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Abstract matogenesis is helpful for the treatment

of male sterility caused by abnormity of

Microarray provides a large scale gene
selection platform in post-genomics era.
However biological verification of com-

putational results is also time consum-
ing. In this paper we apply computational
methods to select novel and significant

sperm development, protecting from with-
ering of male sexual potency, and offering
new contraceptive targets and health care
drugs [1]. The identification of genes en-
coded proteins that play specific roles in
different steps of germ cell development

spermatogenesis-related genes based onshould shed fresh light on the mechanisms
microarray data from our research group analysis of spermatogenesis. The list of
and confirm them by other microarray genes that are involved in the mammalian
dataset. Known and novel unclear genes spermatogenesis is rapidly growing. For
are tested in our experiments and the con- example, CERM [2], tesmin [3], MSJ-1
sistency of expression profiles of selected [4], Soggy [5], SP-10 [6], MTSARG3 [7],
genes during development from different SRGA4 [8] , TESF-1 [9] have been proved
microarray datasets demonstrates the ef- to be the spermatogenesis-related genes in
fectiveness of the method. previous study.

To know how genes are controlled to ex-
Keywords: Spermatogenesis, microarray, press at the exact time and which genes
gene expression level, gene selection, con- function uniquely in special cells dur-
firmation. ing spermatogenesis, an important step is
taken to define gene profiles. The advent
of DNA microarray technology has of-
fered the promise of casting new insights
Sperm development, termed spermatoge- onto deciphering secrets of life by moni-
nesis, is characterized by a mitotic (sper- toring activities of thousands of genes si-
matogonia), a meiotic (spermatocytes) multaneously. DNA microarray is a use-
and a differentiative haploid (spermatids) ful, high throughput method, which pro-
phase. The understanding of the biolog- vides a platform to evaluate the abundance
ical function of key genes during sper- of genes in parallel, allowing monitoring

1. Introduction
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changes in gene expression during devel-  In this paper, basing on our microarray
opmental events [10]. data, we apply computational methods to
Sha et al [11] have compared gene ex- find novel and significant spermatogenesis
pression profiles between adult and fetal related genes and confirm them with other
human testes by the use of a self-made microarray dataset. Our test on known
cDNA chip that comprised of 9,216 genes. and unclear genes demonstrates the capac-
731 different expressing genes have been ity of large scale computational data anal-
characterized comprising of 54 known Ysis and strong correlation confirmed be-
genes, in which 18.52% were exclusively tween microarray datasets from different

expressed in spermatogenesis. Guo et al.

[12] isolated six different types of sper-
matogenic cells (primitive type A sper-
matogonia, type B spermatogonia, prelep-

totene spermatocytes, pachytene sperma-

tocytes, round spermatiss and elongating
spermatids) from Balb/C mice testes. At-
las cDNA arrays containing 1,176 known

mouse genes were used to determine the

gene expression profiles of the spermato-
genic cells. The expressions of 260 genes
were detected and 115 genes show differ-
ential expression in six different stages of

the spermatogenic cells.

Recently, we have isolated testis from
4, 9, 18, 35, 54 days and 6 months old
Balb/C mice. cRNAs prepared from these
testis samples have been hybridized with
commercially available GeneChip Mouse
Genome 430 2.0 Array (Affymetrix Inc.)
chip, which contained 34,000 known

mouse genes and 8,000 unknown genes or )
d2-2. Novel gene selection

ESTs (Expressed Sequence of Tags), an
thus spanning the whole mouse genome.
In mining the microarray data, we iden-
tified 2058 gradually up-regulated tran-
scripts from four days to six months of
testis samples. These transcripts, includ-
ing some known and unknown genes or
ESTs, should be related to mouse testis

development and spermatogenesis as dis-

cussed in our previous work [13, 14, 15].
However the characteristics of some dif-
ferently expressed transcripts by manual
analysis and the confirmation of authen-
ticity with semi-quantitative RT-PCR are

limited to small scale data analysis and
time consuming.

research groups.

2. Materials and methods

2.1. Novel and Significant
Spermatogenesis-related Gene
Selection and Confirmation

In our previous work [15, 13, 14], 2058
differential expression genes are selected
and some novel genes are investigated.
However the characteristics of these dif-
ferently expressed transcripts by manual
analysis and the confirmation of authen-
ticity with semi-quantitative RT-PCR are
limited to small scale data analysis and
time consuming. Here we give a further
analysis on the microarray data using com-
putational methods for large scale gene se-
lection and confirmation by other microar-
ray data.

GeneChip Mouse Genome 430 2.0 Array
(Affymetrix Inc.) chip includes~ 34, 000
known mouse genes and 8, 000 un-
known/unclear genes or ESTs. We se-
lected novel genes according to the gene
symbol item from the annotation file of the
chip, i.e. the gene/EST is novel if there is
no one gene symbol item for the probe in
the annotation.

2.3. Significant Gene Selection

Here we used the max-min ratio across all
samples to select significant genes where
max and min correspond to the maximum
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and minimum expression levels of each
gene. The max-min ratio is defined as

ma>q gij
[S{@ALILESg—— R 1
< min; gij W)
2.4. Confirmation with Other
Microarray Data

According the GeneChip Mouse Genome
430 2.0 Array, we found one microar-
ray data [16] which contains 8 sam-
ples at 4 time courses (two samples
for each time point) in the develop-

ment of spermatogenesis: Type A sper-
matogonia (TAS), Type B spermato-
gonia (TBS), Pachytene spermatocytes
(PS), and Round spermatids (RS). The
data is available in the NCBI's Gene
Expression Omnibus (GEO) database
(http://www.ncbi.nim.nih.gov/geo/) with

the accession number GSE4193.

3. Experimental Results

For our microarray dataset as described in
[15], here we set floor value as 100 and
ceiling value as 16, 000 in preprocessing.
The final data is a 2058 6 matrix. The

Table 1: The 5 top known genes. Index is
the number in the 2058 gene list.
Rank Index Probe Name
1 315 1421682_a at Tcte3
2 1024 1415924 at  Tnpl
3 1020 1448105 at  Prm2
4 25 1415846_a_at Ldhc
5 1060 1422419 s at Tnp2

Table 2: The 5 top unknown genes. Index
isthe number in the 2058 gene list.

Rank Index Probe
1 4 1437098 x_at
2 158 1455921 at
3 303 1429868_at
4 20 1439402_at
5 667 1436348_at

at and after day 18 from our microarray
data as shown in Figure 1-(b). The ex-
pression levels of these two genes from the
GSE4193 dataset also have similar trends
with break-point at day 8 as shown in
Figure 1-(d). Other 3 genes (gene Tnpl
with index no. 1024, gene Prm2 with in-

confirmation data for same 2058 genes dex no. 1020 and gene Tnp2 with index
from the GSE4193 dataset is extracted and N0. 1060) have the break-points at day 18
the average value of each gene at every for our microarray data and at day 11 for
time point is calculated. Then the data is the GSE4193 dataset. In summary, the 5
formed in a 2058« 4 matrix. top known genes have consistent expres-
As a demonstration, we first selected 5 sion profiles in two different microarray
top genes from known genes and unknown datasets. And this prOVideS a confirmation
genes, respectively based on our microar- for our gene selection from our microar-
ray. And then we selected same genes ray data. For the 5 top unknown genes, the
from the GSE4193 dataset. The selected 5 consistency of expression profiles is also
top known genes are listed in Table 1 and indicated from Figure 1-(a) and (c). For
5 top unknown genes in Table 2, respec- €xample, three genes (Nos: 4, 158 and
tively. 667) have high expression levels at three
For confirmation, all gene expression time points (day 35, day 54 and month 6)
levels are shown in Figure 1. In the 5top from our dataset and at two time points
known genes, two genes (gene Tcte3 with (day 11 and day 26) from the GSE4193
index no. 315 and gene Ldhc with index dataset.
no. 25) have low levels at times courses  In order to quantify the strength of cor-
day 4 and 9 while they have high levels relation of selected genes on two different
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Fig. 1. Confirmation within two microar-
ray datasets. Expression levels of 5 un-
known (left) and 5 known (right) sper-

strong correlations (with values 0.9 un-
derlined) between two datasets and other
3 genes (Nos: 1024, 1020 and 1060) do.
And this is consistent with results of the
expression profiles in Figure 1-(b) and (d).
From Table 4, we can see that four genes
(Nos: 4, 158, 303 and 667) have strong
correlations (with values- 0.8, under-
lined) between two datasets. This is also
consistent with the results from Figure 1
(a) and (c).

4. Conclusions

matogenesis related genes selected frome applied computational method for

our dataset (top) and confirmed by other
one dataset (bottom) from mouse chip.
Top 5 unknown genes (Nos: 4, 158, 303,
20 and 667 from our gene list) and top

5 known genes (Nos: 315, 1024, 1020,
25 and 1060 from our gene list). In (a)

and (b), 6 time courses in the development
of spermatogenesis are: 4, 9, 18, 35, 54
days and 6 months; in (c) and (d), 4 time

courses in the development of spermato-
genesis are: Type A spermatogonia (TAS;
about at day 4), Type B spermatogonia
(TBS; about at day 8), Pachytene sperma-
tocytes (PS; about at day 11), and Round
spermatids (RS; about at day 26).

datasets, we calculated the pairwise linear
correlation coefficient matrices of known
and unknown genes on two datasets, re-
spectively. For calculation, the expres-
sion levels of the first four time points
in our dataset are used. The results are
shown in Tables 3 and 4, respectively.
In each table, the 5 5 coefficient ma-
trix, the (i, j)-th element reflects the lin-
ear correlation strength ofth gene in our
dataset ang-th gene in GSE4193 dataset
and each diagonal element reflects the cor-
relation strength of same gene between
two datasets. From Table 3, we can see
that two genes (Nos: 315 and 25) have

gene selection and confirmation in sper-
matogenesis with microarray datasets. We
selected significant known and unknown
genes from our microarray data and con-
firmed them with other microarray data.
The consistency of expression profiles of
all selected genes within two microarray
datasets demonstrates the effectiveness of
the method and it provides a strategy for
large scale gene selection and confirma-
tion with microarray data.

For future work, we will consider other
advanced gene selection methods and in-
tegrate more genomical data for system
analysis. Furthermore, we will investigate
the function of selected genes and confirm
it with comprehensive experiments.
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Table 3: The pairwise linear correlation coefficient matrix of known genes on two datasets.
The value larger than.0 is underlined.

315 1024 1020 25 1060
315 | 0.9796 0.6935 0.7249 _0.95380.7090
1024 | 0.6630 0.9993 0.9968 0.6019 _0.9985
1020 | 0.6630 _0.9993 0.9968 0.6019 _0.9985
25 0.9513 0.8466 0.8695 _0.9111 0.8582
1060 | 0.6630 0.9993 0.9968 0.6019 _0.9985

Table 4: The pairwise linear correlation coefficient matrix of unknown genes on two
datasets. The value larger thar8@s underlined.

4 158 303 20 667
4 0.8358 0.8182 0.5368 0.4692 0.3432
158 | 0.8454 0.8283 0.5519 0.4851 0.3600
303 | 0.9925 0.9893 0.8758 0.8359 0.7494
20 | 0.6601 0.6364 0.2911 0.2153 0.0806
667 | 0.9623 0.9534 0.7691 0.7168 0.6132
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