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A few words about Banksy

Redrawn from Olson & Woese 1993. FASEB 16s rRNA based phylogeny 
and James Brown, 2003. Nature Reviews Genetics

Three Domains of Cellular Life
humans

The tree of cellular life is a phylogeny. It represents a grand summary of past reproduction and 
gene exchange No one knows the precise evolutionary relationship between viruses and cellular 
life viruses can shuttle DNA from one branch to the next.



Plant or animal?

autotroph 
photosynthesis:  
air plus water + light = food

heterotroph 
digestion: 
sugar, fat, protein +   
air + water = 
building blocks and energy

Animals as highly concentrated plants? Animals as outside-in plants that move about the 
landscape eating plants or other animals that eat plants? 
Like animals, plants also use sugars and fats as energy sources for their metabolism, unlike 
animals, plants can make these themselves via photosynthesis from water CO2 and sunlight.

Jamey Marth

Living cells consist of Four different classes of biomolecules are required to form living cells. 
Lipids and glycans are not directly encoded in the genome 

From Genome to Phenome (phenotype)

nucleus

rough ER

smooth ER

golgi

vesicle

cell surface

ribosomes

Glycocalyx
Cell Wall 
(plants 
fungi)

The genome is frequently called the “blueprint” for life.  
Genomes never exist in isolation. The phenotype or phenome includes lipids (fats) and glycans 
(sugars), neither of which are directly “encoded” in the genome. Glycoproteins of our cell surfaces 
and secretions are assembled by enzymes in the ER (endoplasmatic reticulum) and Golgi. ER and 
Golgi are a complex collection of vesicles that allow cells to produce and secrete large 
biomolecules). They represent the result of the interactions of many gene products and the diet.



Evolutionary relationships 
based on DNA comparisons

Born. OrangSum. OrangChimps Bonobos W. Gorillas E. Gorillas

Distribution of “Great Apes": and Humans Two ape species are more closely related to humans than to any of the other apes. 
Vanishing ape populations retain more genetic diversity than all humans. Each of the apes exist in 
more than one species, despite their very limited ranges, humans only a single species.

Last Living Hunter Gatherers/Foragers

Shuar, Equador

Ache, Paraguay Himba, Namibia Khoisan, Botswana

Tsimane, Bolivia Hadza, Tanzania

Penan, Malaysia Inuit, ArcticJarawa, Andaman Islands

Pirahã, Brazil

Pila Nguru, Australia

Aka, DR Congo

The cumulative knowledge and wisdom held by members of these last groups of foragers is 
incredibly precious for all humanity!
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Biology through Culture             

• Toxoplasma gondii infection causes changes in risk-taking behavior.    
Flegr Schizophr Bull. 2007

• Life in cities affects the composition of your microbiome and several 
health parameters. Gupta et al.  Front Microbiol. 2017

Rural Urban

• Milk consumption by adults selected for lactase persistence at 
least twice.   Tischkoff et al. Nature Genetics 2006

Biology and Culture affecting each other.



Social versus Natural Science perspectives:

practices, 
representations 
meanings 
ideas 

social forces 

Social sciences 
cultural relativism 
anthropological theories 
political theory 
economic theory 
history 

behaviors 
needs 
genes 
cells 
tissues 
anatomy 
physiology 
biological forces 

Genomics 
Evolution and development 
Neuroscience 
Ecology 

Human beings in the middle of the two very different forces, culture and biology have become 
profoundly intertwined for our species.

“Nothing in biology makes sense, except in the light of evolution.”  
(Theodosius Dobzhansky) 
 American Biology Teacher. 1983;35(3):125–129

"Human evolution cannot be understood as a purely biological process, nor can it be 
adequately described as a history of culture. It is the interaction of biology and culture.

There exists a feedback between biological and cultural processes”. 

(Theodosius Dobzhansky) 
Mankind Evolving, p. 18. 1962

Evolution of the human Diet

Provided by the SeaWiFS Project, Goddard Space Flight Center and ORBIMAGE - http://oceancolor.gsfc.nasa.gov/SeaWiFS/BACKGROUND/Gallery/index.html and from en:

Image:Seawifs global biosphere.jpg

SeaWiFS Global Biosphere September 1997 - August 1998; This composite image gives an indication of the magnitude and distribution of global primary production, of both oceanic (mg/m3chlorophyll a) and terrestrial (normalized difference land 
vegetation index), see Normalized Difference Vegetation Index (NVDI).

Global Photosynthesis Marine organisms, mostly phytoplankton contribute greatly to global photosynthesis. The oxygen 
in the earth’s atmosphere can be considered as “exhaust” from photosynthesis.



Photosynthesis: sugars from light, air and water

Molecular machinery to split water into Oxygen and Hydrogen!

When we get hungry, we make ourselves something to eat to restore our energy reserves. But 
what about plants, how do they get the food they need to grow and store energy? Plants get their 
energy through a process called PHOTOSYNTHESIS. By harnessing the light energy from the sun, 
the plant and leaves absorb the light into its cells. Within the cell is chlorophyll, a compound that 
starts the photosynthesis process to happen within the plant. The other components required in 
photosynthesis are water and carbon dioxide. Photosynthesis causes the water molecule to break 
apart and release oxygen into the atmosphere, leaving behind the hydrogen to bond with the 
carbon dioxide to create what we know as glucose (SUGAR), which translates to food for us to 
consume. The capture of light energy for splitting water is performed by a collection of proteins 
located on the inside of specialized organelles (chloroplasts).

Essentials of Glycobiology 
Second Edition

Glcβ1,4Glc 
(cellulose)

Most abundant biopolymer

Plant Glycans

Glcα1,2Fru 
(sucrose)

β Beta 
glycosidic linkage

 α Alpha 
glycosidic linkage

starch and sucrose both easily digestible versus cellulose, nondigestible because o the stable 
nature of the beta glycosidic bond.

Tannins as anti-nutrients to make proteins indigestible 

Tannins can also bind to (chelate) iron and other 
trace nutrients, making those important nutrients 
unavailable.

Animal skins are tanned by soaking in tannin  
solutions (Marrakesh, Marocco).

Animal saliva contains  special proteins, that can counteract the effect of tannins: Cystatins and 
proline-rich proteins 
Tannins get their name because  these molecules have long been used for tanning of animal hides 
into leather.



The smaller the cap, the less tannic acid

Extracting what you do not want: e.g. tannins Traditional way of leaching tannins from acorn: using a sand pit to hold the crushed acorns and 
adding water repeatedly. The prepared acorn meal can even be cooked in a sandpit by adding hot 
stones. 

Alkaloids
 Alkaloids are one of the largest groups of chemical 
compounds synthesised by plants and generally found as 
salts of plant acids such as oxalic, malic, tartaric or citric 
acid. 

Alkaloids are considered to be anti-nutrients because of 
their action on the nervous system, disrupting or 
inappropriately augmenting electrochemical transmission.

We humans have come to enjoy having 
our brains “hacked” by plant alkaloids….

Capsaicine

More than 3,000 different types of alkaloids have been identified in a total of more than 4,000 plant species. In 
general, a given species contains only a few kinds of alkaloids, though both the opium poppy (Papaver 
somniferum) and the ergot fungus (Claviceps) each contain about 30 different types. Certain plant families are 
particularly rich in alkaloids; all plants of the poppy family (Papaveraceae) are thought to contain them, for 
example. The Ranunculaceae (buttercups), Solanaceae (nightshades), and Amaryllidaceae (amaryllis) are other 
prominent alkaloid-containing families. A few alkaloids have been found in animal species, such as the New 
World beaver (Castor canadensis) and poison-dart frogs (Phyllobates). Ergot and a few other fungi also 
produce them. The function of alkaloids in plants is not yet understood. It has been suggested that they are 
simply waste products of plants’ metabolic processes, but evidence suggests that they may serve specific 
biological functions. In some plants, the concentration of alkaloids increases just prior to seed formation and 
then drops off when the seed is ripe, suggesting that alkaloids may play a role in this process. Alkaloids may 
also protect some plants from destruction by certain insect species. 

De Menocal 2011, Science

aeolian dust sediments (wind-borne dust in ocean drill cores),  
oxygen and carbon isotope ratio for past temperature and vegetation type

sapropel

sediment

deep

lakes

stone tool

type:


oldowan, Acheulian

Fossils & Paleoclimate
Above: A snapshot of African evolutionary and paleoclimate changes (Figure from deMenocal, 2011).  
(A) Summary diagram of human evolution spanning the last 4.6 Ma [no phylogenetic relations are indicated; ranges compiled 
from the recent NRC Report (2011). First appearances and approximate durations of Mode 1 (Oldowan) and Mode 2 
(Acheulean) stone tools are indicated (Bobe and Leakey, 2009).  
(B) Occurrences of Mediterranean sapropel deposits compiled from marine and land sediment sequences (Lourens et al., 
1996).  
(C) Compilation of sedimentary evidence indicating deep lake conditions recorded in several East African paleolake basins 
(Trauth et al., 2005; Kingston et al., 2007).  
(D) Carbon isotopic analyses of plant-wax biomarker compounds measured at Site 231 in the Gulf of Aden, currently the most 
proximal ocean drilling site to hominin fossil localities (Feakins et al., 2005). The shift to higher values after 3 Ma indicates a 
greater proportions of C4 vegetation, or savannah grasslands. (data compiled in Wynn et al., 2004);  
(E) Carbon isotopic values of soil carbonate nodules compiled from several studies (19, 20), also indicating grassland 
expansion after ~ 3 Ma, peaking between 1.8 and 1.6 Ma.  
(F) Relative abundance of African mammals indicative of seasonally arid grasslands in the lower Omo Valley (Ethiopia) showing 
an initial increase in grassland-adapted mammals after 2.5 Ma with peak values after 1.8 Ma (Bobe et al., 2004).



modified from Babbitt et al. Proc R Soc B 2011

Brain expansion over time: Adaptation to Culture? Ancient adaptation to culture? Hominin brain size underwent marked increase in the last 2 million 
years. 

6 5 4 3 2 1Modified from Bernard Wood

THE HOMININ FOSSIL RECORD

Millions of Years Before Present (Dates Approximate)

S. tchadensis (7 - 6 mya)

O. tugenensis (6.2 - 5.8 mya)

Ar. kadabba (5.8 - 5.2 mya)

Ar. ramidus (4.5 - 4.3 mya)

Au. africanus (3.3 - 2.1 mya)

Au. garhi (2.7 - 2.3 mya)

Au. bahrelghazali (3.6 - 3.3 mya)

Au. afarensis (3.8 - 2.95 mya)

Au. anamensis (4.2 - 3.9 mya)

Au. sediba (1.98 - 1.78 mya)

K. platyops (3.57 - 3.2 mya)

P. boisei (2.3 - 1.2 mya)

P. robustus (1.8 - 1.4 mya)

P. aethiopicus (2.7 - 2.3 mya)

H. antecessor (1.2 mya - 875 kya)

H. heidelbergensis (700 - 200 kya)

H. erectus (1.89 mya - 143 kya)

H. ergaster (1.9 - 1.4 mya)

H. habilis (2.4 - 1.4 mya)

H. rudolfensis (1.9 - 1.8 mya)

H. floresiensis (95 - 17 kya)

H. neanderthalensis (600 - 28 kya)

Denisovan hominins (41 kya)

H. sapiens (100? kya - present)

H. naledi

3000 BCE Year 0 CE 2000 CE

Recorded History

MODERN HUMAN-LIKE 
MORPHOLOGY

LARGE BRAIN, SMALL TEETH, 
OBLIGATE BIPEDALISM

SMALL BRAIN, (VERY) LARGE 
TEETH, FACULTATIVE 
BIPEDALISM

SMALL BRAIN, LARGE TEETH, 
FACULTATIVE BIPEDALISM

SMALL BRAIN, SMALL TEETH, 
FACULTATIVE BIPEDALISM

MEDIUM BRAIN, SMALL TEETH, 
FACULTATIVE BIPEDALISM

SMALL BRAIN, SMALL/MEDIUM 
TEETH, BIPEDALISM

In contrast to Darwin and Wallace, who had no fossils, we now have many hominid fossils from 
many places in and outside Africa. It is far from clear which ones belonged to direct ancestors or 
to more distantly related cousins… Chart modified from Bernard Wood

Predicted diversity based on ecosystems

Faurby & Svenning, 2015, Diversity Distrib.

Missing Megafauna (>44 kg/97 lbs)? With the exception of Africa, all other continents seem to lack many species of megafauna due to 
the impact of modern H. sapiens arriving. 



Chimpanzee diets
More than 200 plant species, dozens of invertebrates, several vertebrates, fungi etc..

Mbula fruit Figs Meat

Srychnos fruit Clay Termites Coula nuts

Plant piths Fungi

Aspilia flowers

Our closest living relatives are omnivores like most humans, they have cultural transmission of tool 
use and social norms, they communicate, but they lack language and use of symbols. Their 
rudimentary culture is not hating their biology to the profound degree it is in our species.

Ann Gibbons Science 354:958-961, 2016

First Wave out of Africa: 2 million years (myr) ago Homo erectus left Africa and got as far as China and Indonesia by 1,6 million years ago.

Human migration: Climate and the peopling of the world , Peter B. deMenocal  & Chris Stringer, 2016 , Nature 

Planetary Take over Timeline of the human global dispersals shown. Climate change and major volcanic eruption such 
as Mount Toba 70 kya may have paced the tempo of human migrations out of Africa.



Hybridization Happened, but was not what made us human!

Veeramah & Hammer, Nature Reviews Genetics, 2014

A possible model of archaic introgression based on the latest analysis using second-generation sequencing. Red arrows 
indicate initial colonization events across the Old World after the origination of anatomically modern humans (AMHs) in Africa, 
including two movements into Asia. Approximate positions of introgression events are represented by colored circles and are 
not intended to be accurate. This model portrays the hypothesis that portions of the Denisovan genome entered the human 
gene pool through hybridization with more widespread populations of archaic hominins (such as Homo erectus), which also 
interbred with the Denisovan population. The black arrow shows a more recent expansion of Asian farming populations (that 
is, <10,000 years ago) that did not carry introgressed Denisovan alleles and that replaced much of the indigenous resident 
population up to Wallace’s phenotypic boundary (shown by the dashed line), which lies just east of Wallace’s biogeographical 
line. This hypothesis may explain the lack of evidence for Denisovan introgression outside islands in Southeast Asia and 
Oceania. 

Lithics: Stone tools

Oldowan (Mode 1) Tools: A stone tool characterized by simple “choppers” for pounding, breaking, and bashing. ~2.6 mya - 1.7 mya 
possibly made by Australopithecus, rather than Homo. 

Acheulean (Mode 2) Tools: A stone tool type characterized by oval or pear-shaped bi-faced “hand-axes” and are typically associated with 
Homo erectus. ~1.76 mya -130 kya. 

Mousterian (Mode 3) Tools: A stone tool type  characterized by a method of stone-knapping known as the Levallois Technique (prepared 
core technology) to form handaxes, scrapers, triangle points. It lasted roughly from 160 to 40 kya. 

Aurignacian (Mode 4) Tools: A type of stone tools characterized by worked bone and antler points with grooves cut in the bottom, as well 
as fine stone blades and bladelets struck from prepared cores rather than using crude flakes. 43 -28 kya. 

Microlithic (Mode 5) Tools: A stone tool type consisting of small blades or points, called microliths, that were typically used in composite 
tools, such as an arrow point fastened to a haft. ~35 kya - 3 kya 

Stone tools are the only technology reflected in the archeological record of really distant times. 
It is safe to assume that technology based on wood and fiber (ropes, baskets etc) is very old as 
well, but we have no record of it.

Precision Grip Tool use and the human hand: our much larger thumbs allow us to hold stone blades and slice 
things in a way that is almost impossible to do for an ape. Apes can do very precise tasks though, 
such as setting a watch. 



Butchering for Meat, Marrow and Brains?
Olorgesailie, Kenya,  1  million years ago

Karen Carr

Kenyan National Museum

Models of Homo erectus and kill

cut marks on this fossil 
antelope leg bone from Koobi 
Fora in Kenya,1.5 million years 
ago.

Hunting including hunting of large prey requiring intense butchery creates high risks of infection. A 
large number of prey animals each with its own pathogens also contribute to increased pathogen 
load. Meat transport and even brief storage create high risks of bacterial infection. 

Tracking prey Hadza tribes people tracking an impala shot with a poison arrow. Much discussion about which 
set of tracks to follow, small droplets of blood verify the assumption.

Forager Bodies across life Hadza body size and composition across the lifespan. Red: female (n = 202), blue: male (n = 166). 
Skin-fold sums are from triceps, biceps, subscapular and suprailiac sites and converted to body 
fat % for subjects >15 years following calliper manufacturer instructions (Lange, Beta Technology).  
Lines are lowess curves. BMI, body mass index.



Cliffs, Nets and Traps Desert kites known to the local Bedouin as the Works of the Old Men, found across the 
deserts of Syria, Jordan, Southern Israel and Saudi Arabia were variations on a type of 
communal hunting technology used by hunter-gatherers throughout the world. Weirs are 
large fish traps made out of stones, pieces of corrals or wood. ~7000 years ago, 200 
bisons driven over a cliff in North America. 

Eating your neighbor / Cannibalism

Atapuerca, Spain 
800 kya

Krapina, Croatia 
130 kya

Adaptation to cannibalsim?: 
Prion protein polymorphisms providing protection? 
Mead et al 2003 Science: yes 
Soldevilla et al 2006 Genome Research: no

Fore people in PNG

Cannibalism has also been documented for chimpanzees. 
Endocannibalism is a ritual form of cannibalism not practiced for nutritive reasons but rather out of 
respect for the dead.

Importance of synthetic fertilizer The chart shows the actual global population trend in blue — growing from around 1.65 billion in 
1900 to almost 7.4 billion in 2015.The line in grey represents estimates of the number of people 
fed by synthetic nitrogen fertilizers. As we see, nitrogen fertilizers only became available following 
the commercialization of the Haber-Bosch process from 1910 onwards. Since then, Erisman et al. 
estimate it has supported 42 percent of global births over the past century. This amounts to 44 
percent of the global population in 2000 being fed by nitrogen fertilizers, rising to 48 percent in 
2008. Here we have extended this estimate to 2015 with the continuation of the assumption that 
48 percent of the global population are fed by nitrogen fertilizers. Since the share supported by the 
process continues to rise, this may in fact be a conservative estimate. This means that in 2015, 
nitrogen fertilizers supported 3.5 billion people that otherwise would have died. The red line 
represents the size of the global population which would therefore be supported without the use 
of nitrogenous fertilizers. This is shown simply as the actual population minus the number of 



people reliant on them for food production. Without this innovation, global population may have 
been reduced to only 3.5-4 billion people. 

Human vs Ant Volume globally! (rough estimates Estimates of total volume of 7 billion plus humans ~ 1 cubic km is similar for eusocial ants that 
dominate most ecosystems.

The main 3 Grasses and one Bean! Corn (Zea mays), Wheat (Triticum aestivum). Rice (Oryza sativa), and soybean (Glycine max) are 
the major staple food crops grown worldwide today.



Intact maternal antibodies taken up by the infant gut! The adaptive immune memory of the mother is shared with the offspring via breast milk. The 
newborn actively transport the antibodies out of their gut and into their blood before these 
glycoproteins (yes, antibodies are also glycoproteins) are digested into aminoacids. In the infant, 
the antibodies dominate prevent infection, but rather attenuate infections, which amounts to an 
“across-the-board immunization”.

“Vital amines” - Casimir Funk 1912
anti-beriberi: B vitamins 

anti-scorbutic: Vitamin C 

anti-pellagra:vitamin B3 and tryptophan 

anti-rachitic: Vitamin D

Sudden realization that different foods contain key nutrients that despite they low abundance, 
played crucial roles for human health. 
What was the solution of maize eating people of Central America to avoid pellagra? 
Treating the corn with lime stone to mace the niacin and tryptophan available.

“Vital amines” - Casimir Funk 1912

anti-xerophtalmia: vitamin A 

Bitot’s spots: vitamin A 

Deficiency in vitamin A can be deadly to infants and can lead to blindness.



Essential Amino acids Essential amino acids cannot be made by our bodies and have to be taken up by food we eat.

Open, drier habitat

Reuse of scarce water sources shared with 
other animals: 
Novel opportunities for disease transmission

The unique ecology of modern humans, the exploitation of much drier and variable habitats 
created many novel opportunities for disease. 
Our ancestors had to solve many new problems: finding safe and expendable water sources.

Geography of early fire Fire use predates the origin of modern humans and could be as old as the first Homo erectus  (2 
million years ago).



Fire: Damages lungs and brings people together

Chisholm RH;Trauer JM;Curnoed D;Tanaka MM, 2016, 'Controlled fire use in early humans might have triggered the evolutionary 
emergence of tuberculosis', Proceedings of the National Academy of Sciences of the United States of America

Fire use might have sparked novel social behavior by bringing people together. It also damages a 
lungs and might be part of the ancient history of TB. 

Maillard Reaction named after a French chemist is one of the sources of all good flavors…. Sugar 
reacts with amino groups of amino acids in proteins and generates browning reaction products, 
many of them very flavorful, not all healthy. Our bodies also slowly brown, even under much lower 
temperature than cooking. The products are called advanced glycation end products (ACE). The 
higher levels of glucose in diabetics increase the formation of ACE, with detrimental health effects. 
Caramelization in contrast is a form of pyrolysis, as the disaccharide sucrose falls apart into 
glucose and fructose and these two sugars then form a large number of further compounds.

wrapping for baking/steaming
Cooking food inside plant leaves or stems. 



Steaming
Steaming bread dough for xiaolongbao, mantou, or baozi. 
Most fuel efficient way to cook bread? 
Steaming.

mortars Mechanically pounding cooked tubers or grain. 
Examples of foods made in mortars: 
Grinding grain, pounding tubers or plantains, making sticky rice cake (mochi), preparing sauces 
(pesto, literally means “pestle”) guacamole. 

Gelatinization Popcorn

David Julian McClements *a, Cheryl Chung a and Bi-cheng Wu Food Funct., 2017, 8, 498-510

intact seed coat and correct water content

Morphology of modified starch granules (3.5%) suspended in an aqueous solution before and after 
heating (90 °C, 5 min). The starch granules take in water and swell during heating (gelatinization). 
Critical grain quality requirement for popcorn: 
Intactness of seed coat and moisture content.



Genetic adaptation to cooking?

Carmody et al. Genome Biol. Evol. 2016 Koebnick et al. Nutrition and Metabolism. 1999

Feeding experiments in mice combined with comparative 
primate genomics: 
Consumption of a cooked diet influences gene expression and 
affected genes show signals of positive selection in the human 
lineage.  
Liver gene expression profiles in mice fed standardized diets of 
meat or tuber were affected by food type and cooking. 
Genes affected by cooking were highly correlated with genes 
known to be differentially expressed in liver between humans 
and other primates,  
and more genes in this overlap set show signals of positive 
selection in humans than would be expected by chance.

Mice fed  raw or cooked tubers or meat, effects on 
their liver gene expression:

Lab mice prefer cooked meat and tubers. Fed such a diet, the genes changing expression in the 
mice’s livers, when examined in primates, appear to have been under natural selection in humans 
compared toothier primates. One study of raw foods in Germany reported that >40% of adult 
women on raw food diet stopped ovulating. One of the strongest evidence that humans have 
become biologically dependent on cooking. 

Comparative Daily Water Use Giant disparities in how much water is used across regions and countries.

The Human Gut is a giant surface: 300 square meters The complex structure of the gut lining with its folds and villi creates a HUGE surface for the 
exchange of molecules and uptake of nutrients. 



Cader MZ, et al. Gut 2013;62:1653–1664

Small intestine mucosal immune system landscape.
The intestinal epithelial cell (IEC) layers form villi and crypt structures and are composed of different cell lineages. Goblet cells secrete 
mucus. Paneth cells, found only in the small intestine, can be found at the base of the crypts and are the main secretors of antimicrobial 
peptides. The base of the crypts also contains the IEC stem cell populations. Immune cells can be found in organised tissue such as 
Peyer's patches and throughout the lamina propria. They include macrophages, dendritic cells, intra-epithelial lymphocytes, lamina 
propria effector T cells, IgA secreting plasma cells, innate lymphoid cells and stromal cells such as fibroblasts. Antigen presenting cells in 
Peyer's patches or mesenteric lymph nodes interact with and activate local lymphocytes, which consequently upregulate expression of 
the integrin α4β7. Such cells then enter the systemic circulation but home towards the gut, in response to chemokine ligands such as 
CCL25. (B) Colon (large intestine) mucosal immune system. The colon has a much higher bacterial load and a markedly different 
immune cell composition. The colon contains only crypts, no villi. Also there are no Paneth cells, which mean that enterocytes have a 
much more important contribution to antimicrobial peptide production. However there is a high prevalence of goblet cells. The mucus 
forms dual layers, with a thick largely sterile inner layer and a thinner outer layer. There are no Peyer's patches. While the immune cell 
types present are similar to those found in the small intestine it is likely that there may be at least subtle differences. In particular natural 
killer T cells are found more frequently and have a more significant role in the colon.

Digestion & Metabolism: Oxidation of Carbon to CO2!

ATP adenosine triphosphate: 
a central intermediate in 
energy metabolism: the 
energy currency of our bodies

Schematic representation of fuel molecule entry points in oxidative metabolism 
Degradation of lipids, proteins, and carbohydrates gives rise to fatty acids, amino acids, 
and pyruvate, respectively. These molecules enter the tricarboxylic acid (TCA) cycle, 
(also known as citric acid cycle or “Krebs” cycle) in the mitochondrion to be completely 
oxidized to CO2, with concomitant reduction of NAD+ and FAD to NADH and FADH2, 
respectively. The electrons are transported from the reduced coenzymes to O2 in the 
electron transport system, resulting in ATP synthesis.

Iodine Deficiency Iodine deficiency has disastrous consequences for brain development in children.



Many factors influence gut immunity Examples of external influence on gut immunity. 
Breast feeding, nutrition, history of infection, antibiotics treatments.

Last interglacial: 

settlement first (15 kya), then farming (11 kya)

Evolution of temperatures in the Post-Glacial period after the Last Glacial Maximum (LGM) 
according to Greenland ice cores. The birth of agriculture corresponds to the period of quickly 
rising temperature at the end of the cold spell of the Younger Dryas and the beginning of the long 
and warm period of the Holocene. 
Zalloua, Pierre A.; Matisoo-Smith, Elizabeth (6 January 2017). "Mapping Post-Glacial expansions: 
The Peopling of Southwest Asia". Scientific Reports. 7: 40338. doi:10.1038/srep40338. ISSN 
2045-2322. PMC 5216412. PMID 28059138. 

Early grass farming: Chogha Golan in Iran

wild wheat

domesticated wheat

reduced shattering

Taming the wild. Millennia of cultivation at Chogha Golan in Iran turned wild wheat (upper left) into 
domesticated wheat (lower right). SIMONE RIEHL ET AL/UNIVERSITY OF TUBINGEN 
Chogha Golan had been occupied continuously between about 12,000 and 9,700 years ago or 
even later.  Farming happened first in the Fertile Crescent, a broad region stretching from the 
Mediterranean Sea to Iran. Most research over the past decades has focused on the western 
stretches of the Fertile Crescent—including modern-day Israel, Palestine, Syria, Jordan and Turkey
—in large part because those were the easiest areas to work in, both logistically and politically. 
Recent excavations in those areas have suggested that hunter-gatherers first began to gather and 
plant seeds from wild cereals and legumes, such as wheat, barley, and lentils, as early as 13,000 
years ago. Over a few thousand years of such cultivation, the wild forms of these plants mutated 
into new, domesticated species that were easier to manage and harvest, making farming more 
productive and efficient.



Centers of origin of agriculture and its spread
Map of the world showing approximate centers of origin of agriculture and its spread in prehistory: 
the Fertile Crescent (11,000 BP), the Yangtze and Yellow River basins (9,000 BP) and the New 
Guinea Highlands (9,000–6,000 BP), Central Mexico (5,000–4,000 BP), Northern South America 
(5,000–4,000 BP), sub-Saharan Africa (5,000–4,000 BP, exact location unknown), eastern North 
America (4,000–3,000 BP) 

Cocoa beans traded 3000 years ago.
Cocoa seeds were stored, transported and used as currency! There were giant storage rooms for 
those seeds in ancient Tenochtitlan, the Aztec capital. 

Umami: the many ways of fermenting for “savory” flavor
traditional foods full of umami flavor: 
Soy sauce, fish sauce, cheese, tomato paste, miso, marmite, veggiemite.



Triangle trade The massive production of sugar cane in Brazil and the Caribbean was a key drive for the trans-
Atlantic slave trade, as sugar cane production requires an immense amount of labor. ~ 1 million 
people were enslaved, many of them perishing on the cross-Atlantic voyage.

The global flow of staple foods! grain, beans and oil are moved globally

Coffee and Tea
Comparative size of global markets in 2015 : 
Cars: 4000 billion $ 
Crude Oil: 788 billion $ 
Meat: 714 billion $ 
Beef 300 billion $ 
Soda (carbonated drinks) 340 billion$ 
Fertilizer: 150 billion $ 
Sea food: 120 billion $ 
Aluminium 106 billion $ 
Palm Oil: 65 billion $ 
Soybeans 57 billion $  
Pesticide & Herbicide 53 billion $ 
Tea: 50 billion $  
Coffee: 23 billion $ 
Wheat 29 billion $ 
Heparin 16 billion $ 
Collagen 6 billion $, Fetal Calf Serum 1 billion $ 

Illegal drugs: ~400 to 600 billion 
or 2% of global trade! 

Coffee has sometimes been said to be the second biggest traded commodity after crude oil. NOT 
True! 
This short list compares the value of some global food and non-food items. 
Roundup (glyphosate), the most used herbicide is worth 5 billion. 



One third of globally produced food is trashed! Edible food dumped by vendors in a New York market. There is a demand for ‘blemish-free 
produce’ in the industry.  Much of the food that we all throw away could feed many people and 
animals.  
There is now reason for it to be hauled to some landfill…..at the very least we ought to ferment it 
to make natural gas!

In body storage: adipose tissue and adipocytes
National Geographic feature all about body fat (“Why Are We So Fat?”  Newman, Cathy, National 
Geographic, 00279358, August 2004, Vol. 206, Issue 2).  The woman on the left is 5’6″ tall, 
weighs 250 pounds, and has a Body Mass Index (BMI)* of 40.3 (thus qualifying for a morbidly 
obese designation) while the other woman is 5’5″ tall, weighs 120 pounds, and has a BMI of 20 (a 
healthy BMI is between 18.5 and 24.9).

Eating out and Eating Big More than half of the American food dollar is spent on food prepared away from home. 



Obesity, diabetes and commuting The first two maps show the prevalence of obesity and diabetes in the United States: Note the similar 
patterns in the two maps, showing high rates of obesity and diabetes in the southeastern U.S. The 
second map shows what public health professionals have recently termed the "diabetes belt," stretching 
from Appalachia into the deep South. A few counties in Michigan also have higher rates, as well as 
some regions in the West. Alaska, with high obesity rates but lower rates of diabetes, is an outlier. 

There are multiple demographic differences between those living within and outside the diabetes belt. 
Counties in the diabetes belt tend to have lower levels of economic development (indicative of less 
access to health care), a greater prevalence of obesity and a sedentary lifestyle, and less college 
education. The diabetes belt has a higher proportion of African Americans and a lower proportion of 
people of Hispanic ethnicity than the rest of the nation (Barker et al. 2011). Importantly, research shows 
that one-third of the excess risk in the diabetes belt can be attributed to obesity and sedentary lifestyle, 
which are modifiable factors (Barker et al. 2011). 
Although this map does not look exactly the same as the obesity and diabetes maps, there are some 
striking similarities. Throughout the Appalachians and the deep South, there is a pattern that we could 
call the "non-active transportation belt," where the percentages of commuters who drive are highest. It 
covers a similar area to the "diabetes belt," but also extends somewhat into Indiana, Ohio, and 
Michigan. Considering that one-third of the higher diabetes risk associated with living in the diabetes 
belt can be attributed to the modifiable risk factors of sedentary lifestyle and obesity, this map certainly 
suggests that commute mode may play an important part in the existence of the diabetes belt. 

The next two maps examine commute modes, with the first presenting the percentage of commuters 
that travel by car, truck, or van, including those who carpool. It does not include transit use, which 
typically involves some walking, and is therefore not so sedentary. Although this map does not look 
exactly the same as the obesity and diabetes maps, there are some striking similarities. Throughout the 
Appalachians and the deep South, there is a pattern that we could call the "non-active transportation 
belt," where the percentages of commuters who drive are highest. It covers a similar area to the 
"diabetes belt," but also extends somewhat into Indiana, Ohio, and Michigan. Considering that one-third 
of the higher diabetes risk associated with living in the diabetes belt can be attributed to the modifiable 
risk factors of sedentary lifestyle and obesity, this map certainly suggests that commute mode may play 
an important part in the existence of the diabetes belt. 
The next map shows where commuters walk and bike the most. In this map, the colors are reversed, 
with green signifying higher biking/walking rates. In almost all counties in the U.S., this is a very small 
proportion of the commuting population; note that the top quintile begins at 5.5 percent. 
As one might expect, this map looks similar to the map depicting the car/truck/van mode share. For 
reasons that we can speculate about (such as climate, availability of public transport, individual 
economics, and a cyclical relationship between obesity and commute mode), biking and walking are 
less utilized for commuting in Appalachia and the deep South, and are more utilized in the northern 
U.S., including Alaska.



Environmental effects per serving of food produced

Willett W. et al. 2019 Food in the Anthropocene: the EAT–Lancet Commission on healthy diets from sustainable food systems The Lancet

Environmental effects per serving of food produced. Bars are mean (SD).5,216 Some results are 
missing for fish due to lack of data for some impact categories (eg, land use stemming from plant-
based feeds in aquaculture). This was, however, accounted for in the global food systems 
modeling framework used in Section 3. CO2=carbon dioxide. Eq=equivalent. PO4=phosphate. 
SO2=sulphur dioxide.

Healthy reference diet, with possible ranges, for an intake of 2500 kcal/day

Willett W. et al. 2019 Food in the Anthropocene: the EAT–Lancet Commission on healthy diets from sustainable food systems The Lancet

For an individual, an optimal energy intake to maintain a healthy weight will depend on body size and level of 
physical activity. Processing of foods such as partial hydrogenation of oils, refining of grains, and addition of 
salt and preservatives can substantially affect health but is not addressed in this table. *Wheat, rice, dry beans, 
and lentils are dry, raw. †Mix and amount of grains can vary to maintain isocaloric intake. ‡Beef and lamb are 
exchangeable with pork and vice versa. Chicken and other poultry is exchangeable with eggs, fish, or plant 
protein sources. Legumes, peanuts, tree nuts, seeds, and soy are interchangeable. §Seafood 
consist of fish and shellfish (eg, mussels and shrimps) and originate from both capture and from farming. 
Although seafood is a highly diverse group that contains both animals and plants, the focus of this report is 
solely on animals. ¶Unsaturated oils are 20% each of olive, soybean, rapeseed, sunflower, and peanut oil. ||
Some lard or tallow are optional in instances when pigs or cattle are consumed. 

The Diet Gap

Willett W. et al. 2019 Food in the Anthropocene: the EAT–Lancet Commission on healthy diets from sustainable food systems The Lancet

Diet gap between dietary patterns in 2016 and reference diet intakes of food Data on 
2016 intakes are from the Global Burden of Disease database. The dotted line 
represents intakes in reference diet (table 1). 



Summary
The human diet is the result of million-year long interaction of biology and culture.

Social and natural sciences take very different but complementary approaches to our diet.

We are the only animal that cooks, how long we have been doing so is not known.

Cooked food appears to have changed our genes.

The long history of use of fire is taking a large toll on our health and that of the planet.

Technologies allow for enough food to feed over 10 billion humans (and their pets), but only if redeployed in fairer ways.

Our food supply relies on artificial fertilizer and ways to control pests and weeds.

The last groups without farming (hunter-gatherers/foragers) allow crucial insights into original human diets!

Water use, just like food use will have to be equalized across regions.

Cities will have to be redesigned for increased physical mobility of humans, local production of food and social equality.

Trade is a defining feature of our species, it creates many opportunities but is also the mechanism for creating inequality.

Human niche construction is heavily applied to food production, preparation, trade and regulation.

Solutions will require a BIG cultural changes on a global scale!


