
Transcription  factors
How transcription factors
work
Proteins involved in the regulation of gene expression by 
controlling the transcription of DNA are called transcription factors. 
Transcription factors bind to DNA at specific sequences — for 
example, a gene’s promoter region — and it is only then that 
the RNA polymerase can bind to make mRNA (see Figure 1). The 
combination of transcription factors and RNA polymerase is known 
as the transcription initiation complex. This protein complex starts 
the transcription of DNA into mRNA, which subsequently acts as 
the template for protein translation. Transcription factors that are 
activators enhance gene expression. Reciprocally, transcription 
factors that are repressors decrease or block gene expression 
(see Figure 1). Together, these control the identity of cell types by 
ensuring each type of cell expresses a specific subset of genes.

Flies with legs on
their heads
All the cells in the body have the same 
genome and it is transcription factors 
that determine when, where and 
which specific genes are expressed. 
In the model organism Drosophila 
melanogaster, the transcription factor 
known as ‘Tinman’ is responsible for 
the development of the insect’s heart. If 
Tinman is missing, a heart cannot form. 
Pax6 is a transcription factor involved in 
eye development. In Drosophila, mutant 
flies lacking Pax6 are noticeably different 
from wild-type flies — they have no 
eyes (see Figure 2). The process of the 
formation of antennae in Drosophila is 
dependent on the transcription factor 
Antennapedia. It has been observed that 
if, due to a mutation, this transcription 
factor is itself expressed in the wrong 
place during development, the flies grow 
legs on their heads where the antennae 
should be (see Figure 3).

Stem cells
In humans, one role of transcription factors is to maintain the cellular function of stem cells. Stem 
cells are undifferentiated cells that can develop into either specialised cell types in the human body 
or simply divide to produce more stem cells. There is more than one type of stem cell, depending on 
the stage of human life. Embryonic stem cells — stem cells derived from the undifferentiated inner 
mass cells of a human embryo — are pluripotent, meaning they can form any cell type in the human 
body. Adult stem cells are multipotent and are vital for renewing damaged cells and tissues. Four 
transcription factors — Oct4, Sox2, Klf4 and c-Myc — play important roles in stem cell control. 
Oct4 forms a complex with Sox2 and controls the expression of genes responsible for pluripotency in 
embryonic stem cells. Klf4 can act as both activator and repressor of itself and genes involved in cell 
death (see pp. 10–13 this issue), and c-Myc activates the transcription of growth-related genes. 

Transcription factors are essential components in all organisms for the correct control of gene 
expression. Without these important factors our bodies would not be able function correctly.

Model organism  An organism suitable for 
studying a specific trait or disease that has 
a characterised genome.

Multipotent  Cells that have the ability to 
self-renew by dividing and develop into 
many specialised cell types. 

Promoter region  An area of DNA that 
defines where transcription of a gene by 
RNA polymerase begins.

RNA polymerase  The enzyme that 
synthesises RNA from a DNA template 
during transcription.

Wild-type  The normal, non-mutated 
version of a gene common in nature.

Terms explained 

Figure 3 Antennapedia 
mutant Drosophila. 
Legs have grown where 
antennae should be ×100
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Figure 1 Transcription factors can stimulate or suppress 
transcription of a target gene
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Figure 2 Coloured scanning electron micrograph of Pax6 mutant 
Drosophila melanogaster on the left opposite wild-type on the right. 
The mutant fly has not developed eyes ×100
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