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IS IT GENETIC? 
How do genes, 
environment and 
chance interact to 
specify a complex 
trait such as 
intelligence? 
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Complex inheritance patterns:  sorting out the terminology 
 
   Polygenic inheritance: the phenotypic variation in a single trait is due to 
allelic differences in more than one gene -- usually implies several genes with 
additive effects that control the phenotype  
 
   Multifactorial inheritance: the phenotypic variation in a trait is due to 
allelic differences in more than one gene AND the environment also influences 
the trait 
 
Complexities arise when the association between genotype and 
phenotype breaks down 
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HEY -- NOT 
SO FAST:  
even the 
expression of  
monogenic 
traits can be 
complicated 
 
TIG July 1999, volume 15, No. 7   
Monogenic Traits are Not 
Simple: lessons from 
phenylketonuria
 

●	  	  Albinism 



 4 

Single-gene (monogenic) traits 

• Phenotypic variation is typically discrete (often comparing sharply 
contrasting phenotypes) 

• Single-gene differences can explain the difference between these discrete 
phenotypes 

• If there is phenotypic variability that doesn’t fit easily into discrete 
categories, the phenotypic extremes (such as normal and profoundly deaf 
individuals below) can be explained by differences in a single gene 

 
 Inherited deafness is a genetically heterogeneous, monogenic trait: 
• mutations in any one of 30 different genes can cause profound deafness  

 
phenotype W  ↔   phenotype D 

only one* gene is different 
 

W= wild-type (normal hearing)   D= deaf 
*of many possible genes 
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Complex inheritance patterns:  sorting out the terminology 

 
From your textbook: 
   Complex inheritance: involves multiple genes plus environmental factors – 
essentially the same as multifactorial 
 

Types of traits 
Quantitative traits: show a continuous range of variation and do not behave in 
a simple mendelian fashion 
 
Threshold traits: the expression of the different phenotypic states depends on a 
combination of multiple genetic and/or environmental factors that place an 
individual above or below a critical value for trait expression 
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Human Molecular Genetics  4th edition:  Sorting out terms 
 
complex phenotype – one that can have a variety of different causes and modes 
of inheritance in different people 
 
multifactorial: a character that is determined by some unspecified combination 
of genetic and environmental factors 
 
polygenic:  a character determined by the combined action of a number of 
different genetic loci; mathematical polygenic theory assumes there are very 
many loci, each with a small, additive effect 
 
quantitative character: a character that shows continuous distribution 
• like height, which everyone has, but to differing degree  
• as contrasted with dichotomous (discrete) character, like polydactyly, which 

some people have and others do not  
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Complex Traits 
• Allelic variations in a single gene cannot explain the phenotypic 

variation (especially phenotypic extremes) 
• Two or more genetic differences (and the environment in some cases) 

determine the phenotypic difference between two individuals with 
respect to a specific trait 

• Continuous rather than discrete variation OR threshold trait 
 
In multifactorial traits [such as NIDDM (late onset) diabetes] 
• the difference between a normal and diabetic individual reflects 

allelic differences in more than one gene 
• in other words a single gene difference isn’t sufficient to generate 

a “NIDDM diabetic” phenotype 
phenotype W  ↔   phenotype D 

multiple genetic differences 
W= wild-type (not diabetic)  D =  severe NIDDM diabetic 
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Notice the how the genetic component is described here: 

 
Variant Gene Linked to Diabetes Is Carried by 38% of 
People  
 By Michael Smith , MedPage Today Staff Writer 
 
Type 2 diabetes is a complicated multifactorial disease, which is linked to obesity and 
inactivity, although there are clear genetic predispositions to the disease in some 
groups.  
  
REYKYAVIK, Iceland, Jan. 16, 2006 - A variant gene (a variant allele or polymorphism) carried by 
about 40% of the population sharply increases the risk of type 2 diabetes, researchers here 
have reported. 
 The link between the gene TCF7L2 (transcription factor 7-like 2 gene) and 
diabetes was found by analyzing genetic records of Icelanders, and was confirmed in a 
Danish and a European-American cohort, according to scientists from Iceland's deCODE 
Genetics Inc. 
 Carrying one copy of the variant increases the risk of type 2 diabetes by 45% 
and carrying two copies increases the risk by 141%, said Kari Stefansson, M.D., 
chief executive officer of deCODE and senior author of a study reported online in the 
journal Nature Genetics. 
 Dr. Stefansson and colleagues estimated that 38% of the population carries one copy 
of the variant allele and 7% carries two copies. The researchers estimated the population 
attributable risk of the gene variant to be 21%. In other words, if all of the variant genes 
were somehow eliminated, 21% of diabetes cases would also vanish. 
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IRIS color is a polygenic trait 

• Human iris color is considered a polygenic trait and exists on a continuum 
from the lightest shades of blue to the darkest of brown or black 

• At least eight genes are known to be associated with eye colour.  
• These genes code for proteins involved in the production or distribution of 

eumelanin and pheomelanin pigments in the iris, skin, and the hair  
• The strongest effect on eye color is determined by two adjacent 

genes, OCA2 and HERC2, on chromosome 15 
• but even these two genes don't paint the full picture. 
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Am J Hum Genet. 2007 February; 80(2): 241–252.  
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Continuous variation is characteristic of complex traits 
 

DISCRETE VS. CONTINUOUS TRAITS  
• Most of the traits that we’ve examined thus far are discrete in the sense that they vary 

discontinuously 
• the phenotypic variations show clear-cut, clearly defined differences.  
• In contrast many traits vary continuously, and exhibit many intermediate forms 
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Reading ability is an example of a continuous trait 

specified by a complex interaction of genotype and environment 

 
Y axis: number of individuals   X axis= reading ability 

 
Symbols explained on next page 
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Graph show a phenotypic distribution typical of a continuous trait: 
• the smallest proportion of the population is on the phenotypic extremes  
• the largest proportion of the population exhibits the intermediate 

phenotype 
 
• Graph shows 100 individuals each represented by an oval 
• Oval color indicates the genotype of each individual with respect to 

two hypothetical genes involved in reading ability 
• green oval - individual has the disabling variant of one gene 
• blue oval - individual has the disabling variant of one gene 
• red oval - individual has disabling variants of both genes 
 
 

What does this graph suggest about the  
genetic control of reading ability? 
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These genes influence reading ability as probabilistic 
propensities rather than as predetermined programs 
     
 

in this example genes relating to 
attention deficit disorder? 

dyslexia? 
nervous system development? 

intelligence? 
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Non-genetic influences on the expression of genetic propensities

 



 17 

Non-genetic influences on the expression of genetic propensities 
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How do we identify genes conferring  
probabilistic propensities? 

 
genome-wide linkage studies  
• establish statistically significant genome-wide evidence for linkage 

between a trait or disease state and a specific chromosomal location 
• apply the positional cloning strategy to a complex trait 
 

 
genome-wide association studies  (next lecture) 
• establish significant genome-wide evidence for a statistical 
association between a particular SNP and a disease state or trait  
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Identifying such genes has been very difficult because 
of the absence of an absolute correlation between 
genotype and phenotype 

 

 
Science 298, 2345 (2002) 
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A short review of false starts and broken promises 
Manic Depression (Bipolar), Schizophrenia 

& Major Depression  
 
Note: in the examples that follow, no one questions the 
existence per se of a genetic component or components
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Never  mind 
Nature  vol 342   Nov. 16, 1989.    In 1989, Egeland's group published a "re-evaluation" of their own findings (Kelsoe et al. 1989), 
also in Nature, based on a change in diagnosis for two family members, as well as new data from additional family members. The 
updated analysis demolished the statistical argument; they now "excluded" their proposed linkage. In discussing this reversal, they 
introduced the possibilities that the original linkage was "due merely to chance," that a single gene might not have a major effect on 
manic depression, and "that non- genetic factors may contribute." They suggested that the reevaluation had highlighted "problems 
that can be anticipated in genetic linkage studies of common and complex neuropsychiatric disorders." 
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Never  mind 

 



 24 
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Never  mind 
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These studies have been plagued with methodological 
problems: 

1.Failure to adequately define the trait under study 
2.Bias in the selection of cases and controls 
3.Inadequate sample sizes 
4.Misuse of statistical methods  

      (Who said: “lies, damn lies and statistics”?) 
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Science 18 July 2003:   Vol. 301. no. 5631, pp. 386 - 389 
 
Influence of Life Stress on Depression: Moderation by a 
Polymorphism in the 5-HTT Gene 
 
 In a prospective-longitudinal study of a representative birth cohort, we 
tested why stressful experiences lead to depression in some people but 
not in others. A functional polymorphism in the promoter region of the 
serotonin transporter (5-HT T) gene was found to moderate the influence 
of stressful life events on depression. Individuals with one or two copies 
of the short allele of the 5-HT T promoter polymorphism exhibited more 
depressive symptoms, diagnosable depression, and suicidality in relation 
to stressful life events than individuals homozygous for the long allele. 
This epidemiological study thus provides evidence of a gene-by-
environment interaction, in which an individual's response to 
environmental insults is moderated by his or her genetic makeup. 
 
LINK to summary of this article: 
http://fire.biol.wwu.edu/trent/trent/depressionpolymorph.htm 
 
LINK to original journal article: 
http://fire.biol.wwu.edu/trent/trent/lifestress.pdf 

http://fire.biol.wwu.edu/trent/trent/depressionpolymorph.htm
http://fire.biol.wwu.edu/trent/trent/lifestress.pdf
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Gene–environment interaction (aka genotype–environment 
interaction or GxE):  the phenotypic effect of interactions between 
genes and the environment. 
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Fig. 2.  Results of regression analysis estimating the association between childhood 
maltreatment (between the ages of 3 and 11 years) and adult depression (ages 18 to 26), as a 
function of 5-HT T genotype.  

• Among the 147s/s homozygotes, 92 (63%), 39 (27%), and 16 (11%) study members were in the no 
maltreatment, probable maltreatment, and severe maltreatment groups, respectively. 

• Among the 435 s/l heterozygotes, 286 (66%), 116 (27%), and 33 (8%) were in the no, probable, and 
severe maltreatment groups. 

•  Among the 265 l/l homozygotes, 172 (65%), 69 (26%), and 24 (9%) were in the no, probable, and severe 
maltreatment groups.  
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Fig. 3. The percentage of individuals meeting diagnostic criteria for depression at age 26, 
as a function of 5-HT T genotype and number of stressful life events between the ages 
of 21 and 26.  
 
The figure shows individuals with either one or two copies of the short allele (left) and 
individuals homozygous for the long allele (right). In a hierarchical logistic regression model, the main effect of 
genotype (coded as s group = 0 and l group = 1) was not significant, b = –0.15, SE = 0.21, z = 0.72, P = 0.47; the main effect of 
number of life events was significant, b = 0.34, SE = 0.06, z = 5.70, P < 0.001; and the interaction between genotype and number 
of life events was significant, b = –0.30, SE = 0.15, z = 1.97, P = 0.05. 
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Science – 
Depression 
Polymorph 
Runner up for 
discovery of the 
year in 2003 
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Who is this anyway? 
 

"If you thought that science was certain - 
well, that is just an error on your part."  
 
“It doesn’t matter how beautiful your 
theory is, if it doesn’t agree with 
experiment, it’s wrong.” 
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http://www.ucsf.edu/news/2009/06/8186/depression-gene-
risk-doubted 

 
 

 

http://www.ucsf.edu/news/2009/06/8186/depression-gene-risk-doubted
http://www.ucsf.edu/news/2009/06/8186/depression-gene-risk-doubted
http://www.ucsf.edu/news/2009/06/8186/depression-gene-risk-doubted
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2011   The Debate Continues 
A challenge to the challengers of the depression polymorph 
paper 

 
 

 
\ 

http://fire.biol.wwu.edu/trent/trent/resurrecting%20depression%20gene.pdf 

http://fire.biol.wwu.edu/trent/trent/resurrecting%20depression%20gene.pdf
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How do we identify genes conferring  
probabilistic propensities? 

 
genome-wide linkage studies  
• establish statistically significant genome-wide evidence for linkage 

between a trait or disease state and a specific chromosomal location 
• apply the positional cloning strategy to a complex trait 
 

 
genome-wide association studies  (next lecture) 
• establish significant genome-wide evidence for a statistical 
association between a particular SNP and a disease state or trait  

• GWAS strategy, progress, problems and pitfalls (the missing heritability) 
 

  
 


