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Subject: Biology

Topic: Genetic information, variation and relationships
between organisms (1)

DNA, genes and chromosomes Eukaryote Prokaryote
—— Prokaryotic cells Eukaryotic cells Membrane- Mitochondrion _
enclosed nucleus Nucleoid Capsule
| Size Small (<5 pM)| Larger (> 10 pm) E o presaneres

Year Group: |12

Prokaryotic cell

succeed

Unicellular organisms that lack organelles or other
internal membrane-bound structures. They do not
have a nucleus, however generally have a single
chromosome; a piece of circular, double stranded
DNA.

2 Uni/multicellular Unicellular Often multicellular
3 Organelles No nucleus or Nucleus & membrane bound organelles
membrane bound
organelles Flagellum
Cell Wall
4 DNA shape Circular, without Linear associated with histones to form Cell Membrane (in some eukaryotes)
histones, free in chromatin, in nucleus
cytoplasm Investigating diversity (1)
5 Ribosomes Small (70s) Large (80s) I Genetic diversity The greater the number of different
alleles that all members of a species
6 Cytoskeleton No Yes possess, the greater the genetic
diversity of that species.
7 Motility Rigid rotating Flexible waving cilia or flagellae (tubulin)
flagellum (flagellin)
. - . . . 2 | Allele frequency The number of times an allele occurs
8 Cell division Binary fission Mitosis or meiosis within the gene pool in a population,
lative to all oth t I
9 Reproduction Asexual Asexual or sexual refative o a ofhers at same focus
4 | Gene pool All the different alleles of all the
10 Metabolic Huge variety Common pathways genes of all the individuals in a
pathways population at any one time
I DNA in other NA DNA present in chloroplasts & 4 | Comparing genetic Within or between species;
regions mitochondria resembling prokaryotic diversity a) Frequency of
DNA measurable/observable
. . characteristics
12 DNAis... Definition b) Base sequence of DNA
a) Non The genetic code is composed of nucleotide triplets. Three c) Base sequence of mRNA
overlapping nucleotides in mRNA (a codon) specify one amino acid in a d)  Amino acid sequence of

protein. Each base appears in only one triplet — each base is

only read once.

proteins

5 | Gene technology Has caused a shift in methods of

b) Degenerate

A genetic code in which a single amino acid may be coded for
by more than one triplet code.

investigating genetic diversity from
solely looking at observable features

c) Universal

The genetic code is the same in all living organisms — this is 6
indirect evidence for evolution.

All organisms use DNA to transcribe RNA, and translate that
RNA into proteins. Every living organism uses that same system.

Variation Is caused by genetics (inherited) and
environmental factors. Can be
investigated quantitatively within a

species by random sampling.

2 Eukaryotic cell Cells that contain a nucleus and organelles, and are
enclosed by a plasma membrane. Eg: protozoa, fungi,
plants and animals.

3 Genome Full set of DNA found in organisms

4 Proteasome Full range of proteins that can be synthesised from the
genome

5 Gene Short section of DNA that codes for amino acids,
hence polypeptides and functional RNA

6 Chromosome Thread like structures that consist of a DNA molecule
tightly coiled around its associated proteins (histones)

7 DNA Deoxyribonucleic acids

8 Histones A protein that provides structural support to a
chromosome. DNA wraps around histones in
eukaryotic cells to form nucleosomes. This gives a
compact shape

9 Chromatid Each of the two thread-like strands into which a
chromosome divides that are joined together by a
single centromere prior to cell division

10 Allele Alternative forms of a particular gene with different
base sequences, and therefore different codes

11 Triplet Three consecutive nucleotide bases which code for
one amino acids

12 Locus Location of a specific gene on a chromosome

13 Codon A sequence of three DNA bases that codes for a
specific amino acid

14 Nucleosome A structural unit of a eukaryotic chromosome,
consisting of a length of DNA coiled around a core of
histones (approx. 8)

15 Chromatin A complex of DNA and protein found in eukaryotic

cells. Its primary function is packaging long DNA
molecules into more compact, denser structures
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Beckfoot : . . succee
between organisms (2)
Investigating diversity (2
Si , Af i dt tify th g g ty ( ) | Biodiversity The variety of organisms in an area, considered on a local or
>IMpson's  formua 1S used to quantily the SAMPLING METHODS (3 types) global scale
index of biodiversity of a habitat. It takes into : —— : — :
diversity account the number of Species Present | Random Sampling a population to eliminate bias. Each member of 2 SpeC|es Ahgroulp Of IrdlvclldI;IaL Or:ganISImT‘lWIth SII:nII.ar mc;qrphologlcal,
. ; ion i ; i physiological and behavioural characteristics, whose
formula as well as the abundance of each species. sampling the population is equally likely to be included. Random i X ]
P sampling with quadrats is used to examine differences members are able to interbreed to produce viable offspring
S s - — r | between contrasting habitats within an habitat. 3 Habitat The range of habitats in which different species live. Each
CalCUIatlng D Specles  Mumbers n) nin=1 2 Quadrat In each habitat, mark out a 10m x 10m square on the habitat will be occupied by a range of organisms
N (N . 1) | A 10 (10x9) =% technique ground by laying one tape measure 10m lengthways and a 4 Ecosystem A community of living organisms in conjunction with the
D = | & L (18x 17) = 306 second tape measure |0m at right angles to the first. nonliving components of their environment, interacting as a
Zn (n = D | ¢ 1 (16 15) = 240 Use a random number table or random numbeI.' system. These biotic and abiotic components are linked
== : T generator to select numbers from |-10. Use pairs of together through nutrient cycles and energy flows
o v @xh) numbers as x and y co-ordinates. Use the metre interval
ycep one: Calculate N E 8 (8x7) =56 markings on each tape measure to locate the lower left 5 Biodiversity The range and variety of genes, species and habitats within a
X : RS - En(n. 1) | 207106420042 hand corner of a frame quadrat.Take at least 10 quadrat particular region. Made up of three components: genetic
¢ Step two: Calculate NN - | el il samples in each area. diversity, species diversity and ecosystem diversity.
¢ Sten three: Calculate nin - 1 54 3 Stratified A proportionate number of observations is taken from 6 Species Number of different species and number of individuals of
' sampling each part of the population. Divide a habitat into zones diversity each species within any one community
e Cton fruir CCalr o SN - 1 (54 X 53) = 2862 which appear different and take samples from each zone.
PUER TV VAN ' ” 7 Species The number of different species represented in an ecological
3 & s i 8 - 4 Systematic Used where the study area richness community. It does not take account the abundances of
7 Step Tour: viviae NiN-L by 2nin = 1 sampling includes an environmental species or their relative abundance distributions.
gradient. A line transect is 3 Variati Diff bet - dividuals. It be int &
- - - — - used to sample systematicall ariation ifferences between individuals. It can be interspecific
2 | Reducing Farming techniques reduce biodiversity along the enl\)/iror{mencal Y (between different species) or intraspecific variation
biodiversity with methods such as; monoculture, use gradient. Eg: every 10 meters (betw<?en individuals of the same species). It is important for
of herbicides & pesticides, hedgerow along a line running from evolution.
removal & woodland clearance seash;)l;je inland across 9 Directional Favours one extreme of the range of characteristics and the
a sand dune selection other extreme is selected against — shift in population curve
3 | Conserving Conservationists protect biodiversity — - - 8 Pop
biodiversity with methods such as; giving endangered 5 Sampling bias :/nver;:Eear:zTELz Iisn::::riljzzesolsujz;z: ::Zyn::iis:n:ss 10 Stabilising Favours the mean of the distribution because the extremes
. . . selection are at a selective disadvantage — frequency of mean
species legal protection, creating likely to be included than others. The data you collect phenotype increases g i Y
protected areas & the environmental may therefore not be accurate or represent the group.
stewardship scheme. A balance between I Polygenes Group of genes that are responsible for controlling a
. . . 6 Sample size The number of observations in a sample. isti
conservation & agriculture is needed P P characteristic.
7 Mean A type of average where you add up all of the numbers 12 Normal A bell-shaped curve produced when a certain distribution is
10 | Quadrat A frame, traditionally square, then divide by how many numbers there are. distribution plotted on a graph
used in ecology to isolate a curve
standard unit of area for 8 Median A type of average where you place the numbers you are - - — -
study of the distribution of given in value order and find the middle number. 13 Ef:osys.tem Range of different habitats within a particular area
an item over a large area. diversity
9 Mode Type of average , the number that occurs the most often.
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Subject: Biology

Standard deviation

Topic: Genetic information, variation and relationships
between organisms (3)

I A measure of how spread out about the mean your values are.
The more spread out the data the higher it will be.

Classification & Courtship

YOU DO NOT NEED TO KNOW THIS
however must be able to use it

2K = 5=

n

2 Calculation

g =

where,

O = population standard deviation
2 = sum of...
K = population mean

n = number of scores in sample.
]

The biological
species concept

A species contains all organisms that are capable of breeding
together to produce living, fertile offspring

Binomial naming
system

Linnaeus’ system to name species. |st:
Generic name (genus). 2nd: Specific
name (species) E.g. Felix tigris

3 Low standard deviation-
indicates the data points

are very close to the mean
High standard deviation-
indicates the data is spread
out over a large range of
values (this indicates a large
amount of variation

within a population)

Low Standard Deviation -

High Standard Deviation

k!

{a) Stabilizing selection

Robins typecally lay four eggs.
an example of stabilizing
selection. Larger clutches may
result in malmnourished chicks,
while smaller clutches may
result in no viable offspring.

Population
after mnatural
selection
Drigiral
population
Type of natural selection where

population mean stabilizes on a
non-extreme trait value

() Dir
Light-cotored peppered moths
Population afte
2 "a.‘:"ﬂ, wlectio’n are better camouflaged against a
— prisune environment; ikevise,
dark-colored peppered moths
Original are better camouflaged against a

population sSooty environment. Thus, as the
Industrial Revolution progressed
n nineteenth-century England,
the color of the moth population
shifted from hght 10 dark, an
example of directional selection

The most common varieties of an organism are selected against

3 (c) Diversifying selection

In a hyphothetical population
gray and Himalayan (gray and

white) rabbits are better able 1o
blend with a rocky environment

Original
population

Population after
natural selection

than white rabbits, resulting n
diversifying selection

Favours the survival of individuals at 2
different points within the range of variation,
results in 2 different phenotypes

2 Classification The process of sorting living things into groups. It is a hierarchy of 2 Hierarchy Groups within larger groups; with no
taxa; overlap between groups at each rank
Domain, sp‘;:?l(:lc H VT H
Kingdom -« A 3 Artificial Process of classifying organisms based
Phylum ‘ classification on differences useful at time e.g. colour,
Class, size, number of legs
Order == 4 Phylogenetic Process of classifying organisms based
Famil . . .

Ga;:'u); avLUM ‘1 Classification upon evolutionary relationships
Species [ rancoom RN between organisms and ancestors

5 Analogous Characteristics with the same function
Classifications are constantly been updated as new methods are Characteristics not the same evolutionary origins. e.g.
dlscover.ed to |.nfer relathnshlps eg: I?NA sequencing, amino acid wings of butterflies and birds used for
sequencing or immunological comparisons flicht b .. din diff
Classifications are based on anatomical, physiological and ight but o-rlg.glnatg 'n. '_ erent ways.
behavioural characteristics 6 Homologous Characteristics with similar

isti evolutionary origins regardless of their

3 Binomial naming A system which names species by their genus and species name. Characteristics . . ‘ry h gd | gf .

Rules for naming: The entire two-part name must be written in unctions in the adult of a species e.g.
italics (or underlined when handwritten). wing of a bird, arm of a human and
The genus name is always written first. front leg of a horse
The genus name must be capitalized. Eg: 7 Taxon Each group within a phylogenetic

T — e ——— N S— ~ biological classification (pl. taxa)

8 Courtship A specialised behaviour that precedes
i - behaviour the fertilisation of eggs by a male to
Scientific Name: | Xanthias lamarckii ensure successful reproduction.
19 Classification Organisation of living organisms into

4 Phylogeny The study of evolutionary relationships between organisms. In a groups
phylogenetic diagram branch tips represent species at the end of - - - —
their specific lineage, branching points represent common ancestors | |Q | Taxonomy The practice of biological classification
& the closer the branches, the closer the evolutionary relationship.

{ur ,l!ar\{\\\ > @.r“g" - :};\‘,v?:.,o‘@‘\f\jf e, I Domain Largest taxon either bacteria, archaea
and eukarya
12 | Kingdom Second largest taxon of classification.

Eukarya domain divides into
Protoctista, Fungi, Plantae and Animalia.
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Subject: Biology

Topic: Genetic information, variation and relationships between

Aarganieme (4)

NATURAL SELECTION

their offspring,

| | Darwin’s theory to explain the
mechanism of evolution. The
process by which organisms better
adapted to their environment
survive and reproduce and pass on
their advantageous alleles to the

whilst those less well

adapted fail to do so.

2 | Random

mutation

During natural
selection, random
mutation can result
in new alleles of a
gene, many are
harmful, however
some are beneficial
and can lead to
increased
reproductive success.
The advantageous
allele is inherited by
the next generation &
increases in the
population.

3 | Stages of natural selection

A| Variation

factors

Differences between individuals
within a species. This can be caused
by inherited or environmental

B | Competition

, mates etc

Individuals compete for food, shelter

C| Survival of the fittest

Those with advantageous alleles are
more able to compete & survive

D| Reproduction

generation

Individuals that survive, produce
offspring and pass on the
advantageous allele/s to the next

Year Grou

Meiosis 1+11 Meiosis
| Stage Event Outcome Type of nuclear | Genetic diversity The total number of genetic characteristics in the genetic makeup of
(it B e e The division where a species. It is distinguished from genetic variability, which describes
A g m\g\“"” “‘-”'7'; “.h:’m; a the chromosome number the tendency of genetic characteristics to vary. Genetic diversity
Chromatin is halved serves a way for populations to adapt to changing environments
= Spindie Chiomosomes condense, and the nuclear envelope (natu ral selection)
2 & e fragments. Homologous chromosomes bind firmly Homologous
Prophase | sisr NSwm g e I e Ko g , , .
chrmw S et PSisnepopselddoniosaili e Bbors chromosomes 2 Gene mutation A change to one or more nucleotide bases in DNA that could
s emerge from the centrosomes result in a change in genotype which may be inherited
Homologous chromasomes are attached 1o spindie Pair of chromosomes, - - - -
3 Centromare microtubules at the fussd kinetochore shared by | maternal & | 3 M A material or other factor which increases the normal mutation rate
Prometaphase | (with the sister chromatds. Chromosomes continue 1o utagen ) o .
i} kinetochore) go.;ms;.suo the nuclear envelope completely paternal, thlat h:e the (Mutagenic agent) | €8 high energy radiation, chemicals
3 same gene locCi
Microtubule Ve H QOUS CHIOMOSOMES raNAoM?y assemrde af the determine the same A change that occurs in a chromosome. These changes are most
4 Metaphase | amached w x( plate m:uumn:.e piate, where they have o:en maneuvered f N 4 Chromosome . L
Knetochore m into piace by the microtubules eatures. Not mutation often brought on by problems that occur during meiosis and can
= "ece;sar'l);rﬁem'cal as result in changes in the number of chromosomes in a cell or changes
may have di erent .
5 2";'" P:‘O'MWOUS Spindie microtubules pull the ous alleles. Capable of ?hthe Strucwrf Ef a ChromodsonLel: —— - -
chromosomes | chy p The ch s sl . . . A
Anephase § 'emm& nos chromosomes apan. The Sister chromatds are 53 pairing during meiosis. 5 Polyploidy .T]pro;:fesls of the fer;ome oubling that gives rise to organisms
e with multiple sets of chromosomes.
— Crossing over
SHee IMONVAOs SIVE 88 10 NO3 OF he: CON nct g i : The failure of one or more pairs of homologous chromosomes or
6 Telophase | ‘27 begn 10 decondense. A nuciear envelope Iovv.ns ) 6 Non-dlslunctlon P g
and Closvage e R e The process whereby a sister chromatids to separate normally during nuclear division,
okinesis R oW el e i i o U .
o : = ! copy ok aach Zhr?mat'd.b'ieaksd usually resulting in an abnormal distribution of chromosomes in the
uring melosis an .
- daughter nuclei.
rejoins to the S - -
chromatid of its 7 Mutation Alteration in the nucleotide sequence of the genome of an organism,
7 homologous virus, or extrachromosomal DNA
i ; chromosome so that s ivi i ivi ithi
Prophase i X mm:réo&a:;m;“m:gm begns 10 hr‘o |T Io o 8 Biotic factor A factor created by a living thing or any living component within an
S~ n d e'; alle :5 are environment in which the action of the organism affects the life of
exchange . .
8 another organism. Eg: predator consuming prey
8 X ‘ The mucioar envelope disappears, and the spindie Chiasmata 9 Abiotic factor Non-living chemical & physical parts of the environment that affect
Prometaphase Il X K m:m;x indrdcual kinesochores on the living organisms and the functioning of ecosystems. Eg: weather
A point at which paired " . " -
During the formation of gametes, each gamete receives just one gene
chromosomes remain 10 Independent 4
9 X K in contact during the segregation copy, which is selected randomly. Each pair of alleles segregates
first metaph f independently of the other pairs and all possible combinations of
Metaphase Il 1 g Sester chromatids line up at the metaphase plate. Fst metaphase of P v . P | P
x K meiosis and at which alleles can occur in the resulting gametes.
A crossing over and i .
: exchange of genetic I Independent The alleles of two (or more) different genes get sorted into
A Sister . i i
10 LS R e R R material occur assortment gametes |ndependently.of one another. The aII‘eIe a gamete receives
Anaphase i a separate. | of the kinetochore microtubules, Non kinetochore between the strands. for one gene does not influence the allele received for another
.. . ) .
0 the e ene. This is because homologous chromosomes line up in random
T v ™ microtubules lengthe:
= ~ Recombination orientations at the middle of the cell at metaphase as they prepare
1 =, - Chvomosomes armve ai the poles o the cell and R rearrameement of to sep.ara‘te, meaning that the sa'me parent cell can produce different
°“""‘” decondense. Nuciear envelopes surround the four 8 combinations of chromosomes in the daughter cells
Cytokinesis nuclei. Cleavage furrows dhade the two cells into genetic material,
four hapioid celis . . o .
Hapioid daughser celis especilally by crossing 12 Diploid Cell or nucleus containing pairs of homologous
- over in chromosomes chromosomes (two sets of chromosomes)
12 The cell cycle comprises three key stages: - . -
interphase (G1, S , G2), e Random fertilization 13 | Haploid C.eIII or nucle:cjs cohntz:]lnlng single, unpaired chromosomes (a
e L ‘i epton. single copy of each chromosome
r(1:uclele(1.r d|Y|S|on (mitosis or meiosis) g="" Combining of gametes g Py )
ytokinesis S:,cerre::ye)s genetic 14 | Gamete Reproductive (sex) cell that fuses with another gamete
during fertilisation
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o . | ATGGCAATTCGTTTTTTACCTATAGGG... DNA  coding strand
Protein synthesis o e
.Y R . Met) @Al& lle <Arg:Phe) ‘Leu <Pro>elled Gy  amino acid | Chromatid Thread-like strands, two of which are joined by a
(Transcrlptlon & TranSIatlon) centromere to make up a chromosome
- i - - silent ATGGCAATTCBTTTTTTGCCTATAGGG .. DNA  coding sirand
| Protein synthesis- The process by which the genetic code codes for D @B B> B e lLeu IPro] B o = Variation can arise due to mutation. 2 Autosome A chromosome which is not a sex chromosome
proteins in the cell. The template strand of DNA codes for mRNA . ¥ Mutagenic agents can increase the rate of
in transcription, which is then translated into an amino acid ) - this. 3 Intron Portions of DNA within a gene that do not code
sequence at the ribosomes. It is made up of 2 key parts: ety SADGETANIESRIGRIN CARGH REER Dwf A for a polypeptide. They are removed from pre-
Transcription and translation Met) (Al lle Arg Phe €ZIp Pro (e Gly amino acid 2 Substi.tution I(f abnu.cleot;;:kj: is rfhaDnrgf,: messenger RNA after transcription, in splicing
mutation substitute in the . el
Portions of DNA within a gene that codes for
TRANSCRIPTION nonsense | ATG GCAATTCGTTITTGACCTATAGGG . DNA  coding stiand sequence 4 Exon ortions o win @ gen codesto
: el @) 8> Aig. Phs m' SRR proteins, joined together during splicing
| F:rmatl;n of messenge:' RNA (n;RNA;]) nf1'o|ecu|es fr;)m the. DNA 3 Nonsense If the base change results 5 Codon A sequence of three adjacent nucleotides in mRNA
that makes up a particular gene. It is the first stage of protein ; mutation in the formation of a sto . .
synthesis. o ATGGCAATTCGTTTTTACCTATAGGG,,. DNA  cadngstind codon P that codes for one amino acid
(1bp deletion) el Wz lle Arg P G (ED SR amino acid 6 Triplet A sequence of three bases in DNA.
STAGES . . 4 Mis-sense The base change results C | homical 3 r b
- Protein SY“thGSlS mutation in a code for a different 7 Nucleotides omplex chemicals made up of one organic base,
2| DNA helicase (enzyme) breaks th hydrogen bonds becween the (Transcription &Translation) amino acid completely sugar & phosphate. Basic units of which the nucleic
elix (double strands) P o —— A " acids DNA and RNA are made
3 Free RNA nucleotide bases pair with the exposed DNA bases TRANSLATION fent @ base change st 8 mRNA Type of RNA that is a long strand arranged in a
mutation codes for the same amino . . . . .
(template strand) acid as before (as code is single helix and its base sequence is determined by
7 | The latter part of protein synthesis when the degenerate) the sequence of bases on a length of DNA
4 RNA polymerase (enzyme) forms covalent bonds between each : : 8
X mRNA is used as template to which S . _
nucleotide complementary tRNA molecules attach and 6 | Deletion A nucleotide is lost from 9 Template strand Strand of DNA which is used during transcription
A o . ; to make mRNA. It runs in a 3’ to 5’ direction so
5 mRNA strand is formed and breaks away from the DNA- this the amino acids link to form a polypeptide. mutation the DNA_ sequence, mRNA is built in 2 5’ to 3’ wa
migrates out of the nucleus via nuclear pores whilst the DNA re- resultlng ina frame shift Y
zips (reforms) itself back into a double stranded molecule STAGES in translation 10 RNA polymerase Enzyme that joins together nuc!eo.tides to form
SPLICING 8 mRNA attaches to ribosomes on the rough 7 | Variationin Meiosis is also a cause of messenger RNA during transcription
6 Th by which b d h endoplasmic reticulum meiosis ;aﬂa;lon as III-‘. p;oduces 4 11 tRNA Type of RNA that has an anticodon which is
i i i aughter cells that are .
o R T T compemenry o eon edon) cf AN
) ; Each molecule is specific to one amino acid.
In prokaryotes this stage does not occur as transcription results 9 Transfer RNA (tRNA) carries each other. Independent P
directly in production of mRNA from DNA. corresponding amino acids to each codon segregation &assortment | |9 | Anti-codon A sequence of 3 adjacent nucleotides on a molecule
In eukaryotes this stage does occur as pre-MRNA is produced from on the mRNA con'tribute to this of transfer RNA that is complementary to a
DNA, which needs to be spliced to mRNA. 10 | The anti codon is a triplet of bases that variation (see key vocab) particular codon on a messenger RNA molecule
e MRNA & Cell nucleu . L. .
Transcription form part of a tRNA molecule so the \ g g cytoptasm 13 Ribosome An organelle consisting of rRNA and proteins
Codon correct amino acid attaches to the y g found in large numbers in the cytoplasm and on
DNA )C J [ Po|ypeptide chain (PFOC&SS requires ATP) mRNA | \ the RER of Iiving cells. They bind to mRNA and
Y/ 4 ? 4 \ use tRNA to synthesise polypeptides.
\ - / ¢ }’ I Amino acid is transported by tRNA and \ Translation ‘
__ 4 ,__/) Exons and introns attaches to ribosome \ - )7 poen 14 Polypeptide A polymer consisting of a large chain of amino
”~ Base pair Ex N s Amino acids QG ( acids bonded together by peptide bonds.
| ¢ DNA ‘_./" v ‘\h:""‘—-...‘ . S . | )c hr;)iv'\‘/mg protein
Pre-mRNA \ 4 "4 _/ 12 ﬁ\mlgo acids join together by peptide \ § . 15 | Community Organisms of all species that live in the same area
v onds \
plpeauF P ‘\\“\Intr{:’/ The il d i Y4 i i i
g . process repeats until a stop codon is I 15 - .yf\\ 16 Population A group of organisms of the same species
y ! and spheing. reached & the peptide folds into a tertiary LELEITREETE! & occupying a particular space at a particular time
mRNA | \ e structure Rbosome— ___ Codon that can potentially interbreed.




