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• Background

Standard evolutionary theory, SET

“Standard evolutionary theory is gene-centered, and treats as 

evolutionary processes solely those events that change gene 

frequencies”

主要因素：

1.Mutation: introduces new variants at random. Repeated occurrence of the same genetic variants is called 

mutation pressure.

2.Natural selection: makes adaptive variants more common through differential survival and reproduction.

3.Genetic drift: random changes in frequency of genetic variants due to sampling.

4.Gene flow: variants enter and leave a population via migration, dispersal or mating.



• Background



《论依据自然选择即在生存斗争中保存优良族的物种起源》

1859

物种起源



适应环境 大嘴地雀

大仙人掌地雀

小地雀

1859



Principles of Geology

Lyell used the theory of uniformitarianism to describe how the Earth's surface was changing over time.

• 人口论 • 地质学原理

• 人类粮食的生产永远无法赶上人口的增加，致使粮食供
不应求，进而发生饥荒或战争，导致一部分人口死亡。

• 地球的地形、地貌是经过了长时间细微改造的结果；
• 风、雨、冰雪等微小的力量，持续千万年后就可以改变地表的形貌。

1798



事实1：生物都有过度繁殖的倾向

事实2：物种内的个体数能保持稳定

事实3：资源是有限的

推论1：个体间存在着生存斗争

事实4：个体间普遍存在差异（变异）

事实5：许多变异是可以遗传的

推论2：具有有利变异的个体，生存
并留下后代的机会更多

推论3：有利变异逐代积累，生物不
断演化出新类型

• 自然选择学说的解释模型

1.过度繁殖

2.生存斗争

3.遗传和变异

4.适者生存



• 1858

Charles Robert Darwin
(1809-1882)

Alfred Russel Wallace
(1823-1913)

1858年7月1日，伦敦林奈学会发布了由达尔文和
华莱士共同署名的关于自然选择的论文



Oxford Evolution Debate

• Proponents and opponents of Darwin & Wallace’s theories clash in the famous Oxford Evolution 
Debate; 

• Thomas Henry Huxley and Samuel Wilberforce butt heads in a public debate, which both sides 
consider a victory.

Thomas Henry Huxley
(1825-1895)

Samuel Wilberforce
(1805-1873)

18601859
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-- 素材来源于饶毅老师的“孤独的天才”

Pisum(豌豆)

1.自花授粉

2.异花授粉

3.较易人为控制

• 分离律

• 自由组合律

• 遗传因子、数学模型……

Experiments on plant hybridization
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显性

隐性

3：1
1：2：1

3：1 3：1

• 显性 vs隐性



-- 孟德尔关于遗传因子的手稿



Thomas Hunt Morgan
(1866-1945)

1933年获得了诺贝尔生理医学奖

https://www.khanacademy.org/science/ap-biology/heredity/chromosomal-inheritance-ap/a/discovery-of-the-chromosomal-basis-of-inheritance

1910186618601859
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Ronald Fisher
(1890-1962)

• Continuous variation measured by the biometricians could be produced by the combined action of many discrete genes 
• Natural selection could change gene frequencies in a population, resulting in evolution.

193018661860 19101859
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• Several major ideas about evolution came together in the population genetics of the early 20th century to 

form the modern synthesis of Huxley's title, including genetic variation, natural selection, and particulate 

(Mendelian) inheritance. 

• This ended the eclipse of Darwinism and supplanted a variety of non-Darwinian theories of evolution.

Julian Huxley
(1887-1975)

Evolution:
The Modern synthesis

published in 1942
Son of Thomas Henry Huxley

18661860 1910 1930 19421859



Julian Huxley
(1887-1975)

Evolution:
The Modern synthesis

published in 1942
Son of Thomas Henry Huxley

18661860 1910 1930 19421859

主要观点：

• 种群是生物演化的基本单位

• 生物演化的实质在于种群基因频率的改变。

• 突变和基因重组、自然选择及隔离是物种形成过程的三个基本环节

• 突变和基因重组产生生物演化的原材料

• 自然选择使种群的基因频率定向改变并决定生物演化的方向

• 隔离是新物种形成的必要条件



• Timeline

1866

1860

1910

1968 & 1973

Oxford Evolution Debate

果蝇实验
• 遗传因子（基因）位
于染色体上

• Neutral theory of molecular evolution
• Nearly neutral theory of evolution

1962

1930

• molecular clock
• hemoglobin

• The Genetical Theory of 
Natural Selection published

1942

• Evolution: The Modern synthesis
published

1859

• 分离率
• 自由组合率

物种起源
自然选择



• 分子钟的概念由 Émile Zuckerkandl和 Linus Pauling与 1962

年首次提出

• 结合化石证据，不同谱系之间血红蛋白(Hemoglobin)中氨

基酸差异的数量占比随着物种分歧时间大致呈线性关系。

Letter from Linus Pauling to Emile Zuckerkandl

细胞色素 C
（Cytochrome C）

R. E. Dickerson's linear representation of the molecular clock (Dickerson 1971, 37).

18661860 1910 19621930 19421859

• 遗传等距现象
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• 遗传等距现象



• 1968

木村资生
Motoo Kimura

太田朋子
Tomoko Ohta

• 1973

中性理论

近中性理论

有害突变

有利突变

中性突变

有害突变

中性突变

有利突变近中性近中性

18661860 1910 1968 & 197319621930 19421859



Standard evolutionary theory, SET

“Standard evolutionary theory is gene-centered, and treats as 

evolutionary processes solely those events that change gene 

frequencies”

主要因素：

1.Mutation: introduces new variants at random. Repeated occurrence of the same genetic variants is called 

mutation pressure.

2.Natural selection: makes adaptive variants more common through differential survival and reproduction.

3.Genetic drift: random changes in frequency of genetic variants due to sampling.

4.Gene flow: variants enter and leave a population via migration, dispersal or mating.
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• 1952 突变的随机性

The Lederberg experiment

1. Bacteria are spread out on a plate, called the “original plate.”

2. They are allowed to grow into several different colonies.

3. This layout of colonies is stamped from the original plate 
onto a new plate that contains the antibiotic penicillin.

4. Colonies X and Y on the stamped plate survive. They must 
carry a mutation for penicillin resistance.

The Lederbergs set out to answer the question: 
“Did the colonies on the new plate evolve antibiotic resistance because they were exposed to 
penicillin?”

The answer is no: 
When the original plate is washed with 
penicillin, the same colonies (those in 
position X and Y) live — even though 
these colonies on the original plate have 
never encountered penicillin before.



Lenski RE, Mittler JE. 1993. The directed mutation controversy and neo-Darwinism. Science 259: 188–94.

• 基因突变是随机事件，这是演化论基本原理

之一。

• 随机并不是指突变频率不受环境影响，也不

是在说基因组的所有位置发生突变的概率都

相同。

• 突变的随机性指的是某个突变对于生物的价

值不会影响其出现的概率。

• 1993 突变的随机性
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