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Mendel and Darwin paved the way
for scientific plant breeding
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Self-pollination H (LK

SELF-POLLINATION

/

Stigma (receives pollen)

Anthers
(produce pollen
grains, which
contain male
gametes)

Ovules (produce female gametes)



9 F5 ks
L Y] 5]

CROSS-POLLINATION

1. Remove anthers
from one plant.

2. Collect pollen

from a different plant.

3. Transfer pollen
to a stigma of the
individual whose
anthers have been
removed.
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P Generation
(true-breeding
parents) Purple White
flowers flowers

Fy Generation

i do) All plants had

purple flowers

|
B A

F, Generation

RESULTS Both purple-flowered plants and white-

flowered plants appeared in the F; generation. In Mendel’s
experiment, 705 plants had purple flowers, and 224 had white
flowers, a ratio of approximately 3 purple : 1 white.
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Parental
generation
(homozygous)

Gametes

R = Dominant allele for seed shape (round)

r = Recessive allele for seed shape (wrinkled)

Round-seeded
Father

C
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FTRE T2 - (F3E)

Wrinkled-seeded
Mother

S

r /rr\ r

Fertilization

F, generation O 0 0 0
Rr Rr Rr Rr

All have Rr genotype (heterozygous) and round seed phenotype

Meiosis
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Figure 10.8b
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" BEH% (1865) i k7E Brunnk Society for Natural

History &P ERm, TRBFHENEBgNZ®R, (FRE
AIBrno, Czech)
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TR R ? WIS W RS, MthE T E AR
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Erich von Tschermak

MR AL E 5 - AR RE- R-HE

‘Hugo de Vries “Carl Correns

" de Vries (1900) Concerning the law of segregation of hybrids.

" Correns (1900) Mendel's law concerning the behavior of progeny of
varietal hybrids.

7 von Tschermak (1900) Concerning artificial crossing in Pisum sativum
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German biologist Walter Fleming, by staining cells with dyes,
discovered rod-shaped bodies he calls "chromosomes."
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Figure 8.1
Mitosis has been studied since the early 1880s

An Early View of Mitosis

Paired “threads”

This drawig of mitosis in the salamander larva was
made in 1882. The black threads are chromosomes.
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Un-replicated chromosomes — prior to S-phase

Chromosome

Number of chromosomes: 4



Figure 8.6b

Replicated chromosomes — after S-phase

Chromosome
R Sister
r % Centromere

Number of chromosomes: 4



Figure 8.7

4 54 A

< ) Parent cell

Replicated chromosomes
condense at the start of mitosis

Mitosis

During mitosis, sister
3 } chromatids separate and
( r two daughter cells are formed.

Parent cell and daughter cell contain the
same complement of chromosomes.
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Principle of segregation

Dominant allele

~R r=— Recessive allele
Q)ﬁgﬁﬁ% for seed shape for seed shape
Y/ (round) (wrinkled)

i Chromosomes replicate
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Gametes



Figure 10.11b

Principle of independent assortment
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— Alleles for seed shape
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Chromosomes

X0 XX Parents
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ERRNAERE B TEFRM (crossover) o

Parental genotypes Recombinant genotypes

Black Wild Gray Black
vestigial type vestigial normal
[ 944 [ 965 | 206 | 185 |
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Parental phenotypes Recombinant phenotypes

& 2001 Sinauver Associates, Inc,
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The Molecular Basis of Inheritance

R @5 A7 DNA or F-v B

1T pum

Figure 4-18 Molecular Biology of the Cell 6e (© Garland Science 2015)



= InER Wrﬂ (Tomato Mosaic Virus; TMV)
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SOEKZ&,—EEEF SHEANEE, HaiIREHRENR
RER. BERMARERRE TMV (FNERURE)

" A BRFBRUFIATLALREERENSZE EBRT TMV,

" 1935 % Rockefeller #9 Wendell Stanley #&&H TMV, &
HALRREDESEE. MTENRD, FRAEENHE. . &
B%%%?TMVEF—EEﬁ%meEH BT AR REE
EMBIIE T A,
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" 19364, #IB#) Norman Pirie #]
Frederick Bawden 218 TMV HfRT &
AEZNEE—BRKEEY (25%) Mk

(0.5%) o o

" Stanley WEBBRZ=MA#ML TMV ¥1ER,

.

" Stanley HEER 0.5% BERES, BNfE
EekE HEXRTEERER. BHRETE
i tetranucleotide TME (1R1E& Levene
B 7E Rockefeller) o [FIBERIIKEHER | ]
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1928 Fred Griffith
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Griffith‘s £% 2% experiment in 1928
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Avery—MaclLeod—McCarty experiment,

BB EDNAR v 2 3P o

S strain

3

l RANDOM MUTATION x 24

causes pneumonia

rough nonpathogenic

R strain mutant bacterium

o O
o®
live R strain cells grown in
presence of either heat-killed

S strain cells or cell-free
extract of S strain cells

TRANSFORMATION

some R strain cells are
transformed to S strain
cells, whose daughters

are pathogenic and

S strain 2
cause pneumonia

CONCLUSION: Molecules that can
carry heritable information are
presentin S strain cells.

(A)
Figure 4-2 Molecular Biology of the Cell 6e (© Garland Science 2015)

smooth pathogenic bacterium

S strain cells N
Nz, =
HE =

S%e

FRACTIONATION OF CELL-FREE %EH H@?]‘Eﬁ

EXTRACT INTO CLASSES OF
PURIFIED MOLECULES

oo

RNA protein DNA lipid carbohydrate éf]\ %& ﬂg?@

molecules tested for transformation of R strain cells T B Ao ==
BUfH SRR

A&

A J | A J A | Y

[ (ﬁa m )
o v o “ ® 0°

R R S R R
strain strain strain strain strain

DNA is only composed
of four types of

CONCLUSION: The molecule that . .
nucleotide subunits.

carries the heritable information
is DNA.

(B) How does DNA encode
large amount of
information???
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" Bragg, Perutz, Kendrew : ZHEN X §iGiEs REEE
" Pauling £ Corey : a-helix 9 Fi&8Y

" Wilkins 2 Franklin : DNA 89 X §i#&#:5) S EEE {:‘:;

ﬁﬂ'
o

" Chargaff : E#E LA

s EM tautomeric form
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The story of DNA Cambridge, UK King‘s College, London, UK Caltech, USA

William Lawrence Bragg John T. Randall

discovery

Studies of protein structures .
Cavendish Laboratory,

ttudies of nucleic acid structures Lin us Pau I i ng
Peter Pauling

Tetranucleotide?

Francis Crick James Watson Rosalind Franklin Maurice Wilkins

DNA structure was solved in 1953.
The 1962 Prize awarded to James D. Watson, Francis Crick, and Maurice Wilkins.



https://en.wikipedia.org/wiki/James_D._Watson
https://en.wikipedia.org/wiki/Francis_Crick
https://en.wikipedia.org/wiki/Maurice_Wilkins

DNA 5B

" 19504 Raymond Gosling (fi%
&) FRAXEHRIAZRETFEER DNA
%% (Randall [R5k A E FREMIEHT

R) o

“ Maurice Wilkins #%+# Rudolf
Signer FEI/NRAREY DNA, B
IR MR, TTEEEFRBIAE
B, FEEAXERD .

" Wilkins 1 Gosling A& 85
WEx%, MEOUSIEENRA X
B,

Hermng sperm DNA taken by Gosling
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1951 Rosalind Franklin BI3RES

B ELREYYIBRRPMNFTR J. T. Randall, ERB
Rosalind Franklin (=£/ fellowship) KR @ TERXER
EBRI/AmE, BristRBIRI Gosling . 1 Wilkins ;&
s, MEBE195141A8 Franklin IEZERMtE X RE, MHYELE
4 Raymond Gosling #2345 Franklin 1§38, #EFBARIERE
FHEEEER, W Franklin L HEMER =S TE,
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Rosalind Franklin

Franklin AattEBIZNMRE, BE Wikins FBaHEttHIB)
F, EEEBRERBEHNRE—EERZBES. Wikins XEMR
EZH, XEAEMRLE BRIEHBEEANRES, Franklin 818
Wilkins AR EH, B,
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Franklin BIXSt#RiEST SR

(@}l
=
o

W F| T Cavendish F&@E A,
Franklin #t7H DNA BfEF
% : B form,; E& TA form, .

¥ A form 28E1, B form 28E
. DNA REZ K, tBESZE
K, FrLlihs AR KERN B e T
B8, BUKMREsETTERE,

W +— B Riie— @SR, Crick W
Watson £E2, {EZ Watson # X5t
RN EEEESAY, BEAELET A-DNA  B-DNA
228
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Courtesy of Cold Spring Harbor Laboratory Archives. Noncommerclal, educational use only.



1951 11RH @ £—ERE

Sugar - PRoaphote bockbones

on e eede, Peld 1ogePer Dy
attroction between POZ ond Ne*
. d

]
Boses on outside of ———e= l"'".1
Cyt e O ROleCule | wed
r
~ 1

=RNET, EEREREZETETE, LUEBERIEEEFIRE NG
EBE—i#t, IEEFAMN . (R Crick 1951 Fk&=0ETHT "The

structure of sodium thymonucleate: a possible approach"#&s%) .
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" Franklin B9&FE :

"WEEC—R, TMRE—EEE. 1 (Watson)

l... Rosalind BRBEATFET., MHEMER
BIFERN, FAltEESERBEZELF BT 7
R EAMTEARAE, F—8. 1. £=

B, RBEMIMEA. 1 (Raymond Gosling,

Photo 51)

i SR IR N AT RETE R . EREMERL T
Ho

" |_awrence BraggfRfE

57# Cavendish BVE8ER, Bragg BIEE, £

1F Watson £ Crick BEEETEENZE.
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“ 19524118, Linus Pauling BAE SEDNARIFES,

" Robley Williams (UC Berkeley) 7£ Caltech &3, Ex DNA
VEFEEMERE. DNA BEKGEROER, BEEAHNIS A,
PaU[lﬂg 3% DNA %ﬁﬁﬁ%o %Zfﬁﬂﬁigggﬁﬁﬁla

" 19524 Alexander Todd WERZE (i) K408 DNA &
FEEAEER RV, EtEREMINEREENME LE, NE,
Pauling ;R BIFHIXEHREIR, RBEHEBNEERRE., 1R
Astbury BWER . Wilkins EESMIMEIR (BERMIE?) S

" Pauling #MtEsERIMOTE, EEBERENEE, BEEEEE, mA
1 Watson E2 Crick —#%, LA DNA 2=KM.
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R E{F Peter

Peter Pauling 1® 1952 £ ZERI7E Kendrew WEREEH
W, JEEEREE THE—E%, (Crick) . 1REREF Watson,
Crick & Donohue EfE—itc,

Peter 1954 FEREEEEFE T, Stockholm

¢ C. W. Chen 2006



Pauling B9 triplex 1&1Y

T, ‘Jj*’})) ,J,:J

aJﬁOu |‘.:~f v .th
¥R o JM

N5 .
v ﬁ“’*‘f J -"x-k-'ﬂ 90

1953%2 84, Pauling #&IETEH R PNAS NFBTHRERIE
H5EF Peter, B&IEB4E Watson #1 Crick &,
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Franklin B9 Photo 51 (1952F &)

W 19524, Franklin 2 Gosling f#
HIERFZER B-DNA FIXEHRE
(Photo 5170

" Wilkins 23ERBH# Watson

B, #ENR . "HEESEARE

MAEILR - BA P RENTFE
TR AR K BIRIEiEE, |
'"Rosy (Watson # Crick &0

Franklin #U#€5%) B RIEHAIE

IREEGREM. ZEBL BEEZ0

BREANESEEERMF L. |
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1953/1/31

" EERIBHAEL, Watson ZEHK L& T Photo 51, fbi
Crick #i&5., 1H31H, MAZER Bragg, SR AITFER
FHRERER, FIUEEI+=EAzE MR ER,

2 B4B =R R EBIRE,
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1953/2/3 Wilkins BY|E

“ 2H8H, Wilkins F|&#5, 8 Crick k<#. Watson, £
Peter Pauling #L#EFE, = ABtFEREBIER, #L
Paulingo. Wilkins &% Franklin BiE#& 5%, Watson
Bl Crick X EhEEEMAEHARERER, BRARE:
fth, BAEEEET T, Wilkins BRI RIEEEBINME
7 REROGEH. EEEEKREZT?

“ {18 Franklin 9 Photo 51 #§ Watson &, L& Watson
B2 Crick BRI EEBEL (Bragg WES) , FIUERELRS
M5 E T o
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&R Franklin 1053/9/23

* Franklin f-52 A-form DNA
AR GERR, 28
23HEBEZEH Photo 51, B
el 2 HmEME B-form
DNA., S8-K, #TiEmR
B form 1 A form —#£F
=R,

" 65X, Watson & Crick

8k

=0
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A schamttic view of hiw I evisioned I iltl o from the

W Watson?E "#iRfE, EHR, tE—XRk L LKES RHY

) ¥y

b

) ¥y

adenine EEREMERENEE, ,

"Francis SREBEEMEXIFIFEE Chargaff #9388, adenine £
thymine 8%, guanine £ cytosine #%, F-XKEE - —fE3E
ENEX---EKERIIEERERE, RIR(RALUT adenine Ethymine #
i, F#F guanine B cytosine SRR, —1E—1%., EFiE
‘ﬁ B EE, FEMEM T, 1 (Watson, DNA Story, 1973)

BREEAR =R, FEMAAMEIKMIILEI T 1 (Crick, DNA Story,
1973)

EXAE1953F2H28H, Watson 255% : Crick 363%.



e RIaRR, MR

" Franklin Z18 A2 1 R e BP0 7E 1Y
Al ?E%, Gosling. Perutz # Crick
HARAMAE, MABE BRI R T B
CHEE (EREXTER) . MEHB.

W8, wiRER, RS, iR e

‘ B, tRERIERCHE — REHR.

" EMARRER SR ERSME, SRR
SEERBUSM, wEER © THIIEHRNEE,
EMALENRE, HERMAREZFEMFR
gE, MEEERRMVBRE | IEEANIERE

fite 1 (R Franklin, Photo 51)
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" 1953438 Franklin IKi5

TR HREEOH - BE
2R, WAEEHREE, F{E eyl
g2 1%, HATRRIRROMRE iy % P
ERAERAMNET (S P ST L
TEEINRT—HE) B4 13 % =1
—REEY) Franklin- T bl

Wilkins Building.
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T RIS RAREE  Franklin BIEBEIGHH
Birkbeck 2z, #h7EAREE E—{E/)\E A%
TMV, TEUFE¥PEERT 17 mim . 1954
F Aaron Klug %] Birkbeck, &S
EE1EBH.

W 1956 F, TRIRERE, 3RS FIIIEE,
MRFJ]%, MiEESITFIER] 1958 £ 4 AE
ft, REBMHBRIECH AN EIEE, 2B SR
NE (FRZ|]}AHE) o - Rosalind was too
busy to die.; (Dark Lady, 294)

TR Klug EEREEETHRER. thin1982
FHERBEREN, RRIEHESR,

¢ C. W. Chen 2006

AA



"FfIE2IR T A anRY B

“ 195342H28H4 &K, Francis
Crick EEZlFE The Eagle’

pub, MESZNERER : "M
%L%Tﬂi E@@H‘MJ o

r y

2 THE PLACE WHERE,ONE LUNCHTIME
2 IN 1953 FRANCIS CRICK AND JAMES
WATSON ANNOUNCED THE DISCOVERY

OF DNA.AND IS ALSO THE HOME

OF WW.II AIRMEN.

/
? OF THE FAMOUS CEILING GRAFFITI
4

.- _7 | ~ HISTORY |
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w=ERAESFR Wilkins

* 387H, Wilkins ®{5#a Crick:

o THABREHEEAERMIM dark
lady [Franklin] TieFEME BRI
g - RIBAEEAR L2 EEMSER
7%, BRFIRPAXEANMEANA
EETRBE -

" WK%, {E3T Crick ¥, &

TAHERHEX, HBFIRERe
R BB TR,
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RKEFEER Wilkins
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DNA ¥ I8
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Maurice Wilkins’s idea to study DNA by X-ray crystallographic techniques
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The chemical structure_ of a nucleotide .
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Basic structure: 5 carbon sugar
(deoxyribose) is attached one or more
phosphate groups and a nitrogen-containing
base.
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Figure 4-3 Molecular Biology of the Cell 6e (© Garland Science 2015)



CHROMOSOMAL DNA AND ITS PACKAGING IN THE
CHROMATIN FIBER

« Eukaryotic DNA Is Packaged into a Set of
Chromosomes

Human genome (1C): 3.2 x 10°bp
6.4 X 10°bp DNA is distributed in 46 different chromosomes.
If DNA in a single human cell can be laid end-to-end, they would reach 2 meters.

How 2 meters of DNA can fit inside a small nucleus which is only 6 um in diameter
(equivalent to pack 40km thread in a tennis ball. )

40 Km ’_chread
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