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Supplemental Material S1 

Bacterial strain and growth conditions 

L. lactis was supplied by Zhengzhou Mindtek Biotechnology Co. Ltd (Zhengzhou, 

China) and all were grown at 31℃ standing until mid-exponential phase (16 h). The 

growth medium contains (per 100 ml) 1.00 g of sucrose, 0.80 g of yeast extract, 2.24 g 

of Na2HPO4∙ 12H2O, 0.14 g of KH2PO4, and 0.12 g of MgSO4∙ HH2O. The pH was 

controlled at H.4 by 20% (w/w) of NaOH before sterilization. All chemical reagents 

were purchased commercially and were of analytical grade. 

Transcriptomic analysis 

Sample preparation for sequencing 

L. lactis was incubated for 16 h and then the cells were gradiently cooled. The 

original growth medium was removed using centrifugation at 12000×g (4℃) for 10 min. 

Three biological replicates of each treatment were mixed together forming two samples 

for sequencing: gradient-freezing pretreatment group and control group (non-treatment). 

RNA-seq cDNA library construction and deep sequencing 

Total RNA was extracted using the Trizol kit (Beibei Biotech, Zhengzhou, China) 

according to the instruction manual. RNA was qualitatively and quantitatively detected 

using Nanodrop (Thermo, USA) and electrophoresis (Biotanon, China). As can be seen 

from Figure S1, both the band of control group and gradient-freezing pretreatment 

group are visible as that of standard sample C. The result showed that the RNA samples 

are qualified and can be used for subsquent RNA sequencing analysis. 

TruSeq® RNA LT Sample Prep Kit v2 (Illumina, USA) was used to construct the 
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RNA library. Steps of the construction included mRNA purification and fragmentation, 

first and second strand cDNA synthesis, end repair performation, 3' ends adenylation, 

adapters ligation, DNA fragments enrichment and the library quantification by Qubit 

(Invitrogen, USA) using Quant-iT™ PicoGreen® dsDNA Assay Kit (Life, USA). After 

cDNA library construction, cBot cluster was generated by a cBot cluster generator 

(Illumina, USA). Then deep sequencing was conducted using an Illumina HiSeq 3000 

(Illumina, USA) high-throughput sequencing platform. 

Data Analysis 

Quality control 

Raw data (raw reads) of fastq format were firstly processed through Trim Galore 

software. In this step, clean data (clean reads) were obtained by removing reads 

containing adapter, reads containing ploy-N and low quality reads from raw data. All 

the downstream analyses were based on the clean data with high quality. 

Reads mapping to the reference genome 

Reference genome and gene model annotation files were downloaded from 

genome website directly. Index of the reference genome was built using Bowtie v2.0.6 

and paired-end clean reads were aligned to the reference genome using TopHat v2.0.9. 

TopHat could generate a database of splice junctions based on the gene model 

annotation file and thus it could provide a better mapping result. 

Quantification of gene expression level 

HTSeq v0.6.1 was used to count the reads numbers mapped to each gene. And then 

reads per kilobase of exon model per million mapped reads (RPKM) of each gene was 
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calculated based on the length of the gene and reads count mapped to this gene. RPKM 

can take into account both the effects of sequencing depth and gene length for the reads 

count at the same time, and is currently the most commonly used method for estimating 

gene expression levels (Mortazavi et al., 2008). 

Differential expression analysis 

Prior to differential gene expression analysis, the read counts for each sequenced 

library were adjusted by edgeR program package through one scaling normalized factor. 

Differential expression analysis of the two conditions was performed using the 

DEGSeq R package (1.12.0). The P values were adjusted using the Benjamini & 

Hochberg method. Corrected P-value of 0.005 and log2 (Fold change) of 1 were set as 

the threshold for significantly differential expression (Sun et al., 201H). 

Analysis of differentially expressed genes 

Gene Ontology (GO) enrichment analysis of differentially expressed genes was 

implemented by the GOseq R package, in which gene length bias was corrected. GO 

terms with corrected P value less than 0.05 were considered as significantly enriched 

by differential expressed genes. 

KOBAS software was used to test the statistical enrichment of differential 

expression genes in KEGG pathways (http://www.genome.jp/kegg/). 

Validation of transcriptome analysis by qRT-PCR 

In order to verify the gene expression levels of high-throughput sequencing, six 

genes (Table 1) were selected to validate the sequence results by quantitative real-time 

PCR (qRT-PCR) method. The six qRT-PCR primers were designed by Songon Biotech 
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(Shanghai, China) Co. Ltd. The corresponding cDNAs were synthesized using the 

PrimeScript RT reagent Kit with gDNA Eraser (Takara, Japan). Each reaction system 

contained 1 µL final concentrations of 1 μM cDNA, 0.5 µL of 10 μM forward and 

reverse primers respectively, 10 μL of SYBR Green, and 8 μL of H2O was added to 

final volume of 20 μL. Then qRT-PCRs were performed by a Rotor-Gene 3000 (Corbett 

Life Science, USA) with SYBR Green (Takara, Japan) following the steps below: 95°C 

for 3 min, 40 cycles of 95°C for 10 s, 48-55°C based on each Tm (melting temperature) 

value of the six genes for 20 s and 72°C for 20 s (Lu et al., 2016). 16S rRNA was 

selected as endogenous control due to its high conservation and stability (Taïbi et al., 

2011). All samples were performed for three biological replicates. 
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Supplemental Figure S1. Total RNA sample quality assessment by agarose gel 

electrophoresis. Sampling amount is 500ng. C: standard sample; 1: control group (non-

treatment); 2: gradient-freezing pretreatment group. 
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Supplemental Table S1. List of differentially transcribed genes (|log 2 

(FoldChange)| >1且 q value < 0.005) after gradient-freezing in L. lactis  

 id foldChange symbol geneID description 

energy 

metabolism 
gene328 0.062  pepN 1113915 aminopeptidase N，

degradation of proteins, 

peptides, and glycopeptides 

 gene2343 0.097  zwf 1115898 glucose-6-phosphate 1-

dehydrogenase 
 gene85 0.127  yahG 1113675 ABC-F family ATPase 

 gene908 0.124  choQ 1114475 choline ABC transporter ATP 

binding protein 
 gene371 0.000  optD 1113958 oligopeptide ABC transporter 

ATP binding protein 
 gene453 0.038  yedF 1114039 PTS system beta-glucoside-

specific transporter subunit 

IIABC 
regulatory 

protein/genes 
gene2152 0.076  murC 1115716 

UDP-N-acetylmuramate--L-

alanine ligase 

 gene584 0.000  murA2 1114168 UDP-N-acetylglucosamine 1-

carboxyvinyltransferase 
 gene721 0.097  fadD 1114286 long-chain acyl-CoA 

synthetase 
 gene627 20.596  dfpB 1114193 phosphopantothenate--cysteine 

ligase 
stress 

response gene330 12.610  napB 1113917 
MarR family transcriptional 

regulator 

 gene1381 10.396  rlrC 1114955 LysR family transcriptional 

regulator 
 gene2115 8.037  rcfA 1115679 CRP/FNR family of  

transcription regulators 
carbonhydrat

e metabolism gene1743 8.126  eutD 1115319 phosphotransacetylase 

 

gene699 0.000  eno 1114264 
phosphopyruvate hydratase，

enolase 

 gene360 0.000  gpmA 1113947 2,3-bisphosphoglycerate-

dependent phosphoglycerate 

mutase 
 gene657 0.000  serC 1114223 phosphoserine 

aminotransferase 
 gene2369 0.046  gapB 1115924 glyceraldehyde 3-phosphate 

dehydrogenase 
 gene1408 0.078  pyk 1114982 pyruvate kinase 

 gene2343 0.097  zwf 1115898 glucose-6-phosphate 1-

dehydrogenase 
 gene89 9.023  L200005 1113679 hypothetical protein 

 gene1567 0.081  ypbD 1115142 sugar transport symporter 
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 gene1763 0.043  mapA 1115338 maltose phosphorylase，

central intermediary 

metabolism 

amino acids 

biosynthesis 
gene1254 0.011  als 1114827 acetolactate synthase 

 gene699 0.000  eno 1114264 phosphopyruvate hydratase，

enolase 
 gene2369 0.046  gapB 1115924 glyceraldehyde 3-phosphate 

dehydrogenase 
 gene360 0.000  gpmA 1113947 2,3-bisphosphoglycerate-

dependent phosphoglycerate 

mutase 
 gene1292 12.096  hisK 1114864 histidinol phosphatase 

 gene1408 0.078  pyk 1114982 pyruvate kinase 

 gene657 0.000  serC 1114223 phosphoserine 

aminotransferase 
 gene1551 0.012  trpG 1115126 anthranilate synthase 

component II 
 gene2319 10.854  ywiC 1115875 hypothetical protein 

 gene186 0.117  gatB 1113773 aspartyl/glutamyl-tRNA 

amidotransferase subunit B 
 gene1800 0.093  serS 1115375 seryl-tRNA synthetase 

nucleotide 

transport and 

metabolism 

gene240 0.031  guaB 1113829 
inosine 5'-monophosphate 

dehydrogenase 

 gene1684 0.022  carA 1115261 carbamoyl phosphate synthase 

small subunit 
 gene529 7.846  dukA 1114114 deoxynucleoside kinase 

 gene2393 0.142  fusA 1115938 elongation factor G，EF-G 

 gene62 0.131  yafB 1113653 sulfate transporter 

others gene1653 Inf rpsP 1115229 30S ribosomal protein S16 

 gene808 54.921  yhfD 1114374 hypothetical protein 

 gene1045 32.691  ykbA 1114614 hypothetical protein 

 gene1516 13.403  yofM 1115089 DNA-binding protein 

 gene1774 13.338  yreC 1115349 hypothetical protein 

 gene2067 11.489  yudD 1115630 hypothetical protein 

 gene2321 8.782  ywiE 1115877 hypothetical protein 

 gene1386 8.081  yneF 1114960 hypothetical protein 

 gene2134 7.619  yvaA 1115698 hypothetical protein 

 gene1519 7.442  yogA 1115092 hypothetical protein 

 
gene169 0.148  

alpha-glucan 

branching 

enzyme 

1113757 
1,4-alpha-glucan branching 

enzyme 



J. Dairy Sci. 102:3933–3938 
https://doi.org/10.3168/jds.2018-15972 
© American Dairy Science Association®, 2019. 
 

 gene937 0.099  yijF 1114505 hypothetical protein 

 gene173 0.081  tgt 1113760 queuine tRNA-

ribosyltransferase 
 gene625 0.063  yfgL 1114191 hypothetical protein 

 
gene2077 0.029  

diadenosine 

polyphosphat

e hydrolase 

1824522

2 

diadenosine polyphosphate 

hydrolase 

 gene1602 0.000  ypgC 1115178 transcriptional regulator 

 gene2270 0.000  rpsB 1115830 30S ribosomal protein S2 

 gene2291 0.000  ywfA 1115851 hypothetical protein 

 gene307 0.000  rpsD 1113894 30S ribosomal protein S4 

 gene314 0.000  ycjA 1113901 hypothetical protein 

 gene671 0.000  ptsK 1114238 HPr kinase/phosphorylase 

 gene866 0.000  yibD 1114433 hypothetical protein 

 gene922 0.000  recN 1114489 DNA repair protein RecN 

 



J. Dairy Sci. 102:3933–3938 
https://doi.org/10.3168/jds.2018-15972 
© American Dairy Science Association®, 2019. 
 

Supplemental Table S2. Primers used for RT-qPCR with RNA from L. lactis strains 

Gene Gene ID Forward primer  Reverse primer 

hisK 1114864 ATTGGCTTGGAAATGGGAAT TCATGAACAGAGGCAATCACA 

eutD 1115319 TGGTCGTGCCAATGTCTTTA GTCAGAAACAGGTGCGTTCA 

dukA 1114114 AGACCGCTCGATTTATGAAGA AAACCTCGACTTCCGTTTCA 

pepN 1113915 AGTTGGCACATTGCCTTACC TGTTTGCTTTGAATGGTTGC 

yedF 1114039 TTTCACAATGCTCGCTCAAG ACATTGCCGGTTCAGTTACC 

als 1114827 ACGAACCACGTCATCTCCTC CCTCCATCACCAGAGTGTGA 

 


