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Abstract

It is necessary and useful to reveal the chromosomal distribution at whole-genome level. By studying the chromosomal distribution of human
disease genes, we found that the known genes of single-gene diseases are significantly enriched in chromosome X, and depleted in 10p, 19q.
And the genes of multi-gene diseases are significantly tended to be located in fewer chromosomes than random background. The chromosomal
distribution at whole-genome level could promote future studies of human disease genes.
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Introduction

Recent years, chromosome network is paid attention [1], with linking 3D
structure [2]. Particularly, with considerations of human disease genes [3] and
related issues [4], we try to explore the chromosome distribution at whole-
genome level [5,6].

The disease-related genes are retrieved from two databases: OMIM [7],
and KEGG [8]. The OMIM database is used to obtain the location information
of genes on chromosomes by the OMIM Application Programming Interface.
The KEGG database allows the KEGG Application Programming Interface to
crawl data covering the link between human diseases and genes, which also
allows retrieval of cross-references within the diseases and genes database
in KEGG.

Here, we studied the chromosomal distribution of human disease genes.
We separately studied single-gene diseases and multi-gene diseases. We
found the genes of multi-gene diseases are significantly tended to be located in
fewer chromosomes than randomly sampling whole-genome genes or genes
of single-gene diseases.

Materials and Methods

Data collection

We retrieved the relationship between diseases and genes from KEGG on
Dec 8, 2018. We retrieved human whole-genome protein-coding genes from
UCSC hg38 refGene table annotated their chromosomal locations by hg38
ideogram table.
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Statistical analysis

For single-gene diseases, we used two-tailed Fisher's exact test to
compare the chromosomal distribution of disease-1 genes with whole-
genome genes. For multi-gene diseases, we compared the distribution
of m-chromosomal diseases among n-gene disease group with random
background, which was done by simulation of random sampling n genes
according to chromosome distribution of whole-genome all genes or disease-1
genes. For m-chromosomal diseases within n-gene disease group, expected
percentage is calculated based on the simulated distribution of percentage,
and empirical p-value is computed by comparing observed percentage with the
simulated distribution. All the statistical analysis was done by R, version 3.5.1.
P-value <0.05 is regarded as statistically significant.

Results

We retrieved 3462 disease genes related to 1747 human diseases from
KEGG. Among them, 971 diseases (56%) are each related to only one gene,
so we called such diseases as single-gene diseases. Similarly, 238 (14%) are
two-gene diseases, 135 (8%) are three-gene diseases. We summarized the
number of n-gene diseases in Table 1.

Since majority of diseases are single-gene diseases, we first studied the
chromosomal distribution of their related genes, which we abbreviated as

Table 1. Number of n-gene diseases.

n Number of Diseases %
1 971 56
2 238 14
3 135 8
4 92 5
5 57 3
6 46 3
7 37 2
8 23 1
9 33 2
10 13 1
11-15 47 3
16-20 25 1
21-30 16 1
31-40 9 1
41-60 5 <1
Total 1747 100
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'disease-1 genes'. As expected, disease-1 genes are more located in the long
arms (q) of chromosomes. Compared to the background distribution of human
whole-genome 28235 protein-coding genes, we found that disease-1 genes
are statistically significantly enriched in chromosome X, and depleted in 10p,
19q (Table 2). The excess in chromosome X might be due to the detection
bias of X-linked diseases. There is Loss of heterozygosis at 10p which refer to
a specific type of genetic mutation, during which there is a loss of one normal
copy of a gene or a group of genes [9]. In some cases, loss of heterozygosis
can contribute to the development of cancer. Also, Chromosome 19 not only
has the highest gene density among all human chromosomes but also carries

a high density of repeat sequences [10]. Both of those may be related to
depletion in 10p and 19q.

Further, we explored chromosomal distribution of genes related to n-gene
diseases, which we abbreviated as 'disease-n genes'. For each disease, we
studied how many chromosomes its related genes are located in. If its related
genes are located in m different chromosomes, we defined the disease as a
m-chromosomal disease. So, it is for sure that m < n for an n-gene disease.
We counted the number of m-chromosomal diseases for each n-gene disease
group (Table 3). We found that most multi-gene (n >1) diseases are multi-
chromosomal (m >1) diseases.

Table 2. Chromosomal distribution of whole genome genes and disease-1 genes.

Number of Disease-1

Percentage of Fisher's Exact Test

Chromosome arm Number of Genes Percentage of Genes . Percentage Difference

Genes Disease-1 Genes p-value
1p 1495 5.30 40 483 -0.47 0.636
1q 1340 475 44 531 0.56 0.456
2p 687 2.43 17 2.05 -0.38 0.566
2q mo 3.96 43 5.19 122 0.087
3p 708 2.51 22 2.65 0.15 0.736
3q 847 3.00 23 2.77 -0.23 0.836
4p 334 118 9 1.09 -0.10 1
4q 754 2.67 21 2.53 -0.14 0.913
5p 256 0.91 9 1.09 0.18 0.575
5q 1042 3.69 36 4.34 0.65 0.306
6p 825 2.92 17 2.05 -0.87 0.171
6q 624 221 16 1.93 -0.28 0.718
7p 455 161 13 157 -0.04 1
7q 877 31 26 3.14 0.03 0.919
8p 385 1.36 8 0.97 -0.40 0.443
8q 641 227 14 1.69 -0.58 0.340
9p 300 1.06 10 121 0.14 0.608
9q 799 2.83 23 2.77 -0.06 1
10p 276 0.98 2 0.24 -0.74 0.028
10q 830 2.94 22 2.65 -0.29 0.753
1p 584 2.07 20 241 0.34 0.458
1q 1091 3.86 30 3.62 -0.25 0.784
12p 384 1.36 n 133 -0.03 1
12q 1007 3.57 33 3.98 0.41 0.506
13p 0 0.00 0 0.00 0.00 1
13q 631 2.23 15 181 -0.43 0.474
14p 0 0.00 0 0.00 0.00 1
l4q 934 331 19 2.29 -1.02 0.113
15p 0 0.00 0 0.00 0.00 1
15q 996 3.53 21 2.53 -0.99 0.149
16p 633 2.24 14 1.69 -0.55 0.339
16q 506 179 21 2.53 0.74 0.113
17p 460 1.63 16 1.93 0.30 0.486
17q 1105 3.91 44 5.31 139 0.046
18p 120 0.43 1 0.12 -0.30 0.269
18q 312 11 14 1.69 0.58 0.128
19p 714 2.53 17 2.05 -0.48 0.498
19q 1063 3.76 12 145 -2.32 1.6E-4
20p 262 0.93 13 157 0.64 0.067
20q 517 1.83 12 145 -0.38 0.509
21p 57 0.20 0 0.00 -0.20 0.414
21q 355 1.26 u 1.33 0.07 0.753
22p 2 0.01 0 0.00 -0.01 1
22q 640 2.27 18 2.17 -0.10 1
Xp 450 1.59 30 3.62 2.02 7.2E-5
Xq 702 2.49 42 5.07 2.58 2.9E-5
Yp 48 0.17 0 0.00 -0.17 0.648
Yq 67 0.24 0 0.00 -0.24 0.268
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Table 3. Number of m-chromosomal diseases for n-gene disease group.
:1 1 2 3 4 5 6 7 8 9 10 11-15 16-20 21-30 31-40 41-60
1 971 42 u 2 2 0 1 0 1 0 0 1 1 0 0
2 196 30 6 2 0 0 0 0 1 0 0 1 0 0
3 94 34 7 4 1 0 0 1 0 0 0 0 0
4 50 15 4 1 0 0 0 1 0 0 0 0
5 31 21 7 2 2 2 1 0 0 0 0
6 17 18 5 2 0 2 1 0 0 0
7 9 12 18 4 4 0 0 0 0
8 4 8 4 6 0 0 0 0
9 2 0 16 6 1 0 0
10 1 12 3 2 0 0
u 3 5 2 0 0
12 2 5 0 0 0
13 1 2 0 0
14 2 3 2 0
15 1 1 1 0
16 3 1 0
17 2 2
18 1 2
19 2 0
20 0
21 1
Total 971 238 135 92 57 46 37 23 33 13 47 25 16 9 5
(m >1%) - 82 92 98 96 100 97 100 97 100 100 96 94 100 100
Table 4. Percentage and statistical test of m-chromosomal diseases for n-gene disease group.
Background Gene Set: Whole-genome all Genes Disease-1 genes
rvi rvi Ex Empirical Ex Empirical
n m Disgal;seeN::lber Pe?ct?:agzd(O) Perceﬁ:tgGed(E) log2 (OIE) p-\':al:: Perceﬁ:tgGed(E) log2 (OIE) p-\’l)al::
2 1 42 17.8 5.1 1.82 1.3E-12 5.5 1.69 2.2E-11
2 194 82.2 94.9 -0.21 1.3E-12 94.5 -0.20 2.2E-11
3 1 n 8.2 0.3 477 5.4E-13 0.37 4.49 4 4E-12
2 30 22.4 14.4 0.64 0.013 15.5 0.53 0.031
3 93 69.4 85.3 -0.30 3.5E-6 84.2 -0.28 2.4E-5
4 1 2 22 0.021 6.72 1.8E-4 0.025 6.49 2.4E-4
2 5.5 18 1.58 0.027 217 1.34 0.049
3 34 37.4 25.6 0.54 0.016 27.3 0.45 0.034
4 50 54.9 72.5 -0.4 3.6E-4 70.5 -0.36 1.8E-3
5 1 35 2.3E-5 10.6 8.4E-7 3.2E-5 10.1 1.6E-6
2 35 0.23 3.91 8.0E-3 0.30 3.55 0.013
3 12.3 5.6 113 0.040 6.5 0.91 0.098
4 16 28.1 36.1 -0.36 0.27 37.6 -0.42 0.17
5 30 52.6 58.1 -0.14 0.42 55.5 -0.08 0.69

To answer whether the m-chromosomal distribution can be simply [11]. The other one is diffuse pan bronchiolitis; it may be located in the short

explained by randomly sampling genes in different chromosomes, we compared
the observed distribution with simulated result of random background. For
n=2, 3, 4, or 5, we found that there is a significant trend that the multi-gene
diseases are tended to located to fewer m chromosomes, no matter using
whole-genome all protein-coding genes or disease-1 genes as the background
(Table 4). This result indicates that the genes related to the same disease
are actually tended to be located in the same chromosome, suggesting that
the chromosomal distribution of genes may be associated with their functional
relationship. When m=1, n=4, one is 15q13.3 micro deletion syndrome. It is a
genetic disorder caused by the deletion of several genes on chromosome 15,
it is also known as a micro deletion syndrome or a contiguous gene deletion
syndrome. Affected individuals exhibited a complex pattern of behavioural
abnormalities, most notably hyperactivity, attention problems, withdrawal, and
externalizing symptoms, as well as impairments in functional communication
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arm of human chromosome 6, which is a disease of obscure aetiology that
is traditionally associated with people in East Asians, including Japanese,
Koreans and Chinese [12]. When m=1, n=5, X-Linked Mixed Deafness (DFN3)
is a rare condition, characterized by hearing loss to varying degrees, dizziness
and vertigo. The disease is transmitted in an X-linked recessive manner.
That is to say, if a mother is a carrier of the recessive hearing loss gene,
then the gene is passed on to half of the sons, and half of the daughters [13].
Another one is Wolf-Hirsch horn syndrome, 4p deletion, growth restriction and
characteristic facial features variable congenital anomalies Introduction. It is
first clinically described in 1961 by Hirsch horn and subsequently in 1965 by
Wolf, is the first example of a classic human chromosomal deletion syndrome
[14]. As if some genes are mutated or deleted, it may be easy to cause a
disease of multi-gene on one chromosome. The same seems to be true for the
X chromosome [15,16].
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Discussion and Conclusion

With using a bioinformatics model, we revealed that multi-pathogenic
genes distribute in multi-chromosomes, when we map pathogenic n-genes
(n>1) onto chromosomes based on the datasets from OMIM and KEGG. The
research reveals that pathogenic n-genes are linked to m-chromosomes,
which distribute following negative exponential, behind random pattern of
single pathogenic gene vs. single chromosome. Also the gene distribution near
1/3 genes located in p arm and about 2/3 in g arm looks a natural distribution.
The distribution did not fit power model, we need more models to verify the
pathogenic n-genes mapping to m-chromosomes.

The chromosomal distribution of human disease genes resembles a
valuable topic for further studies. The present results of pathogenic n-genes (n
>1) onto chromosomes are reflecting on the background of the whole-genome,
which could stimulate further exploration in future research.
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