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The biomass distribution on Earth

Yinon M. Bar-On, Rob Phillips, and Ron Miloa
Proc Natl Acad Sci U S A. 2018 Jun 19;115(25):6506-

6511

https://www.ncbi.nlm.nih.gov/pubmed/?term=biomass%202018%20bar-on


Selection pressures and constraints  exerted on 
developing immune systems

• Will be filled by the students…



Selective pressures and constraints on the immune systems

• Should Identify the environment: Self-non Self? Damaged tissues?

• Should be rapid and efficient at detecting and eliminating specifically the danger (i.e keeping 
symbionts, eliminating pathogens)

• Should confer to each individual within a species the best chances of survival under (often rapidly) 
changing environment conditions.

• Should have diversity and flexibility, should be regulated (up and down regulation)
• .

• Profiting from experience: Memory could be useful.

• Should be economical i.e. should not use too much genetic material, too many cells.
•
• Should not react with self.

• (Modulations  of the above under the influence of life histories of the organisms are likely: temperature, size,life span, progeny size, mode of reproduction, early development properties, genome evolution constraints, etc )





Mechanisms of Evolution

Will be filled with the students…



Mechanisms of Evolution
Mutation in the genes:  
Single point mutations

Deletions
Horizontal gene transfer(retroviral insertion e.g.), 

Transposition, 
Gene conversion

Gene duplication (unequal crossing over, replication slippage, whole genome 
duplication, polyploidization)

Exon shuffling
The genetic differences are inheritable

reshuffled via recombination

“To create is to recombine” (François Jacob)
Cooption,  new functions 

“To borrow is best” (Bob Jack)

Variation, Selection



Gene conversion

• A type of nonreciprocal recombination event in which a recipient 
strand of DNA receives information from another strand having an 
allelic difference. The recipient strand has its original allele "converted" 
to the new allele as a consequence of the event.

• Gene conversion is the process by which one DNA sequence replaces a 
homologous sequence such that the sequences become identical after 
the conversion event. Gene conversion can be either allelic, meaning 
that one allele of the same gene replaces another allele, or ectopic, 
meaning that one paralogous DNA sequence converts another.



Unequal crossing over



Science 04 Mar 2016:Vol. 351, Issue 6277, pp. 1083-1087
Trends in Ecology & Evolution, August 2017, Vol. 32, No. 8  

These retroviral sequences were incorporated through multiple, independent infections in the 
binding sites associated with proinflammatory cytokine interferon-g (IFNG), which have conferred 
innate immunity to their mammalian recipients. This is a surprising example of how incorporation of 
genes from an originally foreign entity in what are normally antagonistic associations could increase 
the fitness of the recipient genomes. 

Example of a retroviral insertion
Endogenous retroviruses (ERVs) are abundant in mammalian genomes and contain sequences modulating 
transcription. The impact of ERV propagation on the evolution of gene regulation remains poorly understood. We 
found that ERVs have shaped the evolution of a transcriptional network underlying the interferon (IFN) response, a 
major branch of innate immunity, and that lineage-specific ERVs have dispersed numerous IFN-inducible enhancers 
independently in diverse mammalian genomes.

The Taxonomic Distribution and Estimated Age of Cooption of the Endogenized Gammaretrovirus MER41 into Various Mammalian Genomes.



Wikipedia commons from (Adams & Wendel, 2005); (Cui et. al, 2006); (Wolfe, 2001).



The scheme of chromosome evolution in invertebrate chordates (cephalochordates and tunicates) and vertebrates. 
In this scheme, the ancestral chordate had seventeen chromosomes as deduced from synteny between the 
amphioxus and vertebrate genomes [9]. Subsequent to one WGD, a second WGD plus chromosomal fusions 
(indicated by curved lines) resulted in 54 chromosomes at the base of the vertebrates. Additional chromosome 
fusions occurred in the lineages leading to euteleostomes (bony vertebrates) and amniotes. A third WGD occurred in 
the teleost lineage. The heights of the bars representing chromosomes or linkage groups are in proportion to the 
number of genes located in each one. The colors correspond to those of the 17 pre-1R chromosomes. The size of the 
colored segments is proportional to the number of genes in each one

Whole genome duplications



Polyploidizations in Vertebrates and Xenopus histories



Example of whole genome duplications: 
Polyploid species of Xenopus

20                    36                   72                108
chromosomes



Xenopus tropicalis MHC Ib



Xenopus ruwenzoriensis MHC class I b



The elements for an immune system 
• Molecules: receptors, effectors

• Signaling pathways
• Cells



The materials

The molecules: Sensors, Receptors, Effectors

made from a  large but not infinite pool of potential domains
(because of the constraints exerted on cellular receptors):

Resistance to proteolytic enzymes Binding propertiesMembrane insertion possibilities

Signalling pathways
also not in infinite numbers 

So there will be overlaps… reuse…

Cells:
All cells (TRIMs e.g.)

And specialized lineages (Ig, TCR e.g.)



The molecules



LRR IgSF Lectin SRCR GRP Fn3 EGF C‘ PGRP TIR

Gnathostomata + + + + + + + + +

Agnatha + + + + + + + +

Urochordata + + + + + + + + +* +

Cephalochordata + + + + + + + + + +

Echinodermata + + + + + + + + + +

Lophotrochozoa + + + + + + + + +

Ecdysozoa + + + + + + + + +** +

Cnidaria + + + + + + + + +

Porifera + + + + + + + + +

Protozoa + +

Plants + +



One domain, several binding properties
The Leucine rich domain





Dodd, RB and Drickamer, K (2001) Lectin-like proteins in model organisms: implications for evolution of carbohydrate-binding 
activity.  Glycobiology, 11, 71R-79R

Lectins



TRIMs

Multiple and diverse but not an endless diversity due to constraints: 
IgSF, LRR, Lectins,(barrels) PGRP, GNBP, C‘, thioester forming proteins, Fibronectin, EGF

One domain, several binding possibilities, several combinations possible (LRR Ig lectins)

So one expects sharing, scoop of committment, combinatorial usage of elements,
analogies, convergences etc.

The arsenal and its limitations



Analogies reveal the strength of selection pressures and  which ones are essential or 
accessory 

Homologies reveal the intrinsic value and adaptability of a structure

Comparative approaches
Inform us about evolution

Discovery of many similarities

•Analogy: functional similarity without similarity of structure and origin.(Lamprey and 
mouse antigen receptors e.g.) Convergences 

•Homology: similarity of structure, not necessarily of function. Attributable to 
common origin. (IgSF in immunity and in the nervous system e.g.). Conservations, 
divergences.



Ly49

C-type lectinIgSF

Example of Analogy among Natural killer cells receptors

Killing inhibitory receptor



LRR Ig

Analogy among antigen specific receptors

Agnatha Gnathostomata



TCR alpha C region

Homology



Homology bis

CD109 a member of the alpha-2 macroglobulin family 
encountered on T-cells



The signalling pathways
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The cells



Some mechanism function in all cells, 
other have been submitted to “Division of the work”: 

Specialized cells from the mesoderm derived hematopoietic system, 
the lympho myeloid lineages 

Protostomata

Deuterostomata



Hartenstein V.   Annu. Rev. Cell Dev .Biol. 2006 22:677-712

Hematopoiesis across metazoan phyla



• Simultaneous threats: Viruses, Bacteria, Archea, fungi, individuals of the same
• species, variants of self.

Early in evolution of Metazoa: the context

J.L Theodor

> Histocompatibility reactions in corals and sponges



• Simultaneous threats: Viruses, Bacteria, Archea, fungi, individuals of the same
• species, variants of self.

• Simultaneous responses: Physical barriers, RNA interference, restriction,
• intracelluar mechanisms.
• Surface receptors.

• Original diversity of immune mechanisms, receptors and effectors

Cell autonomous immunity

• Intracellular: NLR ,TRIMs, RIG1-L etc. 

• Constitutive  soluble elements: 
Complement (C‘),  PPO, clotting e.g.

. Inducible cellular responses: 

Receptor – Signalling – Effector 

often articulated around conserved domains 
and conserved signal transduction cascades

Early in evolution of Metazoa: the context


