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What is Neuroscience?

- the study of the nervous system

1. Development (developmental neurobiology)
2.  Cells and their function (cellular and molecular neurobiology)
3.  Brain regions/circuits and their function (systems neuroscience)
4. Thinking (cognitive neuroscience, psychology)
5.  Neurodegenerative diseases, Stroke (Neurology)
6.  Mental illness (Psychiatry)
7.  Consciousness (Philosophy)
8. General functional principles (cognitive science, theoretical neuroscience)
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Neuroscience at Caltech 2015: BBE

Drosophila genetics: Zinn, Hay, Stathopoulos
Transplantation in chicks, frogs, zebrafish: Bronner

Visualization & imaging: Stathopoulos

C. elegans genetics: Sternberg

Cognitive neuroscience in humans: Adolphs, Shimojo

Circuits and behavior in flies and mice: Anderson, Meister, Hong

Evolution, vision in primates: Allman

Neural prosthetics, monkeys: Andersen

Zebrafish genetics: Prober

How flies fly: Dickinson

Optogenetics: Gradinaru, Oka
Synapse function and memory: Kennedy

Ion channels, addiction, disease: Lester

Gut, brain, and immune system: Mazmanian

Salt and thirst in rodents: Oka

Cognitive neuroscience, vision: Shimojo

High-level vision in monkeys: Tsao

Circuits for learning and memory in rodents: Siapas
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Who are you?

2014

10 Seniors
20 Juniors
7 Sophomores
0 Frosh

8 Grads

9 Seniors
11 Juniors
6 Sophomores
0 Frosh

3 Grads
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Section 1 (Th 2-2:55, Cynthia):  5 people

Section 2 (Th 3-3:55, Mason): 14 people

Section 3 (Th 4-4:55,  Jaron): 4 people

Section 4 (Th 7-7:55,  John): 6 people

Discussion sections

All in KK101, Thursday afternoons
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Two reasons to study the brain
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"As humans, we can identify galaxies light years away, study particles 
smaller than an atom but we still haven't unlocked the mystery of the 3 
pounds of matter that sits between our ears...."
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Textbook

“Principles of Neural Science”

Fifth Edition, 2013

Kandel, Schwartz, Jessell, Siegelbaum, Hudspeth, eds.

“The last frontier of the biological sciences -- the ultimate challenge -- is to understand the 
biological basis of consciousness and the brain processes by which we feel, act, learn and 

remember.”

(First sentence, Chapter 1)
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1: pp 5-10 Introduction

Brains evolved
All higher animals have brains
Neurons across species look remarkably similar
How these neurons are connected differs
A hallmark of brains is complexity
Human brains are large and wrinkly and have large frontal cortex

Sept 28
(today)

15: 337-344 Anatomy

The nervous system can be subdivided into regions
The brain is a tube
The brain floats in your skull
NS = PNS + CNS
ANS = PNS + CNS = sympathetic + parasympathetic
Sensorimotor cortices are topographically organized

Sept 30
(Weds)

Discussion 
section

Real human brains
Oct 1
(Thurs)

52: 1165-1185

53: 1187-1194
53: 1218-1227

Development

Most of the complexity of the brain comes from development
It is impossible to create an adult human brain without development
There are relatively simple developmental rules
Development = genes + environment

Oct 2
(Fri)

We emphasize these points from Kandel in Bi/CNS 150
Read Lecture
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 Intelligence and Brain Size
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published photographs of standard views (Witelson et al., 1999a,

b; Falk, 2009). As in all normal people, the central sulcus separates

the primary somatosensory cortex at the front (rostral end) of the

parietal lobes from the primary motor cortex at the back (caudal

end) of the frontal lobes (Figs 1–4). There is a large ‘knob’-shaped

fold (the ‘knob’, known to surgeons as the sign of omega) in the

right hemisphere that represents enlarged motor representation for

the left hand. This is an unusual feature that is seen in some

long-time right-handed violinists, such as Einstein (Bangert and

Schlaug, 2006; Falk, 2009). It is interesting to compare this

‘knob’ to the smaller motor representation that likely represents

Einstein’s right hand, in Fig. 1. Intriguingly, magnification of the

photograph in Fig. 1 underscores the expansion of the ‘knob’ over

the surface of the postcentral gyrus. Another unusual feature is

that, in both hemispheres, the precentral superior sulcus is

continuous with the precentral inferior sulcus so that the precen-

tral is one long sulcus rather than separated into two or more

segments, unlike any of the 48 hemispheres scored for this trait

by Ono et al. (1990, p. 43) (Falk, 2009, p. 3) (Figs 1–3). Similarly,

of the 60 hemispheres illustrated by Connolly (1950, pp. 186–

202), only two had the precentral superior sulcus continuous

with the precentral inferior sulcus (Connolly, 1950, p. 192 and

202).

In the left (but not right) hemisphere of Einstein’s brain, the

precentral inferior sulcus terminates extraordinarily high above

the Sylvian fissure, which is not shown as a variation by Ono

et al. (1990) or in the 60 frontal lobes illustrated by Connolly

(1950) (left hemispheres in Figs 2 and 3). It is possible that this

truncation of the lateral part of the precentral inferior sulcus is due

to expansion of the motor cortex for (lower) face and tongue (i.e.

which occupies at least part of the rectangular patch of cortex

bordered in the left hemisphere by the precentral inferior sulcus,

central sulcus, Sylvian fissure and the diagonal sulcus) (left hemi-

spheres in Figs 2 and 3) (Penfield and Rasmussen, 1968).

Although the morphology of the diagonal sulcus is highly vari-

able, it is estimated to be present in roughly one-half of human

Figure 3 Top: Photographs of the left (L) and right (R) lateral surfaces of Einstein’s brain taken from a traditional view, which lack original
labels. Bottom: Our identifications. Numbers 1–4 on the right hemisphere indicate four gyri in Einstein’s right frontal lobe, rather than three
as is typical. Sulci: a = additional inferior frontal; a1 = ascending branch of the superior temporal sulcus; a2 = angular; a3 = anterior occipital;
aS = posterior ascending limb of the Sylvian; c = central; d = diagonal; dt = descending terminal branch of the Sylvian; e = processus
acuminis; fi = inferior frontal; fm = midfrontal; fs = superior frontal; ht = posterior terminal horizontal branch of the Sylvian; inp = inter-
mediate posterior parietal; ip = intraparietal; mf = medial frontal; ocl = lateral occipital; ocs = superior occipital; otr = transverse occipital;
par = paroccipital; pci = precentral inferior; pcs = precentral superior; ps = superior parietal; pti = postcentral inferior; pts = postcentral
superior; R = ascending ramus of anterior Sylvian fissure; R’ = horizontal ramus of anterior Sylvian fissure; S = Sylvian fissure; sa = sulcus
acousticus; sca = subcentral anterior; scp = subcentral posterior; sip = intermedius primus of Jensen; ti = inferior temporal; tri = triangular;
ts = superior temporal; tt = transverse temporal; u = unnamed. 1 = superior frontal gyrus; 2 = atypical superior middle frontal gyrus;
3 = atypical inferior middle frontal gyrus; 4 = inferior frontal gyrus (usually the ‘inferior third frontal gyrus’). K = ‘knob’ representing motor
cortex for left hand. The figure is reproduced with permission from the National Museum of Health and Medicine.
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Clinical Picture

Brain of a white-collar worker
Lionel Feuillet, Henry Dufour, Jean Pelletier

A 44-year-old man presented with a 2-week history of 
mild left leg weakness. At the age of 6 months, he had 
undergone a ventriculoatrial shunt, because of postnatal 
hydrocephalus of unknown cause. When he was 14 years 
old, he developed ataxia and paresis of the left leg, which 
resolved entirely after shunt revision. His neurological 
development and medical history were otherwise normal. 
He was a married father of two children, and worked as a 
civil servant. On neuro psychological testing, he proved to 
have an intelligence quotient (IQ) of 75: his verbal IQ 
was 84, and his performance IQ 70. CT showed severe 
dilatation of the lateral ventricles (fi gure); MRI revealed 
massive enlarge ment of the lateral, third, and fourth 
ventricles, a very thin cortical mantle and a posterior 
fossa cyst. We diagnosed a non-communicating hydro-
cephalus, with probable stenosis of Magendie’s foramen 
(fi gure). The leg weakness improved partly after neuro-
endoscopic ventriculocisternostomy, but soon recurred; 
however, after a ventriculoperitoneal shunt was inserted, 
the fi ndings on neurological examination became normal 
within a few weeks. The fi ndings on neuropsychological 
testing and CT did not change.

Lancet 2007; 370: 262
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Figure: Massive ventricular enlargement, in a patient with normal social 
functioning 
(A) CT; (B, C) T1- weighted MRI, with gadolinium contrast; (D) T2-weighted MRI. 
LV=lateral ventricle. III=third ventricle. IV=fourth ventricle. Arrow=Magendie’s 
foramen. The posterior fossa cyst is outlined in (D).
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Complexity of the human brain

~85 billion neurons (roughly same as glia)

>1014 synapses (~ 106 /s during 1st 2 yr of life)

Thousands of neuronal types

(there are more than in any other type of tissue)

Brain architecture determined partly by genetics

However, much of the brain is sculpted by experience
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Complexity of the human brain

20,000 neurons per mm3

4 km axons per mm3

2-4 mm cortical thickness

10^9 synapses under a square mm
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Complexity of the human brain

~85 billion neurons (roughly same as glia)

>1014 synapses (~ 106 /s during 1st 2 yr of life)

Very, very large number of ensembles

Unbounded number of mental states?
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Ahrens & Keller, Nature Methods 2013, 18 March
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Brains evolved (but brains like ours may have only evolved once)
All higher animals have brains

Neurons across species look remarkably similar
How these neurons are connected differs

A hallmark of brains is complexity
Human brains are large and wrinkly and have large frontal cortex

Some brain weights: humans = 1400g, chimps = 400g, monkey = 100g.
Bigger brains are smarter, but this relationship is not very reliable

Brains have 85B neurons and 10^14 synapses, allowing for a huge number of 
combinatorial patterns
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Please attend class.  Videos are intended as supplementary material, not primary material.

There will be Quizzes on 1/3 of the lectures.
These Quizzes account for 10% of your grade and are EASY points.

The Quizzes focus on the preceding lectures.

Exams and problem sets will cover lectures and book readings.
The most important points in lectures will be emphasized.

The most important pages in the book will be assigned.

Do NOT consult previous problem sets or exams.

Questions from Quizzes may reappear in the Problem Sets or future Quizzes.
Questions from Problem Sets may reappear in exams.
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http://www.cns.caltech.edu/bi150/index.html
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