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Lecture 6: leaves, fruit, seeds, or animals?

Anatomy of plant seeds

okay to eat raw

kills you if eaten raw

Ricin, a lectin and from castor beans 
one off the most potent  toxins

makes you sick if eaten raw

PHA, a lectin from 
red kinden beans 

“ Cotyledons” are the first leaves (one or two) that are preformed in the seed and contain  
nutrients for the young plant, more nutrients are often stored in the “endosperm”.

peanut seeds 
showing embryo 
and cotyledons

σπέρμα: semen, seed, sperm, germ. Endosperm is nutrient storage tissue inside each seed. 
Cotyledons (named after cup shaped cavities)  are the primordial leaves. 
Practice question: What are cotyledons? 
Answer: primordial leaves preformed in the seed. 

Practice question: What happens to your body if you 1. eat raw beans, 2. raw castor beans or 3. 
raw corn? 
Answer: 1. makes you sick, 2. can kill you, 3 nothing.

Cauliflower, Radish, Kiwifruit, Grenadilla, Passion fruit,      Melissa,       Marigold

Pink pepper,  Tomato,         Radish,            Carrot,  Matthiola,           Dill,            Coriander.

Black pepper, White cabbage, Napa cabbage, Seabuckthorn, Parsley, Dandelion, Capsella bursa-pastoris.

Figs,           Boxthorn,     Beets,    Blueberries, Golden Kiwifruit, Rosehip, Basil.

Mustard,   Eggplant,   Physalis,   grapes,   raspberries, red rice, Patchouli.

Poppy,  Red pepper, Strawberry, Apple, Blackberry, Rice,        Caraway


Anatomy of plant seeds Amazing variety of plant seeds, many of these can persist in the ground for many years before 
sprouting. 
Practice question: Name two key differences between plant seeds and mammal babies. 
Answer: Developing seeds have no access to nutrients provided by their mothers. Seeds can 
remain dormant in the ground until they sprout and start growing.



Storage to plant? Fat to sugar?
Hawaiian cotton candy 
plants are very efficient at 
turning fat into sugar 

Animals are much less 
efficient at this.

Practice question: Give an example of a plant that produces an ocean-going seed that transports 
its own water. 
Answer: Coconut. 
Practice question: What happens to the fat inside a coconut when the seed germinates?. 
Answer: it is transformed in sugar so the the growing palm can make cellulose.

The problem with seeds
The plant’s precious potential next generation

Strychnos seeds, 
protected by 

powerful toxin: 
strychnine, a bitter 

alkaloid

Delicious fruit flesh surrounding deadly seeds. 
Practice question: How is it possible that Strychnos is an edible fruit if the plant is the source of 
strychnine? 
Answer: The toxin is in the seeds, not in the sweet fruits flesh.

The problem with seeds: some require reingestion
Parkia bicolor

Some species eat seeds after these have passed their digestive tract. 
Practice question: What is coprophagy? 
Answer: the eating of feces.



Plant Sex: Pollen to fertilize egg cells to make seeds

Onion

Cherry

Baobab

Passion fruit

Pollen grains of different flowering plants. Pollen coats are composed of extremely resistant 
proteins. 
Pollen can still be identified in minion year old soil and sediment samples, allowing the 
reconstruction of past floras. 
Practice question: What is the different between a pollen grain and a seed? 
Answer: The pollen grain contains the male gametes (two sperm) and the seed contains a plant 
embryo (plus nutrients).

Plant Sex: pollen has to find the pistil and ovules
Flowering plants are often hermaphrodites (bisexual, e.g. banan, beans, sunflowers, tomato), 
some plants have different male and female flowers on the same plants (“monoecious”e.g. corn, 
melon, cucumber, walnut) other have different male or female plants (“dioecious”, e.g. date palm, 
some figs, cannabis, kiwi, carob etc). 
Practice question: Give an example each of a plant that has a pattern of flowering that is bisexual, 
monoecious=separate male and female flowers on same plant, and dioecius=male and female 
flowers on separate plants. 
Answer: tomato, cucumber, date palm.

Plant Sex: Pollen has to grow a tube to deliver two sperm

One sperm for 
the embryo  
and another for 
the endosperm

Practice question: What does double fertilization in flowering plants refer to? 
Answer: the fact that one sperm in the pollen tube fertilizes the ovule (egg cell) and the other fuses 
with a diploid cell to form the seed nutrients (endosperm).



Male, female flowers, on same or different plants or hermaphrodite.

hermaphrodite 
flower: tomato

male or female flowers 
on same plant: 
cucumber/ pumpkin

separate male  and  
female plants: dates

Practice question: Give two examples of plants that have separate male and female plants: 
Date palms and Kiwi.

Many plants can reproduce asexually

bananas:  
no more seeds

almonds:  
grafted on 
peach root

taro: 
roots

grapes: 
grafted on 
resistant root 
stocks

cassava:  
roots

Unlike mammals, most plants can reproduce asexually. A very important trait allowing humans to 
spread and modify crop plants. 
Practice question: Give three examples of important crops that are propagated asexually. 
Answer: banana, taro and cassava.

Plant Sex: Seed Sprouting, One or Two leaves?

Corn, Wheat, Rice, Millet, Onions, Garlic, Bananas, 
Taro, Vanilla, Coconut, Dates,  

Beans, squash, potatoes, Cassava, Yam, Sweet potato,  
Tomato, Eggplant, Cabbage, Strawberries Apples, 

Practice question: What is the distinguishing feature of monocot plants versus dicot plants? 
Answer: Monocots sprout a single, dicots two leaves.



Monocts and Dicots

Corn, Wheat, Rice, Millet, Onions, Garlic, 
Bananas,Taro, Vanilla, Coconut, Dates, Sugar 
Cane, Teff, Pineapple, Lemongrass, Sorghum, 
Yam, Ginger, Turmeric

Beans, Squash, Potatoes, Cassava, Sweet 
Potato, Tomato, Eggplant, Cabbage, 
Strawberries, Apples,Cherries, Almonds, 
Mango,Passion Fruit, Figs, Coffee, Cocoa, Tea, 
Sia Seeds, Quinoa, Amaranth, Sesame

Practice question: List five of each, monocot and dicot crops: 
Answer: Monocots: onion, corn, coconut, garlic, turmeric;  
Dicots: beans spinach cabbage, passion fruit, avocado

Plant Sex: Genomes in the Seed, Genome sizes Many plants including many crops have genormous genomes!

Plant Sex: Genome sizes affected by human breeding

sod grasswheat pumpkin rye apple
sugar beat

raspberry
carrot

Practice question: which plant was domesticated first, the apple or wheat? 
Answer: wheat.



Plant Sex: Polyploidy
known polyploidy in eukaryotes

Plants can easily form hybrids that retain all the chromosomes of the parental species. This leads 
to polyploidy. 
Practice question: What is the meaning of polyploidy? 
Answer: multiple (more than two) copies of chromosomes in the genome.

Plant Sex: Polyploidy and bigger size
KR: karyoplasmic ratio, it changes with polyploidy which causes the nuclei to get larger and 
eventually causes the entire plant to become larger.

Crop genetics: past and future domestication How scientists hope to study the evolution of modern crops: extensive sampling across range of 
crop and its wild relatives, with luck, ancient DNA can provide a “time machine”, studies of 
population genetics, i.e. how the gene pools have been affected by numbers of plants in particular 
places, epigenomics is the study of factors influencing gene expression that are added above the 
level of DNA sequences, and gene editing is the targeted change in particular DNA sequences to 
produce novel features or to study extinct features as discovered by ancient DNA studies.



Plant Sex: Polyploidy and the global strawberry!

Octoploid strawberries are about 
300 years old…..

Many wild species are just diploid.

Geography of modern strawberry’s ancestors

Strawberries are a famous example of larger fruit via polyploidy.  
Evolutionary history of the octoploid strawberry. North-polar projection of present day. Geographic 
distributions of extant relatives of the diploid (2×) progenitors of Fragaria × ananassa, the putative 
intermediate tetraploid (4×) and hexaploid (6×) progenitors of Fragaria × ananassa, and extant wild 
octoploid (8×) species in North America.

Plant Sex: Polyploidy and bigger size

Octoploid strawberries are 
about 300 years old…..

Many wild species are just 
diploid.

Practice question: Why would farmers repeatedly have bred plants into polyploid varieties? 
Answer: bigger pants, seeds and fruit.

Isolating DNA from strawberries

10um

Root hair of strawberry plant, 2n = 56 My friend Willa Weber at PB elementary school scooping DNA

Hybrid strawberries have 4 times 
more DNA than their ancestors. 

Somatic chromosomes in root tip cells stained with DAPI. Metaphase chromosomes 
of Fragaria×ananassa ‘Nyoho’ (2n = 56). 
Hybrid strawberries have 4 times more DNA than their ancestors. 
Adding water salt and detergent allows ton free the DNA from the inside of cells and their nuclei (a 
second bag of membrane containing the chromosomes). 
After filtering the extraction, adding cold rubbing alcohol (isopropanol) precipitates DNA where the 
two fluids touch, DNA can be fished out and admired. 
How can one prepare DNA from living cells? 
Detergent, water and salt mixed to lyse the cells (lipid rich membranes of the cell and the nucleus 
dissolve); Straining away the rough parts; Adding cold rubbing alcohol to precipitate the DNA from 
the soap salt water solution into white slimy goop.



Plant Sex: Seed formation

diploid

tetraploid

hexaploid

Shewry, P.R. 2009, Journal of Experimental Botany

Einkorn

Durum wheat

Bread wheat

wild goat 
grass

The origin of wheat gluten. (A) Transmission electron microscopy of the developing starchy 
endosperm cells at 46 
d after anthesis shows that the individual protein bodies have fused to form a continuous 
proteinaceous matrix. Taken from 
Shewry et al., 1995, (Biotechnology 13, 1185–1190) and provided by Dr M Parker (IFR, Norwich, 
UK). (B) Digestion of a flour particle with amylases to remove starch reveals a continuous 
proteinaceous network. Taken from Amend and Beauvais (1995) andreproduced by kind 
permission of Getreidetechnologie. (C) After kneading, dough can be washed to recover the gluten 
network as a cohesive mass which is stretched in the photograph to demonstrate its viscoelastic 
properties. 
Practice question: What happened to the ploidy of wheat during the history of its domestication? 
Answer: it increased from diploid to hexaploid.

safe way to cut an avocado

Avocado seed dispersers

Toxodon Gomphothere

Practice question: which large animals used to disperse avocado seeds in Central America? 
Answer: extinct elephant relatives.



What are Apes made of?

Schultz, 1933 Anthropologischer Anzeiger

Apes as drawn by Adolph Schultz, based on actual measurements and omitting hair.

Jamey Marth

Apes consist of: Four different classes of biomolecules are required to form living cells. 
Practice question: What are the four classes of major biomolecules? 
Answer: Nucleic Acids, Proteins, Glycans, Lipids.

DIET 
“makes you : 
what you eat”

DNA RNA PROTEINS ENZYMES

SIGNALLING 
MOLECULES

TISSUES & ORGANS ORGANISM

TRANSCRIPTION 
FACTORS 

EXTRA- 
CELLULAR 

MATRIX

sRNA

Molecules in Context

LIPIDS

GLYCANS

CELL

GLYCOPROTEINS 
PROTEOGLYCANSGLYCOLIPIDS

DNA

PHYSICAL 
ENVIRONMENT

MICROBES 
PARASITES

CULTURAL 
ENVIRONMENT

A. Varki

Primates are long-lived complex assemblages of molecules. Much of the focus in molecular 
primatology continues to be on nucleic acids, DNA and RNA. 
This busy diagram is here to remind us that the different classes of molecules should be seen in 
context. Nucleic acids, our genomes reside within lipid bubbles which are coated with a large 
sugar coat. Glycan (sugars/carbohydrates) and lipids are not encoded in the genome, but are 
acquired from the diet. 
Practice question: which two classes of bimolecular are not directly encoded in the genome? 
Answer: Glycans and lipids.



Genome transmission by bonobos Like all other mammals, primates including humans are obligate sexual reproducers. 
Unlike plants, mammals cannot sprout new limbs or be propagated asexually, by cuttings.

1000 x model of the genome in Sperm and Egg egg 130 micron, times 1000   = 130 mm = 13 cm 
somatic cell 20 micron 2 cm diameter 
sperm 60 micron times 1000 = 6 cm long 
genome: 1 meter times 1000 = 1km of thread (really the thread should only be 2 micrometers 
thick, but I have no thread this thin!) 
Practice question: If one of your cells were 1000 times bigger than real life, how long would the 
genome (haploid) be? 
Answer: ~1km (~1000 yards) 
Practice question: How big is a human egg cell? 
Answer: about the size of a grain of salt (e.g. Norton table salt).

Fitting a genome into a cell: genome packaging DNA wrapped around histone proteins, this tight packaging allows the DNA to fit inside the 
nucleus of each cell. 
Chromosomes (literally “color bodies) are individual strands of DNA tightly wrapped around 
proteins that become visible as distinct structures when a cell is dividing and dividing up a copy of 
newly copied DNA into each daughter cell. 
Practice question: How does all the DNA fit into the nucleus of a cell? 
Answer: It is tightly packaged around proteins.



Fitting a genome into a cell: genome packaging

Yunis & Prakash 1982, Science
G-banded (Giemsa stain for AT 
rich / gene poor) regions of 
chromosome

Comparison of human and great ape chromosomes. Humans have 46 chromosomes in each cell 
(sperm and eggs have 23 each, as they are haploid). The banding patterns obtained after staining 
with DNA-specific dyes are highly similar between apes and humans. The staining reflects different 
composition of the DNA such as GC-rich versus AT-rich. 
Practice question: What is the study of chromosomes called? 
Answer: cytogenetics.

Fitting a genome into a cell: genome packaging

Ferguson Smith 1997 European Journal of Human Genetics

interphase nucleus

spread from metaphase 
(dividing cell)

Human chromosomes painted with probes from sorted gibbon chromosomes

Metaphase, when the cell is ready to divide, is when chromosomes can be seen as compact rods. 
When a cell is busy living (not replicating) during interphase , the DNA is decondensed into “puffs” 
as seen above. 
Sorted gibbon chromosomes can be stained and used for “painting” of human and great ape 
chromosomes. The gibbon fluorescent chromosomes will bind to places on the ape 
chromosomes that have similar DNA sequences (this method is called “fluorescent in situ (DNA) 
hybridization” or FISH). 
Practice question: At what stage in a cell’s life can one se chromosomes (under a microscope). 
Answer: During cell division.

DNA segments in haploid egg and sperm and in every diploid cell of the body

X
X-bearing  

sperm 
(haploid)

Y

Y-bearing  
sperm 

(haploid)

mtDNA
egg

X

egg 
(haploid)

X

X

XmtDNA

usually a female  
embryo 
(diploid)

X
X

Y
XmtDN

usually a male  
embryo 
(diploid)

X

The complement of chromosomes in human gametes (haploid = single copy of each 
chromosome) and body (somatic) cells (diploid two copies of each chromosomes except for 
males who have a single X chromosome and a Y chromosome). 22 pairs of autosomal 
chromosomes and a pair of X chromosomes for females, or a single X- and single Y chromosome 
for males. X and Y chromosomes are known as sex chromosomes or allosomes. The 
karyotype (full complement of all chromosomes) of a female and male cell is illustrated on the 
right. 

Ova fertilized by X-bearing sperm usually (98% of cases) give rise to females (persons with ovaries, 
fallopian tubes, uterus, cervix and vagina) whereas ova fertilized by sperm bearing an Y-
chromosome usually give rise to males (persons with testes, epididymides, vas deferens, and a 
penis). About 2 % of the population develops with ambiguous genitalia for many possible reasons, 



most commonly hormonal congenital adrenal hypoplasia (CAH, a group of genetic disorders that 
affect the adrenal glands), or only vary rarely due to sex chromosome aneuploidy (absence or 
extra copy of a sex chromosome) see end of lecture. 
Interesting fact: sperm do not actually carry chromosomes as the 23 segments of DNA of sperm cells are mostly removed 
from the histone proteins and tightly wrapped around protamine proteins so as to fit snuggly into a minuscule sperm head. 

Mitochondrial DNA           X  Y

Autosomes (1 of 22 pairs)

Modes of inheritance: uniparental & biparental Each of us is a genomic mosaic, a unique combination of reshuffled genomes. “Pure blood does 
not exist! We are all just variously reshuffled mutts!” Very likely, most of us have some very 
desirable and some much less desirable characters among our many ancestors….

Reading DNA: SEQUENCE HOMOLOGY

10 mismatches out of 82 base pairs 
--->12.2% DIVERGENCE 
or  87.8% HOMOLOGY

Human mitochondrial DNA
ACAACCGCTATGTATTTCGTACATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAATACTTGACCACCTGTAGTACAT

ACAACCGCTATGTATTTCGTACATTACTGCCAGCCACCATGAATATTGTACAGTACTATAATCACTCAACTACCTATAACACAT
Chimpanzee

          10       20        30         40         50         60         70         80

           •    •    ••   ••  •    •  •• 

       differences

    Human lysozyme mRNA, complete cds 2/420 = 0.47% divergence ---> 99.53% HOMOLGY
        CHIMPANZEE                                                            

 10 atgaaggctctcattgttctggggcttgtcctcctttctgttaccgtccagggcaaggtctttgaaaggtgtgagttggccagaactctgaaaagattgggaatggatggctacagggga  
                                                  
14  atgaaggctctcattgttctggggcttgtcctcctttctgttacggtccagggcaaggtctttgaaaggtgtgagttggccagaactctgaaaagattgggaatggatggctacagggga

121 atcagcctagcaaactggatgtgtttggccaaatgggagagtggttataacacacgagctacaaactacaatgctggagacagaagcactgattatgggatatttcagatcaatagccgc 
                                                            
134 atcagcctagcaaactggatgtgtttggccaaatgggagagtggttacaacacacgagctacaaactacaatgctggagacagaagcactgattatgggatatttcagatcaatagccgc 

241 tactggtgtaatgatggcaaaaccccaggagcagttaatgcctgtcatttatcctgcagtgctttgctgcaagataacatcgctgatgctgtagcttgtgcaaagagggttgtccgtgat 
                                                                       
254 tactggtgtaatgatggcaaaaccccaggagcagttaatgcctgtcatttatcctgcagtgctttgctgcaagataacatcgctgatgctgtagcttgtgcaaagagggttgtccgtgat 

361 ccacaaggcattagagcatgggtggcatggagaaatcgttgtcaaaacagagatgtccgtcagtatgttcaaggttgtggagt 420
                                                                       
374 ccacaaggcattagagcatgggtggcatggagaaatcgttgtcaaaacagagatgtccgtcagtatgttcaaggttgtggagt 433

•

•

Example of comparative approach using nucleic acid sequences, such pairwise 
comparisons between DNA allows to reconstruct the evolutionary history of 
living species. 
Practice question: Explain the difference between divergence and homology with regard to two 
DNA sequences. 
Answer: Divergence is the fraction of differences observed, and homology is the fraction of 
identical sequence.



33 - 22

Old World 
monkeys humans

20- 18

gibbons

9 - 10

gorillas

Present

Past

16 - 12

orangutans

6 - 8

~1

bonoboschimpanzees

Estimated divergencein millions of years before present 
(Locke et al. Nature 2011)

Humans and their primate relatives A phylogenetic tree, from past to present, Think of it as the grand summary of past 
mating behavior, at least those sexual encounters  that led to successful reproduction 
and survival.  Precise dating of divergence/speciation is problematic due to a number 
of unknowns e.g. mutation rate, population structure and incomplete divergence or 
rejoining of separate populations. 

Practice question: What is  phylogeny? 
Answer: The graphical representation of evolutionary history of multiple lineages. 
Practice question: What do the nodes of a phylogeny represent? 
Answer: Hypothetical ancestors.

1000 x model of haploid genome

5%

DNA with extra copies in apes but not humans

DNA with extra copies in humans but not apes
human

bonobo chimp gorilla orang

Including Insertions and deletions (pieces of the genomes that have no direct counterpart in the 
other genome: 
Human and chimpanzee genomes differ by ~ 5% of their DNA. Staining fo chromosomes can 
reveal exceeds copies in apes (above) or new copies in humans (below). Example of a region 
where humans have two copies of a gene (MIC) but chimpanzees lost one of the two… 
Practice question: Why is the genetic difference between humans and chimpanzees larger than 
2%? 
Answer: Each species has stretches of DNA that are missing in the other species.

Genetic vocabulary: 
“genome, gene, allele, haplotype”

Genome

Gene, Locus

Allele

Haplotype                 Primary 
               transcript

Protein

Locus 1 Locus2 Locus 3 Locus 4

Chromosome 
(DNA)

mRNA

Chromosome 1’

Locus 1 
Allele 1*01’

Allele 1*02’ 
Locus 1

Chromosome 1

Exon 1

Intron 1

Exon 2 Exon 3

Intron 2

promoter

Haplotype 1

Allele 1*02’ 
Locus 1

Allele2*02’ 
Locus 2

Allele 3*02’ 
Locus 3

Locus 1 
Allele 1*01’

Locus 2 
Allele 2*01’

Locus 3 
Allele 1*01’

 Haplotype 2

Post-translational  
modifications

Some key terms used in genetics: genome, gene, locus (“site” in Latin), allele, haplotype, 
promoter, exon, intron, mRNA, post-translational modification 
Haplotypes are long stretches of DNA that carry unique combinations of genetic variants (alleles). 
Post-translational modifications of proteins include the addition of sugar (glycosylation), or 
phosphate (phosphorylation) etc… 
The same protein can give  many different variants after it has been modified by post-translational 
addition of such molecules. 
Practice question: Why do human genes not have more than two alleles for each locus in each 
individual? 
Answer: Humans are diploid.



From Genome to Phenotype

nucleus 
(intercellular compartment 

holding  the genome)

rough ER 
(endoplasmatic reticulum)

smooth ER

golgi apparatus 
(stacks of vesicles)

vesicle

cell surface

ribosomes

Glycocalyx

The genome is frequently called the “blueprint” for life.  However, 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 and glycolipids of our cell surfaces and secretions are assembled by enzymes in the 
ER and Golgi. 
They represent the result of multiple interactions between many gene products and the diet.

Human lineage specific changes are scattered  
throughout the genome

copy 

number

O’Blenness et al. Nat Rev Genet. 2012

positive

selection

novel gene

pseudo gene

expression 
change

A vast landscape of functional elements still being discovered…

copy 

number

positive

selection

novel gene

pseudo gene

expression 
change

Genome positions of human-lineage-specific gene changes. Human-lineage-specific (HLS) gene 
changes discussed in this paper are displayed in their corresponding genomic position across the 
human karyotype. The changes are divided into five categories that correspond to those listed in  
and each type is color coded. It should be noted that many genes have undergone multiple types 
of HLS changes, and in this case only one type is shown. For visualization purposes, the size of 
the colored bands is not drawn to scale. 

Zócalo in Mexico City, Spencer Tunick 2007

22,000 protein coding genes (UCSD undergrads!) 

1000s of long non-coding RNA “genes” 

>1.5 million enhancers in genome (friends and relatives of UCSD 
undergrads!)

The “Gene” Crowd
Genes defined as stretches of DNA encoding a protein, have become limiting. There are over a 
million other functional elements (DNA sequences) in our genomes that have regulating functions. 
Networks of co-expressed genes with hub-like proteins that orchestrate levels of co-expression. 
The new definition of a gene is “a segment of DNA with a function”. 
Practice question: What is the problem with the classic definition of a gene as “a stretch of DNA 
that codes for a protein”? 
Answer: Much of the non-protein coding genome also has functions: RNA genes and enhancers 
regulate gene expression.



Daria Shlyueva,	Gerald Stampfel & Alexander Stark Nature Reviews Genetics 15, 272–286 (2014)

Enhancers (more than a million)

Transcription Factors: 
• Proteins 
• Pressure 
• Cytoarchitecture 
• Social  partners

orchestrators of  
gene 

expression

Enhancers are distinct genomic regions (or the DNA sequences thereof) that contain binding site sequences 
for transcription factors (TFs) and that can upregulate (that is, enhance) the transcription of a target gene from 
its transcription start site (TSS). Along the linear genomic DNA sequence, enhancers can be located at any 
distance from their target genes on the same chromosome, which makes their identification challenging. b,c  
In a given tissue, active enhancers (Enhancer A in part b or Enhancer B in part c) are bound by activating TFs 
and are brought into proximity of their respective target promoters by looping, which is thought to be mediated 
by cohesin and other protein complexes. Moreover, active and inactive gene regulatory elements are marked 
by various biochemical features: active promoters and enhancers are characterized by a depletion of 
nucleosomes, which is the structural unit of eukaryotic chromatin. Nucleosomes that flank active enhancers 
show specific histone modifications, for example, histone H3 lysine 4 monomethylation (H3K4me1) and H3K27 
acetylation (H3K27ac). Inactive enhancers might be silenced by different mechanisms, such as by the 
Polycomb protein-associated repressive H3K27me3 mark (part b) or by repressive TF binding (part c). d–f 
Complex patterns of gene expression result from the additive action of different enhancers with cell-type- or 
tissue-specific activities. 
Practice question: What is transcription factor (TF)? 
A protein that influences the expression of one or more genes.

Eastern Rift
Western Rift

Where are the fossils and why are they found there? The rift Valley, splitting into Eastern and Western Rift in the South provides ideal conditions for 
regular revelation of new fossils, as continental plates separate and the rains wash out new fossils. 
Practice question: Why is East Africa so rich in ancient human fossils? 
Answer: the continental rift provides ideal conditions for fossilization.



S. tchadensis 
6 mya

Au. afarensis 
3.8-2.95 mya

Au. africanus 
3.3-2.1 mya

Au. sediba 
1.98-1.78 mya

H. habilis 
2.4-1.4 mya

H. ergaster 
1.9-1.4 mya

H. erectus 
1.89 mya-143 kya

A. ramidus 
4.5-4.3 mya

Hominin Fossils older than ~2 million years:  only in Africa
Au. anamensis 
4.2-3.8 mya

Africa is the only continent where hominid fossils older the  2 million years have been found so far. 
Practice question: Which continent exclusively contains hominid fossils older than 2 million years? 
Answer: Africa.

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.

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

PresentPast

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



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

3000 BCE Year 0 CE 2000 CE

Recorded History

PresentPast

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

Oldest hominin artifacts: stone tools
“Oldowan” stone tools from Gona 
Ethiopia, 2.6 My

photo: Sileshi Semaw

Archeologist Yonas Beyene with a 1.4 my old 
hand axe he found in Ethiopia

Oldowan stone tools are named after Olduvai Gorge, an important fossil site in Tanzania. 
A more recent discovery puts the oldest stone tools at over 3 million years ago, in Lomekwi, on 
the shores of Lake Turkana, Kenya. 
Acheulean stone tools are named after a town in France, but these symmetrical hand axes are 
found all over Africa and Eurasia and date back to Homo erectus 1.7 million years ago.

Jebel Irhoud  
composite skull, 
Marocco, 300 Kya

First anatomically modern humans 

Ann Gibbons Science 2017;356:993-994

The origin of modern Homo sapiens in Africa appears to have been a complicated, 
Africa-wide process…..



Jebel Irhoud, 300 kyaNeanderthal and SapiensNeanderthal 500-30 kyaH. antecessor, 600 kyaH. heidelbergensis 800 kya

Ardipithecus 
ramidus 
4.3 mya

Australopithecus 
afarensis 
3.5 mya

Australopithecus 
afarensis 
3.3. mya

Australopithecus sediba 
2 mya

Sahelanthropus tshadensis  
6 mya

Homo habilis 
2.4 mya

Homo erectus 
2 mya

Homo naledi  
~200 kya

John Gurche and 
Kennis brothers, 

paleo artists

Meet the ancestors and extinct relatives

Cheddar Man, 9.5 kya

Homo erectus 
1.6 mya

Paleo reconstructions of extinct hominins are based on anatomical knowledge, comparative 
anatomy and educated guesses, sometimes helped by ancient DNA. 
Ancient Neanderthal DNA indicates that some Neanderthals cold have been lighter skinned. 
Ancient modern human DNA from Great Briton indicates that 9.5 thousand years ago, the 
individual was blue eyed  but dark skinned.

First anatomically modern humans 

Kibish foundation, 
Ethiopia (Omo 1 
and 2) 190 Kya 

Herto skull, Ethiopia, 160 Kya

Jebel Irhoud skull, Marocco, ~300Kya

The species Homos sapiens could be as old as 300,000 years.

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

Nature 538, 49–50 (06 October 2016) doi:10.1038/nature19471

Planetary Take over: timing reflected in LD patterns

possibly  30,000 years ago

stone tools in Mexican cave

Chiquihuite ~30ky

human foot prints in NM

~23ky

Timeline of the human global dispersals shown. Timmermann and Friedrich used climate, 
vegetation and human-dispersal models to understand how climate change may have paced the 
tempo of human migrations out of Africa. 
Practice question: Which were the last two continents settled by ancient humans? 
The Americas.



Fire at will
Oldest evidence for human made fire is from South Africa (Wonderwerk Cave) at over 1 million 
years ago. 
By 300,000 years ago, there is solid evidence for human mastery of fire. Our species is the “fire 
ape”!

Ancient DNA
New technology allows the extraction, capture and enrichment of ancient DNA as old as half a 
million years. 
The entire genomes of extinct Neanderthals and Denisovans, two distant cousins of Homo 
sapiens have been elucidated with ancient DNA technology. 
Practice question: Mention three extinct mammal species that had their ancient genomes 
characterized ? 
Answer: Neanderthal, Denisovan, Cave Bear.

Hybridization Happened, but it 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 coloured 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. 



Limited Interbreeding With Other Hominins 
  But We Eventually Replaced All Of Them....

HUNDREDS OF THOUSANDS OF YEARS BEFORE PRESENT (Dates approximate)

Other African Hominins?

?

?

How did we come to be the “last hominin standing”? 
Practice question: How many different human-like species existed 50,000 years ago? 
At least four.

Summary

Your Molecular Nature: more than your genome!

Diet provides sugars (glycans) and fats (lipids)

Genomes are very vast landscapes of functional elements, genes and many non-coding regions.

Protein coding genes are modulated by millions of other factors in the genome.

Two major waves out of Africa: 1. Homo erectus ~ 1.9 mya and 2. Homos sapiens ~ 100 kya.

Ancient DNA provides genomes of extinct cousins: Neanderthals and Denosivans. Some of their DNA made it into our genomes.

Genome sequences allow the reconstruction of phylogenies: evolutionary histories that contain hypothetical ancestors.

Sexual recombination (obligate in all mammals) creates novel combinations each generation.

Humans and most mammals are diploid (each cell has two copies of the genome).

Fossils provide hard evidence for such ancestors, those older  than 2 million years are only found in Africa.

Plant genomes can be huge and many plants are polyploid and can reproduce asexually.

Plants come in two major forms: monocots and dicots, based on the number of first leaves.

Humans have made even more polyploid plants for larger seeds and fruit..…

Plants seeds contain starch, protein (e.g. gluten) and or fats and are a hugely important part of our diet.

Many Plants can be propagated asexually.

Stone tools are older than 2 million years and were used to access meat inside bones (marrow and brain) as well as for butchering.


