Methods and Logic:
GregorMendel
Experiments in Plant Hybridization



Mendel

"That no generally applicable law of
the formulation and development of
hybrids has yet been successfully
formulated can hardly astonish anyone
who is acquainted with the extent of

the task and who can appreciate the
difficulties with which experiments of
this kind have to contend.”

Gregor Mendel




Mendel

A Johann Mendel was born into &thnic German family in 1822.

A He spent his early youth in that rural setting, until age 11, when a local
schoolmaster who was impressed with his aptitude for learning

recommended that he be sent to secondary schtoatontinue his
education.

A UponrecommendationMendelentered theAugustinian SThomas's
Abbeyand began his training aspaiest in 1843. Héook the nameGregor
upon enteringreligious life.

A In 1854Mendel was authorized to conduct his investigatiarithe
monastery's 2 hectares (4.9 acres) experimegtabens.

A In 1865 Mendel delivered two lectures on his findings to the Natural
Science Society in Brno, who published the results of his studies in their
journal the following year, under the titlExperiments on Plant Hybrids

A Mendel diedin 1884 at the age 061 fromchronicnephritis.



The world In the 1860s

A The American Civil War lasted from 1861
1865.

A Speed of light was measured by Foucault
in 1862.

A Dmitri Mendeleev develops the modern
periodic table in 1869.

Institute the NobelPrizes.

A Florence Nightingale founds school for
nurses in 1860.

A Maxwellpublishes higquationsthat
guantify the relationship between
electricity andmagnetism in 1862.



Background

A Agriculturists had long known that the
dominant phenotype was often inherited by
the progeny.

A Mendel wished to discover the laws that

governed inheritance.
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far-reaching extent; this appears. However, to be the only right
way by which we can finally reach the solution of a question the

Importance of which cannot be overestimated in connection
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Questions the Paper Addresses

A Darwin and Wallace had previously described their
observations on how varieties arose from species, but a
deeper understanding was not yet available until Mendel was
able to elucidate the laws of inheritance.

A Mendel undertook 8 years of experimentation to understand
what is now the fundamentals of inheritance.




Key Experiments

A Mendel first had to select the appropriate
plants for his experimentation:

I The plants must possess constant differentiating
characteristics.

I The hybrids of such plants must, during the
flowering period, be protected from the influence

of all foreign pollen, or be easily capable of such
protection.



Experimental Model

A Mendel studied the garden pg®isumsativum) for several
reasons

I Peaswere available from seed merchants in a wide array
of distinct shapes and colors that could be easily identified
and analyzed.

I Peascan eitherselfpollinate or becrosspollinated.

I Peas are inexpensiand easy to obtain, take up little
space, have a short generation time, and produce many
offspring.




Experimental Model

A Pea plant anatomy:

Stigma -

receives pollen
Anther - creates \ :
pollen, male
reproductive cells :

Seeds

Ovary - female

reproductive cells Sepals



Key Experiments

A Mendel obtained lines of plants, which he grew for two years to make sure
that they were pure.

A Apurelineis a population that breeds true fohe
particularcharacterbeingstudied.

A Mendel had effectively established a control experiment by producing a
fixed baselindor his future studies so that any changes observed
subsequent to deliberate manipulation in his research would be
scientificallymeaningful.




Key Experiments
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Key Experiments

A Mendel chose to pick two differentiating
characteristics and unite them by cross
fertilization.

A He utilized male and female plants to cross and
make his first generation.

A Some possible experimental errors that he
mentioned were:
I Bug contaminationBuchugpisi
i Unwanted pollination from other
sources
I Pot planted vs garden grown pla




Key Experiments

A Mendel knew from previous
experiments that hybrids, as a
rule, are not exactly intermediate
between the parental species.

A Mendel begins to use the terms ,_
dominantandrecessivao describe e-...a‘-g |
traits that are either seen in the F1 70
hybrids or not.

A Mendel also describes that he sees
no way to determine by looking at
a hybrid if the dominant phenotype
came from the maternal or
paternal plant.




Key Experiments
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Once Mendel had produced the
hybrids, he proceeded to perform
self fertilization and count the
number of plants or seeds that
had the defining characteristics of
the parental strains.

Parental strands AA & aa
Hybrids (F1): Aa & Aa

F2 generation: AA & Aa & aa,
which yields a 3:1 ratio

Mendel performed many
experiments and consistently
obtained ratios very close to 3:1
for dominantto recessive
phenotypes.
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Key Experiments

Parental phenotype Fq F» F5 ratio
1. Round=wrmkled seeds All round 5474 round: 1850 wrnkled 2 96:1

2. Yellow=green seeds  All vellow 6022 vellow: 2001 green  3.01:1

3. Purplexwhite petals All purple 703 purple: 224 white 3.15:1

4. Inflated~<pimnched pods All nflated 882 mflated: 299 pinched 2.95:1

3. Greenx<vellow pods All green 428 green: 152 vellow 2.82:1

A 6. Axial<terminal flowers All axial 631 axial: 207 terminal 31441
o R 7. Long=short stems Alllong 787 long: 277 short 2.84:1
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Key Experiments

A Mendel took great care in executing his
experiments.

I He ensured that the pods remained on the plants
until they were thoroughly ripened and fully dried.

I He also made sure that short plants were moved so
that they did not become dwarfed by their taller
brethren and die from a lack of sun.




Key Experiments

A Thestudy of the individuafselfingg revealed
that underlying the 3:1 phenotypic ratio the
F2 generation waa morefundamentall:2:1
genotypic ratio.
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Key Experiments

A The ratio of 3:1 that Mendel obtained is
consistent with but better described by 1:2:1,
which Is revealed by using a Punnett square.

A Mendel continues to breed his plants through
subseguent generations and sees that the
proportions continued to hold true.
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Key Experiments

A He then proceeded to
perform crosses where each
plant had more than one
differing characteristic.

A He concludes:
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which several essentially different BS
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terms of a series of combinations, in
which the developmental series for Bs
each pair of differentiating

characters are united. The relation of ,
each pair of different characters in bS
hybrid union is independent of the

other differences in the two original
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Key Experiments
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Conclusions from the Results

A Mendel was able to correctly

conclude the ratios of @ =
Inheritance. b
A He developed the terms . @} Q)
dominart andrecessive @ BB Bb
A He also begins to understand "o ® |
the functional nature of germ - IS

cells and separate alleles.
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Conclusions

A The existence of genes.

A Genesre in pairsa S Yy R fedséhing here wasbvious and
due to his results from the F1 population with dominant and

recessive phenotypes.
A Theprinciple ofsegregation.
A Gametecontent.
A Randonfertilization.

GENE 1

GENE 2
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A The two members of gene pairsegregate from each other
INn meliosis; eaclgametehas an equal probability of obtaining
either member of the geneair.

A Thelaw ofindependent assortment; unlinked or distantly
linked segregatingenepairs assort independently ateiosis.




Concluding thoughts

A Mendel described basic genetic inheritance, and pioneered
the termsrecessivanddominant

A He leaves the understanding of the coloring of ornamental
flowers to future experiments.

A He also notes that there are great differences between plants
and animals that are bred in captivity to animals that are in
the wild.
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A Mendel did not promote his own work, so his
achievements were not recognized in his lifetime.

A Very hard to reproduce. Subsequent crosses had
difficulty with low fertility and phenotypes that didn't fall
Into a neat dominant/recessiveatterns.

A He was unable to understand the genetic inheritance
processes of quantitativadilution, sexlinkedand
crossoverevents.

l.:.
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A Mendel and his laws were "rediscovered" by
Hugo Marie dé/ries Karl Franz Joseph
Correns and Erichfschermak/on Seysenegg

A Between the 1860s and 1900 developments
the study ofcell division, fertilization, and the
behavior of subcellular structures had
established a new framework capable of
accommodating Mendel's "ratios and
numbers."

A WilliamBateson in the 1890s coineahd
popularized many of the terms now used by
genet|C|sts iIncluding the WorafsEI SYSiaA

"allelomorpH' (aIIeIe) "zygote,"
"homozygote," and "heterozygo®@d

A In 1902 Bateson publishédendel's Principles
of Heredity




Controversy

A In 1902, two years after
Mendel's work was
rediscovered, W. F. R. Weldol
suspected that Mendel's
results were very close to
expected values and tested
this suspicion with Pearson's
VySgté RS@BSE 2 LJ

A Heconcluded that Mendel's
observed ratios were
astonishingly close to his
expectations.




Controversy
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using statistics and claimed that Mendel must
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How much did Darwin influence
Mendel?

A

Darwindid not have an explanation féwow traits could be preserved over
the succeeding generations. At the time, the prevailing theory of
Inheritance was that the traits of the parents wdskeendedin the

offspring.

Mendelhad the answer to Darwin's problem. Traits were not blended, but
Inherited whole.

Mendel'sgenetics was combined with Darwin's original theorgieeus
modern NeeDarwinism

Mendel mentions Darwin four times in his writing, so the overall influence
IS unclear.
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Discussion

A It is fairly impressive that Mendel was able tc
correctly elucidate the general laws of
Inheritance.

A Whether or not Mendel did fudge his results, {0 3¢
he did correctly predict the ratio of genetic — = L'y |
inheritance ciut SRRt

A As modern scientists we still utilize this basig. '
understanding and have added to it
throughout the years.

A Along with Darwin and Wallace, Mendel
contributed hugely to shifting the paradigm
surrounding science and to promoting the
current scientific understanding and
methodology employed today.




