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人類利用遺傳知識改變其他物種

?
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也改變植物
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Mendel and Darwin paved the way 
for scientific plant breeding
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(自然下)自花授粉和(可控制)的人工授粉使豌豆成為
容易操作研究的材料



Stigma (receives pollen)

SELF-POLLINATION

Anthers
(produce pollen
grains, which
contain male
gametes)

Ovules (produce female gametes)

Self-pollination  自花授粉



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.

CROSS-POLLINATION

人工授粉

執行異花授粉時，只需摘去
成熟前的雄蕊，將另一株豌
豆的花粉塗抹在已去勢的花
朵上。

􀂋􀂋 如此一來，豌豆的交配情形
能夠被嚴格地管制，無論自
體或異體受精，皆可準確地
確認親子關係。







R = Dominant allele for seed shape (round)
r = Recessive allele for seed shape (wrinkled)

Round-seeded 
Father

Wrinkled-seeded 
Mother

Parental
generation
(homozygous)

Gametes

F1 generation

Meiosis

Fertilization

Rr Rr Rr Rr

All have Rr genotype (heterozygous) and round seed phenotype

顯性與隱性

孟德爾定律之一 (分離律)

遺傳因子在一般
生物細胞中是成
對存在的，產生
生殖細胞時，成
對的遺傳因子會
發生分離，分別
進入不同的生殖
細胞中。
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獨立分配律：當兩對以上相對性狀同時遺傳時，
各對相對性狀各自獨立地按照分配律遺傳。



F2 generation
phenotype

Number 315 101 108 32  =  556

Fraction of
progeny 9/16 3/16 3/16 1/16  =  1

Figure 10.8b

孟德爾的實驗
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讓“基因”具體化



Paired “threads”

Figure 8.1

An Early View of Mitosis

Mitosis has been studied since the early 1880s

This drawing of mitosis in the salamander larva was 
made in 1882. The black threads are chromosomes.



Chromosome

Number of chromosomes: 4

Un-replicated chromosomes – prior to S-phase
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有絲分裂



Replicated chromosomes – after S-phase

Chromosome

Sister
chromatids

Centromere

Number of chromosomes: 4

Figure 8.6b
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Parent cell

Replicated chromosomes
condense at the start of mitosis

M
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During mitosis, sister 
chromatids separate and
two daughter cells are formed.

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

Figure 8.7

有絲分裂



減數分裂
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Dominant allele
for seed shape
(round)

R r Recessive allele
for seed shape
(wrinkled)

Chromosomes replicate

R R r r

Meiosis I

Meiosis II

r r

r r

R R

RR
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Principle of segregation

減數分裂
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Meiosis I Meiosis I

Alleles for seed shape
Alleles for seed color
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Figure 10.11b

Principle of independent assortment

減數分裂
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1866-1945
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性聯遺傳







位於同一條染色體上的基因(稱為連鎖)，就不會遵守獨立分配律，本應一同分
配到生殖細胞中。但因為減數分裂時，染色體發生互換，使得上圖中，位於藍
色或是紅色染色體基因，也未必”連鎖一同”傳遞到生殖細胞中。





1946年獲得了諾貝爾生理醫學獎





遺傳性之分子基礎
The Molecular Basis of Inheritance 

遺傳物質是?? DNA or 蛋白質









Griffith‘s 格里夫茲 experiment in 1928 肺炎鏈球菌



Avery–MacLeod–McCarty experiment,
1940s

DNA is only composed 
of four types of 
nucleotide subunits.  

How does DNA encode 
large amount of 
information???

遺傳物殖質是DNA或蛋白質之証明

突變

光滑有毒

細胞打破

分離內容物

與粗糙無毒的
細菌一起養





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.

The story of DNA 
discovery 

Tetranucleotide?

Linus Pauling

Cambridge, UK   King‘s College, London, UK Caltech, USA

Peter Pauling

Raymond Gosling

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






















(1952年底)



1953/1/31



1953/2/8



1953/2/23



















Erwin Chargaff的實驗發現，在DNA中有相同數量的A和T鹼基以及G和C鹼基。

Linus Pauling發現一些蛋白質的分子具有螺旋形狀。

Rosalind Franklin (1920-1958) 1951年，她回到英國倫敦國王學院，在那
裡她負責那裡的X射線晶體學實驗室，用於DNA研究工作。

在1951年春天的一次會議上，Watson 聽到了Wilkins 關於DNA分子結構的討論，並
看到了他最近的DNA的X射線晶體學照片，設法轉到英國劍橋大學，遇到Crick。

1952年底，Dr. Linus Paulin 說 DNA 結構要被他解出來了。

1952年底，Watson 看到 Franklin的 DNA X射線晶體學照片。

1953/2/28， Watson and Crick分析出DNA 的結構。

1953/4/25 發表Nature paper。

DNA 的發現

Maurice Wilkins’s idea to study DNA by X-ray crystallographic techniques



The chemical structure of a nucleotide .

Basic structure: 5 carbon sugar 
(deoxyribose) is attached one or more 
phosphate groups and a nitrogen-containing 
base. 

去氧核醣核酸



Polarity: 5’->3’

Antiparallel

3’ hydroxyl

5’ phosphate



CHROMOSOMAL DNA AND ITS PACKAGING IN THE 
CHROMATIN FIBER

• Eukaryotic DNA Is Packaged into a Set of 
Chromosomes 

40 Km thread 

Human genome (1C): 3.2 x 109 bp
6.4 X 109 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 µm in diameter 
(equivalent to pack 40km thread in a tennis ball. )



DNA-> 染色質->染色體
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