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Age of the 
Universe = 
13.8 Billion 

Years 

• The first estimates were based on “red shift” of distant 
galaxies. 

• The Hubble Constant was determined in 1958 suggesting an 
age of 10-15 billion years. 

• The most recent estimates are based on microwave cosmic 
background radiation and suggest an age of 13.8 billion 
years. 

http://newscenter.lbl.gov/science-shorts/2013/03/21/planck-results/ 



The Earth is ~ 4.5 billion years old 

4.5 – 4 billion years Hadean Time: No geologic record 

4 – 2.5 billion years Archean Eon: Continents, oceans, and atmosphere form 
3.5 billion years  Simple cells (prokaryotes) 

3.2-3.4 billion years Early anoxygenic photosynthesis 

2.5 billion – 570 million years Proterozoic Eon: Oxygen increases and eukaryotes appear 
2.4 billion years  The Great Oxidation Event 

2.2 billion years First undisputed fossil evidence of cyanobacteria, and of photosynthesis 

2 billion years Eukaryotic cells 

900 million years  Multicellular life  

530 – 240 million years  Paleozoic Era: Multicellular life proliferates 
530 million years  Fish and proto-amphibians  

465 million years  Land plants 

400 million years  Insects and seeds  

360 million years  Amphibians  

300 million years  Reptiles  

250 million years Mass extinction (>90%) 

240 – 65 million years Mesozoic Era: Dinosaurs and flowering plants proliferate 
200 million years  Mammals  

150 million years  Birds  

130 million years  Flowering plants   

65 million years Mass extinction (>70%) 

65 million years – present  Cenozoic Era: Mammals proliferate 
 10,000 years to present  Modern civilization 

Emergence of Photosynthesis 

https://www.newscientist.com/article/dn17453-timeline-the-evolution-of-life/ 



Early fossils from 3.5 billion years ago 

Stromatoliths: Formed by 
colonies of cyanobacteria - 
3.450 billion years ago 

Prokaryotes: No membrane 
bound organelles like nucleus  

Early cells may have been 
heterotrophs  

 http://www.ucmp.berkeley.edu/precambrian/archean_hadean.php 



The Earth is ~ 4.5 billion years old 

4.5 – 4 billion years Hadean Time: No geologic record 

4 – 2.5 billion years Archean Eon: Continents, oceans, and atmosphere form 
3.5 billion years  Simple cells (prokaryotes) 

3.2-3.4 billion years Early anoxygenic photosynthesis 

2.5 billion – 570 million years Proterozoic Eon: Oxygen increases and eukaryotes appear 
2.4 billion years  The Great Oxidation Event 

2.2 billion years First undisputed fossil evidence of cyanobacteria, and of photosynthesis 

2 billion years Eukaryotic cells 

900 million years  Multicellular life  

530 – 240 million years  Paleozoic Era: Multicellular life proliferates 
530 million years  Fish and proto-amphibians  

465 million years  Land plants 

400 million years  Insects and seeds  

360 million years  Amphibians  

300 million years  Reptiles  

250 million years Mass extinction (>90%) 

240 – 65 million years Mesozoic Era: Dinosaurs and flowering plants proliferate 
200 million years  Mammals  

150 million years  Birds  

130 million years  Flowering plants   

65 million years Mass extinction (>70%) 

65 million years – present  Cenozoic Era: Mammals proliferate 
 10,000 years to present  Modern civilization 

Emergence of Photosynthesis 

https://www.newscientist.com/article/dn17453-timeline-the-evolution-of-life/ 



Life and Changing Atmospheric Conditions 

Free oxygen gas appeared in significant quantities between 2.5 and 1.6 billion years ago. 
Early oxygen combined with iron in the oceans to produce banded iron formations.  

Holland, Heinrich D. The oxygenation of the atmosphere and oceans. Philosophical Transactions of the Royal Society: Biological Sciences. Vol. 361. 2006. p. 903–
915. 



The Earth is ~ 4.5 billion years old 

4.5 – 4 billion years Hadean Time: No geologic record 

4 – 2.5 billion years Archean Eon: Continents, oceans, and atmosphere form 
3.5 billion years  Simple cells (prokaryotes) 

3.2-3.4 billion years Early anoxygenic photosynthesis 

2.5 billion – 570 million years Proterozoic Eon: Oxygen increases and eukaryotes appear 
2.4 billion years  The Great Oxidation Event 

2.2 billion years First undisputed fossil evidence of cyanobacteria, and of photosynthesis 

2 billion years Eukaryotic cells 

900 million years  Multicellular life  

530 – 240 million years  Paleozoic Era: Multicellular life proliferates 
530 million years  Fish and proto-amphibians  

465 million years  Land plants 

400 million years  Insects and seeds  

360 million years  Amphibians  

300 million years  Reptiles  

250 million years Mass extinction (>90%) 

240 – 65 million years Mesozoic Era: Dinosaurs and flowering plants proliferate 
200 million years  Mammals  

150 million years  Birds  

130 million years  Flowering plants   

65 million years Mass extinction (>70%) 

65 million years – present  Cenozoic Era: Mammals proliferate 
 10,000 years to present  Modern civilization 

Land Plants and Flowering Plants Emerge 

https://www.newscientist.com/article/dn17453-timeline-the-evolution-of-life/ 



Rhynie Chert, Scotland: A thin section through a fossilized stem of 
Aglaophyton major, showing the exquisite detail of preservation; cell 
walls and tissue structure is preserved at the anatomical level (408-360 
million years) 
http://www.ucmp.berkeley.edu/devonian/rhynie.html 

Early Land Plants Emerged 465 Million Years Ago 

https://www.abdn.ac.uk/rhynie/aglao.htm 



125 million years old plant fossil 
collected in Liaoning Province, China 

http://www.mnh.si.edu/museum/news/firstflower/ 

Micropetasos burmensis in a 100-million-
year-old piece of amber 

http://www.sci-news.com/paleontology/science-amber-reproduction-
flowering-plants-01660.html 

Flowering Plants Emerged 130 Million Years Ago 



The Earth is ~ 4.5 billion years old 

4.5 – 4 billion years Hadean Time: No geologic record 

4 – 2.5 billion years Archean Eon: Continents, oceans, and atmosphere form 
3.5 billion years  Simple cells (prokaryotes) 

3.2-3.4 billion years Early anoxygenic photosynthesis 

2.5 billion – 570 million years Proterozoic Eon: Oxygen increases and eukaryotes appear 
2.4 billion years  The Great Oxidation Event 

2.2 billion years First undisputed fossil evidence of cyanobacteria, and of photosynthesis 

2 billion years Eukaryotic cells 

900 million years  Multicellular life  

530 – 240 million years  Paleozoic Era: Multicellular life proliferates 
530 million years  Fish and proto-amphibians  

465 million years  Land plants 

400 million years  Insects and seeds  

360 million years  Amphibians  

300 million years  Reptiles  

250 million years Mass extinction (>90%) 

240 – 65 million years Mesozoic Era: Dinosaurs and flowering plants proliferate 
200 million years  Mammals  

150 million years  Birds  

130 million years  Flowering plants   

65 million years Mass extinction (>70%) 

65 million years – present  Cenozoic Era: Mammals proliferate 
 10,000 years to present  Modern civilization 

Land Plants and Flowering Plants Emerge 

https://www.newscientist.com/article/dn17453-timeline-the-evolution-of-life/ 



Human Cultures Emerge Around the World over 
the Past 50,000 Years 

http://news.nationalgeographic.com/news/2014/10/141008-cave-art-sulawesi-hand-
science/ 

http://news.nationalgeographic.com/news/2012/06/120614-neanderthal-
cave-paintings-spain-science-pike/ 

39,900 year old cave 
art in Indonesia 

40,800 years old 
cave art in Spain 



http://proof.nationalgeographic.com/2015/01/05/shooting-chauvet-photographing-the-worlds-oldest-cave-art/ 

35,000 years old painting in the cave of Chauvet-Pont-d’Arc in France  

Human Cultures Emerge Around the World over 
the Past 50,000 Years 



Path of Human Exploration 

Humans had spread into most regions of the globe by 12,000 years ago 
(https://genographic.nationalgeographic.com/human-journey/). 

https://genographic.nationalgeographic.com/human-journey/
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https://www.newscientist.com/article/dn17453-timeline-the-evolution-of-life/ 



http://teachmiddleeast.lib.uchicago.edu/foundations/origins-of-civilization/images/origins-02.jpg 

The Neolithic Revolution occurred approximately 10,000 years 
ago and marked the transition from hunting and gathering to 

agriculture. 

Neolithic Revolution 



The earliest evidence for photosynthesis 
suggests that it began in what era? 

A. 13.8 billion years before present 

B. 4.5 billion years before present 

C. 3.4 billion years before present  

D. 530 million years before present 



The earliest evidence for land plants 
suggests an origin of what date? 

A. 3 billion years before present 

B. 465 million years before present 

C. 130 million years before present  

D. 40 million years before present 



The earliest evidence for flowering plants 
suggests an origin of what date? 

A. 3 billion years before present 

B. 465 million years before present 

C. 130 million years before present  

D. 40 million years before present 



When did humans begin domesticating 
plants? 

A. 130 million years before present  

B. 40 million years before present 

C. 1 million years before present 

D. 10,000 years before present 

 



Domestication 
Derived from the word domesticus meaning 

of the home 
Domestication brought a change to crop 

plants that is referred to as the 
Domestication Syndrome 



1. Increased the size of plant organs and structures. 
 a. the inflorescence 
 b. the leaf area 
 c. the stem 

Wild sunflower  Domesticated sunflower  

Domestication brought change – Domestication Syndrome 

Public Domain, https://commons.wikimedia.org/w/index.php?curid=429137 https://upload.wikimedia.org/wikipedia/commons/6/61/Helianthus_giganteus.jpg 



2. Change form from vines to upright plants  



Threshing: Removes the grain from the glumes, lemma, and 
palea (chaff) 
Winnowing: Separating the chaff from the seed; usually 
with air or wind 

Bread 
Wheat Emmer Spelt 

chaff 

Einkorn 

grain 

3. Glumes, lemma and palea (chaff) less tightly affixed to the 
seed.  The early wheat was hard to thrash and winnow. 



Threshing with a log 

Winnowing - Air separation of chaff from seed 

Today in 
Iran 

Threshing with stone depicts early difficulties of farming 

2400 B.C. 
Egypt 



Modern combines reap, thresh, and winnow the grain 

reaping 

threshing 

winnowing 



4. Seeds become bigger and more numerous 

sunflower 

buckwheat 



5. Non-shattering 

Shattering is a valuable trait for 
wild plant; aids in seed 
dispersal 

Non-shattering seed heads are 
one of the first signs of 
domestication; aids in grain 
harvesting 



6.  Seed coats less thick; little or no dormancy in seeds 



7.  Uniformity of emergence and maturation,  
synchronous growth, uniform ripening 



earliest modern 

Bread 

Wheat Einkorn Emmer Spelt 

8. Tendency to increase ploidy (number of sets of 
chromosomes)  

Diploid 

AA 

Tetraploid 

AABB 

Hexaploid 

AABBDD 

14 = 2n 
chromosomes 

28 = 4n 
chromosomes 

42 = 6n 
chromosomes 



9.  Trend towards annuals rather than perennials or biennial  

celery  

Perennial flower garden 

parsnips 

carrots  

Turnips 

rutabaga  



10.  Trend towards self pollinated plants 

Crossing soybean 

Wheat – self pollinated 

Soybean – self pollinated 

Crossing wheat 



https://ge.unl.edu/journey-of-a-gene/step-3-breeding/how-to-cross-
soybeans/ 



11.  Loss of defensive structures and 
chemical pathways 

Cassava 



The Domestication Syndrome 

1. Increased the size of plant organs and structures. 

2. Change in form from vines to upright plants 

3. Improved threshability with the glumes, lemma and palea 
(chaff) less tightly affixed to the seed. 

4. Seeds bigger and more numerous 

5. Non-shattering 

6. Seed coats less thick; reduced dormancy in seeds 

7. Uniformity of emergence and maturation, synchronous 
growth, and uniform ripening 

8. Tendency to increase ploidy (sets of chromosomes) 

 

 



The Domestication Syndrome 

9. Trend towards annual crops 

10. Trend towards self-pollinating crops 

11. Loss of defensive structures and chemical pathways such as 
cyanogenic glucosides 



https://www.researchgate.net/figure/Crossing-for-
Kernels-Over-time-selective-breeding-modifies-
teosintes-few-fruitcases_fig1_9055501 

https://blog.nationalgeographic.org/2009/03/23/corn-domesticated-
from-mexican-wild-grass-8700-years-ago/ 



Ancient Cultures found along path of man’s exploration 
• To have great cultures you need to have sedentary life style 
• Agriculture means modifying the environment 
• Domestication of plants requires sedentary life style (plant then wait for 

harvest) 

Purugganan and Fuller. 2009. Nature 457: 843-848 



Near Eastern Origins, 
10,000 years old 

African Origins, 
6,000 years old 

Chinese Origins, 
9,000 years old 

South Asia Origins, 
7,000 years old 

New World Origins, 
9,000 years old 

www.eea.europa.eu 

http://www.eea.europa.eu/


Crop Foundations of Agriculture 
Cereals Roots and Tubers 
Maize Zea mays Americas Potatoes Solanum tuberosum Americas 
Wheat Triticum aestivum Near East Cassava Manihot esculenta S. America 
Rice, paddy Oryza sativa China/India Sweet potatoes Ipomoea batatas S. America 
Barley Hordeum vulgare Near East Yams Dioscorea spp. Africa 
Sorghum Sorghum bicolor Africa Carrots and turnips Daucus carota  Europe/N. East 
Millet Pennisetum glaucum Africa Taro (cocoyam) Colocasia esculenta Asia 
Oats Avena sativa Near East 
Rye Secale cereale Near East Oilcrops 

Soybeans Glycine max China 
Pulses Rapeseed Brassica napus Europe/N. East 
Beans Phaseolus vulgaris Americas Cotton seed Gossypium spp. Diverse 

Peas Pisum sativum Near East Oil palm Elaeis ssp. W. Africa/S. America  
Chick peas Cicer arietinum Near East Groundnuts Arachis hypogaea Americas 
Cow peas Vigna unguiculata Africa Sunflower seed Helianthus annuus Americas 
Pigeon peas Cajanus cajan S. Asia Olives Olea europaea N. East/Europe 
Broad beans Vicia faba Near East Sesame seed Sesamum indicum S. Asia 
Lentils Lens culinaris Near East 

Sugar Crops  
Fibre Crops  Sugar cane Saccharum ssp. Asia 
Cotton lint Gossypium spp. Diverse Sugar beet Beta vulgaris  Europe 

Other Key Crops of the Americas 
Pumpkin/Calabasa Cucurbita spp. Americas 
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