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Methylation Analysis and Validation of Whole Genome DNA in Active Tuberculosis CHEN Hao, ZHANG Jing-ya ,
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Laboratory Medicine , West China Hospital , Sichuan University, Chengdu 610041, China
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[Abstract]  Objective To screen and identify the gene of DNA methylation in patients with active
tuberculosis. Methods (D This study enrolled 9 cases of active tuberculosis patients (including 3 newly diagnosed
tuberculosis patients and 6 cases of retreatment of active tuberculosis patients), 3 cases of latent tuberculosis
patients and 3 cases of healthy controls. Genome DNA was extracted from Peripheral Blood Mononuclear Cell and
following bisulfite conversion treatment. After hybridization with the Illumina HD 450K Infinium Mehtylation
BeadChip, the results were compared between patients group and control group, GO and Pathway analysis were
performed to evaluate the function of differentially expressed genes; @ We further enrolled 60 cases of active
tuberculosis patients and 60 cases of health controls (their age and gender were matched). By using pyrosequencing
method to detect the methylation levels of candidate genes (TLR1, TLR2, TLR4) screened by gene chip. Results
@O Compared with healthy controls, we found that most of them were showed demethylation status. GO and
Pathway analysis showed that the functions of the differentially methylated regions related genes were mainly
enriched in the biological processes of the regulation of leukocyte apoptosis, cytokine regulation and inflammatory
response which were closely related to tuberculosis. @ There were 10 CpG sites involved in the verified tuberculosis
related genes (TLR1, TLR2, TLR4). the CpG sites of TLR1 gene showed the hypermethylation status (P <C
0.001), the CpG sites of TLR4 gene showed demethylation status (P=0.012). Conclusions The present study
demonstrated that in the course of MTB infection, the methylation status of genomic DNA was altered, and most of
the Differentially Methylated Regions (DMRs) were showed status of demethylation. TLR1 gene and TLR4 gene
may play an important role in the occurrence and development of tuberculosis.
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Fig 1 Analysis of differential methylation point (CpG) Fig 2 Analysis of differential methylated regions (DMRs) Fig 3 Target
fragment and information to be tested for CpG loci Fig 4 Pyrosequencing results

Fig 1: Each CpG locus with an average of 0 standard and deviation is 1, two groups which the difference of average beta score 0. 2, P<C

0. 05 were chose to do clustering analysis. The results showed that the methylation level of most loci was increased (red) in the control group,

while most loci in the active tuberculosis group showed low methylation status (green). The methylation level of the two groups was

significantly different (P<C0. 05); Fig 2: The distribution of 1 106 differential methylated regions (DMRs) on 24 chromosomes (22 autosomal

+ X and Y sex chromosomes). Red represents high DMRs and blue represents low DMRs. Most of the DMRs showed low methylation status

compared with the health group
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Table 1 Distribution of DMRs in structural genes

Up-regulation Down-regulation

DMRs position DMRs DMRs

The upstream region of the 46 157
TSS =2 000 bp

The upstream region of the 33 98
TSS <2 000 bp

5'UTR 22 67

The first exon 17 51

The main domain of gene 168 404

3'UTR 4 39

TSS: Transcription start site
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Table 2 List of GO functional analysis results

The number of

GO name differential genes P FDR
in GO

Regulation of transcription, DNA-dependent 95 4,275 79X10" M 1.057 4X 10710
Transcription, DNA-dependent 100 2.997 0510 1 3.705 86X10 8
Small molecule metabolic process 76 1. 858 64 X107 1.532 14 X106
Signal transduction 62 9.02707 X10° 5.580 98X 10~°¢
Negative regulation of B cell apoptotic process 50 2.277 431077 0. 000 112 642
Biological process 41 3.524 33X10°7 0. 000 145 261
Innate immune response 32 4,939 96 X107 0. 000 174 522
Cellular protein metabolic process 35 8.881 1 X107 0. 000 274 537
T follicular helper cell differentiation 35 1.788 22X10°6 0. 000 450 397
RNA processing 13 1.932 09 X106 0. 000 450 397
Retina vasculature morphogenesis in camera-type eye 5 2.003 39X10°°¢ 0. 000 450 397
Interleukin-6-mediated signaling pathway 37 5.906 86106 0.001 159 883
Oxidation-reduction process 37 6.097 24 X106 0.001 159 883
Positive regulation of transcription, DNA-dependent 31 3.164 13X10°° 0. 005 589 203
Gene expression 37 3.498 96 X10° 0. 005 768 619
Apoptotic process 34 5.680 19X 107° 0.008 779 443
Acute inflammatory response 5 6.320 84X10° 0.009 194 958
Multicellular organismal development 28 9.729 46 X10° 0.012 765 292
Lipid metabolic process 14 0. 000 102 061 0.012 765 292
Transport 25 0.000 103 237 0.012 765 292
Phosphorylation 14 0.000 147 071 0.017 319 329
Protein transport 24 0. 000 181 274 0.020 376 823
Inflammatory response 21 0. 000 214 396 0.023 052 198
Ton transport 14 0. 000 272 957 0.028 125 896
Carbohydrate metabolic process 22 0. 000 314 09 0.031 069 779
Anatomical structure morphogenesis 10 0. 000 367 685 0.034 972 537
Regulation of catalytic activity 10 0.000 403 408 0.036 949 21

2.1.2.2 KEGG e £t FF3 3L 25
HN AT KEGG Pathway JIE & &0 Hr s, i T

R HT A B RE AR B D IR e A S R AUA
Metabolic pathways ) FDR & /N T 0. 05 #p, HAth



% 5 3

SE5F . MV IEAR U R O e 5 A A DG B TR B S S i 735

Pathway 3 i 25 8 i) FDR {E 3 JC 0 & M. ikt
Ty e 2k PR % 5k R b g 3t T . 280 8 R AR IR 43 BT A
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i, 4 23 £ (P<C0. 05) 15 538 I A5 A& Ll 0 2k 4%
R I 228 AW k22 AL, Hoh A7 22 A~
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P H W JAK RS/ F S 5 T R SR T
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Table 3 List of KEGG Pathway functional analysis results

Pathway name

The number of
differential genes P FDR

in Pathway

Metabolic pathways 76 8.181 58X1071® 1.996 3110710
Glycerolipid metabolism 7 0.001 675 528 0. 151 446 495
RNA degradation 8 0.001 862 047 0.151 446 495
Regulation of autophagy 5 0. 003 231 673 0.197 132 056
Tuberculosis 22 0.004 075 917 0.198 904 739
Epithelial cell signaling in Helicobacter pylori infection 7 0. 006 055 146 0.208 913 135
Osteoclast differentiation 10 0. 007 174 229 0.208 913 135
Jak-STAT signaling pathway 11 0. 007 695 74 0.208 913 135
Glycerophospholipid metabolism 8 0. 008 530 762 0.208 913 135
Cysteine and methionine metabolism 5 0.008 562 014 0.208 913 135
Apoptosis 5 0.0108 556 77 0.240 798 663
Parkinson’s disease 10 0.012 878 106 0.261 854 831
Collecting duct acid secretion 4 0.017 040 755 0.319 841 869
TNF signaling pathway 4 0.019 493 81 0.339 749 251
Hippo signaling pathway 10 0.021 714 454 0.342 194 504
Glycosphingolipid biosynthesis-ganglio series 3 0.022 438 984 0.342 194 504
Protein digestion and absorption 7 0.025 891 103 0.371 613 485
PI3K-Akt signaling pathway 4 0.028 244 393 0.382 868 444
Fructose and mannose metabolism 4 0. 031 653 206 0.403 195 658
Amyotrophic lateral sclerosis (ALS) 5 0.034 689 128 0.403 195 658
Glutamatergic synapse 8 0.034 701 266 0.403 195 658
Metabolism of xenobiotics by cytochrome P450 6 0.041 604 061 0.461 426 859
Vibrio cholerae infection 5 0. 043 948 727 0.466 238 673
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