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WHAT MAKE US HUMAN? 

•  ?????? 



WHAT MAKE US HUMAN? 

•  Bipedalism 



BIPEDALISM 

•  Some fossil evidence via footprints 
(direct evidence), spinal 
connection to skull, pelvis shape, 
lower limb bone characteristics 
(indirect) 

•  Unclear if arboreal, and unclear if 
directly ancestral 

•  Humans are not uniquely bipedal, 
not among animals nor apes 
specifically 

•  But humans are particularly adept 
at it and obligatorily bipedal, 
which is unique among apes 



BIPEDALISM 



GRADUAL VS. DISCRETE DIFFERENCES 

•  Some phenotypic variation between humans and 
great apes can be seen as series of gradual 
changes in the course of hominin evolution 



WHAT MAKE US HUMAN? 

•  Bipedalism 
•  Brain size 



BRAIN SIZE 

•  Begins much later in time than bipedalism 
•  Increase is approximately when recognizable stone 

tools appear in archaeological record 
•  Unclear if there is a causal link 



WHAT MAKE US HUMAN? 

•  Bipedalism 
•  Brain size 
•  Neoteny 



NEOTENY 

•  Heterochronic differences, changes in 
development times, between humans and other 
apes can explain many phenotypic differences 
•  Humans viewed as neotenic apes, or “child-like” i.e. 

incomplete age development 
•  For example, cranial shape of adult humans, facial 

features, hairlessness, etc. 



NEOTENY 

•  Notice human 
adult is similar 
cranio-facial 
ratios to chimp 
infants 



WHAT MAKE US HUMAN? 

•  Bipedalism 
•  Brain size 
•  Neoteny 
•  “Colonizing Ape” 



“COLONIZING APE” 

•  Human newborns are twice as large as gorillas or chimps 
relative to maternal weight; fattest of all mammals 

•  However, human babies are more dependent and have 
longer childhoods 

•  Though weaning time is earlier 
•  Adolescent growth spurt (only mammal) 
•  Characteristic menopausal longevity i.e. 

grandmotherhood (only described in some whales) 
•  Together, it’s possible that this combination allows 

increased phenotypic plasticity, a key component to 
the “colonizing ape” adaptive strategies allowing 
hominin dispersal out of Africa 
•  Phenotypic plasticity – variation in phenotype in individual 



POSTNATAL GROWTH IN HUMANS/
CHIMPS 



WHAT MAKE US HUMAN? 

•  Bipedalism 
•  Brain size 
•  Neoteny 
•  “Colonizing Ape” 
•  Endurance 
•  Watery sweating 
•  Brain structure 
•  Handedness among population 
•  Tool complexity 
•  Complex language, aided by larynx characteristics (such 

larynx characteristics also seen in red deer) 
•  Emotional weeping 

•  Anatomical differences, especially in comparison to 
archaic humans 

•  Genetic differences… 



GENETIC UNIQUENESS OF HUMANS: 
SEQUENCE DIFFERENCES 

•  Remember: only a few percent of human genome 
differs from other great apes 

•  But that still means many millions of structural and SNP 
differences 

•  However… 
•  Approximately 35 million SNP and 5 million indel (deletions/

insertions) differences between humans/chimps 
•  Of the 35 mil, 100,000 in the exome 
•  Of these, 40,000 are amino-acid changing (non-synonymous 

changes) 
•  Half of these occurred in the human lineage 
•  Since there are 25,000 protein-coding genes, that means on 

average there is one amino acid change per gene that is fixed 
in humans 

•  Most (perhaps ~80%) are likely to not affect phenotype and 
thus evolve neutrally 

•  Also, most human-specific traits are complex and polygenic, 
thus the effect of each change can be quite small 



DN/DS 

•  On a side note… 
•  There’s a difference between synonymous and non-

synonymous changes 
•  The ratio of these changes (dN/dS) provides a useful 

summary statistic for detecting selection due to the 
presumed greater selective intensity against non-
synonymous changes relative to synonymous changes 

•  The degree of this relative difference can speak about 
selection on that gene 

•  Detecting selection on protein-coding genes can inform 
human-specific evolutionary/phenotypic changes 

•  However, this is not a very powerful test for this application 



GENETIC UNIQUENESS OF HUMANS: 
REGULATORY/STRUCTURAL 

DIFFERENCES 
•  Beside changes in protein coding, sequence 

differences can lead to alternative splicing, a re-
ordering of mRNA after transcription and before 
translation/protein synthesis 
•  Plus, due to the high similarity in sequences 

between humans and other apes, alternatively, 
human-specific traits may (probably) be due to 
regulatory elements 
•  Also, structural changes (e.g. duplications, 

deletions), which would affect more DNA than SNP 
changes, can lead to duplication/deletion of 
genes, which can lead to phenotypic 
consequences 



GENETIC UNIQUENESS OF HUMANS: 
GENE LOSS/GAIN 

•  In relation to the aforementioned structural 
differences, scientists have observed the following: 
•  Rate of gene loss/gain humans and great apes more than 

twice seen in other mammals 
•  Gene deletions are twofold higher in number in humans 

and chimps compared to macaques 
•  Some genes have unique copy numbers in humans 

•  >60 de novo (brand new) human-specific genes 
have been characterized 
•  Primarily expressed in cerebral cortex and testes, but true for 

a random set of genes as well 
•  These genes typically are short and functional role in human 

phenotype uniqueness yet to be determined 



GENETIC UNIQUENESS OF HUMANS: 
GENE EXPRESSION 

•  Ultimately, though, a lot of attention has been paid 
to expression level 
•  Beside regulatory elements, expression level can be 

controlled by copy number and transcription factors 
•  These factors can alter the quantity of a certain protein 

being produced, and this quantitative difference can result 
in phenotypic change 



HUMAN ORIGINS: 
HUMAN? 

•  First, ambiguity of “human” 



HUMAN ORIGINS: FOSSIL EVIDENCE 

•  Chimp-hominin split roughly 6-7 MYA 



HUMAN ORIGINS: FOSSIL EVIDENCE 

•  Distinguishing 
between chimp 
and human 
lineages around 
split time is difficult 

•  Made worse due to 
lack of chimp fossils 
before .5 MYA 

•  Has ramifications 
on inference of 
bipedalism, which 
has an early dating 



HUMAN ORIGINS: FOSSIL EVIDENCE 

•  Out-of-Africa 



HUMAN ORIGINS: FOSSIL EVIDENCE 



HUMAN ORIGINS: FOSSIL EVIDENCE 

•  “Lucy”; A. afarensis 
•  “Robust” vs. “gracile”; 

Australopithecus vs. Paranthropus 
•  Dispute over direct ancestor 
•  A. afarensis and A. anamensis good 

candidates for before 3 MYA 
•  No consensus for the bridge to Homo 
•  Possibly A. sediba, for its mixture of 

traits, which would suggest southern 
rather than eastern African origin for 
Homo 



HUMAN ORIGINS: FOSSIL EVIDENCE 



HUMAN ORIGINS: FOSSIL EVIDENCE 



HABILIS 

•  ~2.3 MYA 
•  Originally, earliest member of Homo 
•  Homo vs. Australopithecus 
•  Key features distinguishing Homo, though, do not 

appear until ~2 MYA in H. erectus/ergaster 



HABILIS 



HOMO ERECTUS/ERGASTER 

•  Two species? 
•  Difficult to find distinguishing 

characteristics 
•  H. ergaster generally refers to African 

individuals, and H. erectus refers to 
Eurasian 

•  A ~1 MYA specimen resembling Asian H. 
erectus was found in Africa, 
strengthening the idea of one 
widespread, variable species 
•  However, could be a back-migration 

•  Either way, still supports an African origin 
•  Potentially an extremely successful 

group: from nearly 2 MYA to possibly 135 
KYA 
•  Would have been contemporaries with 

mainland East Asian individuals typically 
classified as archaic H. sapiens 



HOMO ERECTUS/ERGASTER 



HOMO FLORESIENSIS 

•  Possible descendants 
of H. erectus; founder 
effect ~1 MYA 

•  “Hobbit” man 
•  Isolated island poor in 

resources, selection 
for small size 

•  As recent as 17-74 
KYA 



HOMO FLORESIENSIS 



HOMO ANTECESSOR/
HEIDELBERGENSIS 

•  Often combined, with antecessor 
being more archaic 

•  May also include H. rhodesiensis 
•  Thus representing also a widespread 

and somewhat variable group 
•  ~.5->1 MYA; bridge between 

erectus/ergaster and sapiens/
Neanderthal/Denisovan 

•  Such a continuous, widespread 
distribution confounds inference of 
the specific demography, including 
Out-of-Africa 

•  However, morphology suggests Out-
of-Africa 



HUMAN ORIGINS: OTHER EVIDENCE 

•  Archaeology: tools 
•  Language; phonemic 

diversity 
•  Parallels with 

morphological and 
gneetic patterns 



HUMAN ORIGINS: PRESENT GENETIC 
EVIDENCE 

•  Genetic diversity highest in Africa 
•  Try to avoid ascertainment bias in the collection of 

sequence data 
•  Ascertainment bias is a bias introduced in the data 

collection 
•  For example, a lot of SNP chips may have been initially 

developed for specific populations, thus introducing an 
inherent bias in the SNPs collected, increasing the likelihood 
of capturing genetic diversity in the populations the SNP 
chips were designed for  



HUMAN ORIGINS: PRESENT GENETIC 
EVIDENCE 



HUMAN ORIGINS: PRESENT GENETIC 
EVIDENCE 



HUMAN ORIGINS: PRESENT GENETIC 
EVIDENCE 



HUMAN ORIGINS: PRESENT GENETIC 
EVIDENCE 

•  Such patterns suggest a 
serial founder model 



HUMAN ORIGINS: PRESENT GENETIC 
EVIDENCE 

•  Phylogenetic evidence, both haploid and 
autosomal markers 
•  Note: notice the difference between mtDNA on the 

left and Y on the right; illustrating reproductive 
variance 



HUMAN ORIGINS: PRESENT GENETIC 
EVIDENCE 

•  Demographic models 



HUMAN ORIGINS: ANCIENT DNA 
EVIDENCE 



HUMAN ORIGINS: ANCIENT DNA 
EVIDENCE 



NEANDERTHAL, DENSIOVAN, & AMH 
STORY (MAYBE) 



NEANDERTHAL, DENSIOVAN, & AMH 
STORY (MAYBE) 



NATIONAL GENOGRAPHIC 


