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is influenced by epigenetic marks or tags (see Figure 
2.26). As a tag, histone acetylation tends to promote 
gene activity and is called a writer. Histone methylation 
and DNA methylation tend to inhibit it and are called 
erasers.

The environment can influence these writer and 
eraser tags. Tags help an organism respond to a chang-
ing environment. Some tags last a short time, whereas 
others can last a lifetime. In a now classic study, 
researchers observed that some rat mothers displayed 
high levels of nurturing behavior, licking and groom-
ing their pups, while others were less diligent (Weaver  
et al., 2004). Behaviorally, the offspring of the more 
active mothers were less anxious and produced less 
stress hormone when disturbed than pups cared for by 
more passive mothers. Further, the females raised by 

nurturing mothers became nurturing mothers themselves.
The intriguing part of this study was that the offspring of the rat mothers who showed more 

licking and grooming differed in epigenetic factors. Pups raised by passive mothers showed 
more DNA methylation than aggressively groomed pups in the regulatory sequences of a gene 
encoding the glucocorticoid receptor, which is a protein present in most cells in the body that 
mediates an animal’s response to the stress hormone cortisol. This excessive methylation was 
detected in the hippocampus, a brain region involved in learning and memory, and this causes 
nerve cells to make less of the receptor. Activation of the glucocorticoid receptor in the hippo-
campus actually signals the body to slow production of cortisol. The epigenetic reduction in 
receptor number exacerbated the stress response in the animals. This made the animals more 
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Gene off: Some epigenetic marks inhibit genes by inducing
tight folding of chromatin (DNA complexed with histones and other proteins) and
thus keeping genes from being read: methyl groups sometimes play that role.

Gene on: Other marks, such as acetyl groups, tend to spur gene activity
by helping to unfurl the chromatin.

Epigenetic Changes Alter Activity
Chemical tags known as epigenetic marks sit atop genes, either
on the DNA itself or on the histone proteins around which DNA
is wrapped (below). Changes in the mix of these marks can alter
a gene’s behavior, turning the gene off, so that protein synthesis
is inhibited, or turning it on—all without changing the information 
the gene contains.

FIGURE 2.26 Epigenetic Changes Alter Gene Activity
Genes can be turned on or turned off. Being tightly packed keeps genes in an inactive state by preventing access to processes that 
turn genes on. When action is needed, a section of DNA unfurls and the gene turns on. Whether a segment is relaxed and able to be 
activated or condensed resulting in no action is influenced by epigenetic marks or tags.

Source: Nestler (2011).

In a classic study, rat pups raised by actively nurturing mothers versus 
more passive mothers differed in epigenetic factors. 
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epigenetic marks or tags: 
factors that influence whether a 
gene segment is relaxed and able 
to be activated, or condensed, and 
thereby inhibited




