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Figure 21-5 Comparison of
rmetiosis and ritotic cell
divigion. For darity, anly
ane pair of hamalogous
chramasames [homalogs) &
shawm. [A) I meiodis, after
DINA, rephication, twa
riuclear {and cell] divisions
ane regquired 10 produce the
haploid garmetes, The
duplicated homologs, each
conaisting of ightly bourd
sister chromatids, pairup
and are wegregated inta
different deughver call in
risEioais |; the Sister
chromatids separate only in
risicais |l As indicabed by
the farmation af
chrgrmasames that are
partly red and pantly gray,
homalag paifing in meiosis
Ieads 1o genetic
recombination {crassing-
aver) during meioss |, a3
discussed laver. Each digloid
cell that erbers meiosis
therefore praduces kaur
genetically differert hagloid
celli < AGTC {B] In mitadis,
by contrast, hamalogs da
rol pair up, and Lhe sjster
chromatids separate during
the single division. Thus,
each diploid cell that
divides by miosis produces
nwa genetically identical
diploid daughber cells
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Figure 21-6 Homolog alignment and
crossing-over. (A] The structure farmed
by two closely aligned duphicated
homalogs is called a bivalent. As in
mitosis, the sisver chromatids in each
homalog ane tightly connected along
their ertine ergths, as well a8 ae their
centramenss Al this stage, the hamalogs
are usually joined 1ogether by a protein
comphex called the prapranémo!
cormpler (Mot shown; wee Figure 21-5).
(8] A laber-stage bivalent in which a single
crodsover event has occurned between
rion-sister chramatids. [t is only when the
ynaplonemal comglex disssiembles and
the paired homologs separate a litte at
the end of prophase |, as shawn, that the
crossover is seen micrascopically a3 a thin
connection between the hamologs called
& chicirna.
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Figure 21-2 Homolog synapsis and
desynapsis during the different stages of
prophase L (A] A single bivalent is shawn
schematically. Al leptatene, the two sister
chramatids coalesce, and their chramatid
loaps extend out tagether from & comman
axjal care. The synaptoremal comgplex
bBeging to aisemble facally in early
Iygolens Asiemialy continues thraugh
rygotene and is complete in pachytens.
The complex disazsermniles in diplobense
(B) An electron micragraph of a
synaptonemal complex from a meiotic cell
at pachytene in a lily flower. (Cand I
Immunoflusrescence micrographs of
prophase | cells of the ungus Sovdaria.
Partially syrapsed bivalents an zygotens

are shawm in [C) and Rully synagsed
bBiwalents gre hown im (D). Bed orrowtaeacls
in [C] paint to regions whene synapsis =
still incomplete. {B, courtesy of Brian Wells;
C and D, From A, Stordazs et al, Gened Dewv
17:2675-2687, 2003. With permission fram
Cald Spring Harbor Laboratory Press. )
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Figure 21-13 Comparison of chromosome behavior in reiosis |, meioss [, and mitesis. Chromosomes behaye similarsy in mitosis and
mejasis 1, But they behave wery diffensntly in meiosis | (A] In meiosis | the two sister kinetochanes are located side-by-side an each homalog a
the sister centraomeres ard attach 10 micratubales emanating fram the same spindle pale, The pratealytic destruction of the cofesin
oarnglenes along the sisver chramatid arms urglues the amms and resalves the crassavens, allowing the duplicated homaodags to segarate at
araphase |, while the retidual cobesn cormplemss at the centromenss keep the siters iogether. The grotealytic destraction af the residual
oahesin compheees at the ceptromenes aliows The sister chromalids 1o separate st anaphase 1. {B] In mitasis, by contrast, the rao sister
kinetachores attach to microtubules emanating from diffensnt spindle podes, and the bwo sister chromatids come apart 8t the start of anaphase

ard spgregate into segarate davghter oells [discussed im Chagter 17).
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Figure 21-13 Ted major contributions bo
the reassortment of genetic material that
ooturs in the production of gametes
during meioss (A] The independent
assortrnent of the materral arsd paternal
harmalogs during meiodis produces 27
different haploid gametes for an organism
with n chromosames. Here p= 3, ard thens
are B different possible gametes.

(8] Crossng-awer during prophase |
exchanges DNA segments betwaen
harmalogous chramosames and thenetry
re-assarts genes an indwidual
chramosomes. Becsuse of the many small
differences in DA sequence that abeaays
exist betwean any two hornalogs, bath
mechaniams incraase the genetic variability
of organisms that reproduce sexually,
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Figure 21-14 Crodsovers betwesn
homolegs in the human testis. in these
immunafluarescence micrographs,
antibodies have been used 19 ain the
yriagtonermal compleges {red), the
certrameres dBoe], and the bt of
crassing-over [green). Mabe that all of
the bivalents have gt least 1 crossover
arnd narne have mone than 3. (Modifed
Fram A. Lynn et al., Soiénce
29622222325 001 With permisdicn

From AAAS)



MIDUSE 1B LILY Figure 21-15 Comparison of times
B required for wach of the stages of

meiosis. [A) Aporoximate times for a
male mammal [Fouse). {B] Appraximate
times for the male tssue of a plant {lily).
Tirnes differ for rmake and female garmetes
[sperm and eggs, respectively] of the
same species, as well ai for the same
gametes of diffierent species. Meiosis in a
hurman rale, for example, lasts for

24 s, cormpared with 12 days in the
mouse. In human females, it can last

40 years of more, because meios |
arrests after diplotene, In all species,
however, prophase | i always much
longes than all the ather meiotic stages
combined,
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Figure 21-16 Segregation of germ cell
determinants in the nematode

. elagars. The micragraphs in the wpger
i & haowe the patbern of &l divisions,
with the esll nuchEi dained Bue balow,
the same 2l are stained with an
artibady thar labels {in grean) small
granules (called Fgranwies) that luncian
as germ cell determinants. The P grariubes
are pomposed of BNA ard protein
mobeculéd and ane distibuted randamby
throughoul the cytaplasm of the
wnfertifeed egg (ot shawnl As shown in
the far lefi-hand panels, afver fentilization,
the grarubes accwrulate a1 ane pole of
the rygobe, The granules ans then
sEgregated inta ane of the twa dawghter
calls an each cell division. The single cell
cantaining the F granules in the embaya
shown in the far right-hand panels & the
pracuriar of the gemrn lne ([Couresy of
Susan Serorme)
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Figure 21-19 Influence of Sy on gonad
development. The germ-line calls are
shaded in red, and the somatic cells ane
shaded in green or bive The change from
light 1o darker color indicates that the el
has differentiated The Sry gene 5215 in a
subpapulation of somatic calls in the
develaping gonad 1o direct them to
differertiane into Sertol ol instead of
fallicle esls The Senoali cells then prevwen
the germHine cells from developing
alang the eqg pathway and help dinsct
them diwsen the Lo patbnway of
develapment, beginning at puberny. They
alsd seonste anti-Milledan horrnane,
which causes the Milleran duct 1o
regréds, and they help to induce ather
sgmatic oells o ditferantiate inba Leydig
cills, wiich decrote ppstoileron |{hsa
Figure 21-29) In the absence of Sry, the
germ-line oalls commil to egg
develapment, and the samatic oells
develap into either fallicke cells, which
suppart egg development, ar thecs cell,
which produce prigesbandre; the
pragesberane is converled 1o estrogen by
the fallicle cells. Whereas the testis
begins secrating letoslerans in the
fetus, the ovary does nat begin secrating
B Lrodpin urikil puberty.
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MATURE EGG

Figure 21-23 The stages of sogenesis.
Oagonia develon fram primardial germ
cells (PG that migrate inta the
developing gonad early in embryogenesis,
Far clarity, orly ane pair of bamalogous
chromosornes is shovm. Afuer several
mitatic divisions, cogania begin meiodis
and ane now called primary socytes. In
mammals, grimary oocytes ang formed
vory garly (betwesn 3 and 8 marths of
ipestation in the human embryo) and
remain aresbed after diplatene of
praphase | until the female becomes
senually mature. A this point, & srmall
number of primary oocytes perodically
mature under the infuence of hormanes,
completing meiosis | 1o produce secandary
cacytes, which eventually underga meiasis
Il to produce mature eggs (oval, The stage
&l which the egg or oocyte is released fram
the avary and is Fertifed varies rom
species 10 species, In mast vetebrates,
oacyte maturation is arrested at
metaphase |, and the secondary oocyte
oampletes meiosis |1 anly after fertifization.
All of the palar bodies esentually
depenerale In most animals, the
developing oocyte i surmounded by
specialized acossory cells that help 1o
isolae and nowrish it (nat shown).
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Figure 21-35 Electron micrographs of
developing primary socytes in the rabbit
ovary. (Al An eardy stage of primary socyle
devsapment. Meither & zona pelludda nor
cortical grarules have developed, and &
single layer of flanened follicle calls
surraunds the aocye. (B] A mone matuns
primary cocyte, which iz shown ag a siclold
lower magrification becawse it is much
largper than the socyte in AL This oocyte
has acquined a thick pona pelludida and is
surfaunded by several layers af foliide calls
{now called granulosa cells) and a bazal
larnina, which isolage the oocyte frorm the
other cells in the ovary. The granulosa cells
are connected to ane another and 19 the
pocyte by Gap junctions. (From The Cellular
Basis of Mammalian Reproduction [1. Van
Blerkorn and P Motta eds.]. 3altimare-
Munich: Urban & Schwarzenberg, 1979.)
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Figure 21-26 The stages in human oocyte development. Note that for most of its development the socyte is surreunded by granuloss cells
fgreen), which ane separated from an auter layer of theca celiy (e by an intervening bassl lamira Bockl Alter cvalation, the ematied follic
transforms imlo an endocring structune, the covpus luteur, which secretes progestenons to belp prepare the uterus Tfor pregrancy. If fertilization
does not ocur, the corpus |utéurn regresses, and the lining of the uterus is shoughed off during menstrustion.
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Figure 21-27 A hurnan sperm. It
1hawn in h:-nginninal wEflian.
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Figure 21-28 Drawing of the midpiece of a mammalian sperm as seen in
eross section in an electron microscope. The core of the flagellum is
composed of an axoneme surrounded by nine dense fibers, The axoneme
eonsists of two singlet micratubules surmaunded by rine micratubule
doublets. The mitechondria (shawn in green) are well placed for providing
the ATP requined for Fagellar mawement; they are distributed in an urnusual
spiral arrangement around the axonemne [see Figure 21-27).
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Figure 21-2% Highly simplified drawings
of a cross section of a seminifenous
tubule in 8 mammalian testis. (4] All af
the stages of spermatogenesis shown
Lake plave while the developing germ-
lime el are in intimate association with
Sertal el Sertol cells dinsc] saxual
differentiation along a male pathway.
They ane large cells, axtending from the
barsal lamina to the lumen of the
serniniferaus tubule; they are reguired for
the survival of the spermatogania and
are analagous 1o follicle cells in the ovary
[see Figure 21-19). Spermatoperesis s5o
dependd on testaiterone secreted by
Leydig cells, |ocated between the
seriniferous tubules (B) Spermatogania
dividhe by ritosis a1 the periphary of the
serniniferous tubule. Some af these calls
erber meiosis | to become primary
spermatocyles; they then cormplete
meiosis | 1o becorme secondary
spermatocytes, The secondary
spermatocyles then complete meiass ||
Lt become spermatids, which
diffenentiate inlo spermatansa (sperm)
and are released i the lemen of the
tubule [Gee Figure 21-300 In mar, it aoes
& spermatoganiuem about 24 days fram
the orset al meiosis bo amergendce o a
spermatid and another 5 weeks for the
spermatid 1o develop into a sperrn.
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Emsnsmmu Figure 21-30The stages of
spermatogenesis. Sparmatagonia
@ develop from primardial gern cells
SPERMATOGONILM
[PGICS) that migrate into the developing
1 arad sarly in embryogenesis, When the
arimal b mal:{ rmatuare, e
ssermatogania begis to pralilenate
I'Hﬂlﬂj’ |'.'I"l||' mitoais. Some retain The
o SO tapacity to divide indefinitely as stem-
‘/1 FEOLIFERATE BY MITRTIC oell spermatoganial. Others [Mmaturing

CELL DRASION INSIDE TESTIS wfrﬂﬂlbgﬂﬂi-ﬂj Ur'l'ﬂl'gl:l-ﬂ limitad
© rurner of mitotic division cyches before
beginning meiodis to become
FHITRY IMTO MEICHIS fEErmMmatolyles, which E"I'EI'I.LI-H"F Becorme
haploid spermatids and then iperm.
Spermatogenesis differs from oogenesis
© I [see Figure 21-23) in several ways.
(1] Mew cells enter meoss continually
COMPLETEN G MEoss | frorm the tirme of puberty. {2) Each cell
that begins mess ghves rise 1o four
@ P matune garmetes rather than one.
SPERMATOCYTES [3] Mature sperm form by an elabarate

process of oell differentiation that beging

COMPLETICN OF MEIDSS I after meioss s complete, (4] About twice
a% rmany cell divisiard adcur in the
production of & sperm as in the
|

praduction of an egg; in & moude, for
SPERMATIOS example, it B estimated that on average
about 56 divitiond accur fram zygote o

| oersmemancn matune sperm, and about 27 divisions

????“ '
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Figure 21-31 Cytoplasmic bridges in
developing sperm cells and their
precursers, The progesry of a sngle
maturing spernatoganium remain
eonnected to one another by cytaplasmic
bridges throughout their diffenantiation
ifte matune sperm. For the sale of
simplicity, only two connected maturing
Lperrnatogonia are shawn erering
meiasi, evertually to Torm ight
connected haploid spernatids. |n face,
the rurnizer of connected cells that go
thrauwgh menss and differentiabe
synchranously i very much langer than
shown hire Mote that in the process of
differentiating, mast af the spermatid
eytoplasm is discarded as residua bodies,
wehiich ane phagooylosed by Sertall cells.
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SELF-RENEWAL

Figure 23-5 The definition of & stem cell. Each daughter produced when a
stern cell divides can either remain a stern cell or go on 1 becorme
terminally differentiated. |n many cases, the daughter thal opts for terminal
differentiation undengoes additional cell divizions before teminal
differentiation is completed.
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Figure 236 Twa ways for & stem cell to
produce daughters with different fates.
I thee skrabegy based an enyvironrmental
asymmetry, the daughters of the stem
cedl are initially sirmilar and are dirscted
into differert pathways scconding to the
environrmental influences that act an
thern after they are barm. The
EnvirarnrmEnt 14 shawr as coloned shading
around the el With 1his strateqy, the
riumiber of stem cells can be increased or
reduced ta fit the niche available for
them. In the strategy based on divisional
asymmetry, the stem cell has an internal
asymmetry and divides in swch a way
that its two daughtens are already
efndowed with diffeent determinants a1
the time of their birth. I some cases, the
choie Detween the alermative fales may
b rnade &1 random for each dawghter,
but with a defired probabibity, like a
coin-toss, refleding the intrirdic
randamness or naise” in all genetic
control systermns {discussed in Chapter 7).
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Figure 33-7 The distributicn of stem cells
in hurnan epidermis, and the pattern of
epidermal cell production. The diagrarm is
bared on spedimers in which the lecation
af the stem cells was identified by staining
for M integrin, and thas of the
differentiating cells by staining for beratin-
10, a rarker of keratinocyle
differentiation; dividing cells were
identified by labefing with Brdl, a
thyrmidire araleg that & incorparated irta
calls in & phase of the cell division eycle
The sterm cells seem o be clustered near
the tips af the dermal papillae They divida
infraguently, giving fise [hrough a
sideways movement) to transit amplilying
calls, which eecupy the intervening
mesgions, The transit amplifging cells divide
frequently, but for a limited rurmber of
diviion eytles, at the end of which they
bagin bo differentiate and slip out of the
basal layer. The precise distribution of
aterm eells and trardit ampBlying cell
wares fram are regian of epidermis te
arather. (Adagted from 5. Lowell et al,
Coure Risd. 10:491-500, 2000, With
parminsdon from Elsevear]
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Figure 23-8 Transit amplifying cells.
Stern cells in many tissues divide anly
rarahy but give rise 1o transit amplfying
cells—daughters committed 1o
differartiation that go through & Grited
s, of maone rapid divisions before
cofmpleting the process. In the example
shown hene, sach stem el division gives
risi irn this way R0 gight terminally
differentiated progeny.
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Figure 23-29 An idet of Langerhans in
thie pancreat. The insulin-secreting cells
[ eells) are stained green by
immuraPuarescence. Call rucle are
stained purpiewith 3 DMNA dye. The
surraunding pancreatic exocrine cells
[Becreting digestive enzymes and
bicarbonate via ducts inbo the qut] are
wnstained, except lor their rwed el Within
Ehin [gled, £lode ko RS surface, Lhens e
alsa wmall numbers af cells urstainad]
sescrifting hormones such as ghacagon.
The insulin-sacnsing oalls replace
themsehves by simple duphcation,
withiout reed of ipecialized dem cells.
(Adapted fram a phatograph courtesy of
Yunval Diar. © 2004 Yiuval Do, The Hebrew
University, Jerusalem)



® —@® ..

THYMLUS

® @

Teell

LommEn
e ® @

4
progenne B cell

I . —2 . *Ennnﬂtkull

By

C®+-©®—

derdritic cell
i i pvbenit i porbesnt
Fermopoletic Ireprmeo i 231 @ macrophage |
stesm oell progeEnitar ;
manacyte enteclast
-
netrophil
®— @ ...
— @ —
EQmmGan
myelsid basoomil
g enitar
.mn'. el
&t
£
ﬁ —e plrbelets
@ 1 5
@ misgakansacyte
. . entnirocyie
STEM CELL COMMITTED PROGENITORS CIFFERENTIATED CELLS

Figure 23-42 A tentative scheme of hemopoiesis. The multipotent stem call narmally divides infrequently 1o generate
either mare mulipotent stem oells, which are sel-renewing, or comrmitted pragenitar cells, which ane Brmited in the
riurmber of Gimes that they can divide befare differentiating ta farm mature blood cells. A thay go through their divisions,
the pragenitors became progresdiely mane specialized in the range of cell types that they can give rise to, a4 indicated by
the branching af the cell-lneage disgrarm in the regian encased in the groy bax. Mary of the details of this part of the
lineage diagram are still controversial, however. |n adult mammals, all of the cells shown develop mainly in the bore
rarriw—except for T lymphocytes, which develon in the thyrnus, and macraphages and ostsaclasts, which develop from
blood manacytes Sorme dendritic calls may alia derive fram monacytes.
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Figure 2340 A megakaryocyte among
ather cells in the bone marrow. 115

ENOrmioLs Sine réesults froem s h!'l"-ll'lg d
highly patyploid nudeus One
megakaryocyte produces about 10,000
alatelets, which split aff fram larg
procid e that exleEnd I!l'rl'l'.'l-l.!gl"l hiles in
the walls of an sdjscent bload srws.
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Figure 23-43 Dependence of
htl'l‘tl.‘.]:l-l!li-l!l]l! item cells on contact with
stromal cells. The l:tln'l..i-l:l-dll‘.'pl‘.'r'rﬂr'l
interaction betwean e and 1L ﬁ-._‘.l&-l'llﬂ i
one of weveral sigraling mechanisms
thought 1o be irvalved in hemopaietic
spar-cell mairtEnance, The TE.!I|:.':."5-IE1"I‘|i!.
I:E'Tlﬂlir'ﬂ:.r mone Somplex; e -ﬂ-EFI-Er'rEI'II'.'E-
af hemagoietic o=l an comact with
stramal cells cannot be abdalute, finos
small rurmbers of the furctional stem
eell can b found free in the dreulation.
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Figure 23-44 A developing red blood cell jerythroblast], The cell s
shown extruding its nudeus to become an immatune enthrocyte ja
reticulscyte], which then leaves the bone marmow and passes into the
blooditream. The reticubacyte will lose s mitechondria and ribasames
within a day or two to become a rature erythrocyte. Erythrocyte clones
develop in the bone marrow on the surface of & macrophage, which
phagocyloses and digests the nuclei discarded by the enythroblasts,



Table 23-2 Some Colony-stimulating Factors (C5Fs) That Influence Blood Call Formation

Erythropoietin CFC-E kidney cells cytokine family

Interdaukin 3 {IL3} multipotent stam cell, most T lymphocytes, epidermal cells cytokine family
progenitor calls, many terminally
diffarentiated cells

Granulocyte/macrophage GM progenitor calls T lymphocytes, endathelial cytokine family

CSF (GMCSF) cells, fibroblasts

Granulocyte C5F (GCSF) GM progenitor cells and macrophages, fibroblasts cytokine family
neutroghils

Macrophage C5F {MCSF) GM progenitor cells and filbroblasts, macrophages, recaptor tyrasing
macrophages endothelial cells kinase family

Kit ligand hemopoietic stem cells strormal cells in bone marrow recaptor tyrasing

and many other cells kinase family
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Figure 2345 Sharing of subunits
armong C5F receptors. Human |3
recepbars and GMOSF receptons have
differert & subunits and & comman

P subunit. Their ligands are thought te
bird to the free @ subunit with low
affinity, and this triggers the assembly of
the heteradimer that binds the ligand
with high affinity.



The Behavior of a Hemopoietic Cell Depends Partly on Chance

CONTROLLAELE PARAMETER
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Figure 23-46 Some of the parameters
through which the production of blood
cells of a specific type might be
regulated. Studies in culture suggest that
colony-stimulating Factars (C5Fs) can
affect all of these aspects of hamopoiesis,



Fibroblasts Change Their Character in Response to Chemical
Signals

ane cell cartilage cell
jostenblasticaioooybe] [cronorooyte)

Fairablast

I

. / \ Figure 23-52 The family of connective-
F N tissue cells, Arvows show the

s iMefconwersians that ané thought to
oecur within the family. Far Sraglicity, the

|. § fibroblast & shown &8 & single cell type,
“\h & stk mrebe el et it is uncErtain how mary o of
il fibroblastd exist in fact and whether the
{at cell differentiation potential of different types

(Aol pacyTe) it restricbed in different ways.
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Figure 23-68 Production of differentiated cells from mouse E5 cells in culture, E5 cells derived fram an
early mause embryo can be cultured indefinitely a3 a manolayer or allowed to form aggregates called
embryaid bodies, in which the cells begin to specialize. Cels from embrysid bodies, cultured in media with
different factors added, can then be driven 1o differentiste i variows ways (Based on E. Fuchs and

1A Sesgre, Cell 100:143-155, 2000. With permisdon from Elsevier]



Figure 22-%4 The complex arganization
of nerve cell connections, This drawing
depicts a section through a small part of
a rammalian brain—the olfactory bully
of a dog, stained by the Golgi technigue
The black objects are neurans; the thin
lires are axons and dendrites, through
which the various sets of neurons are
interconnected according to precise
rulis, (From C. Galgi, Rb. sper. fremial.
Regdo-Emdio 1:405-425, 1875;
rearoduced in M. Jacobaon,
Developmental Newrabiology, 3rd ed.
Mew York: Plefurn, 1952
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Figure 22-%6 Diagram of a 2-day chick ernbryo, showing the origins of
the nervous system. The neural tube (ight green) has aleady closed,
excegt at the tail end, and Bes internally, bereath the ectoderm, of which it
wars priginally a part [see Figure 22-T8). The newral crest fred) lies darsally
just bereath the ectaderm, in ar above the roof of the neural tube. In
addition, thickenings, or placodes [dark greenl, in the ectoderm of the head
give rise ta some af the sensory ransducer cells and neurons of that
region, including those of the ear and the nose The cells of the retinag of
the eye, by contrast, originate a5 part of the neural tube.
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Figure 22-98 Migration of immature
neunans. Jefore !.-Erld_"'lg Crull axong ard
dendrivas, rewborm newrand olten
migrate from their birthplace and settie
ir some ather '-'.'I-I:E!il:l"l.Tl'llE-llid-g":'lr'l'E. are
based on reconstruclisns from secbiant
af the ceredaral cortex al a "l'l-'.'l-r'lhl‘.':.l [parn
af the fneural tube). The neunans go
thraugh their final cell division diase ta
the inrer, lwiminal face of the meural tube
and then migrate outwand by crawling
alang radial glial cells. Each of thede aelly
exbards froem the inrer b the cuter
surface of the tube a distance that sy
b & moch as 2 em in the cerebral oortex
af the develaping brain of a primate, The
radial glial cells can be considensd as
|'.'I-l:"".'.-'.'.!ir1g cells of the -:nig'--'na'-:.ulumav
epihelium of the pawral ubse that
became l:l.‘l.rEI:Ird-lr'lErilﬁl afrebitesd as the
wiall of the tube thickerd, (AFter P Rakie,
A Cornp, Kewol, 145:61-84, 1972, With
perrnission from John Wiley & Song, [nc)
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Figure 22-99 Programmed produwction
of different types of neurons at different
times from dividing progenitors in the
cerebral cortex of the brain of a
rmammal. Close v ore faos of the cortical
reurcepithelium, progendar cells divide
regeatedly, in spem-cell fashion, o
produce neunans. The neurons migrate
aul 1oward the opposite face af the
epithelium by crawling along the
surtaces of radial glial cells, as shawn in
Figurne 23-98, The firi-born neurond
seftle clasast to their birthplace, while
ridurans Barn later crawl past them to
setthe farther oul. Sucdeiiive generationg
af neurans thus occupy different layers in
the cortex and have diffarant intfndic
characbers accanding b their birth dares.
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Figure 22-100 Growing axons in the
developing spinal cord of a 3-day chick
embryoa. The drawing shows a omoss
section stained by the Galgi technigue.
Mot ol the neurons, appanently, hawve a5
yit anly one elongated process—the
future axon. An irregularly shaped
Expansion—a growth cone—s seen al
the growwing tip of each Hon. The growth
canes af the mater pewrans emenge fram
the spinal cord (19 make their way torwand
musched), thode of the w=nory Aeu@ns
grow iMo it from autside (whene their cell
badies Be], and those af the interesurans
remain inside the spinal cond. Mary of
the intermeunns send their amons down
taoward the floar plate to cross to the
athler side af the sginal cord: theste axons
e called commissural. At thiE early
stage, many al the embryanic spinal-cord
cells {in the regions shaded gray) are still
prolilerating and have fot yet begun to
differentiate as neurons or ghial cells.
{Frorn 5. Raman y Cajal, Histalagie du
Syateme Merveux de "'Homme et des
Vertéords, 19059-1911. Paris: Malaine;
reprinted, Madrid C5..C., 1972)
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Figure 32-102 The guidance of
oormmidssural axons. (Al The pathway
Lawen by cammissural axons in the
embryonic spinal cord of a vertebrate,
{B] The sigrals that quide them. The
griomwth comes are Frst stiracted 1o the
floor plate by retrin, which is secreted by
the Floar-plate o=l ard a8 an tha
mescEptar DCC in the axonal membrane,
As they crass the floor plate, the groeeth
anes upredgulate their sapraession of
Aoundabout, the receptor for & repeliant
oralein, S0, that & also secreted by the
floor plate, 5lit, binding to Roundabou,
nat only acks a5 & repellent o keep the
cells fram re-gnbering the loor plate, But
also blacks responsivensss 1o the
attractant netrin, Al the same time, the
growwlh comes swilch on éxpression af
receptars far anather repellent probein,
sernaghonn, that is secreted by the cells
i e side wealls ol the rewrsl ube.
Trapped betwesn twa repellent
lerritorias, the growth cones, having
crossed the midline, travel in a tight
fascicle up toward the brain.
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Figure i-103 NGF effects on meurite outgrosth. Dark-field
phatormicrographs of a sympathetic ganglion cultured for 48 haurs with
[ehove) or without [beled MGF Meuribes grave aul fram the sympathetic
meurand only if MGF is present in the medum. Each cultune alsa containg
Schwann (glial) cells that hawe migrated out of the ganglions these ane rat
affected by NGF. Meuronal survival and maintenance of growth comes far
maurite prlEnsion reprEient o distinet efects af NGE, The elfact an
growth canes s local, dirser, rapid, and indegendent of communication
with the cell body; when NGF & removed, the deprived growth canes hale
Lheir rdyvermsnts seithicn & mirnetle or bwo The eMect of MGF o ol suseival
is less immediate and is associated with uptawe of NGF by endocytosis and
itd irtracelular randport back 1o the dall bady (Caurtesy of Naomi

Kl&itman,)

terilre
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Figure ¥2-107 Shanpening of the
retinotectal map by synapse
elimination. AL lirst the map is fuzzy
becaume pach relinal aman branchas
widely to innervate a brosd region af
Lectum averlapping the ragians
innervated by other retinal axons. The
map is then refined by synapse
eliminatian. Whens sans From sepanate
parts of the netina synapse on the same
tectal cell, compelition coours,
eliminating the cannections made by ane
of the aedgrns. But axond from ol that ans
chase neighbors in the reting cooperate,
maintaining their synagses an shansd
tactal gallh, Thos each retinal sosn ends
ug inrervating a small tectal territory,
adjacent to and partly overlapaing the
territory infervated by axons from
neighbaring sites in the retina
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Figure 22-108& Synapze modification
and its dependence on electrical
activity, Experiments in seversl systems
indicate that synapses are strengthened
ar weakened by electrical activity
according ta the rule shawn in the
diagram. The underiying prnciple
apoears 1 be that each excitation of a
target cell tends 1o weaken any synapie
wherne 1he presymaptic axan terminal has
Just Been quiet bul to strengthen any
synapse where the presyraptic axon
terminal has just been active. As a resule,
“neunans that fire together, wine
together” A synapse that is repeatedly
weakened and rarely strengthened s
eventually sliminated altogether
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Figure 22-10%9 Ooular dominance
columns in the viswal cortex of a
micnkey’s brain, and their sensitivity o
visual experience. [A] Mormally, stioses ol
cartical oells driven by the right epe
altermate with stripes, of equal wideh,
driver by the et ey The stripes ane
revialed here by inpescting & radisactive
Tracer maleculs into oneé ey, sllawing
tirme for this tracer 1o be transported 1o
TR wiswal cortes, and detecting
radinaclivity there by autoradiography, in
sections out paraliel ta the cortical
surface. (3] IF ane épe id ket dowérned
during the critical period of
developrient, and thus deprived of visual
i parience, its stripes shrink and thase of
e active eye expand. In this way, the
deprived eye by lose the power af
wition alrmast entinely. (Fram DA, Hubel,
T.RL Wiesel arnd 5 Le Vay, Philos. Teang, 5.
Eoc, Lond 8, Bial, 3l Z7EA77-405, 1977,
With permission Fram The Roval Society)
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Figure 22-110 Growth of dendritic
spines in response to synaptic
stimulation. (&) Meurons in a slioe of
|i'l.'ir'|g Bidgwe Trom Lhe hiﬂpﬁi‘.ﬂi"l'lﬂ.li af &
young mouse The cells ane |abeled by
'E'le'liﬁhl"ltlTGTEl’.'n Fluprescent Prafein
ard abservad wilh .i-l'n'ﬂ-pl"l‘.'l!-tll'l | sy
scanning micrascope, which allows
individual dendrites 10 be seen at high
rasalutian. The insen shows a8 proassed
image of a small part of some of the
derdribed. Thess are covered with I:-II'|:|I'
dendritic spines, which ane the sites of
syriapses. |B) Repeated intense buras of
syriaplic stimulation, triggered by a
néarby microslectrode, caute new Lpines
by Barm veithin 30 rirubes. Lo
frequency stimulation has an opgosite
effect, causing a subset of spines o
ragress, [From UV, Nagerl, M. Eberbom,
5.B. Cambridge and T. Bonhoefer, NMewran
A4TSG-T67, 2004. With permission

Iriam Elseviarn)



