Identification of long noncoding genes associated with Ascites Syndrome
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Introduction: Ascites syndrome (AS), a complex and multifactorial genetic-metabolic disorder with
wide prevalence in especially meat-type chickens, causes substantial economic loses in poultry farms
worldwide as it’s mortality rate is increasing with the age of the bird. Although the susceptibility to
AS has genetic base, the harsh and stress-full environmental conditions such as cold ambient
temperature, energy-rich diets, salty waters trigger the incidence of AS significantly. As compared to
the resistant ones, the susceptible birds demonstrate physiological modifications as well as sever
changes in gene expression during or before the onset of the diseases. Long non-coding RNAs, acting
as the modulators or regulators of the protein-coding genes, play key rules in the regulation of gene
expression (Wang et al., 2012). Here, the main objective of the current work was to detect some novel
long non coding RNAs as well as to assess their potential association with AS using the next
generation sequencing data originated from four tissues of the ascitic and healthy broiler chickens.
Materials and methods: Six data sets in four tissues (liver, kidney, heart and pulmonary artery) were
used for this research. Hisat2 software was used to align the reads with chicken reference genome
and Sting Tie software package was used to assemble the transcripts. To identify long non-coding
genes, we used various software (CPC2, CNIT PLEK, FEELNC, PLIT) and BLAST methods. meta-
RNAseq software and Fisher's method were used to perform meta-analysis.

Results: Examination of the results of this research revealed that 188 IncRNAs were detected in the
examined tissues and identified as new long non-coding RNAs. Of these, 160 INCRNAs were located
within 50,000 contiguous 689 genes. Coexpression analysis showed that there was a correlation of
0.9 between 13 IncRNAs and 17 neighboring genes. Of these 17 neighboring genes, 6 coding genes
were known. Examination of the level of significance between the healthy group and the ascites group
in the examined tissues showed that in the pulmonary artery tissue the expression of 4 genes was
significantly different and these 4 adjacent coding genes with 3 INncCRNAs, i.e. H. an IncRNA that
controls two adjacent genes. In the meta-analysis, 9 INCRNA genes were differentially expressed
between healthy chickens and ascites chickens.

Conclusion: The results of this research showed that IncRNAs play an important role in the
occurrence of ascites disease and that genetic management can reduce the occurrence of this
complication in poultry farms and control economic losses.
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Tablel. Summary of information related to the RNA-Seq data used
Type of  Sequencing  Number of sample used Type Of Refrence Tissue
reads platform Test
Paired-end  Illumina 12 chickens were selected from each Case- Hasanpur Heart ight
Technology, of the healthy and ascites groups (24 control (1394) ventricle
BGI Co chickens in total). An equal amount of
RNA extracted from the tissue of the
right ventricle of the heart of all six
chickens (all male) was pooled
together and four pooled samples (two
replicates for the healthy group and
two replicates for the diseased group)
were created.
Paird-end Illumina 16 chickens were selected from each Case- Jabbari-Ori  Liver
Technology, of the healthy and ascites groups (32 control etal.,
Novogene chickens in total). An equal amount of (1398)
Co RNA extracted from the liver tissue of
four chickens (two male and two
female) was pooled together and eight
pooled samples were created (four
replicates for the healthy group and
four replicates for the diseased group).
Paird-end IHlumina 16 chickens were selected from each Case- Malekshah  Kidney
Technology, of the healthy and ascites groups (32 control dehi et al.,
Novogene chickens in total). An equal amount of (1397)
Co RNA extracted from the kidney tissue
of four chickens (two male and two
female) was pooled together and eight
pooled samples were created (four
replicates for the healthy group and
four replicates for the diseased group).
Single-end  Illumina 6 chickens were selected from each of  Case- Yang et Pulmonary
Technology, the healthy and ascites groups (12 control al., (2010)  artery
Novogene chickens in total). The appropriate
Co amount of RNA extracted from the

pulmonary artery tissue of three
chickens (all male) was pooled
together and four pooled samples (two
replicates for the healthy group and
two replicates for the diseased group)
were created.
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Table 2- Statistical information of readings for each sample before and after pre-processing

The Length The Length of Sample
percentage of each number g Number pe
. each specifications .
of read of reading of raw ) . sample Tissue
. raw(open) - (biological
trimmed after after reading Lo
L A read replication)
reads trimming  trimming
83.58 140 17534144 150 20977690 Healthy femalel RA Liver(female)
75.79 140 19157986 150 25244062 Healthy female2 RB
83.81 140 21584522 150 25755634 Ascites femalel RE
84.11 140 17417203 150 23661938 Ascites female2  RF
83.04 140 19648578 150 23661938 Healthy malel RC Liver(male)
83.22 140 17664167 150 21236809 Healthy male2 RD
83.89 140 19280568 150 22959272  Ascites malel RG
84.53 140 19949382 150 23599115  Ascites male2 RH
98.43 180 24992539 100 25389617 Ascites malel As-1
98.74 180 25061262 100 25380387 Ascites male2 As-2
9889 180 25061262 100 25367470  Healthymalel ~ He-1 ~ Ridntventricle
of the heart
98.84 180 25070763 100 25364938 Healthy male2 He-2
98.21 40 12804234 50 13172095 Healthy malel N1
97.64 40 15533762 50 15008860  Healthy male2 N2 gft'er;‘;”ary
99.10 40 15533762 50 13919353 Ascites malel D1
97.29 40 13613664 50 13902054 ~ Ascitesmale2 )
96.09 140 22941001 150 23873210  healthy femalel A Kidney(female)
92.29 140 20146341 150 21828930 healthy female2 HB
95.96 140 20959656 150 21841017 Ascites femalel HE
95.48 140 22995329 150 24083126 Ascites female2  HF
95.47 140 24651459 150 25821102 Healthy malel HC Kidney(male)
94.36 140 23421951 150 21519315 Healthy male2 HD
94.64 140 21873949 150 23111009 Ascites malel HG
94.41 140 19825013 150 20996784 Ascites male2 HH
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Figure 1. Features and specifications of novel LncRNA, known LncRNAs and protein coding genes. Figure A.
Expression level (logl0 FPKMs), Figure B shows the length and Figure C shows the number of new LncRNA

exons, known LncRNAs and protein coding genes
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Table3. IncRNA names have neighbor genes with high correlation of %90 in pulmonary artery tissue

Novel InNcRNA  Neighboring Correlation  Gene names Adjusted P- Significant in
gene coefficient value pulmonary
artery tissue
MSTRG.18408 MSTRG.18409 0.9 MIGA1 0.0029 *
MSTRG.18408 MSTRG.18407  0.92 - 0.00035 *
MSTRG.2137  MSTRG.2147 0.92 - 1 -
MSTRG.2137  MSTRG.2139 0.9 - 0.63775 -
MSTRG.6073  MSTRG.6077 0.95 gga-mir-1705  0.22 -
MSTRG.6073  MSTRG.6072 0.99 PTGS1 0.0005 *
MSTRG.12436 MSTRG.12435  0.94 - 1 -
MSTRG.12436 MSTRG.12537 0.91 - 1 -
MSTRG.5721  MSTRG.5720 0.91 - 1 -
MSTRG.4298  MSTRG.4305 0.91 - 1 -
MSTRG.19485 MSTRG.19471  0.92 - 1 -
MSTRG.16208 MSTRG.16209  0.93 MEIS2 0.2066 -
MSTRG.8958  MSTRG.8960 0.94 - 0.589%4 -
MSTRG.3007 MSTRG.3008 0.94 FBXL22 0.0005 *
MSTRG.19485 MSTRG.19490  0.95 - 1 -
MSTRG.16727 MSTRG.16733  0.95 - 1 -
MSTRG.16079 MSTRG.16080  0.99 EHD4 1 -

* Significant at level (0/05)
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Figure 2- Volcano plots related to the differential expression of genes in healthy and ascites chickens. A
pulmonary artery tissue, B heart tissue, C liver tissue of female chickens, D liver tissue of male chickens, E
kidney tissue of female chickens and F kidney tissue of male chickens. Red points have up-regulated expression,
blue points have down-regulated expression, and gray points have similar expression. The names of the
important genes identified in each tissue are indicated on the figures
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Table 4- New IncRNAs with significant differential expression between healthy and ascites chickens from meta-
analysis of six RNA-seq datasets.

Meta-IncRNA

MSTRG.1555.1
MSTRG.17731.1
MSTRG.2763.1
MSTRG.6073.1
MSTRG.8142.1
MSTRG.8369.1
MSTRG.8422.1
MSTRG.8958.1
MSTRG.9509.1

Genomic location

1:89929468-89933791
7:1795995-17962275
1:1949921492-194935562
17:9070661-90711276
2:97258480-97270754
2:115276415-115280420
20:119966894-119971658
20:6465938-6470536
22:71575-72238

P-value

0.0116
0.0091
0.0165
0.04
0.002
0.0101
0.0339
0.0004
0.0128

Table 5-Name,p-value and location of neighbor genes in meta-IncRNAs that were significant in at least one data

set.

Neighbor gene Genomic location Gene name P-value Name of significant tissue
MSTRG.1558 1:89972836-89986926 CD200 0.00005  pulmonary artery
MSTRG.17729  7:17886473-17959918 SLC25A12 0.0002 pulmonary artery
MSTRG.17730  7:17886473-17959918 HAT1 0.0038 pulmonary artery
MSTRG.17734  7:18009895-18018295 CYBRD1 0.00005  pulmonary artery,

male and female kidney
MSTRG.2762 1:194858471-194874960 TSKU 0.0028 male and female kidney
MSTRG.6072 17:9061883-9070028 PTGS1 0.00027  pulmonary artery
MSTRG.6079 17:9107719-9178650 RABGAP1 0.00055  Male kidney
MSTRG.8139 2:97199689-97210085 PRELID3A 0.00721  pulmonary artery, male kidney
MSTRG.8140 2:97210206-97233990 AFG3L2 0.00335  Male kidney
MSTRG.8141 1:89972836-89986926 TUBB6 0.0 Male kidney, male liver
MSTRG.8143 2:97258480-97270754 CIDEA 0.00074  pulmonary artery, heart
MSTRG.8144 2:97288556-97308603 IMPA2 0.00027 pulmonary artery, male kidney
MSTRG.8145 2:97308614-97516665 MPPE1 0.041 pulmonary artery
MSTRG.8956 20:6401874-6424447 CSE1L 0.00027 pulmonary artery
MSTRG.8957 20:6430020-6463664 STAU1 0.0079  pulmonary artery
MSTRG.9508 22:69105-71510 REEP4 0.01035  pulmonary artery
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Table 6- gene ontology results of neighbor genes of meta-LncRNAs

Category Term Count % P-value  Gene

GO-BP Respiratory gaseous exchange 2 61 0023 SFTPC

GO-MF RNA-polymerase 1 regulatory region 9.0 003 LHX6, TCF24, ZBTB26

sequence-specific DNA-binding

COPS5, LHX®,

GO-MF Metal ion binding 3 18.2 0.068 CYBRD1, IMPA2,
PTGS1, TUB6

KEGG- . . CSELL, DYNC112,

PATHWAY Salmonella infection 3 9.1 0.028 TUBB6
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