Organelle Evolution

General characteristics of chloroplasts and mitochondria

· own DNA (cpDNA or mtDNA) 

· outside of the nucleus (nDNA)

· derived from bacteria that lived symbiotically in the cytoplasm of early eukaryotic cells

· code for functioning proteins, rRNA, tRNA

· genomic structure and organization differs markedly from nDNA

· generally maternal inheritance

(I would like to go over some of the differences b/w cp and mt b/c imp’t to note when wanting to use for evolutionary studies)

Chloroplasts (cp, plastid)
(picture?)

· cyanobacteria

· all are photosynthetic

· DNA is a circular double helix 

· no histones or other chromosomal proteins

· usually many cp, each with 20-80 copies of cpDNA

(Q – do bacteria usually have many copies of their genome at any one time?  What kind of functions (?) might this affect?  Why is there no recombination?)

· completely sequenced, few non-coding sequences

e.g.
tobacco:  156 kb, 113 genes (gene expression, photosynthesis)

(compare with bacteria)  

· genome and gene order highly conserved

· recombination is generally rare

· same genetic code as nDNA

· slow sequence evolution (~1/4 as fast as nDNA)

Mitochondria (mt)
(picture?)

· purple bacteria, e.g. E. coli (some are purple and/or photosynthetic although E. coli is neither)

· DNA double helix, generally circular

· encodes many proteins for cellular respiration (ATP synthesis), ribosomes, tRNA

· number per cell varies from 4 (some unicellular yeasts) to 1000’s (muscle cells of vertebrates), usually contain 5-10 copies of mtDNA

· evidence for monophyletic origin

Figure 11.25 (Here or later?)(wheat, mouse, aspergillus, paramecium – all more closely related to each other than to any other organism but branch within purple bacteria) 

mtDNA of plants, fungi and animals differ significantly (why?)

Plants:
· gene order and genome size vary

e.g.
melon family:  300-2400 kb

· genomic structure varies too (location and length of intervening sequences, circular vs. linear)

· recombination is frequent

· sequence divergence is low (1/12 as fast as silent site nDNA evolution, 1/3 as fast as cpDNA)

Fungi:
· variable genome size, 27-115 kb

· introns

· modified genetic code, e.g. UGA = tryptophan rather than stop

Animals:
· highly compact genome, e.g. no introns, little non-coding sequence (mouse – 94% encodes functional RNA)

· modified genetic code

· gene order and genome size is moderately to highly conserved, e.g. 22 tRNAs, 2 rRNAs and 13 other mRNAs (respiration)

· mutation rate is high (b/c the DNA polymerase used for synthesis has no proof reading ability and there are no mismatch repair enzymes)

· no recombination

· rate of sequence divergence is high:

 5.7x10-8 substitutions per site per year vs. 1.7x10-9 in plants


-  rate of evolution is 5-10x higher than average for nDNA

(Suggest an exam multiple choice question contrasting plant vs. animal mt: (answer) Plant – high variation in genome structure with little sequence divergence, animal – conserved genome structure with rapid sequence divergence)

Evolutionary Hypotheses

Serial endosymbiosis:  mt and cp are the direct descendants of a bacterial endosymbiont that became established at an early stage in a nucleus-containing host cell.

(diagram of how this might have happened)

Can you get organelles with 3 membranes? (No? unless lose 1)

4? (yes, when eukaryotes that acquired the organelles become organelles themselves)

e.g. – Sally’s paper

How could you test whether mt and cp actually are symbionts or arose independently?

(sequence genes from the mt and cp, e.g. the small unit rRNA to determine position in the universal phylogeny, if symbiosis: rRNA genes branch from within bacteria (found), if independent: rRNA branch from within Eucarya)

Figure 11.24 from text (Fig. 11.25 earlier might give this away?)

(See if I can get Mar.5/99 Science article with research indicating the possibility that the mt originated at essentially the same time as the nuclear component of the eukaryotic cell rather than in a separate, subsequent event)

Note:

Some early branching eukaryotes have neither cp or mt, e.g. Giardia lamblia
Three other questions about organelle evolution:
1.
How does sequence homogenization occur?
-
Within individuals (one or group of individuals?) there is generally little to no sequence or structural variation in cp or mtDNA despite high copy number. 

(easy answer:  derived from a restricted # of copies present in the embryo thus like a bottle neck every generation thus decrease variability within and individual

but mature mammalian eggs contain ~105 mitochondria -> how would you lose this number of mt?

Alternate answer:  due to rapid turnover of mtDNA genomes in somatic cells – we know mt have a short lifespan (how short?) producing an intense drift-like sampling process among mtDNA lineages, i.e. many variants being eliminated or increased in # by chance)

2. Why is the inheritance of organelle genomes usually uniparental?
(unknown, morphology/physical constraints? i.e. sperm not big enough to carry mt or cp, conflict between maternal and paternal copies? i.e. imprinting)

3.
How do the nuclear and organelle genomes interact?
Horizontal transfer of genes = movement of sequences between species and across taxonomic boundaries

-
because cp and mt originated as free living bacteria, endosymbiosis is the largest horizontal transfer known 

(= eukaryotes acquiring several intact bacterial genomes = movement of genetic information between species)

However, once in the host cell, gene movement continued

(Q – Any suggestions how?)

· organelles only have a fraction of the genetic information of bacteria suggesting numerous loci have been lost

e.g.  Ribulose bisphosphate carboxylase (involved in CO2 fixation) has 2 subunits:


· large is encoded by the cpDNA

· small is encoded by the nDNA

e.g.  Mt ribosomes:

· rRNAs are encoded by mtDNA

· proteins are encoded by the nDNA

Because the gene content of cp and mt are highly conserved, it is thought that most gene transfers occurred early in evolution

(Q – how might these genes have moved?)

An exception is the Cox2 gene in plants, which encodes the large subunit of cytochrome oxidase (part of the respiratory chain).   

· In most plants, it is part of the mtDNA.  

· In most legumes (pea family), there are copies in both the nDNA and mtDNA.  

· In the mung bean and cowpea, there is only a copy in the nDNA

The copies found in the nucleus look like an edited mRNA transcript indicating that perhaps they  were inserted after reverse transcription.

Also, in the yeast Saccharomyces cerevisiae, there are many nuclear loci involved in the synthesis of mt scattered over many different chromosomes which are regulated in concert!  (not known how)

With the option of horizontal gene transfer, we are left with some additional, unanswered questions such as:

Why are some but not all genes transferred? 

Is there a selective advantage to having certain genes in each genome or are they simply chance events?

Is reverse transcription the usual mechanism of transfer?

Why are they symbiotic rather than parasitic?

(I have a few other papers to read and I could talk about how and why cp and mt are used for phylogenetic study – although this topic may have been beaten to death in most tutorials…  Am I getting close to long enough?  Is this approximately what you wanted/expected?)

