Capillary beds
Arteriole e

Tubular heart

Artery
(O,-rich blood)

Vein

Heart
Ventricle

The closed circulatory system in a fish

Artery
(O,-poor blood)

Capillaries
B The open circulatory system (vessels in gold) in a

grasshopper
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Gill capillaries
Lung and skin capillaries

o
-
P
=ie =

Pulmonary

circuit Ventricle (V)

The double circulation
and four-chambered
heart of a bird or
mammal

Systemit capillaries

The double circulation and
three-chambered heart of an
amphibian

Systemic capillaries

Atrium (A)

Systemiclcapillaries

Two-chambered heart



Superiorvena cava

Platelets adhere

Platelet plug Fibrin clot
to exposed
oconnective tissue Forms o blotc:gp;ells Acita
Epithelium Pulmonary Left
Arte
5 & coronary
Artery
Connective

Tissue

Platelet plug

e Platelet nght
A fibrin clot coronary

Artery
The blood-clotting process

Blockage

Blockage of a coronary artery, resulting in a
heart attack

MEIOSIS Mitosis

Telophase

prophases Early Anaphase Late Anaphase

PROPHASE |
METAPHASE |
ANAPHASE |
TELOPHASE |
PROPHASE Il
METAPHASE II
ANAPHASE II
TELOPHASE II =
TETRAD

.....

~remmoowp

Metaphase Midi Anaphase Telophase



Thermoregulation Circulatory adaptations

Radiation

&

Evaporation

Conduction Mechanisms of

T R heat exchange

Large ears in elephants

Gain of water and
salt from food
and by drinking
seawater

Osmotic water loss
through gills and other
parts of body surface

Excretion of excess
ions and small
amounts of water
in scanty urine
from kidneys

Excretion of
Salt from gills
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Osmoregulation in a cod, a saltwater fish

Osmotic water gain through gills
and other parts of body surface

Uptake of
some ions
in food

Excretion of

Ug;Ttkﬁ = large amounts of
gillsy water in dilute

urine from kidneys

Osmoregulation in a perch, a freshwater fish



Asexual reproduction of an aggregating sea
anemone (Anthopleura elegantissima) by fission

Renal cortex

Bowman’s

1 Renal medulla
~ YRenal cortex

Renal artery

Renal vein

Renal medulla

Anatomy of the human € tem C.Sec. Kidney

Anatomy of the human excretory system (L.Sec. Kidney)

Proteins '_'l Amino acids I [Nitrogenousbases'o—' Nucleic acids

—NH,
Amino groups
LVl Ae gaaa
Nitl’ogen- [ \'
containing
metabolic 2
waste X :
products ~ E} =
Most aquati imal M. |} phibi Birds and many other
including most fishes  sharks, some bony reptiles, insects, land
fishes snails
(II:
" oo
NH. | | =
NH, =c * (o G > e
3 O c\NH, 04 \N/ \”
H
Ammonia | | urea | | uricacid |
cla bt P s o A Gaa
Anatomy of the human excretory system
,4. ‘_—?\"\
\
~\\
Aorta .

i

Inferior
vena cava

Renal artery and vein

Kidney
UreteF

Urinary bladder
Urethra

: +
&,



Plasma membrane

A

'

Tail

Mitochondrion
(spiral shape)

Nucleus

Acrosome

g O TN P G v

The structure of a human sperm cell

Diploid cell

Developing sperm cells
(haploid; single chromatids)

(haploid) Center of seminiferous tubule
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Oviduct

Follicles

Corpus luteum
Wall of uterus —

Endometrium :
(lining of uterus)—

oY BXOI

Front view of female reproductive anatomy (upper portion)

@ Diploid cell

1 Differentiation and

onset of Meiosis I

@ (in prophase of Meiosis I)
/ \Meiosis I completed

‘/ ’ B Voann, 3

g ‘ (haploid;

/ \ ! \Meiosisll
@ @ @ d— Developing sperm cells
bl

double chromatids)

3

(haploid; single chromatids)

l Differentiation

(haploid)
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Sister chromatids ﬂ
/\ l Chromosome duplication

Sister chromatids
Centromere
zémoso e
istributio

to
daughter
cells

Elect_ron micrograph
of a dupficated chromosome Chromosome duplication

and distribution
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Plasma membrane

Prokaryotic chromosome
Cell wall

mDupIiation of chromosome
and separation of copies

Binary fission of a
prokaryotic cell

o Continued elongation of the!
cell and movement of copies
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Cleavage furrow

Contracting ring of
Microfilaments

Daughter cells
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metosis

INTERPHASE PROPHASE PROMETAPHASE ANAPHASE o 1kl shal TELOPHASE AND CYTOKINESIS
METAPHASE Al 5wl jshll ” a3 gz ALY g gD shall
contr o : ly mitotic spindle Centr i ) Siy) ) Cleavage furrow
(with centriole pairs) Nuclear envalope _Mingechors Metaphisss pim g Anhal /-\\\l//\ 9

e y )-AA-\J‘ \\"// ™ » Nucleolus

// \\/

Pl Mp"’i'"“ Centromere _Spindle Spindle s e Daughter chromosomes Forming
Nucleolys Envelope embrane o Microtubules e ARa% Slag)gag S ¢ 95l Bl ¢y e<s
Jd Chromosome, consisting
Cope 10200 Paancr kvt a2 of two sister chromatids

MEIOSIS II: Sister chromatids separate
A58 clasla g 8 Juail) ;SO )Y aLud i)

MEIOSIS I: Homologous chromosomes separate
ABLaial) Asagajga g S0 @195 Juall) 1 oY) I JERY) ALudiy)

INTERPHASE
erill ) ghal)

PROPHASE I
Jo¥) sagadll ) ghall

METAPHASE I
da¥) A F) ) gkl

ANAPHASE I
J¥ Auaidy) ) ghll

TELOPHASE I

TELOPHASE II
AND CYTOKINESIS PROPHASE II METAPHASE Il

ANAPHASE II AND CYTOKINESIS

Centrosomes (with Sites of crossing over  Microtubules

5 \ Metaphase Sister chromatids
Centriole pairs)

attached to Plate remain attached
Kinetochore
H

4 Slster ch
Separate

Cleavage furrow
Spindle )

ﬂ\f/,‘ -

HapI0|d daugﬁter

cells forming

sl ddlal) LA (58
A A

Nuclear . Sister Tetrad Centromere y Jf
Envelope Chromatin Chromatids (with kinetochore) Homologous y
5980 A Oia 5 S0 ( chromosomes separate
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The stages of miosis | The stages of miosis Il




P generation
(true-breeding J)

& - 5

Dominant Trait

Badaad) Adugd

Recessive Trait
Aaiial) digl)

parents) ) o -
Purple flowers 1 White flowers Flower color * Purple Ag» White oz
All plants have s .
] pur‘;le flowers Flower position ‘& Axial *»  Terminal
F, generation ;
e Seed color Yellow Green
Fertilization among 3 3 gl - ) k]
F, plants (F, ~ F,) e S -
1 Seed shape Round = Wrinkled
5 Jea s a3
Pod shape ﬁiﬂated Constricted
ey BEn oﬁgsa ALals f s pada
F, generation? - Pod color , Yellow
29 "ﬁr g 5% 0B ol ‘é;'jj:  — # ja
% of plants Ya of plants
have purple flowers have white flowers
o i _ Ston longth
Crosses tracking one character (flower color) Caad) s “'Tall % Dwarf
! sk ot

Theé"§eVeén péacharacteristics studied by Mendel
Jaia L (Al dasdd) cilieal)

P Genetic makeup (alleles) - p

Gene loci @@ pp PP
=9 [
Py Voo

Dominant allele & p

ametes P

§ “AII® Al(p)

= oy

F, plants (hybrids)
(

GametesJ!

P a b !

Recessive allele

Genotype: PP aa Bb Phenotypic ratio
Homozygous Homozygous (i Heterozygous 3 purple : 1 white
for the for the (adiadl 30 PIRES

Explanation ofmthe crosses in previous figure
Coomiprazn +

Pearan Eaucation, ¥

dominant allele recessive allele
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Matching gene loci on homologous chromosomes

Genotypic ratio
1PP:2Pp:1pp




Dominant Traits Recessive Traits

Examples of single-gene inherited traits in humans

Dominant Traits Recessive Traits 3
Frec.kles No frecklés
Genotype FF or Ff ff Examples of single- -
gene inherited traits
' in humans .

5

Widow’s peak  Straight hairline

Phenotype  Free earlobe

Parents Normal ; Normal First generation D__O D__O
Dd Dd (grandparents) Ff Ff ff Ff

(

3

Sperm
Second generation
and uncles)
ff

FF ff ff Ff Ff
or

Dd Ff
@ Nglgal Normal
i Third generation
® (car”rler) (twogsisters) g %
(
Offspring 2 ff FF
L Female Male Ff or
Dd dd ‘
@ Normal Deaf O [] Affected
(carrier) €a
” L O D Unaffected
Pedigree showing inheritance of attached versus free earlobe
Offspring produced by parents who are both carriers in a hypothetical family

for a recessive diorder



P generation

Red, ea\ M{% White
X-Y system in mammals, fruit flies

Gametes
= XX = female; XY = male '
=XY; i=xX - F, generation

X-0 system in grasshoppers and roaches \‘ L‘y Pir;?l; s
= XX = female; XO = male K}(
=X0;=XX - J \‘
Z-W in system in birds, butterflies, and some fishes Gametes 1®R) 3(0

= ZW = female, ZZ = male
=ZZ =ZW = Sperm &l
Chromosome number in ants and bees ® ©

= Diploid = female; haploid = male 2
P ! P F, generation %@ & W

Eggs s

1O | <ok
2 ‘C:%-( T
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Incomplete dominance in snapdragon color

X-0

.c? MR R/

Z-Ws ystem

A : X-Y system
| {
RE)  (He 1

Chromosome number system ) '\ 1%

X-0 system @ (’:3 07‘ (m?:e) S-) (female)

Parents’
diploid cells
\\

Offspring
(diploid)
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