL4~
JEEAR R R Rk | IR T 16 1%, MR EBLZ
A Gt AR AT REER (1A LIE R Rkt K b
&, 1 HRA47_00435, HR47_00255, HR47_01180.
HR47_10460, HR47_10475, H:¥h HR47_00255 %
B BV EJRE, AR HR47_00010 Fik Hif%
i T 116,
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Figure4 GO analysesof DEGs
#z3 BEEMHEEMRIGHIERE(P<0.05)
Table3 List of pathway enrichment analysis (P<0.05)
KEGG pathway DEGs with pathway annotation P-value Q-vaue Pathway 1D
ABC transporters 68 (10.48%) 0.000 126 273 0 0.015 026 49 k002010
Valine, leucine and isoleucine biosynthesis 9 (1.39%) 0.0270494300  0.702 572 60 ko00290
Valine, leucine and isoleucine degradation 6 (0.92%) 0.038663 7500  0.702 572 60 ko00280
Saphyl cococcus aureus infection 5 (0.77%) 0.0417746500  0.702 572 60 k005150
Beta-Alanine metabolism 4 (0.62%) 0.0423007700  0.702572 60 ko00410
R4 REELNEBE 16 FHSRITER
Table4 Satisticsresult of different gene expression level beyond 16 times
LR % S A AEEON L TS AR L
GenelD Expression difference using 10g2 ratio . GenelD Expression difference using 10g2 ratio
HR47_00190 4.418 134 339 544 83 . HR47_08345 5.220 532 859 843 22
HR47_06130 4.781 836 091 164 48 i HR47_06430 4.434 185 431 615 51
HR47_00285 4.129 330 850 087 09 | HR47_13845 5.084 699 924 424 92
HR47_00435 4.849 222 930 894 35 . HR47_00255 14.267 100 008 587 40
HR47_00795 5.517 601 439 803 14 i HR47_01180 12.942 417 802 063 30
HR47_07915 13.424 880 389 355 90 ' HR47_08320 4.501 299 627 474 04
HR47_08350 4.353 224 515 097 90 U H R47_09160 13.442 491 405 197 90
HR47_08340 5.367 147 313223 75 i HR47_09265 4.820 602 252 954 58
HR47_10425 14.520 974 415 135 70 i HR47_10460 14.397 891 407 131 90
HR47_10475 5.565 429 964 893 76 | HR47_10500 4.565 429 964 893 76
HR47_10710 4.175 723 755 571 54 HR47_10850 5.926 732 298 115 27
HR47_00010 —4.658 571 709 304 35 i HR47_00775 —4.139 244 673 238 02
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{2 M S 20 K P55 S A ) FLAT TR F 5 1) i 1
/b AT umina HiSeq™ 2000 7= 3 2 i 45 A %
KA FLFTF T S sk A AR AT IN  , SEAE W AT TR
L-ZS9 WA () S SCPEF T WAL Ay, DU
J7 AR A5 1Y e PR &R A 23 A1 8415 ;- Multi-position
match FLEIEAEF AR, {5 HI7E 0.01%:% 0.02%117K
¥ Unique match reads VUL 21| HL R4, i[RI 55
HERAE 90%LA 1o UEBHIN P45 ot i 5y, A IX
SERHR T T A W) FLAT TR PR S 08 S e A R R S
JUAH SR 1 35 IR )RR RRIE S T

FIRIAE W FUNT I L-Z2S9 52 7 3L R ZH I
1B 45 Tl iR A0 45 105 W 210 71 2R I i AR LA 7
BURIAARTEAE o FRATT3E 2 X6 7= 41 B A i i 2%
TERAAE R SR O, R 927 4>
(34.5%)HE K FRIK KR, H 744 4~(27.7%) |-
#, 183 1~(6.8%) M, VIHIZEHYIFIATIA LZS9 1E
38 S5 AT R 224 BRI 3RR A8 AR 10 28 X — 3
Fi o HAp IR FR A R AR R AR . g
RO AGHa A AifA LT D-IN = A
B BIEER G T,

E—2 43 BT iR 649 /22 55 3RA LR H AR T LA
PERCE 24 KEGG iRt , S HAERIE = Ak
O & “ABC ¥4 iz i& 12 "(ko02010) , L
HR47_00285, HR47_08345, HR47_08340 —~3E[A]
fyFeik i FIR#EL 16 ff5, HRA7_00775 JL[R ik
BRI Ok kg 116 IR, X S 7EALER AN %
GG ABC FHzigid" S SMmE RN TS
S5, R KEGG pathways 5243 #7
W SR imAR B N kAR PETE 0.05 LA |, H
T U I imAe" ¥l 22 SRR HE R He AR TS HEE 2 DY
P, T HZA KA1 HR47_01535, HR47_07340,
HRA47_03375. HRA47_00485 ik [ FHtifid T
8 fifo ML EWAJT A Hi“ ABC Fizi@Az2" F1* W
o ERMEYFAT A L-2S9 MER Gk

BEEEENEN, XN TP LR R A2
i 20 B 25 45 BB T 3kt 3 A 2 AN I0UL3E R
HR47_ 00435 . HRA47_00255 . HR47_01180 .
HR47_10460, HRA47_10475 3 ikt & A= KR EE 1Y
Ak, AR L ERE, SR
FFI L-Z.S9 41 28 A BR300/ I A7 AE LA 5 4L
il o X LIRS 22 AR KA I LEE DR (1 T B v 5
SR
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