
Human and Clinical Genetics © JT den Dunnen 1



Human and Clinical Genetics © JT den Dunnen

DNA turns…
did you pay attention at school?advertisement

correct !
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Functional assays
confirm predicted consequences

Johan den Dunnen
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The question
I found a variant and want to know 

whether it may be related to the health 
problems I see in the individual  

What can I try in the lab ??

( not computer predictions )
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Share !!

found in diagnosis
prenatal 
at risk family muscular dystrophy 
no definite diagnosis

found in diagnosis
WES, trio analysis 
male parent 
45y,  healthy 
one of many variants

DMD gene

 c.5859C>T  r.(?)  p(Ser1953=)

you may have life saving information,
did you realize ?
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Database submission 1st

first example,

many should follow
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Topics
• share first, then... 

• analyse cells / tissue 

• RNA consequences 

• protein consequences 

• animal model 

• … 

• ( not computer predictions )
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The sample
• blood 

   
DNA collected,  sample also contains... 

        RNA 
        protein 

        cells
-use the opportunity 

-get new sample difficult 

-store
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Tissues
• analyse tissue from the patient 

works for cancer,  rare in other cases 
         e.g muscle biopsy 

    
• look 

abnormal structures 
       e.g. LMNA irregular shaped nucleus 
...required for expression cloning 

• stain 
protein  (antibody) 
       abnormal amount / location / … 
RNA  (probe) 
       abnormal amount / location / …
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Tissues
• effects can be direct or indirect 

• effect is full-genome 
   
influenced by all other variants in genome 
       
> proof by adding 1 variant to known genome
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Proteins

www.proteinatlas.org

antibodies
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Tissues / cells
• isolate DNA,  RNA,  protein 

   
• cell extract / purified protein 

measure activity (enzyme) 
      

• protein 
detect amount / size  (antibody) 
(co-)immunoprecipitation, … 
      

• RNA 
detect amount / size  (probe) 
study expression profile 
Protein Truncation Test  =  make protein

 12



Human and Clinical Genetics © JT den Dunnen

Patient cells
• cell culturing 

grow under specific conditions,  test function 

• complementation 
fuse cells, problem remains/solved ? 
         Fanconi anemia,  peroxisomal genes,  … 

    
• expression cloning 

express wt sequence in cell:  normalised? 

• ...tissue specific expression 
reprogram cell 
       myoD transfection  >  muscle cell 
         IPS  >  lineage specific culturing

 13



Human and Clinical Genetics © JT den Dunnen

MyoD differentiation

DMD/BMD 
diagnosis

make 'muscle' cells from any cell
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T-sensitive

low T:  dampens 
high T:  exaggerates
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Normal cells
• expression cloning variant 

dominant effect 
endogenous gene not expressed 
       overexpression  (recessive effects) 

    
• destroy normal gene  (CRISPR/Cas) 

effect detectable ? 
express variant;  compensation ? 

    

• express specific protein domain only 
simpler expressed 
       e.g DNA binding domain BRCA1 protein
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RNA
• effect on structure / integrity 

pre mRNA splicing 
       splice site (SD, SA), branchpoint,  
        ESE / ESS / ISE / ISS 

       
    

• altered stability / turnover 
cap-site, 
polyA adddition  (signal, site) 
folding,  miRNA binding 
    

• altered translation dynamics 
codon usage (rare/frequent codon) 
       effect on co-translational protein folding
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RNA
suggested reading,  before starting

culture cells with/without cycloheximide 
(inhibit NMD)
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Ribosome profiling

©Eleonora de Klerk

+ cross link 

• isolate ribosomes 
measure actively translated RNA 
+/- antibiotics 

cycloheximide,  block elongation 
harringtonin,  blocks initiation 
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Ribosome profiling

+ harringtonin

+ cycloheximide

Myog

©Eleonora de Klerk

Atf4 pORFuORF1 uORF2

expression stable,
translation upregulated 10x

Acta1
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Ribosome profiling
• discovery  (gene annotation) 

define start codon 
determine protein coding regions 
determine reading frame used 
is RNA translated ?   (identify ncRNA) 
detect uORFs 
equals RNA expression protein 
expression? 

• analysis   (diagnostics) 
ATG variants  (creating or destroying) 
uORF variants  (creating or destroying)
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Ribosome profiling

influence process  >  increase protein expression 

>  treat CF-patients
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Single cell

mix DNA + 
unique barcodes

amplify, pool, sequence

mix single cells + 
unique barcodes

RT-PCR

same barcode  = 
same cell
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First experiment
CELL 

RANGER

Using the Cell Ranger R package 

 cluster cells based on differential gene expression patterns 
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RNA splicing
• expression cloning 

clone exon(s) in splice construct 
transfect and express  (cell line) 
analyse splice products generated 

• NOTE 
artificial situation 
       not complete gene/intron 
        expression in other cell type  (tissue specificity) 

• RNA of patient preferable 
cell line, biopsy, …

TEMPERATURE
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TOD X-exome2

• variant last nucleotide exon 
alters splicing !? 

• RNA expression 
cultured cells / blood 

100% Xi ,  only normal allele expressed 
Xi always "affected chromosome"

©Yu Sun

Sun et al. 2010 
Am.J.Hum.Genet. 87: 146 
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TOD X-exome3

RNA

©Yu Sun

fibromas

Sun et al. 2010 Am.J.Hum.Genet. 87: 146 

• archived fibroma tissue 
( 15 year old ) 

both alleles expressed 
activated cryptic exonic splice site
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X-linked TOD4

• FLNA gene a surprise ? 
first FLNA mutations published 
the obvious candidate for TOD 

phenotypic overlap 

• 2004 gene analysed 
sent to expert  >  nothing reported back 
c.5217G>A was detected 

in vitro splice test negative 

• case could be solved 6 years before

We need to share & report ALL variants, immediately
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Aarskog-Scott syndrome
• Aarskog-Scott syndrome 

FGD1 gene screened 
      > no variants 

• whole exome capture 
no obvious variants 
lower thresholds 

©Yu Sun 
Emmelien Aten

intron -35delA variant
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Aarskog-Scott syndrome
• FGD1 intron -35delA variant 

predicted branch site 

• RNA analysis 
expressed in blood / fibroblasts 

©Yu Sun 
Emmelien Aten

P P C P     controls
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Aarskog-Scott syndrome
• why FGD1 variant missed ? 

primer on variant site 
not standard to screen to -50 

• exome capture 
lower coverage into intron 
variant filtering to -10 

many additional variants 
difficult to confirm 

• few branch site variants 
rare,  easily missed, 
difficult to proof

exome performed,  RNA analysis 
would be simpler  ...& much cheaper

www.LOVD.nl/FGD1

 31



Human and Clinical Genetics © JT den Dunnen

Animal models
• time consuming & costly 

mouse / rat 
zebra fish 
Drosophila 
C.elegans 
yeast 
… 

    
• existing models ? 

large international projects KO all genes
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Mouse model
• existing model  >  ”no”  phenotype 

realise not everything can be tested 
patient data  >  specific phenotyping
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Not like this

• unclear missense effect 
mouse model generated 
> no protein in mouse 
    > RNA analysis shows splice effect 
        > confirmed in human
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Zebrafish
• gene KO 

• embryos 
morpholino injection 
       downregulate expression 
         co-expression gene  (RNA)
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C. elegans
• knock-out  /  knock-in 

normal development? 
measure specific features
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Databases
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Colleagues
• specialists on genes / pathways 

database curators,  reviews 
      

• functional test 
frequently used, expert analysis 
       diagnostic lab may change from detect 
              variants to test variants 
unpublished data 

• saturation mutagenesis 
massive mutagenesis gene / gene region 
test all variants  (functional test) 
     

 38



Human and Clinical Genetics © JT den Dunnen

Functional tests ?
• ...
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Cartoon giraf public

©Mordillo
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