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Prediction and identification of non-coding SRNAs in
Corynebacterium glutamicum at different growth stages

WANG Yi, FAN Zhihao, RAO Zhiming, XU Meijuan*

Key Laboratory of Industrial Biotechnology, Ministry of Education, School of Biotechnology, Jiangnan University,
Wuxi 214122, Jiangsu, China

Abstract: [Objective] To investigate the small non-coding RNAs (sRNAs) in
Corynebacterium glutamicum at different growth stages. [Methods] We examined the
RNA-Seq data of C. glutamicum strains at different growth stages and transformed for
industrial production and then employed sRNA-Detect and APERO approaches to construct the
prospective sSRNA library. real-time reverse transcription PCR (RT-PCR) was carried out to
determine the expression of sRNAs. The functions, secondary structures, and conserved
domains of potential SRNAs were predicted by bioinformatics tools. [Results] We constructed
a library containing 2 653 potential sSRNAs and performed classification and functional
prediction based on their positions relative to the coding sequence (CDS) region. We identified
sSRNAO00130 ubiquitous in Gram-positive bacteria with high GC content, SRNA00257 with
varied expression during the growth period, and sRNA02036 and sRNA02037 with high
expression. We predicted the possible binding sites and secondary structures of potential
sRNAs based on free binding energy. The prediction results showed that potential SRNAs were
associated with a variety of genes involved in cell replication and metabolic pathways. Most
potential sSRNAs were conserved only in C. glutamicum. [Conclusion] The discovery of
potential SRNAs in C. glutamicum helps to fill the vacancy in the growth regulation mechanism
of C. glutamicum and provides a new possible regulation tool and modification site.

Keywords: Corynebacterium glutamicum; small non-coding RNAs (sRNA); bioinformatics;
genome-wide analysis; SRNA-Detect
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{5 A %5 M HiScript 11 ReverseTranscripate
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Table 1 Primers of qRT-PCR

R &l & cDNA. HEFE T 10 4> sSRNA Kk gk
I, BARIKRF- . EERIBA 168 rRNA K
WSEH, BOtRERET IR D). DA
cDNA J#i#z, f#H ChanQ Universal SYBR
qPCR Master Mix i#f75EMf %% 5% PCR 4l
(quantitative real-time PCR, qRT-PCR)/#r, #5
M mRNA AHXF 5 f . qPCR 2558 555 s 41
s 25 3R 1 DU log2Fold Change| 367 .

2 ZERE54

2.1 {8 sRNA-Detect IZIEFNA EBLHE
HEHEE sRNA

MRPEHTI TAE, A2 ETE 18 h i T
ARKMAEEON, e 2R e B R 0 Ih i
;26 h RIEBUNFECH BT A, A
SRR R U — Y Rz i R A &R
BEAF B A A AR AT ik AR AH G 1 TE
sRNA, JLT Illumina HiSeq — AR 4% A XT3
FRZE 18 h Al 26 h By 2R FF 14 I 45 T bk
ATCC 13032, TolkF#k GO1 Fl EO1 #1742 5L
A AR SO o (] sSRNA-Detect! 2R IA 254
AT 3 467 F5IEAE sRNA 751, H &

Gene Forward primer (5'—3’)

Reverse primer (5'—3")

sRNA2114 GCCGGTCAAGCCTCCACGTACTCA
sRNA0257 TCTGTGCGTCTACTGACTGGC
sRNA2518 GCCTGCTACCGCGGAGTAACCGTCGAAC
sRNA1040 CGGATTCTGTACCAGTTGC

sRNA2046 GGCGAGGCGGGAAGAGTTGGCAAGC
sRNA2515 GCGGCGTCAAAGTCCGACTC
sRNA2037 TTAAGCCCGCAGCGGGCAACAGC
sRNA2036 GGCAGTAAGTGGAATGAAAAAGAAG
sRNA1314 GCGATGATCTTTGCCATGTGTTTG
sRNA1816 GGTGGGACTTTAAGGAAACAGTG

16S rRNA CGGCTAATTCACAGCAGATTCCACG

TCTTCAGCTGCCTTTTCTGCTTCTT
CAGTAGGGTGCATGGGAGAAGAATTTC
GGACGTCGGGTTTGGGGAATTGGTA
GTATGTCTGTGCAGGTGTTGAAG
CTTTAGCCAAGGACACCAAGGTCGCATCC
CGGTGTGGCCGTCGATGATG
GGGCTTATAAGGGTCGTTGTGTAG
GAGTGTGGGTTGTTGAAGAAG
GAGGTTGGTCCACACTCACTAACCG
GTGCTCTGCTTTGGGAAAGTTATC
GGCAATAACGTTCATATTCTGCCGGATG
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#B4r IRNA | tRNA DU SR IR gl o/ Bt
Wid bedtools® K E 1T FEF 41, sSRNA-Detect
DRI A S SR DL S
1R, (HIE TS A AT sSRNA AR BAK
I, 4% Tilid APERO BEFT sSRNA & 11437 &5 75
W, DA e WG B S Lo BT sk A v BOK B, [

%< 2 sRNA-Detect Tl & SEREAT & /B 7E sSRNA

B REAZ IS SRNA FIRTAFIEEL sSRNA MEFAY
i T sRNA #5582 1E 0 5. 2 653 METE sSRNAs
(2, & 1 CREZERMEDRF AR DO,
%5 . NMDCX0000197)43 A5 7 B A FL K 20 14 1F
SEE(1 506 1~ SRNAS)FI LEE(1 147 1~ sRNAs)
FE 1D,

Table 2 sRNA-Detect predicts potential SRNA in Corynebacterium glutamicum

sRNA id Start Stop Strand Length (bp) Reads
sRNA00001 7 494 7577 + 83 31.810
sRNA00002 7773 7918 + 145 166.802
sRNA00003 9 862 9978 + 116 9.679
sRNA00004 11 083 11 170 + 87 47.309
sRNA00005 11 630 11 720 + 90 23.955
sRNA00006 15338 15390 + 52 51.395
sRNA00007 19 165 19310 + 145 9.843
sRNA00008 19 375 19 481 + 106 16.642
sRNA00009 23 642 23779 + 137 19.623
sRNA00010 25302 25 447 + 145 10.812
sRNA00011 26 293 26 494 + 201 9.833
sRNA00012 27 043 27188 + 145 350.222
sRNA00013 27299 27 504 + 205 1 456.682
sRNA00014 28 263 28 354 + 91 10.290
sRNAO00015 28 646 28 845 + 199 9.992
sRNA00016 29 562 29707 + 145 10.177
sRNA00017 35796 35996 + 200 69.437
sRNA02642 3269012 3269 187 - 175 20.259
sRNA02643 3269 813 3269938 - 125 312.594
sRNA02644 3270 002 3270152 - 150 68.258
sRNA02645 3270702 3270775 - 73 10.684
sRNA02646 3271483 3271629 - 146 185.068
sRNA02647 3272356 3272503 - 147 51.745
sRNA02648 3275360 3275478 - 118 16.615
sRNA02649 3283256 3283398 - 142 5074.972
sRNA02650 3288 753 3288 896 - 143 537.392
sRNA02651 3293156 3293220 - 64 35.277
sRNA02652 3299 289 3299 432 - 143 11.222
sRNA02653 3299916 3299 966 - 50 9.955

<l actamicro@im.ac.cn, & 010-64807516
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Figure 2 Classification of potential SRNA genes by their positions relative to annotated protein-coding
sequences. asCDSs: Located on the antisense chain of the coding sequence (CDS) region; as5'UTR: Located on
the S5'-untranslated regions (5'UTR); as3'UTR: Located on the 3'-untranslated regions (3'UTR); asRNAs:
Located on the multiple regions on the same time; trans-encoded sRNAs: Located on the intergenic regions
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Figure 4 Functional classification of Corynebacterium glutamicum genes having asRNAs according to
eggNOG. B: Chromatin structure and dynamics; C: Energy production and conversion; D: Cell cycle control,
cell division, chromosome partitioning; E: Amino acid transport and metabolism; F: Nucleotide transport and
metabolism; G: Carbohydrate transport and metabolism; H: Coenzyme transport and metabolism; I: Lipid
transport and metabolism; J: Translation, ribosomal structure and biogenesis; K: Transcription; L: Replication,
recombination and repair; M: Cell wall to membrane to envelope biogenesis; N: Cell motility; O:
Posttranslational modification; P: Inorganic ion transport and metabolism; Q: Secondary metabolites
biosynthesis; S: Function unknown; T: Signal transduction mechanisms; U: Intracellular trafficking, secretion;
V: Defense mechanisms.
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3 B7E sRNA FUNEITSEEF M R R E T8

Table 3 sRNAs regulate target gene sites and their functions
1d1 Startl Endl  Id2 Start2 End2 E Product
sRNA00130
zupT 109 181 sRNA00130 35 101 —17.51 Zinc transporter ZupT
SCpA 127 138 sRNA00130 40 50 —17.43 Methylmalonyl-CoA mutase
catA 55 69 sRNA00130 75 88 —16.86 Catechol 1% 2C2-dioxygenase
nrdH 22 35 sRNA00130 76 89 —15.25 Glutaredoxin-like protein NrdH
mraZ 48 58 sRNAO00130 76 86 —14.74 Division/cell wall cluster transcriptional repressor MraZ
nrdF 124 135 sRNA00130 78 88 —14.59 Class 1b ribonucleoside-diphosphate reductase subunit beta
rsmH 286 292 sRNA00130 40 46 —14.28 16S rRNA (cytosine(1402)-N(4))-methyltransferase RsmH
rpIN 85 100 sRNA00130 75 87 —14.19 50S ribosomal protein L14
rimP 174 184 sRNAO00130 76 85 —14.17 Ribosome maturation factor RimP
mgo 32 42 sRNA00130 78 87 —14.17 Malate dehydrogenase (quinone)
sRNA02036
idi 41 100 sRNA02036 113 181 —26.92 Isopentenyl-diphosphate delta-isomerase
gitx 2 31 sRNA02036 142 169 —18.48 Glutamate-tRNA ligase
secD 38 92 sRNA02036 72 123 —17.70 Protein translocase subunit SecD
tils 1 97 sRNA02036 21 116 —16.99 tRNA lysidine(34) synthetase TilS
fudC 31 50 sRNA02036 146 178 —16.01 Furfural detoxificationalcohol dehydrogenase FudC
rpmrF 77 94 sRNA02036 148 165 —15.73 508 ribosomal protein L32
rph 32 95 sRNA02036 53 121 —15.61 Ribonuclease PH
xseA 79 90 sRNA02036 154 165 —15.13 Exodeoxyribonuclease VII large subunit
carR 31 53 sRNA02036 1 22 —14.92 MarR family transcriptional regulator CarR
lexA 84 97 sRNA02036 149 165 —14.33 Transcriptional repressor LexA
sRNA02037
yaaA 3 61 sRNA02037 83 147 —19.83 Peroxide stress protein YaaA
dd 59 70 sRNA02037 10 21 —16.55 D-aminoacyl-tRNA deacylase
aroP 38 46 sRNA02037 12 20 —16.19 Aromatic amino acid transport protein AroP
on 21 49 sRNA02037 8 31 —15.49 Oligoribonuclease
serC 88 95 sRNA02037 13 20 —13.72 Phosphoserine transaminase
ftsE 22 47 sRNA02037 121 149 —13.02 Cell division ATP-binding protein FtsE
iolB 23 58 sRNA02037 95 133 —12.94 5-deoxy-glucuronate isomerase
gap 40 52 sRNA02037 123 135 —12.90 Type I glyceraldehyde-3-phosphate dehydrogenase
hisG 40 48 sRNA02037 12 20 —12.75 ATP phosphoribosyltransferase
mnhG 68 77 sRNA02037 11 20 —12.53 Monovalent cation/H" antiporter subunit G
cysE 4 32 sRNA02037 111 142 —12.23 Serine O-acetyltransferase
sRNA02046
tatB 16 50 sRNA02046 2 39 —17.46 Sec-independent protein translocase subunit TatB
urte 70 100 sRNA02046 104 132 —16.67 Urea ABC transporter ATP-binding subunit UrtE
gsuB 56 75 sRNA02046 14 33 —15.55 Dehydroshikimate dehydratase QsuB
secD 35 84 sRNA02046 39 95 —15.47 Protein translocase subunit SecD
sucD 43 73 sRNA02046 2 36 —15.37 Succinate-CoA ligase subunit alpha
[dD 1 11 sRNA02046 154 164 —15.24 Quinone-dependent L-lactate dehydrogenase
brnE 26 42 sRNA02046 17 33 —14.62 Branched-chain amino acid exporter BrnE
pheA 9 52 sRNA02046 2 58 —14.30 Prephenate dehydratase
aceA 28 95 sRNA02046 110 171 —13.20 Isocitrate lyase
menE 22 39 sRNA02046 22 41 —12.72 o-succinylbenzoate-CoA ligase
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2.6 sRNA00130. sRNA02037 HY{R<Fi
vak il
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sRNA2037 4T HEEM LU S ARSI 5307 o [FIR
£ %% sRNAs #H[F], sRNA02037 k=R, YL
RETEA 2 PR BT TR & rh A I 21 sSRNA02037 115

Kl 5B), 6C RNA WAENFHEIHA T 21
TRAFEERT, fEm GC L IR h ¥ %
ik, it RNafold & LocARNAP 4 A TR s
FIEH SRNA02037 & sRNA00130 (6C sSRNA),
A DUAE B R 25 R T 5 5 HE S R PR X
sRNA00130 % 2 & & C 2R IR HAT RS,
JEH 100 bp BT C 2R TE AR 1 R
T BAFRRSTE . SRNA02037 T 2 Befii T
ZEIRRUBETR 43 & 5 GC i X3k % 2 N ZE 3R Pl
o> FLA B W PRSP
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5 SRNA00130, sRNA02037 BI{RSF1E. (RS LEMIE S

Figure 5 Conservation analysis of SRNA00130 and sSRNA02037. A: The secondary structure of SRNA02037.
B: The secondary structure of sSRNA00130. C: Sequence alignment of sSRNA0130. C.g: Corynebacterium
glutamicum; C.f: Corynebacterium flavescens, C.c: Corynebacterium callunae; C.d: Corynebacterium
diphtheriae; C.u: Corynebacterium ulcerans,; C.p: Corynebacterium pseudotuberculosis; C.j: Corynebacterium
jeikeium; M.i: Micromonospora inositola; S.a: Sreptomyces albus. D: Sequence alignment of sSRNA02037. C.g:
Corynebacterium glutamicum, C.c: Corynebacterium callunae; C.d: Corynebacterium diphtheriae; B.f:

Brevibacterium flavum.
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Figure 6 RT-PCR analysis of putative SRNA. A: RT-PCR detection of 11 sRNAs. 1: sSRNA2114; 2: sSRNA0257; 3:
sRNA2518; 4: sSRNA1040; 5: sSRNA2046; 6: SRNA2515; 7: sSRNA1030; 8: sSRNA2037; 9 sRNA2036 10: sRNA1314
11: SRNA1798. B: Detection of expression of sRNAchange by qRT- _PCR. **¥; P<5X10 **: P<0.005; *: P<0.05.
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