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1 Explain the structure and function of the male and female human reproductive systems 209
il Tail :?E )

Sperm cells i 5 pn : '
The male reproductive cells, called sperm cells, ’_f’f /
are produced in the testes. Follow the palh that <" i
sperm travel in Figure 1, on the previous page, Middia Middle '
as you read aboul the structures in the male picca piece
reproductive system. Sperm, like the one rﬁpnjf, AL Heaad I6 1)
o 2 i = ¥ L 0 ‘51_.11 i
ﬁ:&;ﬁu::hlaiulnp in the testes in th = sperm CEI Is 5 p‘}]/‘ \/\/‘
(se muh NIFF rus - TEW byulz). These tubules ‘ zhoath of Develop in the testes in the seminiferous tubules Fibrous
produce 100-200 millicn sperm each day. Next, N Sagallum e
sperm travel 1o the epididymis (eh puh DIH Herosome uclews . Tr‘ﬂUEI To fhE Epldld?mls {]nd are STQFEd sheath of
duh mus), a structure located on wp of each Figure 2 A spomm is a llageliated colf composed of 3 head, — flagellum
Lestis where sperm mature and are stoted. madpicca, 2nd tail . TI"'CWE I Th I"'Dugh ThE 'Jns dEfE FE"S Acrosome  Nucleus
When the sperm are released from the body, kdentify, i oot sequenon, By stvdiumes that o sperm ool -
s o s IS (o o P B o ot ¥ b s o b . The two vas deferer_ls Join together anq’ enter Thg urethra.
UGk o i i Leading. Smay i e . — . The male reproductive fluid that contains sperm is called
lestis. There are two vas deferens, one leading away irom each testis. The two vas deferens join .
together and enter the urethra {voo REE thruh), the lube that carries both semen and urine outside semen. I'|' E‘,xlfﬂ ThE‘. bﬂ d‘f '|'|"||""‘ﬂ Ugh 'H"l-E, Ul“"‘E‘.'l'h "l
of the body through the penis.
Sperm requite a nourisiing fuid 1o sumvive long enowgh o fertilize an Semen (SEE mumn) refers i i i '
lup:.-hc ﬂr::;fl that conlains :.].'lgnm, the nnuri:ihmci{. dﬂf:-l:hﬂ Auids fnnﬁ-: male reproductive * TES.I"H ﬂerﬂne Is a S‘re ro Id hﬂrmﬂne Thﬂ‘r 1S HECEEEQP"’ fﬂr ThE’ pr‘ﬂdUCTi on Uf spErrrl
glands. The seminal vesicles contribute over half of the semen and secrele the sugar needed for . It also influences the sex characteristics that appear duri ng pu b.em the pE’-I""iU{
energy. They also provide other nuirients, proteins, and eneymes for the sperm. The prostaie gland . , ’

and bulbourethral glands contribute an alkaline of growth when sexual maturity is reached.

solution to the fuid 1o neviralize acidic conditions . . . ’

i ik g ik i oM i e » Secondary sex characteristics include:

female reproductive ract. 3 Fac l'ﬂ[ ﬂ_nd C hEs.l. hﬂfr Hypothalamus

produces GnRH

U I——— » Broader shoulders

Testosterone {Les TAHS Lluh rohin), & hormone which s

made in the lestes, s necessary for the production of o II"ICI“EES Ed H'IUSCFE. dEVEIﬂmenf )

sperm. 1L also infuences the development of male ;

secondary sex characteristics thal begin lo appear al - DEEPEP VOICE

uberty, Lthe period of growih when sexual maturily is i i :

S e P T e e Three hormones influence testosterone production:

and chest, braader shoulders, increased muscle 1. Gonadotropin-releasing hormone (GnRH) Capillary

developmenit, and a deeper voice. Three hormones 3 : x

influence tesiosterone production. Figure 3 indicates 2. Follicle-stimulating hormone (FSH) Anterior

that the hypothalamas produces gonadolropin-releas- . & s pituitary

ing hormone (GnRH), which acts on the anlenor 3- LUTEI niZi ng hﬂrmﬂ ne (LHH

pituitary gland. GnRH stmulates the production of

follicle-stimuiating hormone (F5H) and lutemizang Capillary

(LEW tee uh ni zing) hormone (LH). Both FSH and

) LH travel irom Lhe anlerior piluilary gland through

Figewe 3 The "Wﬂﬂmm']f F""':'d""':'“ GnRH.which 4o bloodstream and 1o the testes. In the testes, FSH \
1';'::;?;;;?j;t:‘;’?;":;TFELEH'EE:;E;HESLE:'I pr-::rrnrfic_li H‘n:' prnrjuv.jli-:m |..1F5]:u:1'm anrd LH stimulates W F‘[I:IS‘t.Eﬁnr
negative feedback the production and secrelion of lestosterone. pituitary
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16) What hormone stimulates the gland shown here, in order to regulate testosterone?

Hypothalamus
produces GnRH

Q ]. . Sp crim iE pfﬂ dll{: Ed ln the . j 4) Both semen and urine are carried outside the body through a tube called th

L7 Capillary
-y

ﬂ- blﬂ-dder Anterior
pituitary

b. scortum

C. testes - )

d ﬂ-"-g'r ﬂri ES FSH and LH release\ pituitary

to general circulation

Correct Answer
Blank 1: urethra

Capillary —

(O estrogen

(O progesterone

() dopamine

(O gonadotropin-releasing hormone

1) Which is a result of the hormone testosterone? Ghimecs Alprer

gonadotropin-releasing hormone

(O female pregnancy
(O female menstrual cycle

: Which hormones secreted by the anterior Which hormone influences the development of
O male sperm production pituitary gland regulate the |gve|s of male secondary sex characteristics atppuberty?
O male temperature control testosterone in males and estrogen in females? A. follicle-stimulating
hormone (FSH)
A. follicle-stimulating B. gonadotropin-
hormone (FSH) releasing hormone
B. gonadotropin-releasing (GnRH)
Correct Answer hormone (GnRH) C. luteinizing

C. luteinizing hormone (LH) hormone (LH)

mBoth A and C testosterone

male sperm production




Explain how reproductive hormones act in human feedback mechanisms to maintain homeostasis

Table1

212
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Female hormones

Estrogen and progesterone {proh JES teh robm) 2re steroid hormones made by cells in
Lhe ovaries. A female’s anlerion pittatary gland slkso produoces LH and FSH. During
pubertty, an inarease in esirogen kevels cases a female s brescls o develop, her hips o
wider, and her amount of 3t Gz bo inrease. During poberty, 2 female will also
experience her firs menstrual (MEN stroo of} cpde, the events that take place each
month m the human female to help prepare Lhe female body for pregrancy.

- - i T

Through meiosis, one cell in the lestes or ovaries gives rise 1o four sex cells called
gametes. I the human malke, sperm are produced daily fom primany spermatocyles,
begimning 3l puberty and contimuing thronghonl 2 male s fietime.

The production of egzs m Lhe heman femsle differs, as shown in Figare 5. A female =
bom with afl of fer egps already beginning 1o develop. The genetic material has repli-
cated in primary oocyles before birth, amd melosks stops befare the first meiotic division
is completed. Then, once in cach menstirs]l opcle, meiosls conlinoes for 2 sngle devel-
oping aocyie. The sirucheres at Uhe end of the firsl meiolic division of the cocyte are not
equal in size. The smaller of he b0 structures & called a polar body, which disinte-
grates. The second meiotic division skes place oaly if feniliston oomrs: Then, e
zygote and the second polar body are formed. The second polar body also dismtegrates.

Sperm Fommation Egg Formation
. ;'m p ‘;"\
- By 1 L
+ *
s os £ rﬁ 2
5 | [~ el = - Fr=t
5 ez € TS
S . p W oudct Bl
:"-..—:_-u. = I-_—.._.—-_ ; ‘f )
:_m_ﬂ.;." | | ._".'j... - -
e - - Fir=t poilar hody
? i idisarte gt ' =
.'4..._ | fir e
.-..,- W y i \H.r-. 't j r ;
i y . Sperm
PP

Figure 5. Lefi The human sk vex oed peod o ofiows. e geaessl pafien of mesiss and nesils in many
speerail Righl: Meosis n the homan fesale resills o ofe-epg. The meomid dision n S will ool be
exefipletid i oo P lemale umess he oo S feeTined

Estrogen and progesterone are steroid hormones made by cells in the
ovaries. The anterior pituitary gland also produces LH and FSH. During
puberty, females experience their first menstrual cycles and develop
secondary sex characteristics influenced by estrogen, including:

«  Breast development

- Wider hips

. Fat tissue increase

Through meiosis, cells in the testes or ovaries gives rise to sex cells called
gametes.

«  Male gametes are sperm, produced by spermatocytes.

-  Female gametes are eqgs, produced by oocytes.

Egg production differs from sperm production. Meiosis stops in egg
production before the first meiotic division is completed. Once each
menstrual cycle, meiosis continues for a single developing oocyte. The smaller
of the two structures at the end of the first meiotic division is called a polar
body, which disintegrates.
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3. Which two steroid hormones are produced
by the ovaries?

T
¥

45, testosterone and FSH 25, estrogen and LH

B estrogen and ﬁ progesterone and FSH
progesterone
CORRECT

The two meiotic divisions of egg production
yield how many eggs?

17) What results from the first meiotic division of the oocyte?

(O sperm formation

(O owvulation

(O development of a zygote

(O development of a polar body

Correct Answer

development of a polar body

0l

Reproductive cell, which pass on geneti traits from the parents o the chuld, are produced by the
process of

mufos1s

MEI0SIS

cytokinesis

e | ==

cell cycle




Levels of the male hormones are regalated by a megative feedback sy=tem that slaris
with the hypothalamus. Inoreased tevels of testosterone i the blood are detected by
cells m the hypothalamos amd anterisr pituilary, and the producthon of LH and FSH &
decreased. When testosierore levels i the blood drop, the body responds by makmg
more LH and FSH.

Human Female Reproductive System

A female’s reproductive system produes g oais, recaives sperm, and provides an
emvitorment that s right for feridlization of an ogg and the development of an embryo.
Refor o Figure 4 as yoo read about the strociures of e femaie reproductive system.

Ecg celis

Female reproductive cells, called epg celis, ane produced in the ovaries, shown in

Figure 4. Inside each ovary are oecybes {OH ul sites), which are immature eggs.
Approximalely once every 28 days, cooyie development & stimulated and an egg. called
& ovum, 1= formmed. Th..mmmammn‘uiedtn follichke cells thai protect and nourizh
the ovom. ﬂuﬂerﬂwmgﬁ.'ehﬂdfmuwmirftllﬁmlﬁmm.tghanm-:DH
vith ducl), a tube thal connects 1o the olenus. The olerus, or womb, s where a baby
develops before birth. The corvix, sl Uthe lower end of the aterus, has a narrow opening
inlo the vagina, which leads 1o the culside of the female’s body.

Fogiare § Lt Thes inasin Sdracioie of Dhe feshane fecwn ol S dysdion and e weanss, obes o, aid avaiie
Right: Dhafing ewisy mensinesl oycie, one foicke foly maber and reless=, an ogg. The foficke i Ghen calied
[l s fulisem

‘ 4 ‘ Explain the structure and function of the male and female human reproductive systems Figured 210

FEMALE REPRODUCTIVE SYSTEM

The female reproductive system has three main functions.
The first is to produce the female sex cells called egg cells.
The second is to receive sperm. The third function is to
provide an environment in which a fertilized egg can develop.

Famala e productive Systam

Dhiden wbirdy

"

S Corpus
*;— lerteum forms

-._,;#
ﬂ.—'

+  Egg cells are produced in the ovaries.

*  Inside each ovary are oocytes, which are immature eggs.

+  The egg fravels through an oviduet, a tube that connects
to the uterus.

+  The cervix at the lower end of the uterus has a narrow
opening into the vagina, which leads to the outside of the
female's body:.



‘ 4 ‘ Explain the structure and function of the male and female human reproductive systems Figured

Where does fertilization occur?

. In the ovary

.ln the oviduct

. in the uterus
D. in the cervix

Q5.
Identify the structure labelled number 1.
a. Cervix
b. vagina
C. fallopian tube
d. ovary

210

Q4.

Identify the structure labelled number 2,

CervIX

uierus

o] Fl - |

fallopian tube

OVATY

[denufy the structure labelled number 5.

COTVIE

uterus

fallopian tube

=07 =

ovary
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Human Male Reproductive System

Figure 1 illustrales Lhe male reproductive structures. The male reproductive glands are
called Lhe testes (les TEEZ) (singular, testis) and are located outside ol the body cavity in
a pouch called the scrotum (SKROH tum}). A temperature lower than 37°C—the average
bady temperature—is required for the development of sperm. Because the scrotum is
located vutaide of the body cavity, it is several degrees cooler, This makes the environ-
muent suitable for the normal development of sperm,

_ Male Reproductive System
Side view Posterior view

S il vea celarens Waeial Male Reproductive System
vesicle | oy +  Reproductive glands are called the testes.
e ~ Uy [-Foe +  They are located outside the body cavity in a pouch
Lfi | called the scrotum.
_____________ it . A temperature lower than 37°C is required for the
Sabiela, i development of sperm.
Urethra == Fo TR =020 /s B S Testls
Epididymis -=— :--- Panis
Testls ﬂ ....
Penls « e
Serotum = ] Seminiferous tubule

Figure 1 The malo rapraductive system producos gametes called sparm in the tostos,
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1. What would happen if the testes were located inside the

body cavity? 2. What occurs in the

@
A Sperm would not be produced because it is structure labeled C:

too warm inside the body. CORRECT

= Testosterone levels would increase because
of the warm temperature.

sy The seminal vesicles would no longer be
neadead,

S Lormones from the testes would have ﬁ sperm cell storage and
difficulty entering the bloodstream. maturation

5. What is the function of
the structure labeled A
in the illustration®

B sperm cell production
CIORBECT

s, secretion of sugar

<= production of FSH

What condition is necessary in order for the
seminiferous tubules in the testes to produce

A sperm cell storage and -, secretion of sugar EpEI'IT'I CE"E?
maturation CORRECT
T—— — , A a slightly acidic environment
ey sparm cell production o production of FSH
a temperature lower
Q13. | Why is the scrotum held ouside the body? than 37° C

h. to keep the testis warm

C. for protection

al all af tha alinwa

: C. nutritive fluids from
a. | tokeep the testis cool the seminal vesicles

D. the release of gonadotropin-
releasing hormone (GnRH)
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)

010,

Which part of the male reproductive sysiem is

|ahelled number 47 labelled number 17

Which part of the male reproductive system s

3, |penss 2. | pens

b, | sperm duct b, | spem duct
¢ |urethra ¢ | urcthra

d, | scrotum d. | scrofum




Extraembryonic membranes

The membranes thal extend bevond a0 embrvo are called 1he extraembryvonic mem-
branes. You also mighl have kearned aboat the development of the amniodic ogg. and
how this enabled animals o reproduce on land. Developimg hamans have these mem-
branes, as shown i Figore 9. Bul becanse humans and most cther mammats develop
inside the mother's body, these membranes have somewhal different fumcions.

Figare § Foor extraemboyon
Eamhs ares—-he ammodL. Charkan,
ol 52, and allantos—arn
Eepodiznt i development.
ideaiify o mme of foo yolk socin
fesmss

Early in human developmen,. four exdraembrvonic membranes krm. These membranss
are the ammion, the chorion (KOR ov ahnj, the yolk sac, and the allantois {oh LAN wuh
wis), shown In Figare 9. The ammion i a thin lver thal forms a sac asound the embryo.
Imside Uhis sac is the ammaotic fhed (am nee AH thi - FLU id). which prolects, orshions,
and insulates the embryo. Out=ide of the amnion & the chorion, winich, together with the
allaninis, contriboies 3o the formation of lhe plaomia {pluh SEN toh). The volk sac in
humans does pol comain any yolk bol serves as the irsd site of red blood cell formabion
for the embryo.

The placenta

Aboul lwo weeks afler fertiiration, tny fingerike prosections: of the chorion, called chori-
onic villi {(VIH ). begin o grow nilo the wall of the mtenes. The placenta, the organ thal
prowiches food and oxygen and also rerpoves waste, begins 10 form. The placenita has two
sumianes—a felal side thal fonmes from Hhe chorion and oes e felus and a3 maternal side
thai formes from ulerine tissue. When completely formed, The placenia & 15-20 cm n
diameter, 15 om thick, and has 2 mass of aboot §:45 kg The umbilcal cord, a tube contam-
mg blood vesses, serves as the connection between e fefus and the mother. Figare 10, on
the next page, Shrdrates the connecison between the mother and fetus.

The placenta regulates whal passes from the mother o the fetis and from the fetus 1o
the mather. Chopgen and nislrients travel Fom e mother to the fetus. Aloohol, dregs,
and e human mmunodeficonoy viras (HIV) also can pass through the placenta to the
developing fetus.

Melabolic wasle products and carbon dioxide ravet from the fetos to the mothver.
Becanse the mother and the fetus have thar own separate onculatory systems, bhood
cells do ol pass through the placenta. However, Lhe mother s anlibodies pass bo the
fetus and help protect the newbom unti its mmene system & fencticaing.

Compaire between extraembryonic membranes 26

Four extraembryonic membrangs form:

. These membranes are the amnion, the chorion, the yolk sac, and the
allantois. The chorion and allantois help form the placenta. Red blood cells
form in the yolk sac. The amnion is a thin layer that forms a sac around
the developing embryo. Amniotic fluid inside the amnion protects and
cushions the embryo. This fluid also helps requlate the embryo's body
temperature.

Chorion
Amnian

Embryo

Umbilical
sord
Allantois

Yalk sac

Fetal porthan
of placents

Maternal portion
of placenta

The Placenta

«  Provides food and oxygen and removes wastes

«  The placenta has two surfaces:
. A fetal side that forms from the chorion and faces the fetus
. A maternal side that forms from uterine tissue
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What structure is What substances cannot pass through the

indicated in the placenta between the mother and fetus?
image?
A. alcohol and drugs

Iaod cells and plasma
C. HIV and other viruses
D. embryo D. metabolic waste products

A. allantois
B. amnion

What is the thin tissue layer that forms a

fluid-filled sac around the developing Describe the function

of the yolk sac.

embryo?
.Hmmﬂn A. cushions the embryo
B. allantois B. nourishes the embryo .
C. chorion C. forms the placenta

D. yolk sac (D)forms red blood cells
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Chick FHiL
ﬂ-.l"l"ll"liﬂl'l
——— Embryo
T Alantols=—
T—vYolksac—

€ Developing humans get

4. Why is the human
yvolk sac shown in
the illustration
smaller than that
of the chick?

- The yolk in humans is
converted into muscle.

What do the inner and outer surfaces of the placenta consist of ?

Ay amniotic fissue and corpus lutewum
} B) chorion and uterine fissue
)} C) amnictic tissue and blastocyst

i} D) corpus lui=um and Chorbon

216

& & The yolk sac in chicks

keeps the embryo
WaAarm.

< -5, The yolk sac serves no

their nourishment from
the placenta. corRRecT

Correct Answer

purpose for a
developing human.

What are the four extraembryonic membranes in fetal development?

) A)acrosome, placenta, plasma membrane, morula
} B) placenta, morula, blastocy=st, yvollk sac
) C)amnion, chorion, yolk sac, allantois

) D) amnion, yolk sac, acrosome, morula

Correct Answer

C) amnion, chorion, yolk sac, allantois

B) choricn amnd uterins tiss




‘ T Ianine specimens under a microscope or similar instrument to identify the various stages of mitosis in plants and anim Figuret 23T
Py
Figuee & Veaiizing the Cell Cyde o Interphase is divided into three stages: Gap 1(6,). =ynthesiz (S) and Gap 2 (6.).
it ] e
The cell oyche begins with mterphase. Mitosks follows, conuening in four stages—prophase, \ \ \ \
metaphase, anaphase. and telophase Mitosis i followed by oytokinesss, then the cell opde \ .
1 Gap 1(5,): growing, carrying out normal cellular functions, and preparing to
r ats with each new ceil .
:'PE_ _ Pasma mombrane replicate DNA
Plam cels Celpiate forms, " 2. Synthesis (S): copying DNA to prepare for division
dividing daughter cefis yloplasm.___g Sl . A a
Aniemai cots: Cleavage T - 3. Gap 2 (6,): preparing for the division of nucleus

Turmow form=s. a8 equaion of
o anid pErnches. msiard
Ll OeH ShaOes i Tvea

| oult noemad el Pl essas
| » DMNA replicates

Mitosis

The stage of the cell cycle during which the cell's nucleus and nuclear material divide
is called mitesis.

1. Prophase: the first and longest stage of mitosis Chromatin condenses into

Eonr el — chromosomes. Sister chromatids are structures that contain identical copies of
j e i DNA. They are attached at the centromere.
' 2. Metaphase: the second stage of mitosis. Sister chromatids are pulled along the
et e \  spindle apparatus toward the center of the cell and line up.
R <O ! /8. Anaphase: the third stage of mitosis. Chromatids pull apart. Microtubules of
R e 3?.3‘";&"% A '/ 7 the spindle apparatus begin to shorten. Sister chromatids separate.
= O TEDSeE=s, ChesCim i esE i ey Bl ithee - -\\-_,__ .,r'f.

s Chromosomes move toward the poles of the cell.
4. Telophase: the last stage of mitosis. Chromosomes arrive at poles and begin to
- N relax. Two new nuclear membranes begin to form, and the nucleoli reappear.

4 e — CTeoMsomes albgn

L e i e

i Cytokinesis : Towards the end of mitosis, the cell begins eytokinesis by which a

= cell's cytoplasm divides, resulting in two cells with identical nuclei. During cytokinesis
_— in animal cells, microfilaments constrict/pinch of f to form two cells. In plant cells,

Microtubides shoren,
TROAATIG ChFOTRESOmES b
opposite poles

instead of pinching in half, a new structure called the cell plate forms between the
two daughter nuclei.

Chromosomes. attach o
spindle apparatas amd
algn along equator of cel
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Mitosis

The stage of the cell cycle during which the cell's nucleus and nuclear material divide
is called mitesis.

1. Prophase: the first and longest stage of mitosis Chromatin condenses into

Eonr el — chromosomes. Sister chromatids are structures that contain identical copies of
j e i DNA. They are attached at the centromere.
' 2. Metaphase: the second stage of mitosis. Sister chromatids are pulled along the
et e \  spindle apparatus toward the center of the cell and line up.
R <O ! /8. Anaphase: the third stage of mitosis. Chromatids pull apart. Microtubules of
R e 3?.3‘";&"% A '/ 7 the spindle apparatus begin to shorten. Sister chromatids separate.
= O TEDSeE=s, ChesCim i esE i ey Bl ithee - -\\-_,__ .,r'f.

s Chromosomes move toward the poles of the cell.
4. Telophase: the last stage of mitosis. Chromosomes arrive at poles and begin to
- N relax. Two new nuclear membranes begin to form, and the nucleoli reappear.

4 e — CTeoMsomes albgn

L e i e

i Cytokinesis : Towards the end of mitosis, the cell begins eytokinesis by which a

= cell's cytoplasm divides, resulting in two cells with identical nuclei. During cytokinesis
_— in animal cells, microfilaments constrict/pinch of f to form two cells. In plant cells,

Microtubides shoren,
TROAATIG ChFOTRESOmES b
opposite poles

instead of pinching in half, a new structure called the cell plate forms between the
two daughter nuclei.

Chromosomes. attach o
spindle apparatas amd
algn along equator of cel
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Which occurs in plant cells but not animal cells Which diagram shows anaphase? What happens in the cell during cytokinesis?
during the cell Gycle? A. : B. & a A. The cell grows and carries out normal
A. formation of a cell plate e g W iRw |l ighl functions.
B. formation of microtubules .« 4 . A B. The cell copies its DNA and forms
urmatinn of a cleavage furrow at the equator . chromosomes.
of the cell @ P | - . C. The cell's nucleus and nuclear matenal
D. movement of chromosomes to the poles of Y I UGN divide.
thecall | | e ®The cell's cytoplasm divides.
This cell has completed what stage of In what stage of the cell cycle does the During what phase do the sister chromatids
mitosis? cell's replicated genetic material separate? line up in the middle of the cell?
A. anaphase | _ A. cytokinesis A. interphase
B. interphase ' - B. interphase metaphase
C. metaphase @mitnsis C. anaphase

@telnphase D. prophase D. telophase



Compaire between mitosis and meiosis

Table1

- . T E— — — - O TR E— W T —— - TERT W W E W W -- o m —E———— -

The Importance of Meiosis

Table 1 shaonwws a comparison of mitosis and mesnsis. Recall thal milcoesis consistis of ondy
one sl ol dvisson phases and prodeces Do identical dipéosd daoghter oelis. Melosas,
el wey, Ooricsisis of Dwile Sels ool dfivishorss aim] pecsioscess foaer aplodad dauahver oflls tixac
arc nol identdcal. Molosis is imporiant bocause it resulls In genebic varialion.

Tabe 1 Mitosis and Meiosis

Dne divishon occirs during mikosis

DA replication occurs during interphaze.

Sy mapss of homodogous chomeasamas doeos ot
CCCar-

T kbantical cwlls are Moermeed Do Cadll Ogc b

The daughlsr ool are genatically denbical

Twrm sefe of dvtsicns oocoiur o ering e = rmesasmis

i and messhis i

A rephcation ooours orrce eiores meicais 1.

Synapsis of omologous Chnomos omes OOl s
during prophass L

Fowur Rapiodd colis (m) are formmeed par oedll oyahe.

The eaucintEs calks ara ol Gensically idaentical
B e - ol i Sk i e

Piioeis oocurs onby in body celis

TSRS B e vl 1N O fOeilin sl reeDeail

MITODSIS Parmn © il

Wl @O T

Meipais ooours only N reproducine cedis

Mooz is Involvyed 1N s procduction ot Qameiaos

and prowviding oeneths warlapon ne orgoamniams

HEIEIISIS-
Crosaoncs B Meiosis |

M

J’

i s armm
[y BT T

S @Ak Sl CROEE e

Gt il Fecameod Onlpoie
LT s

Meiosis Provides Variation
+  Depending on how chromosomes line up at the equator,
four gametes with four different combinations of
chromosomes can resulft.
+  This independent assortment of alleles during gamete
formation is a source of genetic variation.

Mitasis Meinsis

Number of cell divisions one

Synapsis of homologous
chromosomes

does not ocour

Products
diploid cells

Type of cells produced pody cells

identical,
nonidentical, haploid cells

P )3
.-‘"Fr._.--"“h-._“
LLE ;1 T If-. g
e L |" Bl it i
ol s gumb g 2 T ,;_-|.
rl-l-“ K

HLET i Mo
x — OV e .\"

il oy g --.-.__ - .__._._.. s TP AT jmng( f‘ e B f -\-llll'
= s el el wnioio ( ‘f,/}

eaf el I o8 PR
P e T 1!"

: e | irun i e iy T
- L | . r\rmr'--':n}rtlﬁ—r -._. —_ e & =
e L . 3__ s W Meio=i= 11
p=r e i - I,r
Danngrrier colls o migashs II' e - " -

T ewiks = rmersosia I
Chencamrrarmies dia Mt el Ly sgmn:

& e L rluraares bl s sl b oamers ooy s e 0

Purpose

growth and repair of body
tissues

Two

occurs during prophase |

reproductive cells

production of gametes for
sexual reproduction
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Im what stage of meoiosis dooss genetic variation ococur?

£y AjJ Propha=e |
E) Prophascs 1]
Oy Metaphase |

Ly BMetaphase 1l

Correct Answvwer

A Prophas=< |

How does the number of chromosomes in gametes
compare with the number of chromosomes in body

cells?
A. Gametes have 1/4 the

number of chromosomes.

Gametea have 1/2 the

number of chromosomes.

C. Gametes have the same

number of chromosomes.

D. Gametes have twice as
many chromosomes.

Before meiosis |, the sister chromatids

of this chromosome w
VWhat process caused

ere identical.
a change in a

section of one chromatid??

A. DNA replication

rﬂssing over

C. synapsis
D. telophase

Sister
chromatics

Compared to egg cells formed during meiosis, daughter cells

formed during mitosis are

+ genetically different, while eggs are genetically identical.

+ genetically different, just as egg ce
+ genetically identical, just as egg ce

ls are,
Is are.

genetically identical, while egg cel

s are genetically different.
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Sperm cells i 5 pn : '
The male reproductive cells, called sperm cells, ’_f’f
are produced in the testes. Follow the palh that <" i
sperm travel in Figure 1, on the previous page, hhd-djn Middle '
as you read aboul the structures in the male piece
reproductive system. Sperm, like the one Head fﬁ IJ:"""]
f : wolon § a0 it the {5 ,-J’f g _ Head {& Lm)
ﬁ:&;ﬂﬁiu::hlaiulnp in the tesles in th J"'“//"’ S et SPE rm CEI Is (5 p‘}]/‘ \)/‘
(se muh NIFF rus - TEW byulz). These tubules ‘ zhoath of Develop in the testes in the seminiferous tubules Fibrous
produce 100-200 millicn sperm each day. Next, N Sagallum e
sperm travel 1o the epididymis (eh puh DIH Herosome uclews . Tr‘ﬂUEI To fhE Epldld?mls {]nd are STQFEd sheath of
duh mus), a structure located on wp of each Figure 2 A spomm is a llageliated colf composed of 3 head, — flagellum
Lestis where sperm mature and are stoted. madpicca, 2nd tail . TI"'CWE I Th I"'Dugh ThE 'Jns dEfE FE"S Acrosome  Nucleus
When the sperm are released from the body, kdentify, i oot sequenon, By stvdiumes that o sperm ool -
s o s IS (o o P B o ot ¥ b s o b . The two vas deferer_ls Join together anq’ enter Thg urethra.
UGk o i i Leading. Smay i e . — . The male reproductive fluid that contains sperm is called
lestis. There are two vas deferens, one leading away irom each testis. The two vas deferens join .
together and enter the urethra {voo REE thruh), the lube that carries both semen and urine outside semen. I'|' E‘,xlfﬂ ThE‘. bﬂ d‘f '|'|"||""‘ﬂ Ugh 'H"l-E, Ul“"‘E‘.'l'h "l
of the body through the penis.
5 i ishting fluid 1o survive long ¢ o fertilize Semen (SEE } refers i i i i
S . Testosterone is a steroid hormone that is necessary for the production of sperr
glands. The seminal vesicles contribute over half of the semen and secrele the sugar needed for . It also influences the sex characteristics that appear duri ng pu b.em‘ the pE’-I""iU{
energy. They also provide other nuirients, proteins, and eneymes for the sperm. The prostaie gland . ,

and bulbourethral glands contribute an alkaline of growth when sexual maturity is reached.

solution te the Auid 1o neutralize acidic conditions . : . ’

i ik g ik i oM i e » Secondary sex characteristics include:

female reproductive ract. 3 Fac l'ﬂ[ ﬂ_nd C hEs.l. hﬂfr Hypothalamus

produces GnRH

U I——— » Broader shoulders

Testosterone {Les TAHS Lluh rohin), & hormone which s

made in the lestes, s necessary for the production of o II"ICI“EES Ed H'IUSCFE. dEVEIﬂmenf )

sperm. 1L also infuences the development of male ;

secondary sex characteristics thal begin lo appear al - DEEPEP VOICE

berly, Lh wd af growth wh I malurit " : ’

I e e T e ey Three hormones influence testosterone production:

and chest, braader shoulders, increased muscle 1. Gonadotropin-releasing hormone (GnRH) Capillary

developmenit, and a deeper voice. Three hormones 3 : x

influence tesiosterone production. Figure 3 indicates 2. Follicle-stimulating hormone (FSH) Anterior

that the hypothalamas produces gonadolropin-releas- . & s pituitary

ing hormone (GnRH), which acts on the anlenor 3-— LUTE' niZi ng hﬂrmﬂ ne (I—HH

pituitary gland. GnRH stmulates the production of

follicle-stimuiating hormone (F5H) and lutemizang Capillary

(LEW tee uh ni zing) hormone (LH). Both FSH and

) LH travel irom Lhe anlerior piluilary gland through

Figewe 3 The "Wﬂﬂmm']f F""':'d""':'“ GnRH.which 4o bloodstream and 1o the testes. In the testes, FSH \
1';'::;?;;;?j;t:‘;’?;":;TFELEH'EE:;E;HESLE:'I pr-::rrnrfic_li H‘n:' prnrjuv.jli-:m |..1F5]:u:1'm anrd LH stimulates W F‘[I:IS‘t.Eﬁnr
negative feedback the production and secrelion of lestosterone. pituitary
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Q1. | Sperm is produced in the

a. bladder
b. scortum
C. testes

d. ovaries

1) Which is a result of the hormone testosterone?
(O female pregnancy
(O female menstrual cycle
(O male sperm production
(O male temperature control

Correct Answer

male sperm production

16) What hormone stimulates the gland shown here, in order to regulate testosterone?

Hypothalamus
produces GnRH

L7 Capillary
-y

Anterior
pituitary

Capillary —

| _ " Posterior
FSH and LH released pituitary
to general circulation \
(O estrogen
(O progesterone
() dopamine
(O gonadotropin-releasing hormone

4) Both semen and urine are carried outside the body through a tube called th

Correct Answer

gonadotropin-releasing hormone

Which hormones secreted by the anterior

pituitary gland regulate the levels of

Correct Answer
Blank 1: urethra

Which hormone influences the development of
male secondary sex characteristics at puberty?

testosterone in males and estrogen in females? A. follicle-stimulating

A. follicle-stimulating
hormone (FSH)

B. gonadotropin-releasing
hormone (GnRH)

C. luteinizing hormone (LH)
(D)Both Aand C

hormone (FSH)

B. gonadotropin-

releasing hormone
(GnRH)

C. luteinizing
hormone (LH)

testosterone




FigureT 24

they unite to form a new individual offspring

| 10 Describe how the egg and sperm cells contain only one chromosome of each parent’s chromosome pair, and that

Fertilization

Figure T shows ientilization, the process of  sperm joining with an egy, Fertlization
usually occums in Uhe uppet portion of an oviduct near the ovary. in humans, both
sperm and eggs are hapioid, 2nd each normally has 23 chromosomes. Ferhization
brrings these chromosomes logether, restoring the diploid number of 46 chromesomes.

Sperm enier the vagma when strong muscular contractions ejaculate semen from (he
mibe's penis during interooumse. Sperm @n sarvive for 43 hoars in te female reproduc
tive tract, bat am unbertiitred egy can survive for only M bours. Fertiiiation can happen
if intercourse oorurs anytime from 3 fow days belore ovulstion o a day afler ovalation,
Owverall, there s a relatively shont tme when feridization can coour successiully. How-
ever, il is mporiant lo remember that the lmgth of the menstrual cycle can vary and
ovulalion can ooour & any Lime

Figure 7 Uthouch many sperm a0 moeded
o weaken the bame Ihat senunds he

o5, ooly one spem fariilies in egg
rstens L) Fertilgaton 5 complets when
I spermm s fuss wih the egg
MIDME

Fertilization

It is the process of a sperm joining with an egg. Both sperm and eggs
are haploid, and each normally has 23 chromosomes.

Fertilization restores the diploid number (46).

The tip of each sperm cell is a specialized lysosome called an acrosome
that weakens the plasma membrane surrounding the egg.

Eventually the plasma membrane becomes weak enough that one sperm
can penetrate the egg.

Immediately following this penetration, the egg forms a barrier to
prevent other sperm from entering the now-fertilized egg.

Tail— =

..: 6 \ — Outer layers

a6 i e of egg

piece
MNMucleus

Acrosome i i Plasma
e membrane

Fusion of sperm
and eqgo nuclei



10 Describe how the egg and sperm cells contain only one chromosome of each parent’s chromosome pair, and that
they unite to form a new individual offspring

What term is
used to describe
a fertilized egg?

A. blastocyst
B. oocyte Fe
(2 p{jlar bc}dy i s i

zygate

Why are several hundred sperm cells
needed for the fertilization of an egg?

A. They carry hormones
to the egg.

B. They contribute DNA
to the egg.

C. They help each other
swim to the egg.

hey weaken the egg’s
plasma membrane.

FigureT 24 ‘

INn order for sperm cells to
enter a female's
reproductive system
during intercourse, there
must be a strong
ejaculation of semen.

F"‘Eﬂ
P
-
m

==
—
co
e
o ]

—
2
=
o
—
=




‘ 11 ‘ Compaire between extrasmbryonic membranes Figured s [

Extraembryonic membranes

The membranes thal extend bevond a0 embrvo are called 1he extraembryvonic mem-
branes. You also mighl have In:arn-a:ld‘n:lul Li‘n:dﬁthpmt of the amnictic oy, and
how this enabled animals o reproduce on land. Developimg hamans have these mem-

inside the mother's body, these membranes have somewhal different fumcions. ; =
. These membranes are the amnion, the chorion, the yolk sac, and the

allantois. The chorion and allantois help form the placenta. Red blood cells
form in the yolk sac. The amnion is a thin layer that forms a sac around

Fagare Four sxsembryons the developing embryo. Amniotic fluid inside the amnion protects and
e arers —tha ameod, Chenon, . . . i

ok sc. 2 sk cushions the embryo. This fluid also helps requlate the embryo's body
Mty the e of e ok s temperature.

peortion—- -

of placenta Charion
Early in human developmen,. four exdraembrvonic membranes krm. These membranss Amnian
an.ﬂ‘ma-rrmm the chomon JKCHE op ahnj, ﬂwwﬁ.ﬁt and the allantois joh LAN buh
WLIED, HﬂmangmlTMammﬁnmmnm&maﬂcmmembm
Imside Uhis sac is the ammaotic fhed (am nee AH thi - FLU id). which prolects, orshions, iLimbilical
and insulates the embryo. Out=ide of the amnion & the chorion, winich, together with the i ward
allaninis, contriboies 3o the formation of lhe plaomia {pluh SEN toh). The volk sac in ' Allantois
humans does pol comiain amwy volk bl serves as the hirsd site of pad Mood odl Formation
ﬁ]’lhemﬂ:r_l.ﬂu_ = Walk sac

Embryo

The placamnta Fetal portion

Aboul lwo weeks afler fertiiration, tny fingerike prosections: of the chorion, called chori- aof placenta

omic villi {WTH ). begin o0 grow oo the wall of the utenes. The placenta, the organ that Maternal portion

prewides food and ooypen and akso remmoves waste, begins 10 form. The placenia has two wof placenta

surfaces—a felal side thal forms from the chorion and Bces the fetus and 3 maternal side ThE FiﬂﬂEﬂfﬂ.

thai formes from ulerine tissue. When completely formed, The placenia & 15-20 cm n

L T «  Provides food and oxygen and removes wastes

the next page, Sistrates the conmertion between the mother and fotus. . The placenta has two surfaces:

s o e e S ATy e «+ A fetal side that forms from the chorion and faces the fetus

and e human mmunodeficonoy viras (HIV) also can pass through the placenta to the
developing fetus.

Melabolic wasle products and carbon dioxide ravet from the fetos to the mothver.
Becanse the mother and the fetus have thar own separate onculatory systems, bhood
cells do ol pass through the placenta. However, Lhe mother s anlibodies pass bo the
fetus and help protect the newbom untd its mmeame syslem & oactioning.

' A maternal side that forms from uterine tissue
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What structure is What substances cannot pass through the

indicated in the placenta between the mother and fetus?
image?
A. alcohol and drugs

Iaod cells and plasma
C. HIV and other viruses
D. embryo D. metabolic waste products

A. allantois
B. amnion

What is the thin tissue layer that forms a

fluid-filled sac around the developing Describe the function

of the yolk sac.

embryo?
.Hmmﬂn A. cushions the embryo
B. allantois B. nourishes the embryo .
C. chorion C. forms the placenta

D. yolk sac (D)forms red blood cells



12

Compare between cell cycle regulation 241

Apoptosis

Mol every cell i destined 1o survine. Some celfls gp Uheough a process called apoptosis
(a pup TOH sut), or programmed cell dealth. Cells going throogh apoplosis actuatly
shrink and shrivel in a controlted process. All animal cefls appear o have a “death
program thal can be aciivated. One example of apoploses oorurs: durng the develop-
ment of the human hand and fool. When the hands and feet begin to develop, celis
occupy the spaces beiween the fmgers and loes. Normally, this eesoe undergoes apop-
tosis, with the cells shriveling and dyving at the appropriate ime 5o that the webbing is
nol present i the malure organe=m.

An-example of apoploss m planis 15 the localired death of cefis that resalts n leaves
faliing from rees doring ashumn. Apoptosts also ocours in cells thal ane damaged
beyond repatr, mcuding cells with DINA damage thal could lead o cancer. Apoptasis
can help 1o protecl organtsms from developing cancerous growlhs.

Abnommal cell cycle: cancer

When cefls do nol respond Lo Lhe normal cell cwcle control mechanisms, a condilion
called camcer can resall. Cancer s the oncontrolled growth and divisbon of cells—a
faitore v [he reguiation of the cell opcde.
When unchecked, cancer cells can kil an
organism by crowding oul normal cefls.
resplting in the loss of Gesoe fumciion.
Cancer cells spend Jess iime In interphase
than do normat cells, which means cancer
cells grow and divide mmrestramed as long
as they are supphed wilh essential nuinenis.

Lo Ty
Figure 12 shows how cancer cells can -.'_ i -
intrude on normal cells., . @ £ .

Causes of cancer Cancer does not just

Apbpfasrs
Not every cell is destined to survive. Some cells go through apoptosis, or
programmed cell death.

«  These cells shrink or shrivel in a controlled process.

«  Anexample of apoptosis occurs in the development of the human hand and
foot. Cells in spaces between fingers and toes undergo apoptosis.

«  Anexample in plants is the localized death of cells that results in leaves
falling from trees during autumn.

Abnormal Cell Cycle: Cancer

«  Cancer is the uncontrolled growth and division of cells. Cancer results when
cells stop responding to the controls of the cell cycle.

- Cancer cells can kill an organism by crowding out normal cells, resulting in
loss of tissue function.

Causes of Cancer

«  Mutations cause cancer cell growth and division.

«+  Environmental factors can affect the occurrence of cancer cells.

. Carcinogens are substances or agents known to cause cancer.

«  Not all cancers can be prevented, but avoiding known carcinogens can help

OCCuT i a weak organism. In facl, cancer e 12 Cancar cofls offes Rave an cbnorma, meguiar shape PEdUEE ThE". I"ISk.

ocrurs in many healthy, active, and young ompand o some! calks. In ths mage seme Snces ocls 2

Cancer Genetics

organisms. The changes that oocor in the  Siemg vessels, winch might camy them ko another part of the body.

regulation of cell growth and divisson of

cancer oells are doe Lo mulabons or changes
in the segments of DNA that contral Lthe prodoction of proleins, incheding proteins thal

regulale the rell opcdle Often, the genelic change or damage (hal ooours is repaired. Bul i

ﬂi‘L‘Tl'.‘P.EI.II‘E'I.’S!E"EIJ:‘- fail. =mcer cam re=all. Vanoes envinonmental faciors can affect the
accurrence of cancer cells. Sabslances and agends thal are known ko cause CanceT are

called carcinogens (kar STHnoh fune).

Thes i o waay Cancer i spread from ane bady part b anather . Meore than one change in DNA is required to change an abnormal cell into a

cancer cell.
«  This might explain why risk increases with age.
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014, QI1.

When it occurs at the proper time, programmed cell death (apoptoss) Which phrasc best describes a common characteristic of all cancers?
a, | will disrupt hnmf:j:rstasm _ | TR T e
b, | may cause defective genetic info to be passed fo the next generation of cells b. | damaged DNA
¢, | isanimportant regulatory process that maintains the health of a multicellular organism | ¢, | uncontrolled cell growth
d. | can contribute to the development of cancer d. | inherited from parents
013, Which is not a condition that can result in cancer?

Which of these is a nisk factor for developing cancer? CHECK ALL THAT APPLY A. a failure in the control mechanisms that

- regulate the cell cycle
_ B. a failure in the repair systems that fix
9, | growing older changes or damage to DNA
b. | genetic inheritance failure of the spindle fibers to move
, -y chromosomes during mitosis

G, cxpﬂs.lure 10 carcnogens (foxins that can damage DNA) D. mutations or changes in segments of DNA
. smukmg that control protein production
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What is the term for the programmed death
of cells that are damaged beyond repair or
have harmful changes in their DNA?

apnptnsis | +
B. carcinogens What term is used to describe programmed
C. cytokinesis cell death?

D. mitosis +
apnptnsus

Which of these cancer-causing substances or B. ﬂﬂaPhEEE'

agents is impossible to avoid completely? C. necrosis
A. chemicals such as asbestos D. cyclins

B. food and drinks that the FDA warns may

contain carcinogens
C. tobacco and second-hand smoke

ultravintet radiation from the Sun
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H=.'l Al o '.."_li."l:ll_'l Ui P ognancy

| Foaw T Tha Ter=sd wra i ol .,h--l-..!l"-rrl..-":l Lis i'l'l'l]"'rjll IF;ITI"- liy mymecie @ Isarmeenr @l
Ioman choronic gonadompin (L, winch orps e corpess REieum s W dhe
comrpass huloam rornarmes et proprslemans bvels, sl o a esoes ewlbenil cslvompmm eveis,
femiadnm sl Wi cls. o i Baiiis s Peimnalim Fighi, 4 fecs il ool dmis.
il hl-j_.qn- 1w o & e wreernd s ke qaerde gl Ehhe -|1'\|.|--|-|'.:.r = TE] e |1-|.|-”'-:I'. |l e
LETDTHE and SRTOSEN LD Maniaan Uy Proper Condilons foT PrEE oy

Humman shrvelaopmem takies slump T5s daws foen Ernillosnion g st This i span bk
dmvided mile three Immesers., each aound deoe moniis ong. Dermng dhis dme. dhe
rvgple rramacs foema single ool o e bbby Chat Fues iralises of collls ibad cewselorgs fmies
LiasCEs it orfFans.

| ha el remic=ter

imw £l Farsl irprmersiey, sl treeemrs, sorpmres gl o -H."tmr‘-l'q‘:?_‘lll. Inru lu'l.'l'L'T' Fepmre 11 b

Aapes o doevciopmeT durming e ies rmeser. Doy ths irsl e weaooisr of dovclopmenil,
e Ty rr||i_r|-|.l' mwd roabpee Uhall <dhee g proprant and cwpessme 0o ssbalanoes or e

Each. oo vomialin ootk Mo makEhil Consec ol dlainags B il devulinplees wanbiyo,
A& ey o B sy cpapsas ad pecvryaietde bl glefer ey feslaed e Lol 2 ooy T pieu] o - 8

EARLY DEVELOPMENT

As an embryo develops, the chorionic villi begin to grow into the uterine wall
Nutrients, oxygen, and wastes diffuse across maternal and fetal blood
vessels and are carried to and from the fetus through the umbilical cord.
The placenta contains tissue from both mother and fetus.

During the first week of development, the embryo begins to secrete human
chorionic gonadotropin (hCG). This keeps the corpus luteum intact, keeping
progesterone and estrogen levels higher. When these hormones are at high
levels, a new menstrual cycle does not begin. At fwo to three months
development, the placenta secretes enough progesterone and estrogen to
maintain the conditions for pregnancy.
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3. Which is produced by the placenta? What prevents the menstrual cycle from
continuing once an egg has been fertilized?

A. Progesterone levels

2, human chorionic 27 oxytocin remain high.
gonadotropin B. Estrogen levels
decrease.
o o C. The corpus luteum
B estrogen and <, endometrial birth degenerates.
progesterone hormone Blggd supply to the

CORRECT endometrium decreases.

- . Q15
Q2. | A fertilized egg develops in the
a cﬂn,ix Determune the stage of development from the 1image on the right.
b. | uterus
¢ vagina
d. | ovary T
. 7-B weeks
d. 9-10 weeks




Figure 1 The miin of e ares o wome deoreases 53
rall gets bigger The smallest cobe shown bes 2 =to of £
[ T w6 sadkeest b 0 gum  Tgam-x T s while the
largest cusbe s 3 rato of 96 o e w0 4 m 06 sre o B4
il 2 4 jum 2 & gem) o 1F

14 Describe and calculate the ratio of surface area to volume Figure1 233

I the cubic cell grows to 2 pm per side, as represented in Figure 1, the surface area
becomes 24 pm and the volume &8 pa. The riio of sorface area o volimme i now 321,
whisch & less than il was when the cell was smadler. 1 the cell continoees to grow, the
ratio of surface anca 1o volume will continue o deorease, as shown by Lhe third cobe in
Figure 1. As the ocll grows, its volume Increases musch more rapidiy than the =urtace
area. This means that Lhe oell might have difficolly sopplving nulrients and expelling
enough waste prodocts. By remaining small, cells have a higher ratio of surface area o

volome and can susiain themseives. more easly.

Li__E: et H?

Explain why a high ratio of surface ares to volisme benefits 3 cell

Transport of substances Anciher lask thal can
be managed more easily ina small cell than na
large cell is Lhe movernent of subclances. Recall that
the plasma membane contrs cellular trancport
becamse il is selectvely permeabie. Onee inside the
cell, subsianoes move by diffosion or by mtor
proteins pulling them .=_’Im15 the cytoskeleion.

Diffusion over large distanoes = slow and mefii-
cienl because il relies on random mevement of
molecoles and jons. Similarly, the cyinskeleion
lransportaiion network, shown In Fgune 7,
becomes bess efficen for a oell if the distance o
travel becomes too large. Small ool stoe maxd-
mizes The abiity-of diffuson and molor proteins
Lo ransporl netrients and waste products. Small
cells mainiain more efficient lransport sysiems.

Fagure 2 [ ordes for the oytoskaleton to b an officient
lremsnoetation =dway, 1he distances that subslances hava
to raved wills 3 oell must be mited.

Ratio of Surface Area to Volume

Several factors influence cell size.

Surface area is the area covered by the plasma membrane.

The plasma membrane is the structure through which all the nutrients
and waste products must pass.

Volume is the space taken up by the inner contents of the cell.

The ratio of surface area to volume decreases as a cell gets bigger.

Cells with a higher ratio of surface area to volume can sustain
themselves more easily.

Transport of Substances

Cellular Communication

Smaller cells can transport substances more easily.

Diffusion is inefficient over longer distances.

The cytoskeleton transportation network becomes less efficient for a
cell if the distance to travel becomes too large.

Cellular communication is more efficient in smaller cells.

&2

=
1 i

Buclous e

Mugleus

Muleus W
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1. Which is a reason why cells remain small?

52 ¢ Large cells have difficulty diffusing nutrients rapidly
enough.

* As cells grow, their ratio of surface area to

volume decreases. Which cell has the lowest ratio of surface area
’ ?
xTranspurtatinn of wastes becomes a problem for to volume
large cells.
‘D All of the above. s e | A
Which can more efficiently supply nutrients and 0

expel waste products?

A. larger cells

maller cells
C. cells with lower surface area to volume ratio
D. cells shaped like a cube
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Figured 235
organisms to grow 'au

The Cell Cycle

Cells reproduce by a cyde of growing and dividing called the cell cycle. Cedlular repro-
duction allows your body o grow and heal cortaim jories. Each Gme a ool goes
throngh one compleie cell oycle, # becomes bwo colls. The duation of The cell oyde
varnies. Some enkaryolic cells mighl complete Lhe cpde i as few as eighl minates, wihile
other cells mighl lake up lo one year. For most normal, actively dividing animal cells,
the cell cwcle takes about 12-24 hours. There are three main slages of the odl ovcle.

interphase

Interphase = Lhe stape during which the ool grows, devdops mio a mature, functioning
cell, duplicales the DNA m its nadews, and prepares for dvison. Inberphase s divided
into three stages as shown in Fgare 4- G 5, and G, also called Gap 1, symthesis, and
Gap 2 When these activities are compicied, the oefl begins mitosis.

Gap1({a) The firsl stage of inlerphase, ., is the period immediately after a cell
divides. During G, 2 cell = growing, carmying ool normal cell fumctions, and prepanng
lo replicate DNA_ Some orlls, such as mscle and nerve cdls, exit the cell eyole at this
paint and do not divide again.

Synthesis {S) The sccond slage of interphase, 5. is the perind when a cefl copies its
DNA in preparation for cell divison.

Gap 2 {G)) The (., slage follows the 5 slage and is Lhe period when Lhe oefl prepares
for the division of its nucleus. A protein thal makes microtobules for cell division is
synihesized al this tme. During G, the ooll also axes invenlory and makes sure il is
ready Lo conlinoe with mitosis,

&, —Gep ¥ cell
Somihesk; EEnde i aline
DR& & eplsied

Crterhinesi

6, Gap 1, coll grows and
perionme normdl lawctions

Figared The ool cprie imviives e e —terplace oo, anif Cplckine=i Inlerphase & divided
il e et sl s,

Cells reproduce by a cycle of growing and dividing called the cell eycle.

Interphase

Interphase is the stage during which the cell grows, develops into a mature,

functional cell, duplicates the DNA in its nucleus, and prepares for division.

Interphase is divided into three stages: Gap 1(6,), synthesis (S), and Gap

2 (6,).

1. Gap 1(6,): growing, carrying out normal cellular functions, and
preparing to replicate DNA

2.  Synthesis (S): copying DNA to prepare for division

3. Gap 2 (6,): preparing for the division of nucleus

G_—Gap 2; cell
prepares for mitosis

S5y ntesis,
DHA is replicated

Mitosis

Cylokinesis

G,—Gap 1, cell grows and
perfams narmal functions
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Figured 235

2. Which describes the activities of a cell that
include cellular growth and cell division?

A cell cycle 2., mitosis
CORRECT

& chromatin - cytoplasm

09,

Name the phase that all of these cells are 1n.
Hint: Cells spend most of their time in this phase preparing to divide.

a4 prophase
b. anaphase
C. imterphase
d. metaphase

Q5.

In the S stage of interphase

e cell grows

1e nucleus divides

b. t
¢ [

e cell membrane divides

e

the DNA 1s replicated

Which of the Tollowing stages of iInterphase shows the Cell growing. carmnng out normal cell unctons,
and preparing fo replicate DMA?

A) Gap 1(G1)
B) Synthesis (5
C} =ap 2 {=3)
D) okinge

Correct Answer

A} Zap 1 =
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012,
In which stage of the cell cycle are cells most susceptible (hkely to expertence) fo mutations?
2 |Gl
b |S
¢ |@
d, |G

Which is not a phase of the cell cycle?

A. cytokinesis
B. interphase

(C)apoptosis

D. mitosis

At what stage of interphase does the cell take
iInventory and make sure it is ready for the division
of its nucleus?

A. G,
B.S

©e.

D. M

At what stage does a cell spend most of
its life?

A. cytokinesis

interphase

C. mitosis
D. synthesis
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Ceflular commumcabion The need for signalimg proteins to move lhroughout the
oell also mils celfl size. In other words, cell stre affects the abifity of the odl 1o
communicate instroctions for codhular funciens. If the ool beoomes too Brge, it
becomes almost impossible for cellular commumications, many of which mvolve
movement of substances and signals 1o various organclles, W lake place eficently. For
example, the signals thal rigger proten synithesis might not reach the ribosome st
enough for protein synthesis io oocur ko susiaimn The cefl.

P e el e 2 s T
T OS] §odm

I
I a DNA strand 140 milion nucleotides long was laid oot i a straight fne, it would be
about five centimelers-long. How does all of this DNA i mio a microscopic cell? In
prokaryoles, the DNA motecule is oontained i the cytoplasm and consisis mainly of a
ring of IINA and associated proteins. In eukaryoles, the DNA sitand is wound up i a
tight cod calied a chromosome.

Chromatin and chromosomes

DNA &= found n the nuclens of evkarvolic cells. DNA can take two forms m the
nicheiss. Chromatin (ERCH mzh iz} s the refaoed form of DAL However, The TNA
15 mod relaxed at all fmes. Chremosomes (K ROH muh sohmerd are condensad strociures
that conlain the XNA thal are visibie during mitoses. Chromosomes are passed irom
generation o generation of cells.

Eukaryolic DNA is organized into chromosomes. Homan chromosomes range in length
from 51 million to 245 miklion base pairs. The phosphate groups in DNA create a
negabive charge, which altracls the DNA io the positvely charged histone proleins amd
forms a nuclessome. The nuckeosomes group logeiher nto chromatim fbers, which
supercodl to make up the sructure recogmized as a chromosome, shown in Figure 3.

Chromatids
D

Canlromens —.

Metaphase A 1
chromosome e N

£ L ol emibershs,

Fagure 3 DA oyl drousd
kiskoees o form necheaosmes,
which (oil 15 lonm Chromalmn
Myt Tha Cleinviadin fibers
ipgmep ol b For il Chromss sines
1Fead pin wis e Lhee eelapdiase

Chromattin and Chromosomes

Chromatin is the relaxed form of DNA.

Chromosomes are condensed structures that contain the DNA
that are visible during mitesis.

They are passed from generation to generation.

Eukaryotic DNA is organized into chromosomes.

The phosphate groups in DNA create a negative charge, which
attracts the DNA to the positively charged histone proteins and
form a nucleosome.

The nucleosomes group together into chromatin fibers, which
supercoil to make up the chromosome.

Homologous Chromosomes

Human body cells have 46 chromosomes. Each parent contributes
23, resulting in 23 pairs of chromosomes.

Chromosomes that make up a pair, one from each parent, are
called homologous chromosomes.

Homologous chromosomes have the same length and centromere
position. They carry genes that control the same traits.
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Q6.
What 1s the image below?
. Chromosome
. Chromatid
. Centromere
«l. Centriole

Where does a cell contain it's genetic material?

. cytoskeleton
b. nucleolus

C. golg1 apparatus
d. nucleus

Chraomatin fiber Is made up of nucleosames, which are made up of __ wrapped
around beadllke protelns called ___.

2 A) DNA; histones
O  B) DNA: chromosomes
) C) histones; DMNA

) D) histones; chromosomes

Correct Answer

A) DNA; histones

2. Which is not a characteristic of homologous
chromosomes?

-

o 0 Homologous chromosomes have the
same length.

S -i‘: Homologous chromosomes have the same
centromere position.

c Homologous chromosomes have the exact
same type of allele at the same CORRECT

- . Homologous chromosomes pair up during
meiosis |.
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18 Recall that meiosis, a specialized type of cell division in sexual reproduction Figure18 248

Figure 18 Visualizing Meiosis

Follow along the stages of meiosis | and meiosis |l beginning with interphase

rgean MEIOSIS
MEIOSIS | » Gametes Torm during meiosis, a type of cell division that reduces the number of
y m,“x = chromosomes.

. O /‘ Interphase
\\___,s b j,) Q 'H'// » Chromosomes replicate. Chromatin condenses.
1 = ¥

interphase @) proohase Prophase I

« Chromosomesreplicate. — o -oF % ﬂ“el;aphmi . ] .
Chromatincondenzs. chugmnomes soes sach _ + Chromuzzme Dmghm | . Homologous chromosomes pair. Each chromosome consists of two chromatids.

chmmrsome: conssts of twe centromeres atach i
' Crossing over produces the exchange of genetic information. The nuclear

iy T envelope breaks down. Spindles form.
S o - Metaphase I
s o 4 E Chromosome centromeres attach fo spindles. Homologous chromosomes line up at
; NSO . ; ’-H .: equaftor,
)“ - \ K o P Anaphase I
'& e % T . Homologous chromosomes separate and move to opposite poles of the cell.
e ,f’qulnr O Aokiadi .;:cms?imhmak. TElﬂPhﬂSE T
© etaphasel - Spide o e cxch e %‘ETE&T ' Spindles break down. Chromosomes uncoil to form two nuclei. The cell divides.
Sromzas o -m;wm Prophase II
equater of e3ch el ' Chromosomes condense. Spindles Torm in each new cell. Spindle fibers attach to
chromosomes.
, e Metaphase II
- fey Y . . | . Centromeres of chromosomes line up randomly at the equator of each cell.
* | ) 5 Anaphase II
p i ( = : Centromeres split. Sister chromatids separate and move to opposite poles.
s oy QAEOGE! . . Telophase II
dmmﬂ . Four nuclei form around chromosomes. Spindles break down. Cells divide.
e ©posues Products

« Spindies break down = Each nucless conaing

 Cols e Sl mambes o . Four cells have formed. Each nucleus contains a haploid number of chromosomes.

dromosomes
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Figure18

248

Q2. H Q8. : . ; : e
Which of the following does not contribute to genetic varnation?
0 o
AN i % a. C:hmn_msuml: number
]{ | b. Crossing over
' c. Meiosis
}t; d. Random mating
Whicl f meiosis is illustrated above? QL
R S In a cell undergoing meiosis, during which stage do the sister chromatids separate from each other?
a. Prophase |
b. Prophase II 4, AJ]ETJ]IHSE [
C. Metaphase | b Anaphase [1
d. Metaphase 11 ! dphasc
A ¢lophase |
03. d. | Telophase Il
What 1 the next step for the chromosomes illustrated above? QI5.

They will experience replication.

DNA replication takes place only once in metosis, and it results in

b. | They will experience fertilization. a |2
¢. | Their number per cell will be halved. h. |3
d. | They will divide into sister chromatid. g |4

d. |5

haploid gametes.
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3. Which does not occur during telophase 11?7 What is the next step for the
chromosomes illustrated?
A Chromosomes 7. Spindles break down. A. Chromosomes replicate.
condense. B. Chromosomes move to
CORRECT

opposite poles. ‘T

< . Four nuclei form o, Cells divide. a#&ﬂg}%ﬁﬂﬂ:iﬁggﬁl
d .
:;ﬂr;:ng5nmes D. Chromosomes line up
' at the equator.
At what stage is the chromosome Which stage of meiosis
2 £
number reduced from 2n to n~ is illustrated?
Riapnase by @ —¢) — A. prophase | ,.
B. metaphase | s i
D e B. interphase -
@naphase I o B H¢ﬂ:ﬁ:::ll h I . i
D. meiosis | L @anap ase

N picsis B

T D. anaphase |l

Daughter cella af mdlasds Il
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Ceflular commumcabion The need for signalimg proteins to move lhroughout the
oell also mils celfl size. In other words, cell stre affects the abifity of the odl 1o
communicate instroctions for codhular funciens. If the ool beoomes too Brge, it
becomes almost impossible for cellular commumications, many of which mvolve
movement of substances and signals 1o various organclles, W lake place eficently. For
example, the signals thal rigger proten synithesis might not reach the ribosome st
enough for protein synthesis io oocur ko susiaimn The cefl.

o
L ITCOENOSDITIES

I a DNA strand 140 milion nucleotides long was laid oot i a straight fne, it would be
about five centimelers-long. How does all of this DNA i mio a microscopic cell? In
prokaryoles, the DNA motecule is oontained i the cytoplasm and consisis mainly of a
ring of IINA and associated proteins. In eukaryoles, the DNA sitand is wound up i a
tight cod calied a chromosome.

Chromatin and chromosomes

DNA &= found n the nuclens of evkarvolic cells. DNA can take two forms m the
nicheiss. Chromatin (ERCH mzh iz} s the refaoed form of DAL However, The TNA
15 mod relaxed at all fmes. Chremosomes (K ROH muh sohmerd are condensad strociures
that conlain the XNA thal are visibie during mitoses. Chromosomes are passed irom
generation o generation of cells.

Eukaryolic DNA is organized into chromosomes. Homan chromosomes range in length
from 51 million to 245 miklion base pairs. The phosphate groups in DNA create a
negabive charge, which altracls the DNA io the positvely charged histone proleins amd
forms a nuclessome. The nuckeosomes group logeiher nto chromatim fbers, which
supercodl to make up the sructure recogmized as a chromosome, shown in Figure 3.

Chromatids
D

Canlromens —.

Metaphase i 1
chromosome et 20 ull

£ L ol emibershs,

Fagure 3 DA oyl drousd
kiskoees o form necheaosmes,
which (oil 15 lonm Chromalmn
Myt Tha Cleinviadin fibers
ipgmep ol b For il Chromss sines
1Fead pin wis e Lhee eelapdiase

Chromattin and Chromosomes

Chromatin is the relaxed form of DNA.

Chromosomes are condensed structures that contain the DNA
that are visible during mitesis.

They are passed from generation to generation.

Eukaryotic DNA is organized into chromosomes.

The phosphate groups in DNA create a negative charge, which
attracts the DNA to the positively charged histone proteins and
form a nucleosome.

The nucleosomes group together into chromatin fibers, which
supercoil to make up the chromosome.

Homologous Chromosomes

Human body cells have 46 chromosomes. Each parent contributes
23, resulting in 23 pairs of chromosomes.

Chromosomes that make up a pair, one from each parent, are
called homologous chromosomes.

Homologous chromosomes have the same length and centromere
position. They carry genes that control the same traits.
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Q6.
What 1s the image below?
. Chromosome
. Chromatid
. Centromere
«l. Centriole

Where does a cell contain it's genetic material?

. cytoskeleton
b. nucleolus

C. golg1 apparatus
d. nucleus

Chraomatin fiber Is made up of nucleosames, which are made up of __ wrapped
around beadllke protelns called ___.

2 A) DNA; histones
O  B) DNA: chromosomes
) C) histones; DMNA

) D) histones; chromosomes

Correct Answer

A) DNA; histones

2. Which is not a characteristic of homologous
chromosomes?

-

o 0 Homologous chromosomes have the
same length.

S -i‘: Homologous chromosomes have the same
centromere position.

c Homologous chromosomes have the exact
same type of allele at the same CORRECT

- . Homologous chromosomes pair up during
meiosis |.
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