
Chromosome Structure

& Mobile Elements

September 27 - Chromatin structure and mobile genetic elements RH (6.1-6.3, 6.6-6.7) 

September 30 - Genomics RH (6.5) 





Chromosomal Organization

ÅEach human cell contains 2 meters of 

DNA.

ÅThe human genome contains 23 pairs of 

chromosomes.

ÅHow are chromosomes organized?

ÅHow are chromosomes packaged?







Higher eukaryotes contain large 

amounts of non-coding DNA.



Composition by Category



Major Classes of Sequences



ENCODE Project 

Challenges 

Assumptions

Å1% of human genome 
selected for detailed 
analysis. 

ÅGenome is ñpervasively 
transcribedò

ÅTranscription start sites 
more complex

ÅChromatin structure 
underestimated

ÅIntegration of multiple 
sources of information 
yields new mechanisms 
and insights



Genes and Gene Families

ÅGenes may be ñsolitaryòðonly one copy 

per genome and not related to other genes 

(25-50% of genes).

ÅDuplicated genes are close in sequence 

but not identical (~50% of genes). Gene 

family.

ÅWhat is the source of gene families?



Unequal crossing over

ÅUse homologous repeated sequence 

elements (e.g. L1) to drive recombination.



Or use homologous exonsé



Genetic drift and pseudogenes

ÅDuplicated genes accumulate mutations 
(genetic drift).

ÅAs long as one copy is functional, second 
can diverge without penalty.

ÅIf mutations inactivate gene, becomes 
pseudogene.

ÅContinued mutation or rearrangement may 
give rise to new function, may be 
selectable phenotype; new gene.



Tandem repeats

ÅBest example is the ribosomal RNA-

encoding genes (transcribe large 

precursor processed into mature rRNAs).

ÅHead-to-tail, near-perfect repeated 

sequences.

ÅHumans typically contain ~100 repeats.

ÅAllows parallel transcription of key cellular 

component (rRNA).



Very short, ñsimple-sequenceò DNA 

may be localize on chromosomes

Å~3% genome

Å1-13 bp repeats
microsatellites

Å14-500 bp repeats
satellite DNA

ÅHundreds to 
thousands of
copies

ÅSome localized



Satellites also rearranged by 

unequal crossing over

ÅThis is relatively

common during

meiosis.

ÅDifferences in

lengths of 

satellites can

distinguish 

most individuals.



Human DNA Fingerprints



Methods for STR Genotyping

ABI 3100 Genetic Analyzer
hESC

Extracted DNA PCR reaction

Fluorescent 

primers, Taq 

Polymerase, 

PCR mastermix

Analyze with Genemapper v4.0 software

Cell lines 

genotyped

http://www.appliedbiosystems.com/

www.nrc.nl/W2/Lab/Profiel/Manipulatie/

http://www.usascientific.com

Source: AmpFlSTR® User Manual



Genemapper v4.0 Software



Cell Line H9 H9 H9 H9 - Diff H1 H1 H1 - RFP Negative Ctl Positive Ctl

Passage # 44 46 33 43 46A4 55A4

AMEL

X X X X X X X X

Y Y Y

CSF1PO

11 11 11 11 10 10 10 10

12

D13S317

9 9 9 9 11 11 11 11

12 12 12

D16S539

12 12 12 12 9 9 9 11

13 13 13 13 11 11 11 12

D18S51

13 13 13 13 19 19 19 15

13 13 13 13 19

D19S433

12 12 12 12 13 13 13 14

15 15 15 15 15 15 15 15

D21S11

30 30 30 30 28 28 28 30

29 29 29

D2S1338

18 18 18 18 17 17 17 19

24 24 24 24 24 24 24 23

D3S1358

13 13 13 13 15 15 15 16 14

16 16 16 16 17 17 17 15

D5S818

11 11 11 11 10 10 10 11

12 12 12 12 12 12 12

D7S820

9 9 9 9 10 10 10 10

11 11 11 11 11 11 11 11

D8S1179

8 8 8 8 10 10 10 13

14 14 14 14 12 12 12

FGA

26 26 26 26 22 22 22 23

28 28 28 28 24

TH01

9.3 9.3 9.3 9.3 7 7 7 8

9.3 9.3 9.3 9.3

TPOX

10 10 10 10 8 8 8 8

11 11 11 11

vWA

17 17 17 17 16 16 16 17

17 17 17 18

Identifiler STR DNA 

Fingerprinting

Å AmplifiSTR Identifiler Kit, 

PCR-based, assayed on 

3100 sequencers.

Å Detects all loci from 

CODIS, plus additional 

markers.

Å Best for detecting cross-

contaminated or 

mislabeled cultures.



ñMiddleò repeats in genome are 

usually mobile elements

Å~45% of human DNA

ÅInterspersed in genome

ÅMay transpose using specific mechanisms

ÅFrancis Crick labeled these ñselfish DNA.ò



Mobile Genetic Elements

ÅFirst recognized by Barbara 

McClintock in corn plants 

(Nobel prize 1983)

ÅGenes affecting kernel color 

mutate at high frequency, and 

revert at high frequency



Mobile genes in corn

(Top)The mobile genetic element is stationary. The 

defective a gene in the anthocyanin pathway is 

excised early in development.  All resulting cells are 

colorless.

(Bottom)The mobile genetic element  a gene in the 

anthocyanin pathway is active, and excised from some 

genes during development.  Those cells produce purple 

pigment.  Cells with the element remaining are 

colorless.

A mobile genetic element is inserted within the a gene in the 

anthocyanin pathway.  This inactivates the a gene.



Two mechanisms

ÅDNA intermediate

uses mechanism

like bacterial

insertion elements

& transposons.

ÅRNA intermediate

similar to RNA

viral life cycle.



Typical IS element structure



IS mechanism

ÅMediated by IS-

encoded protein.

ÅRequires inverted 

repeat sequences.

ÅInsertion generates 

new direct repeats 

at termini.



Mobile Genetic Elements using 

DNA intermediate

ÅP element in Drosophila.

ÅMcClintockôs elements in Maize



Some elements using RNA intermediates 

look like integrated RNA viruses.





Transposition requires RNA 

intermediate

ÅRNA transcribed from retrotransposon is 

primed with tRNA

ÅCopied by reverse transcriptase

ÅRequires re-positioning (jumping) of 

primed product to copy entire genome

ÅIntegrate into host genome

ÅRetrotransposons encode reverse 

transcripase and integrase.



Proof that RNA intermediate used



Non-viral retrotransposons

ÅLINE: long interspersed elements
ï~6 kb long

ïSeveral families (L1, L2, L3)

ï~900,000 copies per genome (21%!!)

ÅSINE: short interspersed elements
ï~300 bp long

ïPrimarily found in mammals

ï~13% of genome

ïDo not encode protein

ïTranscribed by RNA pol III (tRNA, 5S rRNA)

ïMost important is Alu sequence



LINE

ÅORFs (protein-coding region)

ÅShort direct repeats

ÅNo LTRs

ÅTranscribed by RNA pol II

ÅLINE RNA also mediates transposition


