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Cylohgy The étuay of Calls

Blologlcal Science: The Study of Life =

; Cell Theory- ) e EuknryOtlc Cells: -
A 'The Scientific Method: How scientists study biology Al living things are composed of cells and come from cells - Complex celfular organization
1. Observe phenomena and formulate testable and f ¥ A Cell Size: Small to maximize surface area to volume A Membrane: Bound organeiles including the followmg
falsifiable (in case they are wrong) hypotheses ratio for regulating internal cell environment - 1. Nucleus: DNA/chromosomes, control ceflular
2. Test hypotheses, collect data, and analyze statisti- B. Cell (Plasma) Membrane: Composed of fluid- activities via gepes .
B. Wl::tlz Eg;mary) Elke Phogg:“l"d bilayer, proteins, cholesterol and 2. Nucleolus; Located within mucleus, site for
] _ . ycopro
N Sy bl i > ribosome synthesis ] _
cm___m‘_ g M“"“’mm h-.?ﬁ o Cell (ssme) Membrane 3. Rough endoplasmic reticulum: With ribosomes,
u_—__-_i = involved in protein synthesis .
: Glycoprotein 4, Sinooth endoplaswic reticnlum: Without

ribosomes, invelved primiarily in lipid synthesis
5. Golgi apparatus: Packaging center for molecules;

Evolution Outside cell

Concept that all organisms are related to each other by

common ancestry: The unifying thente in biology carbohydrate synthesis
A, Natural Selection: A mechanism for the occurrence 6. Lysosome: Centains hydrolyuc enzymes for
of evolution intracellular digestion
1. Survival of those offspring best adapted to the = - 7. Peroxissme Invelved in hydmgen peroxide
conditions in which they live: o bi}:;zh” P synthesis and degradation
a. Indjviduals produee sexually many more ) 8. Cliloreplast: Site of photosynthesis
offspring than could pessibly sarvive 9. Chramoplast: Non-green pigments
b. Thmcoﬂ‘spmgmnotndmhcal(mmosismahous), 10. Leukoplast: Stores starch .
but show variations based an genctic differences 11. Mitochondrion: ATP production
c. Essentially, those individuals with variations Cholesterol 12. Vacoole: General storage and space-filling
that allow them to survive (i.e., adaptations) to| ) protein structure e
1 Animal Cel
the}:;ge of zeproduction can pass their genes on | C. CelTWall: Outsxdeofcellmembmnemsomeorgamsms
to the.next generation g . composed of carbohydrate (e.g., cellulose or chitin) or
d. Thus, nature is selectmg offspring and shaping | § carbohydrate derivative (e.g., peptidoglycan)
the evolution of species D. Cyteplasm: Material outside mucleus

2, Chatles Darwin and Alfred Wal]aee, 19th cenfury o S}teformetabollc actw:ty
biologists, fmmulated the concept of natural selection 2. Cytosok: Solutions with dissolved substances such
3y 'mal E\'ﬂlﬂﬂon as glucose, CO,, O,, efc.
~ : 3. Organelles: Membrane-bound subunits of cells
with specialized fimctions
E. Cytoskeleton: Supportive and metsbolic structure
composed of microtubules, microfilaments, and
intermediate filaments
Cytoskeleton

WV IN=S A0 Y

Plant Cell

Mitochondria -
" Perpxisome Ctoroplast ;

Prokaryotic Cells:
Simpler ceflular organization with no nuc}eus or 01}}5
membrane-bound organelles

3. A ection: ] uman selects tra:tsmoffspnng
(ex pets firm .




) 0rgamsms must use the sun’s energy (dlrecﬂy orl
) derectly) to become and remain in an organized state |

A.Metabolism: Series of chemical reactions involvedin
. storing (anabolism) or releasing (catabolism) energy -
B Enzymes: Biological catalyst; facilitate metabolic

chemical reactions by. speedmg Up rates and lowenng :

heat Tequirements

. . Enzyme Kinencs L i
Enzyme + Snbstmte EnzymélSubshate Enzyme + Product
. complex

o—o—omv
N 4 y

y : E/S complex
C Adenosine triphosphate (ATF). A high-emergy
molecule; energy stored in ATP is releaséd by

E+S§"

breaking phosphate-to-phosphate bonds  and |

creating adenosine diphosphate (ADP) or adenosine |

monophesphate (AMP); ATP is recycled by adding. |

back phosphate groups usinig energy from the sun
- Emergy & ATP

_—
C 1,0, (uger)

and caretenoid photopigments (found in cytoplasm

main steps: .
A. Light-dependent reacmms (Light Reacﬁons). The

-Cell Respiration
‘Highly energized e}ectrons stored tempormly in

wise fashion to maximize energy capture at each sfep:

10 CO,- .

electrons released during the prewous steps are used
' to concéntrate hydrogen ons in’ one area {of the cell

eukaryotes) to create m chemical gradient between .
posmvaly an& negatively. charged iotis Gi.c., abanexy),}
-, thie paifential ex 1mulhngﬁomﬂnsomohcgmﬂxgﬁ
g ‘a ef

E+P 3

Photosynthesis ; :
Sunlight or radiant energy is captured by chlorophyH |

in prokaryetes and clr!broplasts it eukaryotes) in two. {
captured bight energy is transferred to eleetions that |
come from H:0; O, is a by-praduct 3
B. Light-independent reactions (Dark Reactions): |

Energized electrons are transferred to €O, (reduction |
 reactions) to form glucese (in the Calvin-Benson eyele)

C. Chemiosniotic phosPhorylauon The energized

. membrane in prokaryotes; of thie mitochondtion v

glucose are removed (oxidation reactions) in a. step- i

| A. Giycolysis: Angerobic process in cytoplasm in which ;.

ghicose. a six-cafbon compound, is oxidized to two |
. pyrivates, which are both three-carbon chains !
B. Krebs cycle: Aerobic process that oxidizes pyruvates. !

i

Cell Tr:
Passive 'rranéport

port

do work; there are four categorm

concemratmn 7
2. Ficilitated ‘diffusion: A ﬁtnncase or memTarane
B enzyme,camas sybgiance ;

_ membrane
4. Bulk flow: Mass movements of fluids affected by
pressure and solutes
Qsmosis
Pressure applied
to piston to resist
upward movement

Mokecule of sofite

«— Net movement of water molecules
Active Transport
A.Relies ou the celt providing energy supply: there are
three categories: ;

I. Membrané pumps:’ Permease unsed to move
substance, usually in the opposite direction of
diffusion

Membrune I‘ump ATP Reqnired

. T e,

2. Endecytosis: Materials are bronght into cell via;

i. Phagocytosis: Solids

ii, Pinocytosis: Eiquids
Phagocytosis _ -

“Cell eating”

. Pinocytosis
“Cell drixgldng”

A/Relieson thermal energy ¢ of matter the celf dq,ey nat i

e v 1
1. Diffusion: Movement ﬁ-om nnarea of hxghto low i

*Ceus i'eprodu 10 ste
4&<Mitos|s Division’ of nnclear material .

* of the cytoplasm

1 cell Cycle

LA Cel]sgutlnough4slases o

. | I G, :Active gxowthandmetabohsm
3. Osmosis: Diffusion across 2 semi-permeable |

L 2.8 : DNA synthesis and duplication
3. G, : Synthesis of molecules in preparation for

. cell division

a. Stages G), S, & G, above are’ collectively-
referred to as Interphase Interphase chromo-
somes are referred to as chromatin, a diffuse,
loosely scattered arrangement of chromosomes

4. Mitosis & Cyfokinesis:

a. Mitotic clromesemes in the Mitosis/Cytoki-
nesis stage are highly condensed and coiled, and
thus distinct

Cell Cycle

Mitosis - Four Mitatic Stages:

A.Prophase: Chromesames condense and organize,
puelear membrane and nucleoli disappear; spindle
apparstus assembled and attached to centromeres
of duplicated chromosomes

B. Metaphase: Spindles line up duplicated chromio-
somwalmgeqmmtofcgll,onespmdletoeachhnlf
or chromsatid of duplicated chromosome

€. Anaphase: Centromere ofeach duplicated chromosome
is separated and paired chromatids are pulled apart

D. Telophase; Chromosenes uncoil; nucleoli reappear;
cytokinesis occurs and two genetically sdentical

daughter cells are produced
! mcs. & s
INFERPHASE PROPHASE METAPHASE

niriole Begimnin;
pans Nucleofus spindle formation

TELOPHASE

;3, cytokmesis Dmswn of’ remammg cellula: contents !
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J ;Sexual Processes

material {gametes) from two parentalorganisms. <,
B.T Oﬂm'hémmcmmmmmmﬂmm
: (N)of ne} diploic 2N} amount of DNA |
€ Meiosis Reducey fhe

half and results in new genenc combinations in-
the gametes !

Meiosis - 2 distinet s >

Preceded by Interphaise; many meiotic events sumlar o1
mitosis; dszerences are noted below Vg

A Meiosis}) =~ 3

Melaphme . Anaphese } Tebphasel'
I l’rophasel €Chromosaomes condansemdorgamze
and maiched or- homologaus chromesames. (one
matesnal ‘and one paternal in each peis) are
‘Physically paired: &S' CFI‘ s of eﬁmmat:ds can
cmssoverwltﬂi:g_ ach ehromosame ps

separated
4. Telophase 1T Mmm«uﬁmhﬁami

will form two more cells for & total of four ceils
Faunal/Floral Gmtugtmsk
A.In animals. meiosis oceurs in germinal lmmes .and
is called mumgmesm in males mdonynesm in
females; each results in a gamete
B. In plants the process is similar except that numnc
dwmr.ms may follow meiosis to produce gametes

E4 Gumemgenuh

Anlmal

chromosome number by §

"
Organlsmal nmdudhﬂ TAS
o &W" g sSeaes '

A.Sexual Reproduction: Involves r.he fusion uf gcnﬂfﬁ‘ 14
.=‘ ,1
(fertilized eggk eachgm st hisive half or hxploid ;

i,

lntroductnon

1 A Génetics: 'I'hestqdypfh'q:itsﬁnd the)rmhentance Saut
[ { B. 19t _cenmry biologists, belisvad that trgits blended: |
blending actprred, . thmgs would become more

',_'tf
'smular, not different; Darwin and Wallace stated that
 variations or diffefences in oi‘fsprmg Were necessary
- for natural selection to occir

C Gregor Mende] provided the most plauslble hypothesis
‘for genetlcs Mendelian genetics: Two laws were
developed by using statistics to analyze results of
€TOSses mvolvmg distinguishing traits of garden peas

1‘;

{1 - Law of Segregation of Alternate Factors _

Developed by Mendel using single-trait crosses
A.Single-trait crossbreeding:
| 1. Two true-breeding (those that consistently yield the
: same form when crossed with each other) parents
I (P,) but different strains were crossed (e.g., round
versus wrinkled seed) |
2. 'Ihcoﬂfspumg(F,)ﬁmnﬂnscrossallshowedonlyone
! trait {e.g., round seed) and this was called the dominsnt
1 trait; the traits frony the parents did not blepd o
3. The F, individuals were crossed with each other to
produce F, individuals
4. 3/4 of the F, cxpressed the dominant trait; 1/4
expressed the trait of the other P, parent (eg.,
wrinkled seed) which had not been expressed in the
F, gencration and was thus recessive
B. Mendel’s crosses for single traits can be summarized
as follows:
MendePs 1= Law: Segregsition of AHRernate Factors

Grapfemsle (G6)  Nommal malk (2)
— [
g.o- 3 +
e B —
e | @

4] S0
generation AllGy
| ___ Domigant G taasks recessive g

Gatiigtes
[ | == ¢

= 6 (3 B

% e

]

€

. T

g & | 28 11
Nl I3

" n

C Mendels” first conelusions: Discrete factors (now
known as genes) were responsible: for @te traits and
these factors were paired, separated (which occurs
during mejosis) and recombined (duting fertilization);
allernate forms of factors or genes exist called alleles;
the F, mdividuals hed two alleles, their genotype
consisted of a dominant and recessive allele (e.g, Rr
with R for tound and r for wrinkled seed); thus, the
F; swerehyhnds their phenotype was similar to only

" reneof ongma] parents (e g rmmd seed)

endel Up_t*;#

103 lyasson mdependemly v
. B. hitéractions between alleles:

‘anotheralle!e g

"alleles are ex;pmsed.fully
o?;e than two aﬂ‘
populatigy. - §

‘fb\md thhm a

:‘each on separa -eéhromosomes geneés
Oﬂ the'sah -Ehromosore ats, linked and thus will net

-1, Complete dominance One alle]e dommates -

"n B dhmﬂtﬁﬁ aze m wmdmth ;Tiﬁked diserders.

} _'5 Eplstas:s One gene alters the affect of almthet &eme i
. -6 Polygenie inhenmnce Many geges conb;ibute to alt:
. _7 Pleiotropy: One gene can «effect severa] A

phenotypes
8. Epvironmental inﬂuences Where the genotype L
and environment interact to form a phenotype Pt

I - Law of Independent Assortmeént

Developed by Mendel using multiple-trait crosses ;
A.Two true-breeding parents of differerit strains for |
-two traits were crossed; the F,’s were then crossed, [
producmg F, individuals ]

BThemuhsofcmssesmvolwngtwomtscanbe

summarized as follows: . i

Mendel’s 2u Law: Independept Assortment

P .
" Parents
s G558 Bssu
" Gametes B 4
oduced by — £
Fona| S
[t o T
e MG
Gametes form by segregation of afleles and individizal
assoriment - :
- O X )
: GGSS[GGSSIGS’SS G& T
2
; 685 | Goss | GgSs | gges [£
e PEEEE !
AL GgSs €355 | GgSs | gss . gess |a
X -Normal, |
Nt
r. GgSs [ Ggss | gl [ gpss |0
| o |y "]’
Fz phesotipes
- T
shost-haired long-haired
e Tem
short-hatred long bared

C.Mendel concluded statistically that these results
" occuired because alleles for one trait or gene did not |

affect the inheritance of alleles for another trait
Chromosomes & Sex Determination
A.In meny animals, special ¢hromosomes determine sex; |
the remaining chromosomes are autosomes
B.In humans, there are 44 autosemes and two sex
chromosomes: X and Y in males, X and X in females

Sex Determination

'Sex-Lmked Traits ‘
In humeans, the Y chromt)some -contains the determmant i
for maleness the X contains many genes; if 2 male gets |

dommant) allele on g ~X phmmosomqf;;

efore,; 3
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Hin Ee . Moleculai- Geneﬂcﬁ T A DA ‘.:“.5:",;..
- Genes, DNA & Nm:lglc Acid ' The Central Dogma ’

4 AGene fusctions. .. i el “A. Replieation: : i S kT
2 . 1:Tobe'preserved md winsmitied - -5 1. DNA is copied from other DNA by urmppmg :
¥ " 2."To conttol" varidus Biclogical functions throughe the helix and pairing new nucleotides with the

. proper bases (i.e.. A with T and C with G) on cach
separated side of the original DNA
B. Transcription:
1. Messenger (m)RNA is copied from DNA
by unzipping a periion of the DNA helix that
corresponds to a gene

-'w' the produciion 6f proteins” (i.e., large, complex -
- ‘sequences of amino acids) and RNA .
ﬁ B Gene structure; two types of nuclejc acids:
P Deoxyn’bonuclelc acid (DNA) -
2 Ribonucleic acid {RNA) :
C Nucleotides: The components of nucleic acids; three

subunits: 2. Only one side of the DNA will be transcribed and
Nucleotides nucleotides with the proper bases (A with U and C
0\} /0‘ with G) will be sequenced to build pre-mRNA
) /P\ 3. Sequences of nucleotides called introns are removed
0 o and the remaining segments called exons are spliced
Phosphate > together
4. The mature mRNA leaves the nucleus to be
transcribed by the ribosomes
C. Translation:
1. Proteins are RNA Synthesis/Transcription
i | Nitr b pL i r
: HITOgenous from (MRNA
OH H base . bt
1. Sugar (deoxyribose in DNA; ribose in RNA) {which are
2. Phosphate composed
3. Nitrogenous base {five possible bases) of ribosomal
a. In DNA, the nucleic acid of chromosomes, (DRNA and
four nitrogenous bases are found: Adenine (A), proteins) which
guanine (G), cytosine (C), and thymine (T) read from a
b. RNA consists of similar bases, except uracil (U) triplet code (i.e..
replaces thymine (T) cadons) that is
¢. DNA is a double helix molecule: Similar 1o a universal
y spiral staircase or twisted ladder, with the sides 2. The ribosomes
{ formed by repeating sugar-phosphate groups instruct transfer
from each nucleotide, and the horizontal pertions ()RNAs to bring
z' (i.e., steps) formed by hydrogen bonds involving in specific amino
A with T or C with G acids in the
w d. Hereditary information. Genes found along the seguence dictated
h linear sequence of nucleotides m the DNA molecule by the mRNA,
DNA Double Helix which in turn
o was built based
on the sequence
{ of nucleotides in

the original gene
portion of the
DNA
Protein Synthesis
J E)
Amino acids

.. Mutations

Any random, permanent change in the DNA molecule;

many are hanmful, some have no effect, and a few

" acgua;)y beneﬁt the ur.gamsm, nature selects thoge;
ial .

-,.:P\»'i -**H“‘

Ll »G '
B Alff)lﬁilanons evolve just as- ‘do species , . . win,
.| B. Genotype: Genetic composmon ofm mgm ual

in paputamom vexsus m&wldpals

C Gerie’ Pool: Genetié - “of a ion” @
- individuals; that i, allallel&sfdrnllgenwmapopulauou

.‘ D Evolution mvolves changes i ‘géme pools over
time; fo understand changes in’géne pools as @

% populations’ evelve, ‘an. understandmg of nom-

{ - evolving populafiens is néoessary :
‘The Hardy-Weinberg Laiv - o
,A Both allelic frequencies and genotypxc ratios (1 €.
L. gene pools) remain constant from generation f
| peneration in sexually producing populations, if the
? following conditions of equilibrinm exlst -
| © 1. Mutstions do fiot occar -
| 2. No net movernent of mdmduals out of or into
! population occurs -

L 3. All offspring produced have the same chances for

survival, and mating is nmdom that is, no natural
selection oecurs . .
4. The population is large so that chancé would no
L. alter frequenicies of alleles -
| B. Algehnﬂc equivalent of the Hardy- Wemherg Law:
| 1. p2+2pg+ =1 where ]
1 a. p = frequency of domiinant allele
| b. q.= frequency ofrecesswe allele
c. p?= AA genotype
{ " d. 2pq = Asn genolype
| e g-mgenahpe
€. Examyle. :
| 1. Kina group of six individuals there are nine doniinant
| ¢A) alleles-and three recessive (a) alleles, then p=9/12
i or 0:75 and g = 3/12 er 0.25; a total of 12 gametes will
be prodiced, nine of which wilt have the Gomjnant
1 dliele and three With the recessive allele P
| 2. The algebraic equation above can be used to
| predict the ratios of the three possible genotypes
{ as a result of fertilizations
| a FreqmncyofAAgmotypeusp?ar(oﬁ)Z 0.56
| b. Frequency of Aa genotypes 15 2pq or
| ©20:75)0.25)=0.38
i c. Frequency of aa genotypes is g2 or (0.25)2 =
3 ¢

3. The ﬁcequenc)es of dominant and recessive
1 alleles are stll the same—the specific allcles have
| . been redistnbuted

' Hardy-Weinberg & Natural Populations

1 | A. Few (if any) populations are in equilibrium; therefore,
' changes in allele frequencies and thus gene pooLs do
. occur in fatural popilations .
i B The Hardy-Weinberg Law helps to identify the
i mechanistas of these evolutionary changes by
[ predicting that one or mote of the four conditions
. tequired are not met; that is:
! I, Mutations occur =
| 2. Individuals leave and enteér popula'aons a4
. 3. Nonrandem mating and natural selection occur
| 4. Small populations exist ‘ -
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