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Question 2: How can you explain human complexity when we have so few protein coding genes, e.g. 
about 5,000 less than a cucumber? 

A genome is an organism’s complete set of DNA which contains the genetic information needed to develop 
and control the functioning of every organism (1). DNA molecules have twisted strands which are made up 
of nucleotide bases. They are adenine (A), thymine (T), guanine (G) and cytosine (C) (2). The human 
genome has around 3 billion of these pairs; the 23 pairs of chromosomes have about 50,000,000 to 
300,000,000 base pairs which carry the instructions for making proteins (1). 

Before our DNA was sequenced, people thought we had 100,000 genes but on April 14, 2003, after the 
successful human completion of the genome project, it was revealed that humans have approximately 
20,000 to 25,000 genes (3). Furthermore, the Human Genome Project Information page said, in 2004, 
that “this lower estimate came as a shock to many scientists because counting genes was viewed as a way 
of quantifying genetic complexity” (4). In fact E. coli, a simple bacterium, has about 4,300 genes; C. 
elegans, a little worm, has 19,000 genes; Arabadopsis thaliana has 28,000 genes and Oryza sativa, rice 
plant, upwards of 50,000 genes (4). The discovery of these species number of genes did no longer sustain 
the old believe, that stated complexity and number of genes were totally related to each other [adding, 
MS]. 

This apparent paradox was resolved after developing a reasonable understanding of the non-coding 
elements of the genome (4) versus the coding sequences [addition; MS]. On one hand “a protein-coding 
gene consists of a promoter followed by the coding sequence, the protein and then a terminator”. The 
promoter is a base-pair sequence that specifies where transcription begins. The terminator is a sequence 
that specifies the end of the mRNA transcript. The coding sequence contains the information for the 
polypeptide chain specified by the gene (5) so that it is the DNA piece that will be translated into a 
protein with an ultimate specific cellular function [addition; MS].  

On the other hand non-protein-coding genes or ncRNAs (non-coding RNAs) are portions of DNA, within 
the gene sequence, that are not translated into a protein but still play a very important role in protein 
translation. These genes are important for their potential to regulate gene expression (6). “The potential 
importance of ncRNAs is suggested by the observation that the complexity of an organism is highly 
correlated with its number of ncRNA genes” and that in the human genome there is only a 2 or 3% of 
genetic sequences that will become proteins (6).  

A gene can have many base pairs but not all of them will turn into a protein. In fact these protein-coding 
genes are known as exons, because they will be translated into molecules with a biological function. The 
non-protein coding sequences are inserted in portions of DNA called introns and will develop a varied 
range of RNA molecules that will control gene expression and, consequently, the synthesis of proteins (3) 
“Both exons and introns are transcribed to yield a long primary RNA transcript. Introns are then removed 
by splicing to form the mature mRNA” (7). This mRNA is the one leading to proteins while introns will 
develop a varied range of ncRNA [adding; MS]. 

To sum up, I have to point out that, nowadays, it is widely acknowledged that non-coding sequences are 
the elements of our genome making the difference to explain complexity (3). Reaching this conclusion 
could have never been possible if our entire genome had not been sequenced along with other species to 
compare them all [adding; MS]. The scientific community doesn´t have any reason to correlate gene 
number and complexity (3) and has a new research field: to discover what ncRNAs are responsible for 
within gene expression control [adding; MS]. 

 

http://en.wikipedia.org/wiki/Translation_(genetics)
http://en.wikipedia.org/wiki/Protein
http://en.wikipedia.org/wiki/Gene_regulation
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