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molecules — cells — energy & information — inheritance — gene expression — evolutionary change — populations & ecosystems
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Designed for rapid orientation, cross—unit connection, retrieval practice, and AP-style reasoning.
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COURSE ARCHITECTURE

AP Biology 44| =

342 24! Course Framework?| 87l Unit2t MCQ H|Z2 5t 2H0]| ¢

Ho

Chemistry of Life 8-11% = 4 -EtpEhE- 2| A Sl Ak T

2 Cells 10-13% N=Z 2z 9 2& o8- 2

3 Cellular Energetics 12-16% BEAATP-HEN-MZSE

4 Cell Communication & Cell Cycle 10-15% S MO e M| 2

5 Heredity 8-11% YR FUCHLY - I - H I

6 Gene Expression & Regulation 12-16% DNA—RNA—protein- 24 - S¢tHO| - 4HZ 5t

7 Natural Selection 13-20% Mef- QM -H-W-AH S Z=st

8 Ecology 10-15% OlHA| S5 -IhAl- 23 - MECHA - mgt
Exam structure o “TH'E A =77 =5}
Section I: 60 MCQ, 90&, 50% AP Biology M AH&S B40] 2| 2+= AIR0| OfL2}, A|ARIO| 5t
Section II: 6 FRQ, 90, 50% S22 S O M3 ZUE 0S5k 2AHE 4Ysh= AI—o|C

FROE 18 22} o4, T2 HlOJE| 24, R 24, M5H% 737}
2718 a8t

High-yield priority

Al HIZ2 2 Unit 70| 7H& 311, Unit 3-6&= &Lt 2Lt A 24|= 012] UnitS HZSICE [h2tA Unit'd 27| — Cross-unit causality2
HSt5|{of STt
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MASTER MAP
8 Units = S}Lt2| ™ A|AE

M Z27HOfLE S - ORI - YL - ME"0| HhEkl= HEQ T2 2Lt

UNIT 1 | CHEMISTRY OF LIFE UNIT 2 | CELLS

22747 |5E TED 2fap 20| LR 2tES ThELE
UNIT 3 | CELLULAR ENERGETICS UNIT 4 | COMMUNICATION & CYCLE
O] E0| 4B 2&ES TSIt YEIL N2 S SAS 2 AT
UNIT 5 | HEREDITY UNIT 6 | GENE EXPRESSION

_|.

oS 2h=Ct DNA Z =7} RNA- T2 BoIE| D 2 A FC}

rulo

M| 2 E0| 7

UNIT 7 | NATURAL SELECTION UNIT 8 | ECOLOGY

£HO| + &t = Yol Ha} HA1Z -2 - MEH A7 S 2 2B

rx
ot
ox

o
T

STRUCTURE ENERGY INFORMATION CHANGE

Y Unit 1-2 “BAC 2 TSOH =7V, Unit 3-4= “OfEH 2S5t 2EE|=71, Unit 5-6& “HE7F 08 & - BIE=7F, Unit 7-82
‘01 A A0 AlZket 2HE £0f| M OfEA| Hoh=7t" & CHELE
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BIG IDEAS

4712] Big Idea2 2E UnitS CHA| B7|

WM FRHE 7[5k ZAECE 22 |2|7FK2] Unitdll M BH=EE 2= 20| 217|710 |2[Stot

Big Idea 3 22 Ho| Unit2 7I22| 2= HE
1 Evoluti AUCHo| QA JLMO| MICHE AHR|H 5t AAHMEI2 T U2 HIZ 7| — U5 0| — U6 EHHO0| — U7 MEH — U8
- Fvolution LS Bt s 22 POl s
) ME A AR 0|2 |2t 22S &5 HEH M Aot S U1 Zgh— U2 % — U3 ATP/EE4/5E —~ U8 ol A
2. Energetics SHAMMS O 2[SH} 52
3. Information Storage & &= DNAO 7~1’“£| 0 ME NS - FUR YA -FHE U1 &4t — U4 signaling — U5 heredity — U6
Transmission Soll MY 8ES ThECL expression — U7 variation

},4_

MESHA M2 HEE0| A4S 2AE0|M emergent

4. Systems Interactions property LIEfLHTY

A AT [ RN Z—7 | 2 TN e A A =2
Cross-unit bridge 22
M 7S IS [ OjE 47 2120t SRICH

@ Structure? O 127t 7|58 7H5SH 5HLt? @ Energy? Of|L{A| /222 OIC|A 2fA O|C|2 7Ht? @ Information? O Z &7}
A ZH|LE? @ Evolution? 0|7} fitnesset populationdf O ZtE OHE 4= Q[LE?

CLOSED-BOOK RETRIEVAL | 242 &1 60-90

1. Big Idea 4742 ¥0{-3H20{ S4AI0{2 L5iCt.
2. Unit 6 Gene ExpressionS Big Idea 1, 3, 49+ 2zt HZ5| 5t 224 MHSICT
3. Unit 32t Unit 82 “energy”2t= St HHO{2 25 Y
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SCIENCE PRACTICES

AP Biology2| 217 Al 2ilZ

JHE S Otk Zat AP 42 B3I5HE 22 CH2LCL 671 Science PracticeS £21 2EIO 2 OH=CY,

1 Concept Explanation -0ty - 2HS HE5| 4Y “Because" 2 HAHLZE A&

2 Visual Representations LAl ol flowchart Si4A)/HZE SH R YRkl 4 HEE T2 HY
3 Questions & Methods B3 tsS AR 7 - HA 2T IV / DV / control / replication

4 Represent & Describe Data A5 el o 2, Aok 2 2 - ChQ|- |- 2T

5 Statistical Tests & Data Analysis A4t @&3{TH - chi-square- 7+d E7t AL — MESHA o|0|

6 Argumentation claim + evidence + reasoning CER: 2&-37-M3stA o2

OBSERVE QUESTION DESIGN DATA ANALYZE CLAIM
FRQ =2 tCH Jzf= 2 tCh
Claim: X will increase/decrease Describe: & I{H - £ 2t
Evidence: The data show- Compare = Ak 2}0]
Reasoning: Because [mechanism], therefore- Explain: &21/7|H
Prediction: If Y is disrupted, then-- Evaluate: evidence?} hypothesisg A|A|5=4|
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MATH & DATA

B4 4857 E7 243

T R o1 of 22

Mean

Standard deviation
Standard error
Chi-square
Hardy-Weinberg
Water potential
Population growth

Simpson diversity

Decision rule

Off 24

=71 HA 7|ASit.

X =5x/n

s=v[Z(x x )/(n 1]
SE=s/vn

x'=2[(0 E)'/E]
Pra=1p +2pg+q =1

W=Wp+Ws;Ws= iCRT

dN/dt =B D:; logistic includes K

1 2 (n/N)’

E2ICt. frequency?l7t, ratelt, potential2l7t, variationQI7t? A4t & Opx|9f &t 22

X
Ho

JHA|= 27| 35t} carrying capacity

o

species abundanceZ Hr5H I

rlo
T
ll
>
=
0
Ol
X
|0

1. chi-square0f|A| null hypothesisZ 2|0|5H= 242 ZSHCt,

2. Hardy-Weinberg?| C}Ad Z
3. water potentialoilA 22| 0|

RUS TSIt
= WIS MTSIC)

S od= =20
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UNIT118-11%

Chemistry of Life

T2t 7155 UELE: 22 SYRE TR 3D 24|

WATER ELEMENTS MONOMERS POLYMERS 3D SHAPE FUNCTION

E-L

Water & H-bonds polar molecule — intermolecular H-bonds

Elements of life C,H,O,N,P,SEH

Carbohydrates monosaccharide — polysaccharide
Lipids glycerol/fatty acids &; true polymer O}l
Nucleic acids nucleotide — DNA/RNA

Proteins amino acid — polypeptide — 3D protein

Unit 12] 7}% S35 42t

APE “0|5 227" HLt 22t 127t 45281} 7|58 o EA AHsh=AE
— 3D shape — 7|5 3}

Mo
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cohesion, adhesion, high specific heat, solvent
properties

Eta 22 + functional groups7} £t LI M4
quick energy, energy storage, structural support
membrane, long-term energy, signaling

HE -

enzyme, receptor, transport, structure, movement

=L} of: A|EHite] EX5tE — 9f RFM, THHRIO| amino acid H3}



UNIT 1 | COMPARISON

Macromolecule Super Table

MEZ CHE macromoleculeg Z2 7|20 2 H|W5HH 7| ZHM0| 34 E20lE

. S glycogen/starch storage; ratio of C:H:0, ring
Carbohydrate monosaccharide glycosidic linkage cellulose structure structures
Lioid glycerol + fatty acids / ester linkages eneray. membrane. hormones saturation changes
P other components (triglycerides) 9y ’ packing & fluidity
. . . . enzymes, receptors, structure,  R-group interactions
Protein amino acid peptide bond transport determine folding
Nucleic acid nucleotide phosphodiester bond hered|t§ry information; gene >'~3 direction, L
expression complementary pairing
Dehydration vs Hydrolysis Protein hierarchy
Dehydration/condensation: monomers 92, = A Primary: sequence — secondary: local H-bonds — tertiary:
Hydrolysis: polymer &8, = AtE R-group interactions — quaternary: multiple subunits

1. 4t macromolecule?| building block& Z3tCt.
2. unsaturated fatty acid?t membrane fluiditydf| 0|2|& GgFs MHSICY.
3. single amino-acid substitution0| phenotype”7tA| 0|01 4= Q1= causal chaing BHELE.

o
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UNIT 1 | CAUSALITY

Water, Bonds, and Protein Function

At
A

rjo

224 45280 2 MBSY 4R BT HHS B0

EMERGENT CELLULAR

POLARITY H-BONDS PROPERTIES ENVIRONMENT

Water chain Protein chain
O-H Z&9| H7|2 4 E 20| — £EA5t — H-bond E4 — DNA sequence — amino-acid sequence — intermolecular
cohesion/adhesion/temperature buffering/solvent behavior  interactions — 3D conformation — binding/function —
— N|=-HEfA 7|5 phenotype
43248 7Y ZoIE AEstof
hydrogen bond SHESECH SR T Chd I 2 S0t = =2} 2, DNA base pairing, protein secondary structure
covalent bond A2 HA S =24t backbone &4
hydrophobic interaction H|=4 £20| S0|A Z0|= Z& membrane bilayer, protein folding
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UNIT2 | 10-13%
Sfup SLES7E N O LR Bt S ThED.
SELECTIVE
ORGANELLES MEMBRANE TRANSPORT HOMEOSTASIS COMPARTMENTS

Eukaryote
Se 22lst1 58 F7t

nucleus2t membrane-bound organelles,
L Hto o Ha)
— o2 1T

Prokaryote
o= I 23, DNAE
compartmentalization2 2 43|

membrane-bound nucleus 92,
nucleoid region, ribosome Z2{

N
Ho
|o
Hu
ofm
ne
ro
n

Hste] 2}0| £ OEA RAIGH=71? =2

Unit 2 master question
2 50|2, FAS YR YHLIH, 5=
= 51 60-90x

NzZz=2

CLOSED-BOOK RETRIEVAL | 24

2. 9 cell size7t Fts| AHH &= gl
3. compartmentalization0| metabolic efficiency& =0l 0|

1. prokaryote®} eukaryote?| 3-8 3712t 20| 37HE Rt
A| surface area-to-volumez A
S AL
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UNIT 2 | ORGANELLES

Structure — Function Map

47|22 0|F0| OfL|2} “YU-2q2|-22" 2 7| ST},

=y

Nucleus DNA Z{3; transcription2| 2 A nuclear envelope / pores
Ribosome translation: polypeptide synthesis free vs bound ribosomes

Rough ER secreted/membrane protein processing ribosomes attached

Smooth ER lipid synthesis, detox, Ca”* storage no ribosomes

Golgi modify, sort, package cis — trans direction

Lysosome hydrolysis, recycling acidic internal environment
Mitochondrion ATP production by respiration inner membrane cristae; own DNA
Chloroplast photosynthesis thylakoid + stroma; own DNA
Vacuole storage; plant turgor large central vacuole in plants

Endomembrane route

=H| ch2io| [ # Z2: DNA — mRNA — ribosome on RER — ER lumen — vesicle — Golgi — vesicle — plasma membrane/exocytosis.
AP visual 4|0l A}5= 20]= SEO0|Ct.
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UNIT 2 | MEMBRANES

Membrane Transport Decision Tree

‘B 20|, s2TI27|5 WEH SR, TN LR =2S TETt TR TS,

[y ]

SMALL / DOWN PROTEIN ATP OR

NONPOLAR? GRADIENT? NEEDED? COUPLING?

b 43 energy _
=

Simple diffusion gradient [zt o= 2™ 0., CO., small nonpolar
Facilitated diffusion gradient [Cf2} channel/carrier X jons, polar molecules
Osmosis water potential 2}0| membrane/aquaporin X water
Active transport gradient H&2 pump/carrier 0 Na*/K* pump &
Endo/Exocytosis bulk transport vesicle 0 large particles/macromolecules
Tonicity Water potential

Hypotonic outside: £0] cell 222 — animal cell lysis #/2! / =2 higher ¥ — lower ¥ 2 0|3. soluteE & E2H ys= I

plant turgid negativedii] total W7t JOFZICE

Hypertonic outside: 20| 852 — cell shrinks / plasmolysis

AP Biology | Whole-Course Cognitive Map | i 0 13



UNIT 2 | SCALE

Surface Area : Volume & Compartmentalization

HIEZ 37|90t ot 222 “R8h Bzl A0t} SHEIsHET) o 2T

e FZ w3} 7153 Hat
Cell grows volumeZt surface areaCt G W2 A Z7t SA:V Z4 — exchange efficiency {5t
Microvilli / cristae / thylakoids membrane folding surface area 37} — transport/reaction capacity 37}
Compartmentalization HIS 2 S7tHoz 2| local concentration t, incompatible reactions &2/

double membrane, circular DNA, ribosomes,

mitochondria/chloroplast2| prokaryotic origin Z|A
division patterns tochondria/chloroplast2| prokaryotic origin Z| 2]

Endosymbiosis evidence
Prediction routine

HIZ /A7 22| membrane surfaceZt 7Lt £4%H £910| HA ZAE7}? transport, electron transport, ATP synthesis, photosynthesis
S “UolM YojLt= 2tE" S M METUCH

=31 60-90

1. SA:V7t cell size7t AR off ZEA5H=R] HHSICL
2. mitochondria/chloroplast2| endosymbiotic origin evidence& 37 ZsiCt.
3. membrane permeability7t SOFX|™H homeostasisOf| OFH #3517+ 42| Of| ZSIC}

AP Biology | Whole-Course Cognitive Map | i 0 14



UNIT3[12-16%

Cellular Energetics

0|4 A| Z8te| Z-F 210{: enzymes, redox, gradients, ATP.

LIGHT / H+ ATP
FOOD ELECTRONS GRADIENT SYNTHASE CELL WORK

Photosynthesis Cellular respiration
light energy — chemical energy chemical energy in molecules — ATP
water donates electrons; carbon fixation builds organic electrons ultimately reduce terminal acceptor;
molecules chemiosmosis drives ATP synthase
Unifying principle

Ashdat SE2 “rMs| BITHQI 27| E” 7t OtL|2t, = Cf electron transfer — membrane gradient — ATP synthasezt= 35 M7 LSS

AP Biology | Whole-Course Cognitive Map | i 0 15



UNIT 3 | ENZYMES

Enzymes = Rate Control

= AG A S HFRZ| 041 activation energyS S B £

i

=2t

Reaction rate

enzyme saturation

Substrate concentration

Temperature 2 Ijf collisions | ; 4F &=2H denaturation 7ts optimum Z#{0f|lA max

pH side—chain charge/shape #3}t active site #H3l 7t5

[substrate] 27|0=rate t, 0| saturation B active site”t AR =™ plateau
[enzymel] substrate7} &5t rate t O %2 active sites

Competitive inhibitor active site 4% substrate t 2 Y8 =I5
Noncompetitive/allosteric Ct2 2|z| Z&, shape Hs} Vmax-like capacity Zf4

1. enzyme concentrationg 2 2 §#& i substrate?} S&6tH initial rate7t Of YA HEZ| 0| ZSH
2. denaturationt inhibition2| {02 A&t}
g47} equilibriumO|Lt AGE HFRZ| OF= 0|RE TSI

|'O|I
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UNIT 3 | PATHWAYS

Photosynthesis vs Cellular Respiration

N|& intermediate 0|22t “&4 - Q&3 - &3 -gradient-carbon fate” & H| W SIC}.

7|1E Photosynthesis Cellular Respiration

Primary purpose light energyE chemical energy2 A& organic molecule energyE ATPZ 242t

Key membrane thylakoid membrane inner mitochondrial membrane / prokaryotic plasma

membrane
Electron source water (in oxygenic photosynthesis) reduced organic molecules via carriers
Terminal fate electrons help reduce carbon intermediates electrons reach terminal acceptor; aerobic = O,
H+ gradient thylakoid lumen high H+ intermembrane space high H+
ATP synthase H+ flow drives ATP formation same core principle
Carbon CO. incorporated into organic molecules organic carbon oxidized; CO. released
AP scope control

AP Biology+= respiration/photosynthesis®| 2& intermediate: 2 enzyme 0| &2 2|?= AIZ0| OtL|Ct. 8412 inputs/outputs,
membrane gradients, redox, ATP synthesis, 37} A| A0 O|Z|= G&FO|Ct.
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UNIT 3 | DISRUPTION

Energy Pathway: Change — Effect

AP J1HE = “OffH CHMR /At /2 A S WSS o £A10| 0|1 £0| E0{EE7V"E Z=0h

Activation energy barrier

reactants products

Perturbation Immediate effect System-level result

ETC blocked electron flow | — proton pumping } H+ gradient | — ATP synthase output }
ATP synthase blocked H+ return | gradient builds; ATP production }
Membrane becomes H+ permeable gradient dissipates ATP production | ; energy may release as heat

photosynthesis rate may rise until another

factor limits limiting—factor logic

Light intensity increases

O, decreases in aerobic system terminal electron acceptance A&t aerobic ATP yield | ; fermentation may increase

CLOSED-BOOK RETRIEVAL | 22 B11 60-90%

1. ETC inhibitor7} H+ gradient@} ATP productiondf| O|2|& G&FS &A{CHZ TSIt
2. membrane uncoupler?t ATPS} heat0l| 0|X| = H&FS MHBICL,
3. photosynthesis@t respiration2| & H|IFHL|Z 27 LSICt,

AP Biology | Whole-Course Cognitive Map | 0 o 18



UNIT 4 ]10-15%

Cell Communication & Cell Cycle

MzZs S E g, SE5H, B35 £ feedback2 2 2 ASICE

SIGNAL RECEPTOR TRANSDUCTION RESPONSE FEEDBACK

Signal specificity Amplification
BE M=7t 22 signalol| 2+83H= 20| OFL|CE. receptor St receptor activation0| kinase cascade/second
expression} downstream pathway?} cell-specific messengersE Eofl 2 responseZ SZF 4= QUCt

responseE DHELL

Unit 4 mental model

2% 24| = reception — transduction — response0i|A| 0] = HHA|7F HERQY=R] HA[SH 5|, downstream Z2tE O ZSIT.

AP Biology | Whole-Course Cognitive Map | 0 o 19



UNIT 4 | SIGNALING

Signal Transduction + Feedback

“MSo| et 1t “response’t #Q1E A/ A=A E E2lsiAM 2Lt

= Sy 0% 71

Reception ligand binds receptor Irgz:jrane receptor or intracellular receptor depending on
Transduction relay/amplify signal protein phosphorylation, second messengers, cascades
Response cell behavior changes gene expression, enzyme activity, ion flow, movement
Negative feedback response reduces original stimulus stabilizes around set point; homeostasis
Positive feedback response increases original stimulus drives process to a decisive endpoint

Negative feedback example Positive feedback example

427} set pointOflA] B10{'e — sensor/control — effectorZ} B initial event — response”Zt 22 Y3ko| eventE 248t —

HiSFO 2 24 — deviation Zt4 endpoint0f] =& Uj7k2| cascade

CLOSED-BOOK RETRIEVAL | #& B11 60-90%

1. receptor?} Z&0|H transductiont response?t {E | El=2| MHSICY.
2. negative feedbackt positive feedbackE “response?t stimulus0i| 0|2|= E&" o2 FESITt.
3. second messenger?t signal amplification0fl 0{ZH| 7|CG{5H=R| MHESICY,

AP Biology | Whole-Course Cognitive Map | i 0 20



UNIT 4 | CELL CYCLE

Cell Cycle & Checkpoints

opN

G1 checkpoint
G2 checkpoint

M/spindle checkpoint

Cancer logic

Cross-unit bridge

M
division

A2 2tE 2180] OtL|2t checkpointE S2t50F oH= regulated processCt.

G1
growth
)
DNA replication

G2
prep

ol }0]?

[t

10
njo
e

cell size, nutrients, growth signals, DNA damage
replication completion, DNA damage

chromosome attachment

cell-cycle regulation &Tj

H 2 Al

Ao

S

r

E£5 — arrest/repair
mitosis 21 M &l

mis-segregation X

uncontrolled proliferation; signaling/checkpoint
genes altered

cell-cycle checkpoint I — mutation0| £&/X2E 7Hs4 t — clone expansion — phenotype ¥S}. Unit 4&= Unit 6 mutation, Unit 7

selectionz} HZEIC,

AP Biology | Whole-Course Cognitive Map | o
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UNIT58-11%

Heredity
Amsict

LA+2E0]| allele 22 M EstaL, E-E0] inheritance patterns AHSICT.

DIPLOID HAPLOID
MEIOSIS | MEIOSIS Il GAMETES FERTILIZATION

CELL

Genetic diversity source 1 Genetic diversity source 2

Independent assortment: homologous pairs2| metaphase |

Crossing over: homologous chromosomes?t prophase 10| A
orientation0| S&4

DNA segmentsZ 18

Unit 5 mental model

£ 24| = allele — chromosome behavior — gamete probability — offspring genotype — phenotype =2 & L{2{7ZIC},

AP Biology | Whole-Course Cognitive Map | o
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UNIT 5 | DIVISION

Mitosis vs Meiosis

= HYE “E-24 314 ploidy-genetic similarity”2| 22 7|20 2 H|1.,

o I T

Purpose growth/repair/asexual reproduction gamete production for sexual reproduction
DNA replication once before division once before meiosis |

Divisions 1 2

Products 2 cells 4 cells

Ploidy usually conserved diploid — haploid

Genetic similarity usually very similar to parent/each other diverse due to crossing over & assortment
Homolog pairing no synapsis synapsis in prophase |

What separates first sister chromatids homologous chromosomes (meiosis I)

=3 60-90

1. meiosis |2} meiosis lI0flAf 22 20| 22| =|=A| Z3tct.
2. crossing over?t independent assortment®| 20| E 25t}
3. 2l meiosis7t evolution®t 21 HAZ|=A] MHSITY.

AP Biology | Whole-Course Cognitive Map | i 0 23



UNIT 5 | GENETICS

Mendelian, Non-Mendelian & Chi-Square

patterng 2|27|£L} “genotypeO| phenotyped| O{EH B =71 & 2L}

Complete dominance heterozygote phenotype = dominant homozygote
Incomplete dominance heterozygote intermediate phenotype
Codominance both alleles expressed

Multiple alleles population has )2 alleles for gene

Sex-linked gene on sex chromosome

Polygenic many genes contribute

Environment effect same genotype can show different phenotype

Chi-square workflow

T EOIE
classic Mendel model
1:2:1 phenotype possible
AB blood group logic
individual still carries two alleles
inheritance differs by sex chromosome composition
continuous variation often results

phenotypic plasticity / gene-environment interaction

1 null hypothesis {4 — 2 expected A4t — 3 x* A4t — 4 dfe} critical/p-value 7|5 H|1L — 5 reject -+ fail to reject — 6 biological

meaning.

AP Biology | Whole-Course Cognitive Map | o
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UNIT6 | 12-16%

Gene Expression & Regulation

H0| Y — B~ UB —~ 2H — Ho|.

RNA PROTEIN
REPLICATION TRANSCRIPTION PROCESSING TRANSLATION FUNCTION

Continuity Differential expression

DNA replicationat heredity7t 22| N|CH 2+ H&AS HASICE, Z2 genomesS 7RI N Z& M2 CHE gene setS L5101
specialization0| A4ZICt.

Unit 6 master question

Of™H 4317 A4 742 1 DNA sequence — RNA abundance/processing — protein sequence/amount — phenotype 2 O{C|7} HA{ Ht3 =712

AP Biology | Whole-Course Cognitive Map | 0 o 25



UNIT 6 | CENTRAL DOGMA

Replication vs Transcription vs Translation

M| 2+d-2 template, product, location, machinery 7|22 2 L2t}

Replication DNA polymerase; complementary base genome copy before
pairing division
Transcription DNA template RNA RNA polymerase gﬁr;f information copied to
. L . modifies transcript before
RNA processing pre-mRNA mature mRNA splicing; 5” cap/poly-A in eukaryotes -
translation
Translation mRNA polypeptide ribosome + tRNA codon ~ amino-acid
sequence
Directionality Genetic code
DNA/RNA strand @&t complementary base pairing= codon2 mRNA2| 3-base sequence. mutation0| codon&
TESICH RNAE QMO 2 573" 2 §HY EICE HHYE amino acid7} ¢t HEE 4= QUCH(silent).

CLOSED-BOOK RETRIEVAL | 242 & 11 60-90

1. transcriptiont translation2| template/productS 2tz stet,
2. frameshift mutationO| 2f downstream amino acids0i| £ &2 F=A| dESHCt,
3.same DNAE 712l &= N|Z7} CHE CHHRS OtE = 0| R & MESIC}.
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UNIT 6 | REGULATION

Gene Regulation & Cell Specialization

“‘gene on/off":= DNA 25 O{57} OtL|2 4 - HALZ 2 -RNA/THH A 2 20| ZA|CH

£l B3} 2 response; multiple genes can be

Prokaryotic regulation operon-like coordinated transcription co-regulated
. . _ ightl ked chromatin generally |
Eukaryotic chromatin DNA accessibility s} tightly pac ed chro . atin generally less
transcriptionally active
Transcription factors regulatory DNAO]| Z&t cell-type-specific expression pattern
RNA processing alternative splicing & one gene can contribute to different products

RNA stability, translation, protein

modification/degradation protein amount/activity 22

Post-transcription/translation

Specialization chain

same genome — different regulatory signals — different genes expressed — different protein sets — different cell
structure/function. cell differentiation = selective gene expression.

AP Biology | Whole-Course Cognitive Map | i 0 27



UNIT 6 | MUTATION & BIOTECH

Mutation — Molecular Effect — Phenotype

SAUHO|= “SCH/LIHMLL 7} OFLEL 12| - S5~ 2H0f| 2t effect7t HEtRICH

=
Substitution single base change silent / missense / nonsense 7t
Insertion/deletion bases added/removed coding region0i|A| frameshift 7ts
Regulatory mutation promoter/enhancer & 3t protein sequence 20| amount/timing 3} 7t
Chromosomal change larger DNA segments altered many genes affected 7t
PCR target DNA amplify X2 DNAE 32 copy2
Gel electrophoresis fragments separated mainly by size through matrix DNA band pattern H|1
Bacterial transformation foreign DNA introduced to bacteria gene function/expression study
Sequencing / comparative analysis  nucleotide order determined/compared variation, ancestry, mutation detect
28
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UNIT7 [ 13-20%

Natural Selection

W7t 21Sksk= Z40] OtL|2t, population@] allele frequency”t EASICY,

DIFFERENTIAL ALLELE FREQ. ADAPTATION

VARIATION HERITABILITY SUCCESS CHANGE

Natural selection algorithm

1 variation exists — 2 Y= heritable — 3 environment I}20]| reproductive success 20| — 4 advantageous allele0| Ck= MCHO| &
20| M — 5 population changes.

Fitness Adaptation
A “Zelo| o2t £ 2H40llM surviving and 31740| = 235lM mutationS 2HE= Z10] OfL|C}.
reproducing®i| L3t &THA 43, preexisting/random variation & selection0| favorgt heritable

trait.

AP Biology | Whole-Course Cognitive Map | 0 o
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UNIT 7 | MECHANISMS

Selection vs Drift vs Gene Flow vs Mutation

allele frequency7} BAZHCHH “OfTH M|7{L|Z0| dhekMut R2EQ| Mof| 7|0{3ie7}t? "8 20

nonrandom with environment-dependent differential

Natural selection respect to reproduction adaptive change 7=
phenotype/fitness P
Genetic drift random sampling stronger in small populations; bottleneck/founder alleles can rise/fall regardless of

effects fitness

movement of alleles populations may become more

Gene flow . migration + reproduction T
among populations similar
Mutation new DNA variation random with respect to need ultimate source of new alleles
. . changes genotype frequencies; can affect . . .
Nonrandom mating mate choice patterns not identical to selection

evolutionary dynamics

1. bottleneck®t founder effectZ genetic drifte| & HE{ 2 MHSIC},
2. mutation2 randomO| 2|2t selection2 randomo| OfL|2H= 28 AHSICY,
3. gene flow7t & population@] allele frequenciesS O{GH| b}E 4= QLEA| LSITE
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UNIT 7 | POPULATION GENETICS

Hardy-Weinberg + Phylogeny

StLtE “2I317t @l baseline model”, CHE StLt= “SE2AH 742 ESH5HE model”.

Hardy-Weinberg conditions Phylogenetic tree
large population, no migration, no mutation, random node = common ancestor hypothesis. 7F712 7| 2|7t
mating, no natural selection OfL|2} 71 2|2 BEX NS 7|F 2 relatednessE HHEt.

SHO|A 23] SZE|7] 0~ A| 2 null model 2 7-&.

P, q allele frequencies p+tqg=1

p’ homozygous genotype for allele p genotype frequency
2pq heterozygous genotype genotype frequency
q homozygous genotype for allele q genotype frequency
Phylogeny evidence

morphology, DNA/protein sequences, biochemical traits, fossils, biogeography & 0{2{ &2 evidence?t common ancestry
hypothesisg Z|A|2 4= ULt
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UNIT 7 | SPECIATION

Speciation, Evidence, Origin—-of-Life Models

2I5t= allele frequency 3101l A A|2f8H reproductive isolationt lineage divergence2 & EICt.

Reproductive isolation gene flow Zra /2t populations can diverge independently
Allopatric pattern geographic separation different selection/drift + reduced gene flow

same geographic area but reproductive barriers

Sympatric pattern arise

gene flow reduced by other mechanisms

fossils, homology, molecular similarity,

Evidence of evolution .
biogeography

independent evidence converges

early Earth evidence + chemical evolution

science evaluates evidence; model remains revisable
hypotheses

Origin-of-life models

CLOSED-BOOK RETRIEVAL | 242 &1 60-90

1. individual organismoO| “QIStetCt = E&0| off HHSSHA| MHSH
2. shared derived characteristics?} cladogram sl 410f| O{52A| 20| =2| HHSiCL.
3. reproductive isolation0| speciation0fl 223t 0|35 AHSHCL.
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UNIT8]10-15%

Ecology

2t N Z0 A H2 oL Z]- A4S 28 I2|E population2t ecosystem 2.2 SIS},

ORGANISM POPULATION COMMUNITY ECOSYSTEM BIOSPHERE

Energy flow Matter cycling
0j|.4Z|= trophic levelsE S1t5HH £ 7t heat 2 dissipate. matter= ecosystemOi| A A&=2Hz| 2|2t energy= YteF SE0|
It2tA higher trophic level 2 ZH4-2 available energy Zt4. SH. FHEE MA| ob=Lt

Unit 8 master question

24 H35}7t resource — population growth — species interactions — community structure — biodiversity0i] 0{d F4H &S OtE=T}?

— O
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UNIT 8 | ENERGY & POPULATIONS

Energy Flow and Population Growth

MEH 21 == shape 7| 2L} M40t A|5+2019| Q0|5 S{=L}.

exponential (J)

logistic (S)

Exponential growth resources effectively unlimited over interval J-shaped; per-capita growth remains high
Logistic growth density-dependent limits increase S-shaped; growth slows near K
. . environment can sustain only finite population under . .
Carrying capacity K o not a fixed universal constant
conditions
Density-dependent factor effect stronger as density rises competition, disease, predation often
Density-independent factor effect not directly tied to density storms, fires, extreme events often

11 60-90%

1. logistic curve?t K Z2{0| A 2+245] 2|440] £|Z| G40t El= Ol /& EFSIC.
2. density-dependent®t density-independent factorg 22t S A
3. trophic level0| 22tZ 4% available energy7t Z45t= 0| R& HHSIC].

>
ol
[l
P
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UNIT 8 | COMMUNITY

Species Interactions & Community Dynamics

interaction 7§ S| BA|E E0f population size2t community structureE HHECE,

Competition / shared limiting resource; niche overlap
Predation / herbivory +/ population regulation; selection pressure
Mutualism +[+ both partners benefit

Commensalism +/0 one benefits, other little/no effect
Parasitism +/ parasite benefits, host harmed

disproportionate

Keystone species community effect

removal can restructure Community

community

Succession / disturbance .
changes over time

disturbance can reset or redirect structure

Niche thinking

competition ZAI0|A “=7} & Z5t7}” HLE 08 [imiting resourceE 3731, overlap0| 0] k0|04, 0] Z species?] realized nicheE
OfEA| U =715 2Lt
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UNIT 8 | BIODIVERSITY
Biodiversity, Disruption, Resilience
biodiversity= T & =7+ OtL|2t A| ARIQ| &S5 2k 0t S| R Mo HZEIC,
native species competition t , food web
changes
drift/inbreeding risk t , migration limits

new niche0l|A predator/competitor release 7=

Invasive species
Habitat loss / fragmentation population size2t connectivity Zr4
nutrient input t — algal growth t — decomposition/O.
demand t

Eutrophication
persistent toxins concentrate at higher trophic levels

Biomagpnification
selection pressures and ranges change

Climate/environmental change

CLOSED-BOOK RETRIEVAL |

= 2l

1. invasive species?t communityZ HHL= causal chain
2. habitat fragmentation0| Unit 7 genetic driftet O{ A HAEZ|=R| MHSIC

3. biodiversity2t resilience®| A& system-level Z-0j|A AHSIC}.

hypoxia and community shifts

top predators often most affected

migration, adaptation, extinction risks

AP Biology | Whole-Course Cognitive Map | 0
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CONFUSION PAIRS
siza|= 74" 184 st Hoj A2

BB 7HE S 22 TOIA|0IM H|wSHE Z0] A 212|719 ZHd S EQlrt.

diffusion / osmosis

hypotonic / hypertonic

active / facilitated diffusion
exergonic / endergonic

enzyme denaturation / inhibition
photosynthesis / respiration
positive / negative feedback
mitosis / meiosis

homologs / sister chromatids
genotype / phenotype

dominant / common
transcription / translation
mutation / adaptation

selection / drift

gene flow / genetic drift
homologous / analogous structures
exponential / logistic growth

correlation / causation

AP Biology | Whole-Course Cognitive Map | o

energy/coupling 22 / gradient [t}2} passive

free energy release / input required

structure loss / activity reduced by binding

energy storage / energy extraction, but both use gradients
stimulus &3t/ stimulus Z4A

somatic-like division / gamete-producing reduction division
maternal-paternal pair / replicated copies

allele combination / observable trait

expression relation / population frequency: unrelated concepts
DNA—RNA / RNA—protein

new DNA variation / selected heritable trait

fitness-related nonrandom / random sampling

migration of alleles / sampling fluctuation

common ancestry / similar function via convergence
unlimited-like / K-limited

association / demonstrated mechanism or controlled evidence
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Unit2 7I2A| 2= 87je] aLte oA

91 2= 8 Unite] 8012 A|Rf5|| CHE Unite| 21tz ELt= Z7t Btk

Scenario Causal chain

U6 mutation — membrane protein structure/function(U1/2) — transport/homeostasis(U2) — cell

Membrane mutation — phenotype function — phenotype

Mitochondrial membrane damage U2 membrane structure — proton gradient(U3) — ATP | — cell work | — organism fitness(U7)
Receptor mutation U6 mutation — receptor(U1/4) — signaling response | — cell cycle/metabolism change(U4/3)
Meiosis error U5 chromosome segregation — genotype change — gene dosage/expression(U6) — phenotype
Antibiotic resistance U6 mutation/variation — differential survival (U7) — allele frequency change — population evolution
Habitat fragmentation U8 habitat change — small isolated populations — drift/inbreeding (U7) — diversity | — resilience |

U8 environment — enzyme/photosynthesis rates(U3) — plant productivity — trophic energy

Climate shift & photosynthesis flow (U8)

U6 DNA change — U1 protein folding/function — pathway disruption (U3/4) — phenotype —

Protein substitution fitness (U7)

AdZo|Ale ALEHE

EHZ UAIOIA} Unit OS2 245124 SHA| L1 “H B3t — S22 E2p /M| 53} —~ A AR Zat — organism/population consequence” 2
SHEEE T2
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FRQOIA d4-2 HHt= 29 i

ooo HES OlahEt 5, HHEA| “Eet FA o2 5 [ 23Tt

Describe U3t - 4|2 CIO|E{ 2. O] R RE0|A| U0t == A7t Lt “As X increased from-, Y decreased "
Explain LU0 /H|ALIZ + ZT} A :Eeerceaft;ig T?mbrane permeability decreased, -
Predict EHSLO| BISHS 2| HAISI L H|7{L|Z o 2 HY5| “ATP production will decrease because”
Justify claim + biological evidence + reasoning “The result supports the claim because”
Design IV, DV, control, replication, constants, measurable outcome “Vary X while holding-; measure Y--”
Evaluate data trend/overlap/statistics — hypothesis conclusion “The data are consistent/not consistent with-”
Experimental design checklist CER checklist
Question — hypothesis — IV — DV — control — constants — Claim: answer the question
replication — measurement — expected pattern Evidence: cite data/concept

Reasoning: mechanism connecting evidence to claim
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10-MINUTE WHITEBOARD
3 el R oI HAE

35|= 2129tD1/D3/ D7 /D210 5. B 27| 20| HA &1 Z0|of| Z1ZICt.

Azt S{or gt 2l
0:00-1:00 8 UnitsS &ML 2 230 2} Unit Hojl s SAH17H
1:00-2:00 4 Big IdeasE 21 2k} 27 Unitat A&
2:00-3:00 membrane transport 5& + water movement rule
3:00-4:00 photosynthesis/respiration & HZL|&2t 10|
4:00-5:00 signal transduction + negative/positive feedback
5:00-6:00 mitosis vs meiosis + genetic diversity sources
6:00-7:00 DNA—RNA—protein + gene regulation levels
7:00-8:00 selection / drift / gene flow / mutation H|iL
8:00-9:00 exponential vs logistic + community interaction 47}
9:00-10:00 CER + experimental design checklist

22/ 1=U8[2=-HE5| MFH2Z XA, & 203 S 163 O|HO0|H L3 HH2 2 0|F. 15 O|5HH 25t
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SPACED REVIEW

7| 2335 0|29| 2

Fu =R0] 21 E S M| 2[4]0] 0|0] 2H= scaffoldOfl Z2|A| SHTt.

o

DO

D1

D3

D7

D21

Oj% ot 49 5

Al 3-4% 2
WatA S

M MIRARR S SEAC R 2|24

3l 38l=

10-15&

15-20&

2 7 Unit — subtopic —

mechanism — prediction0i| 2|Z|A|ZIC}.

=5

=

000 M0 “AP Biology 2412178 A

AP Biology | Whole-Course Cognitive Map | o

2= 74l A=

Master Map + unit map + retrieval

8 Units blank recall + weakest 2 units

confusion pairs + cross-unit chains

10-minute whiteboard + 1 FRQ explanation

mixed retrieval + graph/model/data interpretation
25 Hi2 &S 7|& map O{L|0f| 22| EA|

7 SHEC} error pattern SA 22 HY 24|

MM ZZHAIS 7|’“ map2| nodedi] 1. et

=27

[=} =
QFOtE HA 22 & &1L, O|F retrievalofl M & %i

Z40] OFL|2}, A ZE7} S0{QH 250 2 B2E5| 1 HAE|= indexing systemS HA OHEL},
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SOURCE CHECK

Framework & Accuracy Notes

20264 8¥ 7|F College Board 341 2122 SAOZ 14,
Official source

College Board - AP Biology Course and Exam Description (current official framework; effective Fall 2025). 8 Units, Big Ideas,
science practices, required content, formula appendix.

Official source

College Board - AP Biology Course page. Course overview and science-practice MCQ weightings.

Official source

College Board - AP Biology Exam page. Current exam structure: 60 MCQ / 6 FRQ, 50% each.

Official source

College Board - AP Biology Course Audit 2026-27. Confirms science practices and 2026-27 authorization framework.

Important scope note: 0| 2= “M XA 2 &2 W2 7Z517| I8t cognitive mapO|Ct. Al
L WAL ZZHE 0| map2| 5t nodedl| 7F5tCY.

ShE0j|M= st WA, &AL, AP Classroom

4

=

o
o>

M7 U3 2 S~ W~ MR - 21— 08 BN — A7,
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