
Psych 3102 

Introduction to Behavior Genetics  

Lecture 6 

Nature of the genetic material 

http://www.copyno.com/warning.shtml


Review: Structure and function of 

DNA 
• Watson & Crick, 1953 

• nucleic acid   

 - chemical group to which RNA and DNA belong 

• nucleotide   
–  building block of nucleic acids 

– 3 subunits:  1.pentose sugar   2. phosphate group 

    3. nitrogen-containing base 

     purines adenine  (A) 

       guanine  (G) 

     pyrimidines thymine/uracil (T/U) 

       cytosine  (C) 

complementary base pairing:  A-T     C-G 

double helix 

 



only present 

during cell 

division 

chromatin 

form – 

present in 

active cell 



Requirements for a hereditary material 

1. ability to carry information and control protein synthesis 

2. ability to replicate accurately 

3. capable of variation 

 

1.How information controlling protein synthesis is carried 

genetic code     

 - universal 

 - triplets of nucleotides code for single amino acids 

Why a triplet? 

  

only 4 bases         20 amino acids to code for 

 43         64 possible codes          start   stop     ‘wobble’ 





Human genome  
• 3 billion base pairs  

        (3000 books, 500 pages each) 

 

• completely sequenced 

      1 error/100,000 bp 

 

• estimated 22,000 genes    (June2011) 

 sequenced all protein kinases  

                    all transcription factors 

 

• ~500 species sequenced 
recently: ‘chocolate’ tree, strawberry  (International 

                       Strawberry Sequencing Consortium) 

 

human/human genomes 99.9% identical 

human/chimp genomes 98.7% identical 

human/daffodil genomes 35% identical 



haplotype map still being finessed 

 

• haplotypes    

            small DNA regions 

            each inherited intact  

                  - alleles in haplotype are in linkage disequilibrium 

  

            vary across human populations  

            allow imputation 

 

 

genome    only changes if mutations occur 

                 does not vary cell to cell within one body barring somatic   

             mutations 

 

 

 



Other  ….omes being worked on 

vary organ to organ, cell to cell and temporally within one organism 

• epigenome  expression pattern (methylation) of the genome 

most variation (80%) is influenced by genome sequence (genotype) itself  

ie.functional effects of genetic variation extend into epigenetics 

 

• variome    all genetic variations that cause human disease 

              (China funding 25%, equivalent to world population %) 

 

• proteome all proteins able to be synthesized by a genome 

 

• transcriptome  all RNA molecules able to be synthesized 

2011 – comprehensive profile of human mitochondrial transcriptome 

2012 - an anatomically comprehensive atlas of the adult human brain transcriptome 

 

• metabonome  all metabolically regulated elements 

sex differences more than realized: 102 of 131 metabolites studied so far 

 

 

 



microbiome 

• all microbes present on/in human bodies 

• bacteria, fungi, viruses, protists 

• most found in digestive tract (100 trillion cells, 1000 species, 3-4lbs)) 

• 90% of protein-producing cells in the body are microbial 

• 99% of functional genes are microbial               - who inhabits who? 

• 23000 human genes, 8million microbiome genes 

• no 2 people have identical microbiomes 

recent survey of salivary bacteria (Stahringer et al, 2012 Genome Research) 

showed no greater similarity MZ versus DZ through early adulthood, shared e 

accounts for familiarity seen 

• different patterns of gut microbiota seen in lean versus obese 

humans 

• transfer of gut bacteria from obese to germ-free mice produced 2 

times increase in weight as transfer from lean mice  even though 

same food eaten 

• gut bacteria also implicated in risk for diabetes 2 

•  possibly depression , cancer 

  

 

 



Bacteria and behaviour    Gut instinct 

Tantalising evidence that intestinal bacteria can 

influence mood          Sep 3rd 2011 | from the print edition  

A GOOD way to make yourself unpopular at dinner parties is to point out that a typical person is, from a 

microbiologist’s perspective, a walking, talking Petri dish. An extraordinary profusion of microscopic critters 

inhabit every crack and crevice of the typical human, so many that they probably outnumber the cells of the 

body upon and within which they dwell. 

Happily, these microbes are mostly harmless. Some of them, particularly those that live in the gut, are 

positively beneficial, helping with digestion and keeping the intestines in good working order. That is no 

surprise—bacteria as much as people have an interest in keeping their homes in sound condition. What is 

surprising is the small but growing body of evidence which suggests that bacteria dwelling in the gut can 

affect the brain, too, and thereby influence an individual’s mood and behaviour. The most recent paper on the 

topic, published this week in the Proceedings of the National Academy of Sciences, reports (like much of the 

research in this field) on results in mice. 

The researchers, led by Javier Bravo of University College, Cork, split their rodent subjects into two groups. 

One lot were fed a special broth containing Lactobacillus rhamnosus, a gut-dwelling bacterium often found in 

yogurt and other dairy products. The others were fed an ordinary diet, not fortified with microbes. 

The team then subjected the mice to a battery of tests that are used routinely to measure the emotional states of 

rodents. Most (though not all) of these tests showed significant differences between the two groups of animals. 

One test featured a maze that had both enclosed and open tunnels. The researchers found that the bacterially 

boosted mice ventured out into the open twice as often as the control mice, which they interpreted to mean that 

these rodents were more confident and less anxious than those not fed Lactobacillus. 

In another test the animals were made to swim in a container from which they could not escape. Bacteria-fed 

mice attempted to swim for longer than the others before they gave up and had to be rescued. Such persistence 

is usually interpreted by students of rodent behaviour as evidence of a more positive mood. 

Direct measurements of the animals’ brains supported the behavioural results. Levels of corticosterone, a 

stress hormone, were markedly lower in the bacteria-fed mice than they were in the control group when both 

groups were exposed to stressful situations. The number of receptors for gamma-aminobutyric acid, a natural 

chemical messenger that helps dampen the activity of certain nerve cells, varied in statistically significant 

ways between the brains of the two groups, with more in some parts of the treated animals’ brains and fewer in 

others. Most intriguing of all, when Dr Bravo cut the animals’ vagus nerves—which transmit signals between 

the gut and the brain—the differences between the groups vanished. 

The idea that gut-dwelling microbes can affect an animal’s state of mind may strike some people as 

outlandish, and there are certainly loose ends still to be tied up. Beyond their evidence that the vagus nerve is 

crucial to the relationship, for example, Dr Bravo and his colleagues do not yet know the precise mechanisms 







•       less than 2% of genome is protein-coding (exon)  

•     produces ½-1.5m proteins 

     most genes express multiple mRNA isoforms  through eg. alternative    

 splicing, selection of alternative 5`, 3` ends 

     brain – alternative splicing important in development + normal function in maturity   

 

•      98%?  much of this used to be called ‘junk’ DNA, now more  

   respectfully called non-coding, or ‘dark matter’ 

 

ENCODE  ENCyclopedia Of DNA Elements project 

• aims to assign functions to all DNA 

• recently (Sept, 2012) released research assigning roles to 80% of DNA 

         - ¾ of the genome is involved in making RNA which helps regulate 

 gene activity 

         - 4 million sites mapped where protein binds to DNA to regulate gene 

 function  (acts as ‘switches’ to turn genes on and off) 

            

                 



Human genome and inherited disease 
• 3000 (out of  +20,000) human genes known to have at least 1 mutation 

that causes an inherited disease 

• Information kept on NCBI  (National Center for Biotechnology 

Information)  now also Human Variome Project 

• 1/3 to ½  of all genes are expressed in the brain  - more expressed than 

in any other organ 

        reflected in large number of neurogenetic disorders 

        >30% of Mendelian diseases have neurological manifestations 

 

accurate diagnosis & counseling possible for single-gene causes with 

known genome location   

Most genetic disorders, however, show any or several of the following: 

      genetic heterogeneity, variable expression, incomplete penetrance,       

anticipation, phenocopies, imprinting      even mitochondrial inheritance 

          there may also be undetected epistasis and GxE interactions 

  - all complicate relating phenotype to genotype 



Protein synthesis 

- how the information coded into DNA is used 

1. transcription 

 DNA code is transcribed 
to form mRNA molecule 

          RNA polymerase 

2. RNA processing 

 introns spliced out leaving 
exons 

alternative splicing (+1/2 of all      
       genes) 

3. translation 

 mRNA code is translated 
into sequence of amino 
acids to form polypeptide 

microarrays – used to study 
expression of many genes at 
once  (transcriptome) 

 







General transcription factors (green ovals) 

bind to core promoter regions through 

recognition of common elements such as 

TATA boxes and initiators (INR). However, 

these elements on their own provide very 

low levels of transcriptional activity owing 

to unstable interactions of the general 

factors with the promoter region. Promoter 

activity can be increased (represented by 

+) by site-specific DNA-binding factors (red 

trapezoid) interacting with cis elements 

(dark blue box) in the proximal promoter 

region and stabilizing the recruitment of the 

transcriptional machinery through direct 

interaction of the site-specific factor and 

the general factors (step 1). Promoter 

activity can be further stimulated to higher 

levels by site-specific factors (orange 

octagon) binding to enhancers (step 2). 

The enhancer factors can stimulate 

transcription by (bottom left) recruiting a 

histone-modifying enzyme (for example, a 

histone acetyltransferase (HAT)) to create 

a more favourable chromatin environment 

for transcription (for example, by histone 

acetylation (Ac)) or by (bottom right) 

recruiting a kinase that can phosphorylate 

(P) the carboxy-terminal domain of RNA 

polymerase II and stimulate elongation 

 Nature Reviews Genetics 10, 605-616 (September 2009) 

| doi:10.1038/nrg2636Insights from genomic profiling 

of transcription factorsPeggy J. Farnham1 

 



Serotonin-receptor (1A subtype)  - amino acid sequence 



DNA replication 

- how DNA copies are produced 

• occurs during S-phase of 
interphase 

1. DNA double helix is 
unwound 

2. strands are separated 

3. DNA polymerase creates 
new strand on each 
template (original) strand 

 

semi-conservative replication 

http://www.youtube.com/watch?
v=4PKjF7OumYo&eurl=htt
p://io9.com/5142583/the-
most-awesome-science-
video-about-dna-ever-
made  

http://www.youtube.com/watch?v=4PKjF7OumYo&eurl=http://io9.com/5142583/the-most-awesome-science-video-about-dna-ever-made
http://www.youtube.com/watch?v=4PKjF7OumYo&eurl=http://io9.com/5142583/the-most-awesome-science-video-about-dna-ever-made
http://www.youtube.com/watch?v=4PKjF7OumYo&eurl=http://io9.com/5142583/the-most-awesome-science-video-about-dna-ever-made
http://www.youtube.com/watch?v=4PKjF7OumYo&eurl=http://io9.com/5142583/the-most-awesome-science-video-about-dna-ever-made
http://www.youtube.com/watch?v=4PKjF7OumYo&eurl=http://io9.com/5142583/the-most-awesome-science-video-about-dna-ever-made
http://www.youtube.com/watch?v=4PKjF7OumYo&eurl=http://io9.com/5142583/the-most-awesome-science-video-about-dna-ever-made
http://www.youtube.com/watch?v=4PKjF7OumYo&eurl=http://io9.com/5142583/the-most-awesome-science-video-about-dna-ever-made
http://www.youtube.com/watch?v=4PKjF7OumYo&eurl=http://io9.com/5142583/the-most-awesome-science-video-about-dna-ever-made
http://www.youtube.com/watch?v=4PKjF7OumYo&eurl=http://io9.com/5142583/the-most-awesome-science-video-about-dna-ever-made
http://www.youtube.com/watch?v=4PKjF7OumYo&eurl=http://io9.com/5142583/the-most-awesome-science-video-about-dna-ever-made
http://www.youtube.com/watch?v=4PKjF7OumYo&eurl=http://io9.com/5142583/the-most-awesome-science-video-about-dna-ever-made
http://www.youtube.com/watch?v=4PKjF7OumYo&eurl=http://io9.com/5142583/the-most-awesome-science-video-about-dna-ever-made
http://www.youtube.com/watch?v=4PKjF7OumYo&eurl=http://io9.com/5142583/the-most-awesome-science-video-about-dna-ever-made
http://www.youtube.com/watch?v=4PKjF7OumYo&eurl=http://io9.com/5142583/the-most-awesome-science-video-about-dna-ever-made
http://www.youtube.com/watch?v=4PKjF7OumYo&eurl=http://io9.com/5142583/the-most-awesome-science-video-about-dna-ever-made
http://www.youtube.com/watch?v=4PKjF7OumYo&eurl=http://io9.com/5142583/the-most-awesome-science-video-about-dna-ever-made
http://www.youtube.com/watch?v=4PKjF7OumYo&eurl=http://io9.com/5142583/the-most-awesome-science-video-about-dna-ever-made
http://www.youtube.com/watch?v=4PKjF7OumYo&eurl=http://io9.com/5142583/the-most-awesome-science-video-about-dna-ever-made
http://www.youtube.com/watch?v=4PKjF7OumYo&eurl=http://io9.com/5142583/the-most-awesome-science-video-about-dna-ever-made


DNA sequence mutations 
why DNA varies,  makes evolution possible 

• copying errors 

 - somatic mutations  - not passed on to offspring 

 - germ-line mutations – passed on to offspring 

• the only way new alleles are formed 

• almost always deleterious 

point mutations     newly arising = de novo mutations   

- single base-pair changes in nucleotide sequence  

- commonly called SNPs – single nucleotide polymorphisms 

Also possible: 

DNA sequence changes of longer length  eg triplet repeats 

chromosome mutations – changes in number or   

          structure of chromosomes 



DNA polymerase 

    - prob. of mismatch per 

base pair per replication 

   = 10-5 

 

Proofreading function 

  - prob. of not correcting 

mismatch 

   = 10 -2 

 

Postreplication mismatch 

repair 

   - prob. of not correcting 

mismatch 

   = 10-3 

 

Overall prob. of nucleotide 

substitution per base pair 

per replication 

  = 10-5 x 10 -2 x 10-3 

  = 10-10 

 



Introduction of point mutation by deamination of cytosine 





Point mutations 

1. Substitutions 

 one base-pair is substituted for another 

synonymous mutations   (neutral, silent) 

- base-pair substitution produces no change in 

amino acid sequence(synonymous) and/or no 

change in function (silent, neutral) 
Tp53   tumor suppressor gene, codes for transcription factor that 

controls many genes important for regulating cell cycle 

    mutated in almost all cancer cells – some point mutations 

produce change in function 

but     >200 point mutations occur naturally that produce NO     

           change in function or increase in cancer risk 

 

 

 







missense  (non-synonymous) mutation 

- base-pair substitution results in 

substitution of amino acid and change in 

function of protein product  

-  result is a  functional polymorphism      

- sickle cell    cystic fibrosis 

  

PKU    

codon 1  AUG  GUG    start  val     no  product 

codon 408 CGG  UGG    arg  trp     low activity 



Glutamic acid to asparagine substitution  



Sickle cell point mutation 

     glutamic acid to valine substitution codon 6 



Polymorphic locus    -   non-synonymous (missense) mutation 

     if there is a difference in the functionality of the protein 

produced, the locus is said to have functional polymorphism 



nonsense mutation 

- base-pair substitution results in stop codon 

and premature ending of polypeptide chain 

- result is a functional polymorphism 

 

Duchenne muscular dystrophy 

cystic fibrosis 

10% of patients have STOP codon instead 

of amino acid codon in middle of gene 





2. Insertions and deletions 

- base-pairs are added or removed from the sequence 

frameshift mutation 

- triplet reading frame is disrupted if bases are added 

or deleted (unless multiples of 3 bases are added or deleted) 

- result is extensive missense , non-functional product 

  all amino acids after the mutation are altered 

  stop codon may be introduced 
wildtype sequence:  the big boy saw the new cat eat the hot dog 

 

point deletion:          the big oys awt hen ewc ate att heh otd og_ 

 

point insertion:         the big boy saw tth ene wca tea tth eho tdo g 

  





triplet repeat mutation 
- addition or removal of 3 base-pairs at once will NOT disrupt 

the reading frame 
    delete one codon: 

           the big boy the new cat eat the hot dog       1deleted amino acid 

     delete across codons:                        

           the big baw the new cat eat the hot dog     1 amino acid sub for 2 

 
- triplet addition leads to additional amino acids of the same 

type being added   

 
Huntington mutation   CAG repeat   polyglutamine     

            normal= 6-35 repeats  

          mutation=36-150 repeats 





How are these mutations (polymorphisms) 

detected? 
Fragment-length polymorphisms ( and microsatellites) : 

restriction enzymes 

 - cut DNA at specific points in the sequence 

a point mutation may change the restriction point sequence 
– DNA will not be cut 

 - DNA fragments of different sizes will be detected 



How are polymorphisms detected? continued 

polymerase chain reaction 

- amplifies DNA sequence to be studied 

http://www.maxanim.com/genetics/PCR/pcr.swf 

 

electrophoresis 

- separates DNA fragments for genotyping or 
identification of markers present 

 

To detect SNPs: 

-separate DNA strands, allow to hybridize to 
single-stranded probe for one or the other 
allele, fluorescence indicates which probe has 
been bound and therefore which allele is 
present 

 

genetic (DNA) marker 

- any sequence of known location that varies from 
person to person and can be genotyped, used 
to identify regions of DNA associated with 
variation for a trait 

 

 



Types of polymorphisms 

1.RFLPs   - restriction fragment length polymorphisms 

 

2.tandem repeat polymorphisms (microsatellites) - 
differences in number of copies of a repeated DNA 
sequence, abundant, highly polymorphic 

 simple sequence repeats  (SSRs): 
     5’ACACACACACAC…….3’   dinucleotide repeat 

     CAGCAGCAGCAGCAGCAG… trinucleotide repeat 

 variable number tandem repeats  (VNTRs): - 
repeated unit is +10 nucleotides, easily detected, used in DNA 
‘fingerprinting’ 

 

3. SNPS  - single nucleotide polymorphisms, only 2 alleles 
possible   also called SNVs if mutation <1% of population 

4. copy number variants   duplications of stretches of DNA,  
microdeletions – deletion of short stretches of DNA 

 



Copy number variants   (CNVs) 

• elevated burden found in those with schizophrenia, autism, 

bipolar disorder, intellectual disabilities 

• some studies link particular CNVs with the disorder 

• most CNVs seem to effect a broad range of disorders 

• rarely fully penetrant   ie.they act as risk factors 

• limited effect 

• similar to limited effect of de novo mutations in exons 



Autism – de novo exon mutations   (Neale et al, Nature, 2012) 

• distributed across many genes (confirming highly polygenic nature) 

•  incompletely penetrant   (act as risk alleles)     

• exon mutations shown to cause 5-20x increase in risk 

• Important but limited effect 

Study found: 

161 exon point mutations :   101 missense,   50 silent,  10 nonsense,  

    6 frameshift insertions/deletions 

- only the nonsense mutations were at significantly greater frequency than 

expected 

- maternal and paternal age strongly predicted number of de novo 

mutations 

- overall mutation rate only slightly higher than expected 

- 1.5 x 10-8   versus  expected 1.2 x 10-8  for exon sequences 

 



Chromosome mutations 

- changes in chromosome number or structure 

- more than one gene affected, effects on 

phenotype more severe 

 

Changes in chromosome number   aneuploidy 

non-disjunction   

- process that causes aneuploidy 

- failure of homologous chromosomes (or 

chromatids) to separate during cell division 

- unpaired autosomes at meiosis are inactivated    

so no survival of autosomal monosomies 



can happen at mitosis also 



Chromosome abnormalities per 100,000 recognized human pregnancies 

 

Chromosome  Number among    Number among 

  constitution  spontaneously aborted fetuses     live births 

 

Normal   7500      84,450 

 

Trisomy 

 13   128        17 

 18   223        13 

 21   350      113 

Other autosomes          3176           0 

 

Sex chromosomes 

 XYY     4       46 

 XXY     4       44     but rising 

 XO          1350        8 

 XXX    21       44 

Polyploid 

 Triploid         1275        0 

 Tetraploid          450        0 

Other (mosaics etc)        280      49 

 Totals       15,000         85,000 

TOTAL with chromosome abnormalities       7500      ie. half of all spontaneous abortions 



Human chromosome aneuploidies 

• no autosomal monosomies survive 

• 3 autosomal trisomies 

     all involve small chromsomes with relatively few 

genes 

           chr  21    374 genes       Down syndrome 

   risk rises with age of mother, from 1 in 3000 at 29     to 1 in 40 at age 45 

           chr 13     332 genes       Patau syndrome 

           chr 18     243 genes       Edward syndrome 

 

surviving sex chromosome aneuploidies more 

common  



For prenatal diagnosis,  how are fetal cells obtained prior to 

birth? 



Amniocentesis 

 

 

14-16 weeks 

 

 

 

 

 

 

 

 

 

 

Chorionic villus 

sampling 

 

8-10 weeks 

but x3 risk of 

miscarriage 

above amnio 

New non-invasive 

methods soon to 

be approved 



Autosomal trisomies 

trisomy 21 Down syndrome 

1 in 1000 (average) live births 

¼ of all retarded individuals 

incidence increases with age of Mom 

 

trisomy 13  Patau syndrome 

1 in 12,000 live births 

fatal, live ~ 3 months 

 

trisomy 18  Edward syndrome 

1 in 10,000 live births (1 in 3000, 95% die in utero) 

av lifespan = 5-15 days     only 5-10% live 1 year 



Sex chromosome aneuploidies 

- more common, trisomies all around 1 in 1000 

- less deleterious since extra X chromosomes are inactivated, 
Y has few genes 

 

XXY Klinefelter male 
 

     1 in 500-1000 live births 

           almost 2/3 undiagnosed 

                 incidence rising 

only aneuploidy known to be 50%  paternal meiosis I non-disjunction 

 

     some feminine features unless treated 

 

     leading cause of male sterility 

 

 

 



Untreated 



Treated 



XXX  Triple X female  

  approx 1 in 1000 

    normal female, fertile 

    most undiagnosed 

increased risk of learning disabilities 

 

XYY  
    approx 1 in 1000 

    normal male, fertile 

    97% undiagnosed 

increased risk of learning disabilities? 



XO Turner female 

 
only viable human monosomy 

 

1 in 3000 live births 

 

sterile 

 

no secondary  sex characteristics 

 

untreated 



At birth 
Karyotype 

Treatment 


