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Identification of candidate downstream genes for the
homeodomain transcription factor Labial in Drosophila through
oligonucleotide-array transcript imaging
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Abstract

Background: Homeotic genes are key developmental regulators that are highly conserved
throughout evolution. Their encoded homeoproteins function as transcription factors to control a
wide range of developmental processes. Although much is known about homeodomain-DNA
interactions, only a small number of genes acting downstream of homeoproteins have been
identified. Here we use a functional genomic approach to identify candidate target genes of the
Drosophila homeodomain transcription factor Labial. 

Results: High-density oligonucleotide arrays with probe sets representing 1,513 identified and
sequenced genes were used to analyze differential gene expression following labial overexpression
in Drosophila embryos. We find significant expression level changes for 96 genes belonging to all
functional classes represented on the array. In accordance with our experimental procedure, we
expect that these genes are either direct or indirect targets of labial gene action. Among these
genes, 48 were upregulated and 48 were downregulated following labial overexpression. This
corresponds to 6.3% of the genes represented on the array. For a selection of these genes, we
show that the data obtained with the oligonucleotide arrays are consistent with data obtained
using quantitative RT-PCR. 

Conclusions: Our results identify a number of novel candidate downstream target genes for Labial,
suggesting that this homeoprotein differentially regulates a limited and distinct set of embryonically
expressed Drosophila genes. 
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Figure 1
Heat-shock-driven ubiquitous overexpression of lab
monitored by in situ hybridization and immunocytochemistry.
(a-d) RNA in situ hybridization; (e-h) immunocytochemical
staining. Expression of lab is shown in heat-shocked wild-type
embryos (a,c,e,g) and in heat-shocked embryos carrying a
hs-lab construct (b,d,f,h). (a,b,e,f) Overview of stage 10-17
embryos. (c,d) Higher magnification of a single stage 15
embryo and (g,h) a single stage 13 embryo; lateral view, and
anterior to the left. Embryos were exposed to a heat shock
at 36°C for 25 min and were allowed to recover for another
25 min before fixation. 
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Table 1

Genes differentially expressed in response to lab overexpression

Functional class Genes on the array (N) Differentially expressed n/N x 100 (%) Down-regulated Up-regulated
transcripts (n)

Signal transduction 107 5 4.7 2 3

Transcriptional regulation 263 20 7.6 14 6

Cell cycle 37 5 13.5 0 5

Cytoskeleton/structural proteins 149 5 3.4 4 1

Metabolism 315 13 4.1 6 7

Translation 59 1 1.7 1 0

Heat-shock proteins 18 * * * *

Transcription/replication/repair 73 4 5.5 0 4

Proteolytic systems/apoptosis 62 12 19.4 1 11

Cell surface receptors/CAMs/ion channels 181 12 6.6 10 2

Transposable elements 35 4 11.4 3 1

Chromatin structure 36 4 11.1 2 2

RNA binding 59 7 11.9 2 5

Secreted proteins 34 2 5.9 2 0

Unknown function 85 2 2.4 1 1

�N = 1513 �n = 96 48 48

Genes that are differentially expressed following heat-induced ubiquitous overexpression of lab in stage 10-17 hs-lab embryos, grouped according to
functional classses. *The functional class ‘heat-shock proteins’ was excluded from the analysis (see Materials and methods). N, number of genes within a
functional group present on the chip; n, number of genes differentially expressed within a functional group following lab overexpression; n/N x 100,
number of differentially expressed genes within a functional class following lab overexpression, given as a percentage of the total number of genes in this
class present on the array; downregulated, total number of genes within each functional class differentially downregulated following lab overexpression;
upregulated, total number of genes within each functional class differentially upregulated following lab overexpression.
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Figure 2
Genes differentially expressed in response to heat-shock-induced overexpression of lab, grouped according to functional
classes. Bars represent the fold change between differentially expressed genes in heat-shocked wild-type embryos and heat-
shocked hs-lab embryos. Positive values indicate that the relative expression level of a gene is increased (upregulated)
following lab overexpression and negative values indicate a decrease (downregulated). Absolute average difference (Avg Diff;
see Materials and methods) values are given for the lab overexpression condition as follows: white bars represent Avg Diff
< 100, gray bars represent Avg Diff ranging from 100-1,000, and black bars represent Avg Diff >1,000. 
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Table 2

Comparison of fold change between oligonucleotide arrays and
RT-PCR

Avg Diff (array) Fold change 

Gene hs-wt hs-lab Array RT-PCR

lab 41 1078 26.3 55.7

swa 20 406 20.3 18.4

UbcD4 44 423 9.6 6.5

twe 20 132 6.6 4.9

cycB 243 1344 5.5 4.6

Uch 61 312 5.1 12.1

sqd 373 370 1.0 1.1

scrt 225 79 -2.9 -3.7

Pepck 610 171 -3.6 -4.6

RT-PCR was performed on cDNA derived from heat-shocked wild-type
embryos and heat-shocked hs-lab embryos. Fold changes determined by
RT-PCR are represented as the mean values of eight independent
replicates, derived from two different cDNA preparations. Avg Diff,
absolute average difference value (see Materials and methods).
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���1���������1	
����������	�$
�	���	��
��A�����-�3����

���������)���7���

�����%��	���1��$
���������������/�
��	��

1����	���	�-
��� ��	�����
��$�������2���$
��������M�����-

��
���� 8.,:3� !��� %��� 
��� 
� 1����  ���� ��� 
�	��	��� ����-

��	�'��	
�'	�	������$��	�� ?+N�3���*���
�1���� ���������

�)��������%���9?��������	���C$������	��
��%$������ ����%���. �

	��?+N��	��������
$*C���������	�;/N����	��
��� �%���?+�����

%����1���*��	�����)������������%�?+�����	��?+N��*�%�����H!

�
��	����3� 
����%����� 	�� ���� ����� �%� �H!� �
��	����� ���
�

��*���
�1����	�� ��*������� 
�	��
� 9,-95� =
�	��
�	��������

��� 8+9:>3� ��*���
� ��$����� ��	�� ��*������� 
�	��� 9,� 1���

���� $
���� 	
� ��	�� 
��� � ��� ���
�� �	������ 
�	��
� ��
$��
� ��

����	�����8+?:3�

Whole-mount in situ hybridization and
immunocytochemistry 
����������� ��*����2	����������7������-�	*�����
��
��	���	���-


��
�� �	� �H!����*�
�1���� �����	���� ��� ������� 1���� 	�L#4

�	*������  ��� =������ L�	���
���
>� 	��� ��*����2��� ��� 1����-

��$��� ��*���
� %����1���� 
�	��	��� ������$��
� 8+;:3

��*����2��� ��	�
�����
�1�������������1����	��	� 	��������
-

��	�	
�-���C$�	���� 	���-����7������� �	*� %�	������ =�����

L�	���
���
>� $
���� H����� *�$�� ����	2���$�� =H�
>� 	��

+-*����-.-������-;-�������� ���
��	��� =��#(>� =0���	>� 	


������������
$*
��	��
3��������$�����������
�������*���


1�������������	�����%�7���	����	*�����	������������8+.:3�
��

����	���	���*����1	
��	**���	���-�!��8++:�$
���9"9,,3�
��

��
��������	�� 
�	������1	
� ���%������$
���� ����O���	
�	��

������!�������=O�������	*��	�����
>3���*���
�1������$����

��� �	�	�	� *	�
	�� =0��)	>� 	��� �������	����� 1���� 	

(���'��
';,,E� �����	�� �	���	� =�������� ����������>� ��� 	

&��

� !7��
 ��� �����
����� 1���� ��%%������	�� �����%������

�����	
�� �����
3� (������	��
� 1���� 	��	����� 	��� �	*����

$
����G����
�%��(�1��(������@53�

High-density oligonucleotide arrays
4�����7���

����	�	��
�
�1	
����%������	
���
���*��� 8;/:�

$
���� 	� �$
���-��
���������������	 ������$��������� 	��	�

=�A�&,,;!B� !%%������7>3� 
��� ����
� �����
������ ��� ���

	��	�� 	��� ���
������� ��� ���
� 
�$��� �����
����� ��� 9�+9;


��$���������������	 ����
�����������������	�����%�	��


����
����� ���0F#00-(�A
'
��G����	�	*	
�
� 	
��%� 
�����

9@@E3�����	������������
���%����
������
�
�������
$�������-

�	����	�	��%�8;@:3��	���������
������
�������������	��	��*��	


����%�?,�������$������������*�
�=?+���
>��	���������������


��$����3� 
�� �������� ���� 
����%������ �%� ��*����2	������ ���


	���
����%����*�
������	������	�
�������$�����������
�	���

6 Genome Biology Vol 2 No 5 ����	�
�
��	�




���	������	����
��������
������
�������������	��	�3�
�����%%��-

�����*��1�����������%�����	������*����2	�����
���	��	������

��
�	����
���	���
�����������	���������	*$��	�����%�	���)��

��	�
������	����	��$�	����	
���
�	)��	�����%%�������)	�$��=!)�

L�%%>� 8;5:3����������	� ����
� ��	�� 1���� ���� $�	�*��$�$
��

�����
������ *�� 	� ���*�� 
��� �%� ?,� ���*�� �	��
� ��� ���� 	��	�

1�����7��$����%����%$������	�	��
�
�=?@����*��
��
�1�������

$
���������
�
�$��>3

RNA sample preparation and hybridization
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Reverse transcriptase PCR (RT-PCR)
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