





EVERYTHING YOU REALLY, REALLY NEED
TO KNOW ABOUT...

ProkKARYoTIC CELL DIVISION....A.K.A. BINARY FISSION

IN BINARY FISSION, PROKARYOTIC ORGAMNISMS MAKE A COPY OF THEIR
DNA AND THEN SPLIT IN TWO, WITH EACH NEW ORGANISM CONTAINING A
COMPLETE SET OF DNA. THIS IS A FORM OF ASEXUAL REPRODUCTICN.
EACH DAUGHTER CELL IS EXACTLY THE SAME AS THE PARENT CELL FROM

WHICH IT CAME.
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PROKARYOTIC ORGANISMS CAN OBTAIN DNA SEGMENTS (PLASMIDS) FROM
OTHER ORGANISMS VIA A PROCESS CALLED CONJUGATION.
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EUKARYOTIC CELL DIVISION




WE ARE EUKARYOTES AND FREQUENTLY WE NEED TO MAKE MORE CELLS.
WE NEED TO HAVE CUR CELLS DIVIDE AND MAKE MORE FOR A NUMBER OF
REASONS SUCH AS...

1. GROWTH AND DEVELOPMENT. iN ORDER TO BECOME A LARGER,
MULTIQELLULAR ORGANISM, WE NEED TO MAKE MORE CELLS. '

2. REPLACING DEAD CELLS. OUR CELLS HAVE A LIFE SPAN. WE’RE
CONSTANTLY LOSING DEAD SKIN CELLS AND RED BLOOD CELLS.
THESE NEED TO BE REPLACED.

3. REPAIRING DAMAGED TISSUE. IF YOU FALL AND SKIN YOUR KNEE,
THE HEALING PROCESS IS LARGELY COMPRISED OF CELLS DIVIDING

TO REPAIR THE DAMAGED AREA.

A. DNA OVERLOAD. CELLS GROW. THEY BECOME LARGER, BUT THEY
CAN BECOME TOO LARGE. IF THEY’RE ALLOWED TO CONTINUALLY
GROW, THEY BECOME TOO LARGE TO BE CONTROLLED BY THE DNA
WITHIN THE NUCLEUS. BY DIVIDING, THE SI1ZE OF THE CELLS IS
CONTINUALLY BEING CUT DOWN TO A MANAGEABLE SIZE.

5. SURFACE AREA TO VOLUME RATIO. THE PROBLEM AGAIN IS CELL
GROWTH. AS CELLS GET LARGER, THEY’RE DEMANDS INCREASE.
RAW MATERIALS NEED TO BE BROUGHT INTO THE CELL THROUGH
THE CELL MEMBRANE. THE PROBLEM IS THAT THE CELL
MEMBRANE’S GROWTH DOESN’T KEEP PACE WITH THE GROWTH OF
THE CELL IN VOLUME AND THE CELL CAN’T KEEP PACE WITH
PROVIDING ITSELF WITH ALL THE RAW MATERIALS THAT ARE

NECESSARY.
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NOW THAT YOU KNOW WHY CELLS DIVIDE, THE QUESTION BECOMES, “HOW
DO CELLS DIVIDE?”.



THERE ARE STAGES TO A CELL’S LIFE AND EACH PLAYS A ROLE IN

CONTINUING THE CELLULAR DIVISION PROCESS.

INTERPHASE: THIS STAGE IS A NON-DIVIDING PORTION OF THE CELL’S
LIFE. INTERPHASE CAN BE BROKEN UP INTO THREE SMALLER STAGES; &,
THE CELL GROWS AND MAKES MORE ORGANELLES

AND G,. DURING G,
ES WITHIN THE NUCLEUS ARE
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FOR ITSELF. DURING S, THE CHROMOSOM
REPLICATED. FOR HUMANS, THAT MEANS THAT OUR 46 MONAD
CHROMOSOMES BECOME A6 DYAD CHROMOSOMES, WITH EACH

CHRCOMOSOMES’ SISTER CHROMATIDS BEING HELD TOGETHER AT THE
CENTROMERE.
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[N -REPLICATING ALL THE CHROMOSOMES, THE CELL IS PREPARING AN

ENTIRE EXTRA SET OF CHROMOSOMES SO THAT IT CAN EVENTUALLY DIVIDE
ITSELF IN HALF, THUS PROVIDING EACH NEW CELL WITH A COMPLETE SET
OF GENETIC MATERIAL. S 1s FOLLOWED BY G,, IN WHICH THE CELL GETS

READY TO DIVIDE.
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HALF, TO PRODUCE HAFLOID CELLS. THESE WILL THEN BECOME EITHER
SPERM CELLS OR EGG CELLS.

THE PROCESS OF MEIOSIS IS VERY SIMILAR TO MITOSIS, BUT WITH A FEW
IMPORTANT DIFFERENCES. FIRST OF ALL, THERE ARE TWO CELL
DIVISIONS THAT TAKE PLACE iIN MEIOSIS, MEIOSIS ] AND MEJOSIS 1L
THUS, YOU END MEIOSIS WITH FOUR CELLS INSTEAD OF JUST TWO.

INTERPHASE: THIS IS THE SAME AS IN MITOSIS.
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PROPHASE I: THIS IS ALSC THE SAME AS IN MITOSIS EXCEPT THAT
SOMETIMES, HOMOLOGOUS CHROMOSOMES WILL BECOME INTERTWINED
AND SWAP PIECES OF GENETIC MATERIAL, THUS LEADING TO GREATER
GENETIC VARIETY WITHIN A POPULATION. THIS IS CALLED CROSSING

OVER.
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METAPHASE [ ONCE IN METAPHASE i, THE CELL DOES SOMETHING VERY
DIFFERENT THAN IN METAPHASE OF MITOSIS. THE CHROMOSOMES LINE
UP ON THE EQUATOR, BUT THEY DO SO WITH THEIR HOMOLOGOUS
PARTNER. EACH DYAD CHROMOSOME IS5 ATTACHED TO ONLY ONE SPINDLE
FIBER.

Heistie spindle

ANAPHASE I: AS THE SPINDLE FIBERS SHORTEN, THEY PON’T RIP THE
DYAD CHROMOSOMES IN HALF, BUT INSTEAD, THEY SEPARATE THE
HOMOLOGOUS PAIRS.
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TELOPHASE I: THE CELL CAN NOW START TO REFORM ITS NUCLEI AND
BEGIN CYTOKINESIS. THE MOST IMPORTANT THING TO NOTE IS THAT THE
NUMBER OF CHROMOSOMES THAT WILL END UP IN THE TWO DAUGHTER
CELLS HAS NOW BEEN CUT IN HALF. THE CELLS HAVE GONE FROM BEING
DIPLOID, TO BEING HAPLOID.

AFTER_VCYTOKINESIS, THE CELLS WILL ADVANCE INTO MEIOSIS i1, THE
REASON FOR MEIOSIS Il IS THAT, ALTHOUGH THE CHROMOSOME NUMEBER
HAS BEEN DIVIDED IN HALF, THE CHROMOSOMES THEMSELVES ARE STILL
DYAD INSTEAD OF MONAD. THIS NEEDS TO CHAMGE AND MEIOSIS Il WILL
TAKE CARE OF THAT BECAUSE ALL THE STEPS ARE EXACTLY THE SAME AS
MITOSIS.

HEIGSIS. - 3

o Trapiaid
smBer{n}

of unrdnplicated

 CRF OIS OIES

PROPHASE - # METAPHASE -1 AHAPHASE -B  TILOPHASE -H

THERE ARE A FEW DIFFERENCES IN THE WAY THAT MALES GC THROUGH
MEIOSIS VS. FEMALES. THE MALE VERSION OF MEIOSIS IS CALLED
SPERMATOGENESIS AND THE FEMALE VERSION IS CALLED OOGENESIS.
THE MAIN DIFFERENCE IS THAT WHILE- MALES ULTIMATELY MAKE FOUR
SPERM CELLS, FEMALES ONLY MAKE ONE EGG. THE OTHER THREE CELLS
PRODUCED BY THE FEMALE ARE CALLED POLAR BODIES AND THEY ARE
DESTROYED. THE REASON FOR THIS is THAT THE EGG NEEDS TO SUPPFLY
ALL THE NUTRIENTS FOR THE RESULTING ZYGOTE PRICR TO THE EMBRYO




FORMING A PHYSICAL CONNECTION (UMBILICAL CORD) WITH THE MOTHER.
BY DIVIDING UNEQUALLY, THE CYTOPLASM THAT NORMALLY WOULD HAVE
GONE INTO FOUR SEPARATE CFELLS 1S INSTEAD ALL PACKED INTO ONE,

GIANT EGG CELL.
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Cell Growth and Reproduction
Module B, Anchor 1

Key Concepts: s : :

- The larger a cell becomes, the more demands the cell places on its DNA. In addition, a
larger cell is less efficient in moving nutrients and waste materials across the cell
membrane. '

- Asexual reproduction is the production of genetically identical offspring from a single
parent.

- Offspring produced by sexual reproduction inherit some of their genetic information from
each parent.

. Chromosomes make it possible to separate DNA precisely during cell division,

- During the cell cycle, a cell grows, prepares for division, and divides to form two
daughter cells.

- During prophase, the genetic material inside the nucleus condenses. During metaphase,
ihe chromosomes line up across the center of the cell. During anaphase, the _
chromosomes separate and move along spindle fibers to opposite ends of the cell. Durin
telophase, the chromosomes, which were distinct and condensed, begin to spread out into
tangle of chromatin.

- The cell cycle is controlled by regulatory proteins both inside and outside the cell.

- Cancer cells do not respond to the signals that regulate the growth of most cells. Asa
result, the cells divide uncontrollably.

- The diploid cells of most adult organisms contain two complete sets of inherited

s Hchrgm,og,onws,andMQ,gngp}gggﬂggtsof GEIIES, et .
=7 In prophase replicated chromosomes pair with corresponding homologous
{ chromosomes. At metaphase I, paired chromosomes jine up across the center of the cell.
el ") 1n anaphase I, chromosome pairs move toward opposite ends of the cel_l. In telophase I, a
w%@&‘i”“‘ nuclear membrane forms around each cluster of chromosomes. Cytokinesis forms two
| new cells. As the cells enter prophase IT, their chromosomes become visible. The final

{ four phases of meiosis Il result in four haploid daughter cells.

I Thitosis, when the two sets of genetic material separate, each daughter cell receives one
complete set of chromosomes. In meiosis, homologous chromosomes line up and then
move to separate daughter cells. Mitosis does not normally change the chromosome
sumber of the original cell. Meiosis reduces the chromosome number by half. Mitosis
results in the production of two genetically identical diploid cells, whereas meiosis
produces four genetically different haploid cells.

_ Alleles of different genes tend to be inherited together from one generation to the next

when those genes are located on the same chromosome.

Vocabulary: ‘
Cell division asexual reproduction sexual reproduction
Chromosome chromatin cell cycle

_ Tntgrphase’ mitosis  cytokinesis.
“Prophase centromere chromatid
Centriole metaphase ' anaphase

Telophase cyclin growth factor






Key

Cell Growth and Reproduction
Module B, Anchor 1

Cell Growth, Division, and Reproduction:

1. What are the reasons why cells divide? How does division address these issues? :
Materials Exchange — As cells grown, their volume increases faster than their surface area. This
prevents them from effectively exchanging materials with their environments. Dividing brings
the SA:V ratio back into alignment, allowing for more effective exchange of materials.

DNA overload — As the cell grows, the demar;d on the DNA increases. Dividing decreases the
demands on the DNA., .

2. Describe what is meant by each of the following: cell volume, cell surface area, ratio of
surface area to volume. Why is the ratio of surface area to volume important to cell survival?
Cell volume — amount on space inside the cell membrane

Cell surface area — amnount of space taken up by cell membrane

SA:V ratio — relationship between the amount of surface area and the amount of volume.
SA:V ratio is related to materials exchange within the cell.

3. In order for cells to divide successfully, the cell must first
A. duplicate its genetic information

4. Compare and contrast sexual and asexual reproduction.

Both types of reproduction create new organisms. Sexual reproduction involves the genetic
material of two organisms. It creates new combinations of alleles not seen in previous
organisms. Therefore, it produces offspring with different physical structures than their parents.
Asexual reproduction requires only one organism. It produces offspring identical, both
physically and genetically, to their parenis.

5. Which type of reproduction is best suited to a changing environment? Why?

Sexual. Sexual reproduction produces offspring with a variety of phenotypes. This allows a
greater chance of survival in a changing environment. If the organisms were produced via
asexual reproduction, they would all be identical. If the environment changed in a way
unfavorable to these organisms, they would all die.

Cell Cycle/mitosis:

1. List and describe the stages of interphase. Tllustrate each description.
G1 phase — normal growth and cell activities

S phase — DNA replication

G2 phase — cell synthesizes organelles and chemicals needed for division

2. List and describe the stages of M phase. Hlustrate each stage.

Prophase — Genetic material condenses and becomes visible, nuclear envelope disintegrates,
centrioles begin to move to opposite sides of the cell.

Metaphase — chromosomes line up in the cenier of the cell, spindles attach

Anaphase — spindles pull sister chromatids to opposite sides of the cell




Telophase — nuclear envelop reforms around two new muclei
Cytokinesis — cyloplasm divides into two identical cells

3. If a cell has 12 chromosomes before division, how many chromosomes will be in each of 1ts
daughter cells after mitosis and cytokinesis? Why is this important?
12 — 50 that no DNA is missing from any cell

4, Describe how a eukaryotic cell’s chromosomes change as a cell prepares to divide. Why is it
advantageous to package DNA into chromosomes for cell division?

Chromosomes duplicate and condense. Packaging DNA into chromosomes makes it easier to
separate evenly.

5. What is the relationship between interphase and cell division? Why must the DNA be
duplicated before cell division can occur?

Interphase prepares the cell for division. If the DNA was not replicated before division, each
daughter cell would only receive half the appropriate amount of DNA.

6. How is the process of cell division different in prokaryotes and eukaryotes?

In prokaryotes, genetic material is not package in a nucleus. Like in eukaryotes, the DNA
duplicates. In then attached to two different places on the cell membrane. A network of proteins
forms between the areas, pinching in the membrane to divide.

7. Compare and contrast cell division in plant and animal cells. :
Plants — cell wall cannot pinch in, therefore the cell builds a cell plaie between the two nuclei

Animal cell — the cell membrane pinches in to form iwo new cells.

8. What type of cells are produced by mitosis?
Somatic/body cells

Meiosis:

1. List and describe the stages of meiosis L

Prophase I — nuclear envelope disintegrates, chromosomes line up in tetrads, crossing-over
OCCUTS.

Metaphase I — chromosomes line up in tetrads across center of cell, spindles attach

Anaphase I — spindles pull chromosomes to opposite sides of the cell

Telophase I — nuclear envelopes reform around chromosome sets, producing two haploid neclel
Cytokinesis — cell splits into two haploid cells

2. List and describe the phases of meiosis IL

Prophase Il — nuclear envelope disintegrates, cenirioles move to opposite sides of the cell
Metaphase I — Chromosomes line up end to end, spindles attach

Anaphase Il — sister chromatids are split and pulled to opposite ends of the cell
Telophase I — cytoplasm begins to divide, nuclear envelopes form around each nuclei
Cytokinesis - cell divides into four haploid gametes



3. Compare and contrast meiosis I and meiosis II.
Meiosis I - tetrads form, crossing-over occurs, cell begins diploid but ends haploid
Meiosis Il — cells begin and end haploid, no tetrads or CrOSSing-over

4. What type of cells are produced by meiosis? How do the end products of metosts differ in
males and females?

Gametes

Males produce four haploid gametes. Females produce one large haploid egg cell and three
polar bodies.

5. Compare and contrast meiosis and mitosis.

Meiosis produces four haploid cells. The cells are not genetically identical to each other or to
the parent cell.

Mitosis produices two diploid cells. The cells are identical 1o the parent cell and to each other.

6. What events ensure that the cells produced by mitosis are genetically identical diploids, while
the cells produced by meiosis are genetically different haploids?

In mitosis, the chromosomes duplicate once and divide once. The chromosomes line up end to
end, so that when they are pulled apart each cell receives a full set of genetic material.

In meiosis, the chromosomes duplicate once but divide twice. This reduces the amount of genetic
material in each cell by half. When the cells divide the first time, chromosomes line up in pairs
instead of end to end. This ensures that each cell receives half the genetic material.

8. Why does mitosis produce diploid cells, while meiosis produces haploid cells?

Mitosis is producing replacement body cells, so the cells need a full complement of DNA to
function correctly. Meiosis is producing gametes. One gamete is [fertilized by another to form
offspring, therefore each must have only half the genetic material needed.

Regulating the Cell Cycle:
1. The timing in the cell cycle in eukaryotic cells is believed to be controlled by a group of

closely related proteins known as:
© B.cyclins

2. Compare and contrast internal and external regulators. Give examples of each.
Internal regulators respond to events inside the cell, such as the duplication of the DNA.
External regulators respond to evenis outside the cell, such as contact with other cells.

3. How do cancer cells differ from noncancerous cells? How are they similar?
Cancer cells no longer respond to growth regulators, therefore never stop dividing. Otherwise,
they are like normal body cells.

4. What is apoptosis?' What is the role of apoptosis in regulating the cell cycle?
Programmed cell death. Apopiosis plays a key role in removing damaged cells.






EVERYTHING YOU REALLY, REALLY NEED
TO KNOW ABOUT...
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GREGOR MENDEL’S PRINCIPLES

1. éﬁﬁ’mcmj_ﬁ OF DOMINAI\ECE% ONE OF GREGOR MENDEL'S GREAT
DISCOVERIES WAS THE PRINCIPLE OF DOMINANCE. HE NOTED THAT WHEN
HE BRED TWO PARENTS WITH DIFFERENT VERSIONS OF A PARTICULAR
TRAIT, ONE OF THOSE VERSIONS APPARENTLY DISAPPEARED IN THE
HYBRID (HETEROZYGOUS) OFFSPRING. IF HE THEN MATED THOSE
OFFSPRING TO EACH OTHER, THE VANISHED TRAIT REAPPEARED IN THE
THIRD GENERATION, APPARENTLY COMPLETELY UNCHANGED DESPITE
BEING INVISIBLE IN GENERATION 2. HE NAMED THE VERSION OF THE
TRAIT WHICH WAS VISIELE IN THE HYBRIDS THE DOMINANT AND THE ONE

THAT WAS INVISIBLE IN THE HYBRIDS THE RECESSIVE.

- il

2. é F’RINCIPLE OF SEGREGATION)}- ACCORDING TO THE PRINCIPLE OF
SEGREGATION, FOR ANY PARTICULAR TRAIT, THE PAIR OF ALLELES OF
EACH PARENT SEPARATE AND ONLY ONE ALLELE PASSES FROM EACH
PARENT ON TO AN OFFSPRING. WHICH ALLELE IN A PARENT'S PAIR OF
ALLELES IS INHERITED IS A MATTER OF CHANCE. WE NOW KNOW THAT
THIS SEGREGATION OF ALLELES OCCURS DURING THE PROCESS OF SEX

CELL FORMATION (I.E., MEIOSIS).

F{“’”Pﬁﬁ”INCIPLE OF INDEFENDERE A (ESCRTMENT - ACCORDING TO THE
Pﬁiﬁﬁw BF INDEPEMDENT ASLBRTMEMNT, DIFFERENT PAIRS OF ALLELES
ARE PASSED TO OFFSPRING INDEPENDENTLY OF EACH OTHER. THE
RESULT IS THAT NEW COMBINATIONS OF GENES PRESENT IN NEITHER
BPARENT ARE POSSIBELE. FOR EXAMPLE, A PEA PLANT'S INHERITANCE OF
THE ABILITY TO PRODUCE PURPLE FLOWERS INSTEAD OF WHITE ONES
DOES NOT MAKE IT MORE LIKELY THAT IT WILL ALSO INHERIT THE ABILITY
To PRODUCE YELLOW PEA SEEDS IN CONTRAST TC GREEN ONES.
LIKEWISE, THE PRINCIPLE OF INDEPENDENT ASSORTMENT EXPLAINS WHY
THE HUMAN INHERITANGE OF A PARTICULAR EYE COLOR DOES NOT
INCREASE OR DECREASE THE LIKELIHOOD OF HAVING 6 FINGERS ON EACH
HAND. TODAY, WE KNOW THIS 1S DUE TO THE FACT THAT THE GENES FOR
INDEPENDENTLY ASSORTED TRAITS ARE LOCATED ON DIFFERENT

CHROMOSOMES.




MENDEL’S THREE PRINCIPLES PROVIDE THE FOUNDATION FOR STUDYING
GENETICS BUT THERE ARE MANY EXCEPTIONS TO HIS RULE ON
DOMINANCE. His PRINCIPLE OF DOMINANCE DESCRIBES TRAITS THAT
TODAY, WE REFER TO AS COMPLETE DOMINANCE, BUT NOT ALL TRAITS

SHOW COMPLETE DOMINANCE.

MENDELIAN EXCEPTIONS

S o e A P AL T e e I

F'LETE DOM]NANCé — INSTEAD OF ONE ALLELE BEING DOMINANT

. 3 I
AND ANOTHER BEING%RECESSiVE, THE HETEROZYGOUS CONDITICN

RESULTS IN A BLENDING OF THE TWO TRAITS.
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i C‘ODOMINANCE — 4N THIS CASE, BOTH ALLELES ARE DOMINANT, BUT
INSTEAD OF BLENDING, BOTH TRAITS ARE EXPRESSED IN A

HETERCZYGOTE.
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MULTIPLgﬁLMLELEsr GENERALLY, THE WORD MULTIPLE MEANS “MORE
THAN ONE”. BUT IN GENETICS, THAT’S NOT THE CASE. IT's “NORMAL”
FOR THERE TO BE TWO DIFFERENT ALLELES FOR A TRAIT, BUT SOME

TRAITS HAVE MORE THAN TWO ALLELES, SUCH AS BLOOD TYPE. EACH



INDIVIDUAL HAS TWO GENES FOR BLOOD TYPE, BUT W!THIN THE HUMAN
POPULATION THERE ARE MORE THAN TWO OPTIONS (1%, 1° aND 1°) FOR
WHAT THOSE TWO ALLELES WILL BE.
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SEX~LINKED TRAITS — HUMANS HAVE TWENTY-THREE PAIRS OF
CHROMOSOMES. THE FIRST TWENTY-TWO PAIRS ARE CALLED AUTOCSOMES.
THEY ARE HOMOLOGOUS TO EACH OTHER. THE TWENTY~-THIRD PAIR IS
THE PAIR WE CALL OUR SEX CHROMOSOMES BECAUSE THEY DETERMINE
OUR GENDER. FOR FEMALES, WITH TWO X CHROMOSOMES, THEY ARE
ALSO HOMOLOGOUS, BUT FOR MALES WITH ONE X AND ONE Y
CHROMOSOME, THEY ARE NON-HOMOLOGOUS. THERE ARE VERY FEW
GENES ON THE Y CHROMOSOME, BUT THE X HAS QUITE A FEW.

Exzrrale ]

THE REASON FOR THE FOCUS ON THESE TRAITS IS THAT FEMALES INHERIT
A PAIR OF GENES FOR ANY TRAIT ON THE ¥ CcHROMOSOME BUT MALES
ONLY INHERIT ONE. AN EXAMPLE FOR THIS TYPE OF TRAIT WOULD BE
COLORBLINDNESS. IT IS A SEX- ~LINKED RECESSIVE TRAIT AND OBSERVING
THE PUNNETT SQUARE BELOW SHOWS WHY MORE MALES THAN FEMALES
ARE COLORELIND.




Funnett Sausre for Color Blindness
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FPOLYGENIC TRAITS THESE ARE TRAITS IN WHICH MANY GENES BLEND

"TOGETHER TO PRODUCE THE TRAIT. FOR MOST TRAITS, WE INHERIT ONE

GENE FROM OUR MOTHER AND ONE GENE FROM OUR FATHER. THE
RESULTING COMBINATION OF TWO GENES THEN DETERMINES THE
PHENOTYPE OF THE TRAIT. WITH POLYGENIC TRAITS, WE INHERIT
MULTIPLE GENES FROM EACH PARENT FOR JUST ONE TRAIT. AN EXAMPLE
OF A POLYGENIC TRAIT 1S HUMAN HEIGHT. THERE AREN’T JUST TWO OR
THREE HUMAN HEIGHTS. WE HAVE A BROAD RANGE FROM VERY SHORT TO
VERY TALL. THAT’S BECAUSE OUR HEIGHT RESULTS FROM MANY GEMNES
INHERITED FROM BOTH MOTHER AND FATHER ALL BLENDING TOGETHER TO
COMPRISE THIS ONE TRAIT.
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HUMAN GENETICS

STUDYING HUMAN GENETICS IS NOT EASY FOR SEVERAL REASONS. WE
CAN’T TELL TWO PEOPLE THAT THEY NEED TO HAVE A CHILD TOGETHER
SIMPLY BECAUSE THEY POSSESS THE TRAITS THAT ARE BEING STUDIED.
WHEN WE DO HAVE CHILDREM, WE TEND TO HAVE VERY FEW AND WE HAVE
A LONG F’ER!'OD OF TIME BETWEEN GENERATIONS. ONE METHOD OF
STUDYING THE MOVEMENT OF HUMAN GENES THROUGH GENERATIONS 18
WITH PEDIGREE CHARTS.

S—

i PEDIGREE CHARTS u?sEs CIRCLES (FEMALES) AND SQUARES (MALES) TO
DEPICT A TRAIT MOVING THROUGH GENERATIONS OF A FAMILY. THIS CAN
SOMETIMES BE USED TO DETERMINE THE TYPE OF TRAIT IT IS AND OFTEN
THE GENOTYPES OF THE PEOPLE WITHIN THE FAMILY.

E - 2 4 s r 7
Fedigres 1, 8@ idealized pedigres of a oreily with hypercholestaonolemnis, &
patosomol

Aomoinant dicease where the hetarozygoets has a
mime@ﬂ pamgber of funconal iow density Bpopretgin receplons.

A e -,
|_TWIN STUDIES/ARE ANOTHER TOOL USED BY RESEARCHERS. IN STUDYING
THE 1SSUE OF NATURE VS. NURTURE, SCIENTISTS WILL TRY TO FIND
IDENTICAL TWINS THAT HAVE BEEN SEPARATED AT BIRTH. THESE TWINS
HAVE THE SAME GENETICS (NATURE) BUT, HAVING BEEN RAISED BY
DIFFERENT FAMILIES, THEY’VE HAD DIFFERENT ENVIRONMENTAL
EXPERIENCES (NURTURE). SIMILARITIES BETWEEN THE TWINS CAN THEN

BE ATTRIBUTED TO GENES AND DIFFERENCES TO THE ENMVIROMNMENT.
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DNA STRUCTURE

IN 1953, THE WORLD OF GENETICS CHANGED AS THE STRUCTURE OF DNA
{DECXYRIBONUCLEIC ACID), WHICH COMPRISES THE GENETIC MATERIAL
WITHIN OUR CHROMOSOMES, WAS DISCOVERED BY JAMES WATSON AND
FRANCIS CRICK. THEY DETERMINED THAT THE GEMERAL SHAPE OF DNA

WAS IN THE FORM OF A DOUBLE HELIX.

THE MONOMERS THAT COMPOSE THE DOUBLE HELICAL STRAND ARE
CALLED NUCLEOTIDES AND EACH NUCLEOTIDE IS COMPOSED OF A
MOLECULE.OF DEOXYRIBOSE (SUGAR), A MOLECULE OF PHOSPHATE AND
ONE OF FOUR DIFFERENT NITROGENOUS BASES, EITHER ADENINE,

GUANINE, THYMINE OR CYTOSINE.
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THE"éGCLEOTIDEg;?ARE THEN BONDED TOGETHER SO AS TO FORM THE
SHABE OF A “TWISTED LADDER”. THE SIDES OF THE LADDER ARE
ALTERNATING SUGARS AND PHOSPHATES AND THE RUNGS OF THE LADDER
ARE COMPOSED OF THE NITROGENOUS BASES. THE NITROGENOUS BASES
LINK TOGETHER VIA HYDROGEN BONDS INTO WHAT ARE CALLED BASE
PAIRS. BASE PAIRS ARE IMPORTANT IN THAT ONLY ADENINE WILL BOND

TO THYMINE AND ONLY CYTOSINE WILL BOND TO GUANINE.



Deoxyribonucieic Acid (DNA)
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DNA REPLICATION

AS WAS LEARNED IN OUR STUDYING OF THE CELL CYCLE, DURING THE S
PORTION OF INTERPHASE, ALL CHROMOSOMES MUST BE REPLICATED.
SINCE CHROMOSOMES ARE COMPOSED OF DNA, THIS MEANS THAT ALL OF
THE DNA MUST BE COPIED EXACTLY IN PREPARATION FOR A CELL TO
DIVIDE INTO TWO CELLS. THIS IS ACCOMPLISHED THROUGH WHAT IS
CALLEDLﬁM NSERVATIVEREPLICATION: IN SEMI-CONSERVATIVE

REPLICATION, AN ENZYME (DNA HELICASE‘.) WILL BREAK THE HYDROGEN
BONDS BETWEEN THE BASE PAIRS, SEPARATING THE DNA STRAND INTO




TWO TEMPLATES. THEN, ANOTHER ENZYME, DNA POLYMERASE, WILL ADD
FREE-FLOATING DNA NUCLEOTIDES TO EACH OF THE TEMPLATES,
FOLLOWING THE BASE PAIRING RULES (’A-T, C~G);i: WHEN COMPLETE,
THERE ARE TWO STRANDS OF DNA, EACH WITH AN “OLD” SECTION AND
EACH WITH A “NEW” SECTION.
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IN ADDITION TO DNA, THERE IS A SECOND TYPE OF NUCLEIC ACID CALLED
RNA (RIBONUCLEIC AcCID). IT IS DIFFERENT THAN DNA IN SEVERAL

¢ ~IMPORTANT WAYS.
ii" S -
o i :
W N I17°S SINGLE-STRANDED INSTEAD OF DOUELE STRANDED.
. o “_ﬂ \: ‘,ﬂmwn.(—i}a”—‘mﬁ-wnmlﬁ-‘ﬂdr—w«f = ;
g * i
W@I‘-}‘P‘f 2. ALTHOUGH IT’S STILL COMPOSED OF NUCLEOTIDES, THE
S NUCLEOTIDES CONTAIN THE SUGAR RIBOSE INSTEAD OF THE SUGAR
fe e . e
) DEOXYRIBOSE.
/ e i
i B ALTHOUGH RMNA HAS THE NITROGENOUS BASES OF ADENINE,
; CYTOSINE AND GUANINE, IT DOES N’T HAVE THE BASE THYMINE.
‘ INSTEAD, IT HAS THE BASE URACIL, WHICH WILL BOND TO ADEMNINE.
\\ 4. THERE ARE SPECIFIC TYPES OF RNA.....MRNA (MESSENGER), TRNA

Sl {(TRANSFER) AND RRNA (R!BOSOMAL).
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BoTH DNA AND RNA ARE NECESSARY IN CRDER FOR YOUR CELLS TC GO
THROUGH WHAT IS CALLED PROTEIN SYNTHESIS.

PROTEIN SYNTHESIS



T e

. _ R » ! ™
3;?56%”&?@4\7:\!1'1-;5513\?15 THE “CENTRAL DOGMA” DF MOLECULAR BIOLOGY.
VoUR DNA 15 A GODE, VERY STMITAR TO A TELEPHONE NUMBER. IF.YOU
PUSH THE CORRECT SEQUENCE OF NUMBERS, YOU END UP WITH THE
CORRECT PERSON ANSWERING THE PHONE. IF YOU PUSH THE WRONG
NUMBERS OR YOU PUSH THE NUMBERS IN THE WRONG ORDER, THE
WRONG PERSON ANSWERS. TELEPHONES USE A CODE WITH TEN
DIFFERENT DIGITS (O — 9). YOUR BODY’S CELLS USE DNA AS THEIR CODE
TG MAKE THE CORRECT PROTEINS FOR YOUR BODY TO FUNCTION, BUT
INSTEAD OF A TEN DIGIT CODE, YOUR CELLS USE A FOUR LETTER CODE (A,
T, €, G). IF IT READS THE CORRECT LETTERS, IN THE CORRECT ORDER,
THE CORRECT PROTEIN 1S FRODUCED. THIS PROCESS HAS TWO
STEPS....TRANSCRIPTION AND TRANSLATION.

s et

W‘Wﬁm s,
1. (TRANSCRIPTION/— IN TRANSCRIFTION, THE ENZYME, RNA

POLYMERASE UNWINDS THE DNA WITHIN A GENE AND ADDS FREE-
FLOATING RNA NUCLEOTIDES TO THE DNA SENSE STRAND (OR TEMPLATE
STRAND). IN DOING SO, IT CREATES MRNA (MESSENGER).

Nontermpate s1rand
RHA prlyrasrast. e

Fifomgleotids
v

w

G Template strand
= :

i

Drection of transcripliom

THE MRNA THEN LEAVES THE NUCLEUS, WHERE TRANSCRIPTION TOOK
PLACE, AND HEADS TO A RIBOSOME, WHICH IS THE SITE OF PROTEIN
PRODUCTION. THE RIBOSOME IS COMPOSED OF BOTH PROTEIN AND RRNA
(RIBOSOMAL). A RIBOSOME HAS TWO PARTS, THE LARGE AND SMALL

 SUBUNITS, AND THE MRNA ENTERS THE SMALL SUBUNIT. THE LARGE
SUBUNIT THEN ATTACHES ON, IN WHICH THERE ARE TWO SPACES FOR
TRNA (TRANSFER) MOLECULES. PICTURED BELOW ARE THE LARGE AND
SMALL SUBUNITS OF A RIBOSOME, WITH ITS TWO SITES (P AND A) FOR
TRMA MOLECULES.
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2. jTRANSLATIONFE—- WITH THE MRNA EMBEDDED WITHIN THE SMALL
SUBUNIT, TRNA MOLECULES ENTER THE TWO SITES WITHIN THE LARGE
SUBUNIT OF THE RIBOSOME. THE THREE BASES AT THE BOTTOM END OF
THE TRNA (CALLED THE ANTICODON) MUST MATCH UP VIA THE BASE
PAIRING RULES WITH EACH SET OF THREE BASES ON THE MRNA (CALLED
THE CODON). ON THE OPPOSITE END OF THE TRNA IS AN AMINO ACID,
THE MONOMER OF PROTEINS. AS TwO TRNA’S LINE UP NEXT TO EACH
OTHER WITHIN THE LARGE SUBUNIT, A PEPTIDE BOND FORMS BETWEEN
THE AMINO ACIDS, LINKING THEM TOGETHER. THE RIBOSOME THEN
MOVES ALONG THE MRNA CHAIN, BRINGING IN MORE AND MORE TRNA
MOLECULES AND THUS ADDING MORE AND MORE AMINO ACIDS TO THE
EVER-GROWING CHAIN. ULTIMATELY, A PROTEIN IS FORMED.

g.rg» n.S"’ 1 é;..

IN ORDER TO DETERMINE THE CORRECT SEQUENCE OF AMINO ACIDS, A
CHART CAN BE USED TO READ 1 THE MRNA cOopDONS. THE SAME CHART CAN

J—— .

"BE USED F‘OR ALL LIVING THINGS AS DNA“PROV]DES THE GENETIC CODE
,FOR ALL LIFE. ‘ e S
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MUTATIONS — Now THAT YOU UNDERSTAND PROTEIN SYNTHESIS, YOU CAN 7
SEE THAT IT ALL TRACES BACK TO THE ORIGINAL. CODE WITHIN THE DNA.
THEREFORE, MOST CHANGES TO THAT CODE, LEAD TO THE WRONG
PROTEIN BEING PRODUCED. SOME OF THOSE POSSIBLE CHANGES

INCLUDE...

1. \DELETION'~ ONE OR MORE BASES IS DELETED. (FRAMESHIFT

MUTATION
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2. { DUPLICATION — ONE OR MORE BASES IS REPEATED. (FRAMESHIFT
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3. " REPLACEMENT — ONE BASE 1S REPLACED BY ANOTHER. (FOINT
T Sttt e
MUTATION) ™™

Types of Point Mutations
missense {substifuiion)
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4. ;giINVERSIOI‘;I}"- A SERIES OF BASES 1S TURNED AROUND.
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BIOTECHNOLOGY IN CONJUNCTION WITH GENETICS IS AN EVER-EXPANDING
FIELD OF STUDY. WE TOUCH ON JUST A FEW ASPECTS IN THIS REVIEW.

THE HUMAN GENOME. E&f)- THE HUMAN GENOME PROJECT
(HGP) WAS ONE OF THE GREAT FEATS OF EXPLORATION IN HISTORY — AN
INWARD VOYAGE OF DISCOVERY RATHER THAN AN OUTWARD EXPLORATION
OF THE PLANET OR THE COSMOS; AN INTERNATIONAL RESEARCH EFFORT
TO SEQUENCE AND MAP ALL OF THE GENES - TOGETHER KNOWN AS THE
GENOME - OF MEMBERS OF OUR SPECIES, HOMO SAPIENS. COMPLETED IN
APRIL 2003, THE HGP GAVE US THE ABILITY, FOR THE FIRST TIME, TO
READ NATURE'S COMPLETE GENETIC BLUEPRINT FOR BUILDING A HUMAN

BEING.

1. J

e B AT

2. ii;(;ENET;c ENGINEERING™ GENETIC ENGINEERING REFERS TO A SET
OF TECHNOLOGIES THAT'AKE BEING USED TO CHANGE THE GENETIC
MAKEUP OF CELLS AND MOVE GENES ACROSS SPECIES BOUNDARIES TO
PRODUCE NOVEL ORGANISMS. THE TECHNIQUES INVOLVE HIGHLY
SOPHISTICATED MANIPULATIONS OF GENETIC MATERIAL AND OTHER
BIOLOGICALLY IMPORTANT CHEMICALS.

o ”?KWL -
'LSTEM CELLS STEM CELLS ARE UNDIFFERENTIATED CELLS THAT

3.

bes darrn SRR )
STILEHAVE "i}HE ABILITY TO BECOME ALMOST ANY SPECIFIC CELL TYPE.
DUE TO THIS UNDIFFERENTIATED POTENTIAL, STEM CELLS HAVE THE
POSSIBILITY OF BEING USED IN MANY TYPES OF THERAPIES.

4. jﬂiCL%;l:lﬁ;\ﬁgm;f[DNA INFORMATION FROM THE NUCLEUS OF A DONOR
ADULT GELL 18 COPIED INTO A CELL WHOSE NUCLEUS (THUS ALSO ITS
GENETIC MATERIAL) HAS BEEN REMOVED. CHEMICALS OR ELECTRIC
CURRENT ARE USED TO STIMULATE CELL DIVISION. ONCE THE CELLS
START DIVIDING AND THE EMBRYO REACHES A SUITABLE STAGE, IT 15
PLANTED INTO THE UTERUS OF A FEMALE HOST WHERE IT DEVELOPS

UNTIL BIRTH.

THE COMMON THEME AMONG ALL THESE TYPES OF BIOTECHNOLOGY IS
THAT OF ETHICS. SHOULD WE PURSUE SUCH TECHNOLOGIES OR SHOULD

WE NOT? e

—
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Genetics
Module B, Anchorﬁ,'f;

oncepts:

An individual’s characteristics are determines by factors that are passed from one
parental generation to the next.

During gamete formation, the alleles for each gene segregate from each other so that each
gamete carries only one allele for each gene.

Punnett squares use mathematical probability to help predict the genotype and phenotype
combinations in genetic crosses.

The principle of independent assortment states that genes for different traits can segregate
independently during the formation of gametes.

Mendel’s principles of heredity, observed through patterns of inheritance, form the basis
of modern genetics.

Some alleles are neither dominant nor recessive. Many genes exist in several different
forms and are therefore said to have multiple alleles. Many traits are produced by the
interaction of several genes.’

Environmental conditions can affect gene expression and influence genetically
determined traits. ,

The DNA that makes up genes must be capable of storing, copying, and transmitting the
genetic information in a cell.

DNA  is a nucleic acid made up of nucleotides joined into long strands or chains by
covalent bonds.

DNA polymerase is an enzyme that joins individual nucleotides to produce a new strand -
of DNA.

Replication in most prokaryotic cells starts from a single point and proceeds in both
directions until the entire chromosome is copied.

In eukaryotic cells, replication may begin at dozens or even hundreds of places on the
DNA molecule, proceeding in both directions until each chromosome is completely
copied.

The main differences between DNA and RNA are that (1) the sugar in RNA is ribose
instead of deoxyribose; (2) RNA is generally single-stranded, not double-stranded; and

" (3) RNA contains uracil in place of thymine.

Tn transcription, segments of DNA serve as templates to produce complementary RNA
molecules.

The genetic code is read three “letters” at a time, s0 that each “word” is three bases long
and corresponds to a single amino acid.

Ribosomes use the sequences of RNA codons to assemble amino acids into polypeptide
chains.

The central dogma of molecular biology is that information is transferred from DNA to
RNNA to protein. "

Mutations are heritable changes in genetic information.

The effects of mutations on genes vary widely. Some have little or no effect; some
produce beneficial variations. Some negatively disrupt gene function.

Mutations often produce proteins with new or altered functions that can be useful to
organisms in different or changing environments.



- Human genes follow the same Mendelian patterns of inheritance as the genes of other
organisms. Many human traits follow a pattern of simple dominance. The alleles of
other human genes display codominant inheritance. Because the X and Y chromosomes
determine sex, the genes located on them show a pattern of inheritance called sex-
linkage. ,

- Changes in a gene’s DNA sequence can change proteins by altering their amino acid
sequences, which may directly affect one’s phenotype.

- If nondisjunction occurs during meiosis, gametes with an abnormal number of
chromosomes may result, leading to a disorder of chromosome numbers.

- Recombinant DNA technology — joining together DNA from 2 or more sources — makes
it possible to change the genetic composition of living organisms.

- Transgenic organisms can be produced by the insertion of recombinant DNA into the
genome of a host organism.

- Ideally, genetic modification could lead to better, less expensive, and more nutrition food
as well as less harmful manufacturing processes.

_ Recombinant DNA technology is advancing the prevention and treatment of disease.

- DNA fingerprinting analyzes sections of DNA that vary widely from one individual to

another.

Vocabulary:
Genetics fertilization allele principle of dominance
Trait segregation hybrid gene
Gamete probability genotype phenotype
Homozygous heterozygous * codominance independent assortment
Multiple allele polygenic trait base pairing Incomplete dominance
Replication DNA polymerase  nucleotides nucleic acid

~RNA messenger RNA ribosomal RNA RNA polymerase
Transfer RNA transcription polypeptide genetic code
Codon anticodon translation © gene expression
Biotechnology PCR genetic marker © transgenic
Recombinant DNA  clone plasmid gene therapy
DNA fingerprinting genome autosome sex-linked gene

Sex chromosome nondisjunction




- Genetics
Module B, Anchop. 7_

Basic Mendelian Genetics:
1. Different forms of a gene are called:
C. alleles

2. Organisms that have two identical alleles for a particular trait are said to be:
C. homozygous

3. What is the difference between a dominant and recessive allele?
A dominant allele shows whenever it is present. A recessive allele shows only if no dominant
alleles are present.

4. State the principle of dominance. How does this explain the phenotype of heterozygous
organisms?

Some alleles are dominant, others are recessive. Heterozygous organisms have one dominant
and one recessive allele. The dominant allele takes over and shows over the recessive allele.

According to this principle, under what conditions will an organism show a recessive phenotype?
When no dominant alleles are present, as in 1.

5. State the principle of segregation. How does this explain how two heterozygous organisms
can produce homozygous offspring?

Alleles segregate during the formation of gametes. FEach organism contains two alleles for each
trait. These alleles go into different gameles during meiosis. The heterozygous parent has 1t as
the genotype. The T separates from the t when gameles are Jormed. This allows the T or t to
pair up with another letter, giving homozygous phenotypes.

6. State the principle of independent assortment.
Alleles segregate independently during the Jformation of gametes.

7. Whatisa punnett square? How are punnett squares used in genetics?
Punneit squares show the possible offspring of a cross. T hey are used to predict outcomes of
crosses.

8. Show the cross between two guinea pigs. One is heterozygous for black color, the other is
white. Record the genotypic and phenotypic ratios of the offspring.

Black - Tt T ¢
White tt 3 1t it
t 1t it

genotype ratio: 1:1 ratio of Tt, it
phenotype ratio:1:1 ratios or black to white




Other Patterns of Inheritance:

1. Compare and contrast codominance, incomplete dominance, and complete dominance.

Codominance — both alleles are equally dominant, both show up in the heterozygous offspring

Incomplete dominance — one allele is dominant, but not completely; heterozygous offspring show
a blend of parental traits

Complete dominance — one allele is completely dominant over the other, heterozygotes show
Dominant irait

2. Compare and contrast multiple alleles and polygenic traits.
Multiple alleles — one gene controls the trait, more than two alleles exist for the trait

Polygenic traits — multiple genes conirol the trait

In both instances, more phenotypes are present than with a more simple inheritance pattern

3. Why do multiple alleles and polygenic traits produce many different phenotypes for a trait?
Multiple alleles have more options for alleles, producing more phenotypes. Polygenic traits
show a continuwm of traits as they are controlled by multiple genes. Any alteration of any allele
for any gene results in a slight change in phenotype.

4.. Can a trait show more than one inheritance pattern?
Yes. For example, blood type in humans shows multiple alleles, codominance, and complete

dominance.

5. You would like to determine if a plant shows codominance or incomplete dominance. What
type of cross would you perform and why? Explain how you would know whether the gene
involved showed co- or incomplete dominance.

Breed the two homozygous plants to get a kybrid plant. If both traits show up, the plant shows
codominance. If a blend shows the plants show incomplete dominance. For example, you breed
a red plant and a white plant. If the hybrid offspring are red with white spots, they show
codominance. If the offspring are pink, they show incomplete dominance.

6. What is the relationship between genes and the environment?

Gene expression is affected by the environment. For example, a set of identical twins may be
predisposed genetically to heart disease. One twin exercises and eats well. They do not develop
heart disease due to their lifestyle. The other twin smokes and eats poorly. They do develop
heart disease.

DNA Structure:

1. Thoroughly describe the structure of a DNA molecule.

DNA is composed of nucleotides; nucleotides are composed of sugar, phosphate, and
nitrogenous base. DNA has a double helix shape. The sides of the helix are sugar-phosphate
backbone. They are composed of deoxyribose and phosphate. The “rungs” of the helix are
composed of base pairs. Adenine bonds with thymine and cytosine with guanine. The two sides
of the molecule run antiparallel. The sides are held together with covalent bonds. The base
pairs are held together with hydrogen bonds.



2. What are the base pairing rules? If the percentage of adeninein a sample goes up 5 %, what
will happen to the percentage of thymine? What will happen to the percentage of guanine?
Adenine — thymine

Cytosine — guanine

Thymine will also go up 5%. Guanine will go down 5%.

3. What are the'three roles of DNA? Explain how the structure of DNA aids in each role.
Store information — stores information in the sequence of the base pairs

Copy and transmit information — the hydrogen bonds between bases break easily, exposing the
bases to be copied. The covalent bonds hold the two sides together during replication. This
allows the molecitle to be copied and passed on 1o offspring. .

4. What happens when a piece of DNA is missing?
C. Genetic information is lost

DNA Replication:

1. Thoroughly describe the process of DNA replication.

The DNA molecule is unwound. The hydrogen bonds between ihe bases are broken. Enzymes
match up bases according to the base-pairing rules. The leading and lagging strands are
assembled in opposite directions. Once the strands are fully replicated, the new DNA molecules

are proof-read.

2. Compare and contrast DNA replication in prokaryotes and eukaryotes.
In prokaryotes, DNA replication staris at a single point and proceeds in both directions. In
eukaryotes, replication starts in multiple locations.

3. What is base pairing and how is it involved in DNA replication?
A=T C=G This ensures that the two DNA strands are identical, as A must bond with T and C

must bond with G.

4. When a DNA molecule is replicated, how do the new molecules compare to the original
molecule? How does replication ensure that this occurs?

Each new molecule is comprised of one new strand and one original sirand. The two molecules
are identical to each other and o the template strand. Since the old molecule is used as a
template and the base-pairing rules must be followed, the strands are identical.

Transcription:

1. Thoroughly describe the process of transcription.

The DNA strand is unwound starting at the promoter region. RNA polymerase binds 1o the

" promoier region on one DNA strand and begins matching base pairs. This continues uniil the
termination sequence is reached. The RNA sirand breaks off the DNA and the DNA reforms.

The RNA is then edited.

2. What is made during transcription?
RNA



3. Why is transcription necessary for protein synthesis?

Each DNA molecule contains many genes, each coding for a different protein. RNA contains
only the gene for one protein. Also, DNA does not leave the nucleus. Protein synthesis occurs in
the cytoplasm. RNA is capable of traveling 1o the cytoplasm for protein synthesis.

4. Suppose you start with a DNA strand ACCGTCACG. Use the rules of base pairing to
determine the complementary RNA strand.
UGGCAGUGC

5. Compare and contrast DNA and RNA structure. How does the different structure of RNA
relate to its different function in cells?

Both —made of nucleotides; contain phosphate, adenine, cylosine, guanine

RNA — contains ribose and uracil; single-stranded, only one gene

DNA — contains deoxyribose and thymine; double stranded, many genes

6. Compare and contrast DNA replication and transcription.

Both — DNA is unwound and bases are added

Replication — entire molecule is copied; template strand becomes part of new molecules
Transcription — only part of one strand is copied; template strand rejoins and is left as it was

7. Describe the process of RNA editing.
RNA is cut into introns and exons. Exons are used to create final RNA molecule. The same RNA

strand can be cut and rejoined in multiple ways, producing different final RNA from the same
original molecule.

Protein Synthesis:

1. List the three types of RNA. Describe the role of each in protein synthesis,
Messenger RNA — carries the message from DNA to be used 1o create proteins
Ribosomal RNA — makes up ribosomes, the site of protein synthesis

Transfer RNA — reads the mRNA and maiches up complementary amino acids

2. What is made during protein synthesis?
protein

3. What are codons and anticodons? How do they work together during protein synthesis?
Codons — sequences of three bases on mRNA
Anticodon — sequence of three bases on tRNA complementary io mRNA codon

The anticodons and codons are complementary 1o each other. The IRNA maiches up with the
mRNA. On the opposite end of the tRNA is an amino acid. This is how the IRNA translates the

mRNA info an amino acid sequence.

4, Thoroughly describe the process of protein synthesis.
The mRNA is transcribed in the nucleus. It travels to the cytoplasm, where it binds to the
ribosome. The mRNA moves through the A and P sites of the ribosome. The tRNA molecules



match up with the exposed codons on the mRNA. The amino acids on the other end of each tRNA
bind together to form a polypeptide. When the stop codon is reached, the polypeptide is
released.

5. Explain why controlling the proteins in an organism controls the organism’s characteristics.
Proteins determine all of our traits. The order of amino acids in a protein determine how it
functions. Any alieration in a protein will resull in a change of loss of function for the
characteristic it controls in the organism.

6. What is the correct sequence of transfer of genetic information in most organisms?
B. DNA, RNA protein

7. What are the roles of endoplasmic reticulum and ribosomes in protein synthesis?
Rough ER houses ribosomes. Ribosomes are the site of protein synthesis. The rough ER also
modifies proteins after translation.

8. Does protein synthesis occur in all organisms?
Yes.

Mutation:
1. What is a mutation?
A heritable change in the genetic material of an organism.

2. What are some causes of mutation?
Carcinogens, mistakes in replication, etc.

3. List and describe the types of gene mutations.

Substitution — one base is switched for another

Insertion — one base is added to the sequence

Deletion — one base is removed from the sequence

Insertion and deletion mutations fall into the category of frameshift mtations.

4. What types of gene mutations are most severe? Why? ‘
Frameshift mutations alter more codons, and thus have a more severe effect on the function of
the protein. If substitution mutations resull in a stop codon they are also severe.

5. List and describe the types of chromosome mutations.

Deletion — gene deleted

Duplication — extra copy of gene included

Inversion — gene order is reversed

Translocation — genes from norhomologous chromosomes are switched

6. How does the repetitive nature of the genetic code belp to reduce the damage done by
mutations?




Multple codons code for the same amino acid. Therefore, a mutation may change a base without
changing the amino acid for which that codon codes. This would resull in no change in the
protein function.

7. One difference between a gene mutation and a chromosomal mutation is
C. A chromosomal mutation can affect the number of chromosomes in a cell

8. Most mutations
A. have no effect on the organism

Human Heredity:
1. A normal human zygote contains
B. 46 chromosomes

2. What is a nondisjunction? How does a nondisjunction cause chromosome disorders?
Nondisjunction occurs when the chromosomes fail to separate properly during meiosis. This
results in a gamete having too many or too few of a particular chromosome. If this gamete is
[fertilized, the resulting organism will have a chromosome disorder.

3. What is the difference between autosomes and sex chromosomes?
Sex chromosomes determine gender. Autosomes are ail the remaining chromosomes.

4. What are sex-linked traits? How are they inherited differently between males and females?
Traits on the x chromosome. Males have one x chromosome, while females have two. This
means that a male will show any trait on its X, even a recessive one. Females still require two
copies of the recessive X to show such a trait. Therefore, x-linked trails are more common in
males than in females.

5. Which of the following forms a Barr body:
C. one of the X chromosomes in a female cell

Genetic Engineering:
1. Organisms that contain genes from other organisms are called
A.lransgenic

2. Describe what happens during a polymerase chain reaction. What is the use of PCR?

The first step in using the polymerase chain reaction method to copy a gene is to heat a piece of
DNA, which separates its two strands. Then, as the DNA cools, primers bind to the single
strands. Next, DNA polymerase staris copying the region between the primers. These copied
can serve as templates to make still more copies. :

3. Explain what genetic markers are and describe how scientists use them.
A gene that makes it possible to distinguish bacteria that carry a plasmid from those that don’t
carry it. Scientists use genetic markers lo determine if a transgenic atiempt was successful.



4. What are transgenic organisms? What are the potential benefits of transgenic organisms?
Concerns?

Organisms that contain genetic material from other species. Transgenic organisms may improve
agricultural yields, reduce pesticide use, manufacture human proteins, etc. There is some fear
over unintended side-effects. For example, crops may spread pesticide resistance to weed
species. Allergic reactions or other illnesses may occur, transgenic organisms are patented
which reduces the free nature of food supplies, eic.

5. How can genétic engineering impact human health?
Genetic engineering could help produce human proteins for use in medicine. There is also some
concern over an increase in disease or allergies.

6. Describe the uses of DNA fingerprinting.
Establishing family relationships, crime scenes, eic.

7. A gene that makes it possibie to distinguish a bacterium that has been transformed from one

that has not is:
C. a genetic marker

8. Explain what a DNA probe is and describe how it could be used to identify a person who has
an allele for a genetic disorder.

Small segments of DNA that help locate a particular gene in a long DNA sequence. They could
be used to analyze the individual’s DNA to determine the presence, or lack therof, of a gene.







EVERYTHING YOU REALLY, REALLY NEED
TO KNOW ABOUT...

BIOLOGICAL EVOLUTION, SIMPLY PUT, IS DESCENT WITH MODIFICATION.
THIS DEFINITION ENCOMPASSES SMALL~SCALE EVOLUTION {CHANGES IN
GENE FREQUENCY IN A POPULATION FROM ONE GENERATICN TO THE
NEXT) AND LARGE-SCAL.E EVOLUTION {THE DESCENT OF DIFFERENT
SPECIES FROM A COMMON ANCESTOR OVER MANY GENERATIONS).
EVOLUTION HELPS US TO UNDERSTAND THE HISTORY OF LIFE.

BIOLOGICAL EVOLUTION IS NOT SIMPLY A MATTER OF CHANGE OVER TIME.
LOTS OF THINGS CHANGE OVER TIME: TREES LOSE THEIR LEAVES,
MOUNTAIN RANGES RISE AND ERODE, BUT THEY AREN'T EXAMPLES OF
BIOLOGICAL EVOLUTION BECAUSE THEY DON'T INVOLVE DESCENT
THROUGH GENETIC INHERITANCE.

THE CENTRAL IDEA OF BIOLOGICAL EVOLUTION 1S THAT ALL LIFE ON
EARTH SHARES A COMMON ANCESTOR, JUST AS YOU AND YOUR COUSINS
SHARE A COMMON GRANDMOTHER. '

THROUGH THE PROCESS OF DESCENT WITH MODIFICATION, THE COMMORN
ANCESTOR OF LIFE ON EARTH GAVE RISE TO THE FANTASTIC DIVERSITY
THAT WE SEE DOCUMENTED IN THE FOSSIL RECORD AND AROUND US
TODAY. EVOLUTION MEANS THAT WE'RE ALL DISTANT COUSINS: HUMANS
AND OAK TREES, HUMMINGBIRDS AND WHALES.

EVIDENCE

o T R R S e

.FOSSIL-;E';” FOSSILS CAN BE USED AS A RECORD OF THE PHYSICAL
FEATU'R.ES THAT COMPRISED LIVING THINGS IN THE PAST. THEY CAN
THEREFORE DOCUMENT THE PHYSICAL _CHANGES THAT LIVING THINGS
HAVE GONE THROUGH OVER TIME. [N ORDER TO DO THIS, IT’S USUALLY
NECESSARY TO KNOW THE AGE OF A FOSSIL. RADIOACTIVE 1SOTOPE
DATING, WHICH USES THE HALF-LIFE OF RADRIOACTIVE ISCTOPES SUCH AS
CARBON-14, IS A COMMON WAY TO ACCOMPLISH THIS.
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i\;{ESTIGIAL ORGAN% - THESE ARE BODY PARTS THAT ARE STILL PRESENT
TODAY, BUT SEEM TO HAVE NO FUNCTION. THE CLASSIC EXAMPLE IN
HUMANS WOULD BE THE APPENDIX. IF IT WAS A FUNCTIONAL BODY PART
AT ONE TIME, BUT IS NOT ANYMORE, THIS SUPPORTS THE I1DEA OF
CHANGE. THE PICTURE BELOW SHOWS LEG BONES IN A WHALE. THIS

WOULD BE ANOTHER EXAMPLE.

I

HOMOLOGOUS STRUCTURES & To GET BACK TO THE IDEA THAT WE'RE ALL

et & ot SRR

o cpapy B

-:“W?ST“W?LOOK AT THE CONCEPT OF HOMOLOGOUS STRUCTURES.
THESE ARE BODY PARTS IN DIFFERENT ORGANISMS THAT HAVE ENOQUGH
SIMILARITIES TO SUPPORT THE IDEA OF A GENETIC RELATIONSHIP. THINK,
FOR INSTANCE, ABOUT THE SKELETONS OF MOST MAMMALS. ALTHOUGH
THERE ARE SOME DIFFERENCES IN SIZE AND SHAPE, THE GENERAL DESIGN

AND FUNCTION IS5 STILL THE SAME.
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[ EMBRYOLOGY/~ STICKING WITH THE IDEA THAT WE’RE ALL RELATED, WE
€AN LOOK AT THE PROCESS OF EMBRYOLOGICAL DEVELOPMENT. IN
COMPARING DIFFERENT SPECIES, IT SEEMS THERE ARE A LOT OF
COMMONALITIES ABOUT THE WAY WE DEVELOP.
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/ DNA— THE MOST COMMON AND CURRENT METHOD OF SUPPORTING THE

IDEA THAT LIFE HAS CHANGED GVER TIME AND THAT WE’RE ALL RELATED



IS IN THE ANALYSIS OF DNA. SIMILARITIES IN DMNA SEGMENTS WHICH
LEAD TO SIMILAR PROTEINS, WHICH LEAD TO SIMILAR FUNCTIGNS,
SUPPORT THE FACT THAT DIFFERENT SPECIES HAVE DIVERGED FROM
COMMON ANCESTORS

DARWIN'S THEORY OF NATURAL SELECTION

ALTHOUGH INDIVIDUALS PRIOR TO DARWIN HAD ATTEMPTED TO EXPLAIN
THE MEANS BY WHICH LIFE CHANGED, IT WAS DARWIN’S EXPLANATICON IN
HIS BOOK, “THE ORIGIN OF SPECIES” THAT HAS THUS FAR STOOD THE
TEST OF TIME. HIS EXPLANATION OF THE PROCESS CAN BE SIMPLIFIED
INTO FOUR BASIC IDEAS.

1. VARIETY EXISTS WITHIN SPECIES VIA SEXUAL REPRCDUCTION AND
MUTATIONS.

2. TIHERE IS A LIMITED AMOUNT OF NATURAL RESOURCES AVAILABLE
TO LIVING THINGS,

3. THERE ARE MORE INDIVIDUALS REPRODUCED EACH YEAR THAN CAN
BE SUSTAINED BY THIS LIMITED AMCUNT OF NATURAL RESOURCES.

4. AS INDIVIDUALS STRUGGLE TO LIVE, THEY COMPETE FOR THESE
NATURAL RESOURCES. THOSE INDIVIDUALS BORN WITH ADVANTAGECUS
TRAITS (DUE TO THEIR GENES), WILL SURVIVE MORE OFTEN AND
THEREFORE REPRODUCE MORE, THUS PASSING ON THOSE GENES.

THEREFORE, IT IS THE INTERACTION BETWEEN LIVING THINGS AND THEIR
ENVIRCNMENT THAT CAUSES CHANGES TO OCCUR. AS THOSE CHANGES
ADb UP, ONE SPECIES COULD GIVE RISE TO TWO. THE FORMATION OF A
NEW SPECIES IS CALLED SPECIATION. THE MOST COMMON TYPE OF
SPECIATION WOULD BE DIVERGENT. WHEN MEMBERS OF THE SAME
SPECIES BEGIN ADAPTING TO DIFFERENT ENYIRONMENTAL PRESSURES,
THEY DIVERGE FROM EACH OTHER. ON THE OTHER HAND, WHEN TWC
DIFFERENT SPECIES BEGIN ADAPTING TO SIMILAR ENVIRONMENTAL
PRESSURES, THEY WILL SOMETIMES BECOME MORE ALIKE. THIS IS
CONVERGENT EVOLUTION. THINK ABOUT DOLPHINS AND FISH. THEY
BOTH ADAPTED TO AN AQUATIC ENVIRONMENT WHERE A TAIL AND A
DORSAL FIN WERE ADVANTAGEOUS.

HARDY-WEINBERG EQUILIBRIUM



HARDY-WEINBERG EQUILIBRIUM IS A PRINCIPLE STATING THAT THE
GENETIC VARIATION IN A POPULATION WILL REMAIN CONSTANT FROM ONE
GENERATION TO THE NEXT IN THE ABSENCE OF DISTURBING FACTORS.
WHEN MATING IS RANDOM IN A LARGE PCPULATION WITH NO DISRUPTIVE
CIRCUMSTANCES, THE LAW PREDICTS THAT BOTH GENOTYPE AND ALLELE
FREQUENCIES WILL REMAIN CONSTANT BECAUSE THEY ARE IN
EQUILIBRIUM. IN OTHER WORDS, NO EVOLUTION WILL OCCUR. THIs
EQUILIBRIUM CAN BE DISTURBED IN A NUMBER OF DIFFERENT WAYS...

1. MUTATIONS — MUTATIONS WILL DISRUPT EQUILIBRIUM BY ADDING
NEW GENES INTO A POPULATION. '

2. MIGRATION — MIGRATION WILL DISRUPT EQUILIBRIUM BECAUSE
WHEN INDIVIDUALS LEAVE (EMIGRATE) OR ENTER (IMMIGRATE} A
POPULATION, THEY BRING THEIR GENES WITH THEM.

3. GENETIC DRIFT — GENETIC DRIFT IS THE CHANGE IN A SMALL
POPULATION DUE SIMPLY TO CHANCE. -
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4. DIRECTIONAL SELECTION — THIS IS THE CHANGE IN A POPULATION

TOWARD ONE EXTREME FORM OF A TRAIT.
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5. STABILIZING SELECTION = THIS IS THE CHANGE IN A POPULATION IN
WHICH THE AVERAGE FORM OF A TRAIT BECOMES EVEN MORE BENEFICIAL.
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G. DISRUPTIVE SELECTION — THIS IS THE CHANGE IN A POPULATION

WHEN BOTH EXTREME FORMS OF A TRAIT ARE BENEFICIAL.
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=~ SEXUAL SELECTION — SEXUAL SELECTION OCCURS WHEN
INDIVIDUALS CHOOSE MATES BASED ON SPECIFIC CHARACTERISTICS.
THOSE TRAITS THEN BECOME MORE PREVALENT WITH EACH PASSING
GENERATION.,

8. GEOGRAPHIC ISOLATION — THIS CCCURS WHEN ONE SEGMENT OF A
POPULATION BECOMES PHYSICALLY ISOLATED FROM THE REST OF THE
GROUP AND THEN ADAPTS TO ITS OWN ENVIRONMENT.
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9. REPRODUCTIVE ISOLATION — REPRODUCTIVE ISOLATION TAKES ONE
GENE POOL AND DIVIDES IT INTO MULTIPLE GENE POOLS. THIS DIVISION
COULD BE BASED ON GEOGRAPHY, REPRODUCTIVE TIMING OR ANATOMICAL
DIFFEREMNCES BETWEEN INDIVIDUALS. WHATEVER THE REASON, WHAT
WAS ONCE ONE GENE POOL BECOMES MULTIPLE GENE POOLS, WHICH

THEN ADAPT DIFFERENTLY.
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Theory of Evolution
Module B, Ancho{?} '

Basic Evolutionary Theory:

1. Explain what the term “evolution” means. Provide an example.

Evolution — change in species over time. Example —whales evolved from a land mammal into a
marine marmmal.

2. What is natural selection? How does nature! selection relate to evolution?
The process by which some organisms survive and reproduce and others do not. Natural
selection is the mechanism by which evolution occurs.

3. Describe the conditions necessary for nuiaal selection to occur.

Struggle for existence — some organisms live, others die

Variation and adaptation — organisms are not all alike, organisms that are well-suited to survive
in their environmeni possess adaptations

Survival of the fittest— those organisms best adapled will survive and reproduce at higher rates
than those who are not.

4. How does natural variation affect evolution? What are the sources of genetic variation within

populations? Explain how each increases genetic variation.

Without natural variation, all organisms would be identical. Therefore, no organism would have

an advantage over another. If a change occurred in the ecosystem the entire species would be

wiped out. Genetic variation arises from.: :

Recombination during sexual reproduction — genes are put inio new combinations during
Meiosis, producing new phenotypes

Mutation — mistakes are made in the copying of DNA

Lateral gene transfer — genes are passed between prokaryotic organisms

5 How does natural selection account for the great diversity of organisms on the Earth today?
Organisms adapted to their environments, creating a wide variety of organisms suited 10 various
niches within various environments.

6. An inherited characteristic that increases an organism’s ability to survive and reproduce in its
specific environment is called a(n)
B. adaptation

7. How well an organism survives and reproduces in its environment can be described as its
A. fitness

8. How are fitness and adaptation related?
Fitness is the ability to survive and reproduce. This is made possible through the use of
adaptations which make an organism better suited to its environment.

9. Why is reproduction, as opposed to simply survival, needed for fitness?
An organism cannot affect the species as a whole without producing offspring




10. What is the role of the environment in determining fitness?

The environment determines what traits make an organism more fii. For example, a trait
allowing organisms to store water would increase fitness in a desert environment. In a
rainforest, this trait would not be advantageous.

11. Why does natural selection work only on heritable characteristics, as opposed to acquired
characteristics?

Acquired characteristics cannot be passed on to offspring, therefore they cannot affect the
genetic make-up of the population. For example, dying your hair purple does not give you genes
Jor purple hair. Therefore, your children will not have purple hair.

12. What is the principle of common descent?
All life is descended from one common ancestor.

13. Use the theory of natural selection to explain how two unrelated organisms, such as sharks
and dolphins, come to possess very similar physical adaptations.

The organisms occupy similar niches in similar environments. Therefore, the same types of
adapiations are advantageous to them. This would lead to the possession of very similar
physical traits. '

Natural Selection and Genetics:
1. The combined genetic information of all members of a particular population forms a:
A. gene pool

2. How is evolution defined, genetically speaking?
Change in allele frequency.

3. Explain what the term relative frequency means, include an example illustrating your answer.
The frequency of an allele in relation to the other alleles in the gene pool. For example, fur
color in rabbits comes in grey and white. There are 65 grey alleles and 35 white alleles. The
Jfrequency of the grey allele is 65 the frequency of the white allele is .35,

How does evolution change the relative frequency of alleles in a gene pool? Why does this
happen?

Natural selection selects against particular phenotypes. The frequency of the alleles controlling
those phenotypes is decreased. The frequency of other alleles in the gene pool goes up in
response.

4. The frequency of a particular allele changes from 30% to 10%. Is this population evolving?
Why or why not?
Yes. The allele frequency has changed significantly.

5. Does natural selection work directly or indirectly on genotype? Explain your answer.
Phenotype. An albino rabbit dies because it is white and stands out to predators more than a
brown rabbit. It does not die because it has a white allele.



6. Compare and contrast evolution in single-gene vs. polygenic traits.

Single gene traits — measured by change in allele Jfrequency

Polygenic — measured by shift in phenotypes, as the genetics behind various phenotypes are
extremely complicated.

7. List and describe the three types of selection which occur when polygeni'c traits are evolving,
Directional — organisms on either end of the bell curve become more fit, shifting the average to
one side or the other

Stabilizing - organisms at either end of the curve become less fit, exaggerating the already
existing rorm.

Disruptive — organisms at both ends of the curve become more fit, creating two distinct
phenotypes.

8. What is genetic drift? List and describe the two types of genetic drift.
Allele frequencies change by chance, as opposed to natural selection.

Founder effect — a small group of organisms colonizes a new habitat. By chance, there genetic
make-up is different than the original population as a whole

Bottleneck effect — the population is quickly and dramatically reduced. The surviving organisms
have a different allele frequency than the original population.

9. Compare and contrast genetic drift and natural selection.
Both result in changes to allele frequencies, but natural selection is not due 1o chance.

10. What is genetic equilibrium?
The allele frequencies within a population remain stable.

11. What are the conditions required in order to maintain genetic equilibrium? Explain each.

Large population — reduces effect of genetic drift

No mutation —does not introduce new alleles into the population

Random mating — no particular group is leaving more offspring

No movement in or out of the population — individuals arriving may bring new alleles,
individuals leaving may remove alleles

No natural selection — natural selection changes allele frequencies do to variations in filness.

12. Which of the following conditions is MOST likely to result in changes in aliele frequencies
in a population? '
B. small population size

Speciatiomn:
1. What constitutes a species?
Individuals who can mate and create fertile offspring.



2. What is necessary for speciation o occur? Why is this necessary?
Reproductive isolation — allows differences in the genetics of a population to build up uniil they
can no longer produce fertile offspring.

3. List and describe the types of reproductive isolation.

Geographic — populations are separated by a physical barrier

Behavioral — populations are physically able to mate, but do not due to behavioral issues (ex —
different courtship rituals)

Temporal — populations mate at different times (one in April, one in June)

Mechanical — reproductive organs do not fit correctly

4. Can two populations be separated by more than one isolating mechanism?
Yes '

5. Describe the genetic changes which occur between populations after reproductive isolation
has occurred. '

As the individuals mate, changes occur 1o their genetic material. Since they are not reproducing
together, these differences do not become shared in their offspring. This makes them less and

less similar.

Evidence for Evolution:
1. Explain how each of the following provide evidence for evolution:

Vestigial structures — Structures which once had a function, but no longer do. They would not
be present unless they were once used.

Homologous structures — same structure, different function. Ex —wing of bat, flipper of whale,
arm of human. Would not be structurally similar if they didn’t have a common ancestor.

Analogous structures — Unrelated organisims with similar physical structures. Show how
organisms adapt to their environment.

Biogeography — Organisms that are unrelated but live in similar environments have similar
adaptations due to their similar needs

Fossils — Provide a visual record of how organisms change over timne

Embryology — Vertebrate embryos look very similar in the womb, possessing traits their adult
counterparts lack. They would not have these parts if they did not once use them.

Molecular biology — The number of differences in an amino acid sequence can be calculated to
determine how long ago the organisim shared a common ancestor.

2. Tf species A and B have very similar genes and proteins, what is probably true?
A. Species A and B share a relatively recent cOmmon ancestor



EVERYTHING YOU REALLY, REALLY NEED
TO KNOW ABOUT...

ECOLOGY IS THE STUDY OF HOW LIVING THINGS sovmton s
Rguredi

INTERACT WITH EACH OTHER AND THEIR

ENVIRONMENT. ECOLOGY IS A MAJOR BRANCH OF B}mhmg

BIOLOGY BECAUSE IT INVOLVES LIVING ORGANISMS. % noweree) :

ECOLOGY ALSO OVERLAPS WITH GEOGRAPHY,
GEOLOGY, CLIMATCLOGY AND OTHER SCIENCES.
ECOLOGY FOCUSES ON ECOSYSTEMS AND THEIR

ORGANISMS.

LEVELS OF ECOLOGICAL ORGANIZATION

ORGANISM~ INDIVIDUAL LIVING THINGS

PopPULATION- A SROUP OF ORGAMISME O THE SAME SFECIES THAT
LIVE 1IN AN AREA )
CoOMMUMNMITY- THE YVARIOUS POPULATIONS OF ORGANISMS THAT LIVE IN AN AREA

ErosVsTEM——COLLEC TN OF ALL THE CGREAMNISHMS THAT LIVE IN A PARTECULAE‘?’; PLACE;
TOGETHER WITH NON-LIVING ENVIRONMENT

BICSPHERE- THE REGIONS OF THE SURFACE AMD ATMOSPHERE OF EARTH WHERE LIVING
ORGANISMS EX1ST
DTV

AB!OTEC ANB BIOTIC FACTORS-"
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THE E’.NViRONMENT INCLUDES TWO TYPES OF FACTORS:

ABIOTIC FACTORS — THE NON-LIVING ASPECTS OF THE ENVIROMMEMT.
THEY INCLUDE FACTORS LIKE SUNLIGHT, SOIL, TEMPERATURE, AND
WATER

BIiOTIC FACTORS- THE LIVING ASPECTS OF THE ENVIRONMENT. THEY
CONSIST OF OTHER ORGANISMS INCLUDING MEMBERS OF THE SAME AND
DIFFERENT SPECIES.

AN ECOS}STEM COMSISTS OF ALL THE BIOTIC AND ABIOTIC FACTORS IN AN

AREA AND THEIR INTERACTIONS. EcOSYSTEMS CAN VARY IN SIZE.

Eivenian B




ECOSYSTEMS ARE CONSEDERED “OPEN SYSTE‘.MS” BECAUSE THEY MNEED

SRTAATE Pt

CONSTANT INPUTS OF ENER Y\J
A MNICHE REFERS TO THE(R F A SPECIES IN ITS ECOSYSTEM

A HABITAT 18 THE F’HYSICAL ENVIRONMENT IN WHICH A SPECIES LIVES
AND TO WHICH IT IS ADAPTED.

ENERGY FLOW THROUGH AN ECOSYSTEM

TO SURVIVE, ECOSYSTEMS NEED A CONSTANT INFLUX OF ENERGY.
DIFFERENT ORGANISMS HAVE DIFFERENT ROLES.

TN ey b AT

f! PRODUGERS" PRODUCE FOOD FOR THEMSELVES AND OTHER ORGANISMS.
MOST PRODUCERS ARE CALLED AUTOTROPHS BECAUSE THEY MAKE THEIR
OWN FOOR. TWO TYPES ARE:

[ PHOTOAUTOTROFHSY USE ENERGY FROM SUNLIGHT TO MAKE FOOD
BY PHOTOSYNTHESIS -

O

\ QHEMOAUTOTROPHSEH USE ENERGY FROM CHEMICAL COMPOUNDS TO
MAKE FOOD B’Y CHEMOSYNTHESIS,

e rn e i A RN e,

CONSUMERS TORCANISMS THAT DEPEND ON OTHER ORGANISMS FOR FOOD.

i i TR e S

SONE‘:UMERS "ARE HETEROTROPHS AND ARE CLASSIFIED BY WHAT THEY
EAT:

HERBIVORES- CONSUME PRODUCERS SUCH AS PLANTS OR ALGAE.
EXAMPLES INCLUDE: DEER, RABBITS, AND MICE

WJ‘ CARNIVORES~ CONSUME ANIMALS. EXAMPLES INCLUDE: LIONS,
POLAR BEARS, HAWKS
OMNIVORES- CONSUME BOTH PLANTS AND ANIMALS, EXAMPLES
INCLUDE: HUMANS, PIGS, BROWN BEARS, CROWS

“DECSMPOSERS/ BREAK DOWN THE REMAINS AND OTHER WASTES AND

( RELEASE SIMPLE INORGANIC MOLECULES BACK INTO THE ENVIRONMENT,
PRODUCERS CAN THEN USE THE MOLECULES TO MAKE NEW ORGANIC
COMPOUNDS.

Foep CHAINS & FooD WEBS



FoOoD CHAIN- REPRESENTS A SINGLE PATHWAY BY WHICH ENERGY AND
MATTER FLOW THROUGH AN ECOSYSTEM.
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Foon WEBS- REPRESENT MULTIPLE PATHWAYS THROUGH WHICH ENERGY
AND MATTER FLOW THROUGH AN ECOSYSTEM. IT INCLUDES MANY FOOD
&

Tarliary Dorsumang

Erimory Consurners
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b
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CHAINS,

EcoLoGICAL PYRAMID- REPRESENTS THE ENERGY THAT IS PASSED UP A
FOOGD CHAIN OR WEB FROM LOWER TO HIGHER TROPHIC LEVELS.

"TROPHIC LEVELS ARE FEEDING POSITIONS IN A FOCD CHAIN OR
WER, ONLY ABOUT 10% OF EMERGY AVAILABLE AT ONE LEVEL IS
AVAILABLE TO THE NEXT LEVEL. WHY? BECAUSE IT I8 USED FOR
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POPULATION DYNAMICS

POF’ULATION- A GROUP OF ORGANISMS OF THE SAME SPECIES THAT LIVE
iN THE SAME AREA. THE POPULATION IS THE UNIT OF NATURAL
SELECTICN AND EVOLUTION. WE MEASURE A POPULATION’S HEALTH ON
HOW LARGE IT IS AND HOW FAST IT IS GROWING.

POPULATION SIZE~ THE NUMBER OF INDIVIDUALS IN A POPULATION

POPULATION DENSITY- THE AVERAGE NUMBER OF INDIVIDUALE 1IN A
POPULATION PER UNIT OF AREA OR VvOLUME, CROWDING MAY AFFECT THE
HEALTH OF A POPULATIONM.

POPULATION STRUCTURE AND GROWTH CAN BE DEMONSTRATED IN
GRAPHS!



POPULATION STRUCTURE GRAPH:
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EXPONENTIAL GROWTH- UNDER IDEAL CONDITIONS (FOOD, SHELTER,
LIGHT, ETC.) MOST SPECIES CAN GROW AT EXPONENTIAL RATE.

Tty

LLQQJ@;{;IC GROW"‘TH ;7? MOST POPULATIONS DO NOT LIVE UNDER 1DEAL
CONDITIONS THEREFORE THEY DO NOT GROW EXPONENTIALLY. FACTORS
THAT LIMIT GROWTH ARE KNOWN AS DENSITY DEPENDENT FACTORS (FCOD,

SPACE, ETC.)

|CARRYING CﬁfACIT;; THE LARGEST POPULATION THAT CAN BE
SUPPORTED 1N AN AREA WITHOUT HARMING THE ENVIRONMENT. IT 1S THE
SCEILING”

Papuiation Growlh rate is calculated by:

M
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BIlOMES

CLIMATE (TEMPERATURE, HUMIDITY, ATMOSFPHERIC PRESSURE, WIND,
RAIMFALL, AND OTHER METEOROLOGICAL MEASUREMENTS IN A GIVEN

REGION OVER LONG PERIODS OF TIME) HELPF DETERMINE THE NATURE OF
A RIOME, CLIMATE REFERS TO THE AVERAGE WEATHER IN AN AREA OVER
A LONG PERIOD OF TIME. WEATHER REFERS TO THE CONDITIONS OF THE

ATMOSPHERE FROM DAY TO DAY.

BIOMES ARE CLASSIFIED INTO:

® TERRESTRIAL BIOMES
2 AQUATIC BIOMES
? FRESHWATER & WETLANDS BIOMES

BIOGEOCHEMICAL CYCLES-

BIOGEOCHEMICAL COYCLE ARE THE CHEMICAL ELEMENTS AND WATER THAT
ARE NEEDED BY ORGANISMS THAT ARE CONTINUOUSLY RECYCLED IN AN
ECOSYSTEM.

WATER CYCLE — A GLOBAL CYCLE THAT INVOLVES WATER MOLECULES
MOVING THROUGH THE WATER CYCLE.
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Evaporation




CARBON CYCLE

MNITROGEN CYCLE




Frimary Succession
(ne life already existed here)
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ECOLOGICAL SUCCESSION

COMMUNITIES, THE ORGANISMS THAT LIVE IN AN ECOSYSTEM, ARE NOT
USUALLY STATIC. THIS MEANS THAT THE POPULATION OR NUMBER CF
SPECIES CHANGE OVER TIME. THIS IS CALLED ECOLOGICAL SUCCESSION.

THERE ARE TWO CASES OF SUCCESSION;

,

v s iy

-~ BRIMARY SUCCESSION ' OCCURS IN AN AREA THAT HAS NEVER BEEN

{
~..COLONIZED. - THIS TYPE OF ENVIRONMENT MAY OCCUR WHEN A LANDSLIDE
UNCOVERS AN AREA OF BARE ROCK, LAVA FLOWS FROM A YOLCANO AND

HARDENS INTO ROCK.

e - o e ’| Y

'SECONDARY SUCCESSION —-)OCCURS WHEN FORMERLY INHABITED AREA IS
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COULD BE BECAUSE OF A FIRE, FLOOD, HUMAN ACTIVITIES (FARMING,
DEVELOPMENT, ETC.)

Secondary Surcess

BIODIVERSITY

BIODIVERSITY REFERS TO THE VARIETY OF LIFE AND ITS PROCESSES, |
INCLUDING THE VARIETY OF LIVING ORGANISMS, THE GENETIC ' |
DIFFERENCE AMONG THEM AND WHERE THEY OCCUR.

FACTORS THAT AFFECT OR THREATEN BIODIVERSITY

e POLLUTION
e OVERUSE OF RESOURCES
¢ DEFORESTATION

e MNON-NATIVE SPECIES
® DEVELOPMENT
& EXTINCTION







