
讨论题

1. 你今天抽中奖了，免费测你的基因组。你最想获取什么信息？为什么？

2.如果全世界每个⼈的基因组序列都是公开的，作为正直的⼈类⼀员的你，会用这
些信息做哪些于⼈于社会有益的事情？


3.如果全世界每个⼈的基因组序列都是公开的，作为丑陋的⼈类⼀员的你，会做哪
些自私或阴暗的事情？


4.我们知道整个⽣物界中，从病毒到⼈类，遗传密码通用。观察密码字表，讨论为
什么有些氨基酸比其他氨基酸有更多的同义密码⼦？例如亮氨酸Leu对应6个密码
字，⽽⾊氨酸Trp只有⼀个密码字？


5.选择性剪接在⽣物演化过程中的意义是什么？

6.介绍利用表观遗传机理治疗癌症的应用有哪些？
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发育-从单细胞到个体 （Development）

•⼀个细胞（受精卵）不断分裂和分化，即⼀

个有机体从其⽣命开始到性成熟的变化过程

称为发育。


•发育是⽣物有机体以遗传信息为基础进⾏自

我构建和自我组织的过程。



EMBRYONIC DEVELOPMENT
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• 受精过程


• 卵裂过程


• 原肠胚的形成


• 神经胚的形成


• 器官建立


• 细胞的命运决定


胚胎发育主要内容



受精（Fertilization）与发育的启动

Fertilization is the formation of a diploid 

zygote from a haploid egg and sperm

受精的过程是单倍体卵和单倍体精⼦结合后形

成 双倍体受精的过程
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海胆受精过程中的顶体和皮质反应
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Why is egg fertilized 
by only one sperm?



海胆受精过程中的顶体和皮质反应
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受精过程是⼀个迅速的过程



受精发⽣后迅速发⽣的颗粒融合过程

animation
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我从哪里来系列-纪录片中的发育⽣物学（胚胎发育）



胚胎发育的基本过程


•三个相互关联的过程


  —细胞分裂


  —细胞分化


  —形态发⽣



• 胚胎发育：从受精卵开始，经过细胞的分裂、分化、相互诱导，最终形成      


                   ⽣物雏形即胚胎的过程


• 细胞分裂：受精卵不断进⾏有丝分裂，通过细胞的快速增殖，为发育过程


                    提供新细胞


• 细胞分化：经过细胞分裂的细胞在发育潜能、形态、结构或功能上特化即


                   产⽣差异的过程


• 形态发⽣：产⽣⽣命个体具有特定结构和功能的不同部分和整体形态的物


                   理过程

胚胎发育重要名词 




动物与植物发育的重要阶段

细胞分裂，形态发⽣和细胞分化在时间上是相互重合的



Cleavage（卵裂）

受精之后是卵裂，即细胞快速分裂⽽不⽣长的时期


从⼀个细胞分开形成多个细胞，成为卵裂球 （blastomeres）
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Gastrulation rearranges the cells of a blastula (囊胚) into a three-layered embryo

三胚层：内胚层，中胚层，外胚层

Gastrulation（原肠胚形成）

动物极

植物极

囊胚



⽂昌鱼的原肠胚
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外胚层



两栖动物的原肠胚
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中胚层

外胚层



⼈类的原肠胚
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• 内胚层

• 中胚层

• 外胚层

⼤脑，神经
系统和皮肤

⼼脏，⾎管，骨骼，肌⾁和⽣殖系统

胃，肠，肺
和其他器官



原肠胚形成（中⽂版）



• 多细胞器官的细胞定位是如何实现的?


• 为啥躯体能形成对称结构?


• ⼤脑是什么形成的?

内胚层

中胚层

外胚层

原始条纹

原肠胚

左 右

头

尾

原始条纹



神经胚形成 Neural 
fold Neural plate神经褶 神经板

青蛙胚胎的神经发育

外胚层

Neural 
crest 
cells

神经嵴
细胞

神经沟

Neural 
tube神经管

外胚层神经嵴细胞

脑和脊髓



外胚层
神经管

神经嵴细胞

神经板



https://app.jove.com/science-education/v/10910/concepts/neurulation

神经胚的形成



细胞形态改变，迁移，和凋亡 

（器官发⽣） 
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Neural 
plate

Microtubules

Actin 
filaments
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形态发⽣过程中
细胞形状的变化

青蛙胚胎的神经发育



细胞迁移 指的是细胞在接收到迁移信号或感
受到某些物质的浓度梯度后⽽产⽣
的移动。



细胞凋亡

immune system, and for normal morphogenesis of hands and 
feet in humans and paws in other mammals (Figure 11.21). 
The level of apoptosis between the developing digits is lower 
in the webbed feet of ducks and other water birds than in the 
nonwebbed feet of land birds, such as chickens. In the case 
of humans, the failure of appropriate apoptosis can result in 
webbed fingers and toes.  

Significant evidence points to the involvement of apop-
tosis in certain degenerative diseases of the nervous system, 
such as Parkinson’s disease and Alzheimer’s disease. In  
Alzheimer’s disease, an accumulation of aggregated proteins 
in neuronal cells activates an enzyme that triggers apoptosis, 
resulting in the loss of brain function seen in these patients. 
Furthermore, cancer can result from a failure of cell suicide; 
some cases of human melanoma, for example, have been 
linked to faulty forms of the human version of the C. elegans 
Ced-4 protein. It is not surprising, therefore, that the sig-
naling pathways feeding into apoptosis are quite elaborate. 
After all, the life-or-death question is the most fundamental 
one imaginable for a cell.

This chapter has introduced you to many of the general 
mechanisms of cell communication, such as ligand binding, 
protein-protein interactions and shape changes, cascades of 
interactions, and protein phosphorylation. Throughout your 
study of biology, you will encounter numerous examples of 
cell signaling.

outer membrane, causing it to leak and release other pro-
teins that promote apoptosis. Perhaps surprisingly, these 
latter include cytochrome c, which functions in mitochon-
drial electron transport in healthy cells (see Figure 9.15) but 
acts as a cell death factor when released from mitochondria. 
The process of mitochondrial apoptosis in mammals uses 
proteins similar to the nematode proteins Ced-3, Ced-4, and 
Ced-9. These can be thought of as relay proteins capable of 
transducing the apoptotic signal.

At key gateways into the apoptotic program, relay pro-
teins integrate signals from several different sources and can 
send a cell down an apoptotic pathway. Often, the signal 
originates outside the cell, like the death-signaling molecule 
depicted in Figure 11.20b, which presumably was released 
by a neighboring cell. When a death-signaling ligand occu-
pies a cell-surface receptor, this binding leads to activation 
of caspases and other enzymes that carry out apoptosis, 
without involving the mitochondrial pathway. This process 
of signal reception, transduction, and response is similar to 
what we have discussed throughout this chapter. In a twist 
on the classic scenario, two other types of alarm signals that 
can lead to apoptosis originate from inside the cell rather 
than from a cell-surface receptor. One signal comes from 
the nucleus, generated when the DNA has suffered irrepa-
rable damage, and a second comes from the endoplasmic 
reticulum when excessive protein misfolding occurs. Mam-
malian cells make life-or-death “decisions” by somehow in-
tegrating the death signals and life signals they receive from 
these external and internal sources.

A built-in cell suicide mechanism is essential to develop-
ment and maintenance in all animals. The similarities be-
tween apoptosis genes in nematodes and those in mammals, 
as well as the observation that apoptosis occurs in multicel-
lular fungi and even in single-celled yeasts, indicate that the 
basic mechanism evolved early in the evolution of eukary-
otes. In vertebrates, apoptosis is essential for normal devel-
opment of the nervous system, for normal operation of the 

Interdigital tissue Cells undergoing apoptosis Space between digits
1 mm

▲ Figure 11.21 Effect of apoptosis during 
paw development in the mouse. In mice, 
humans, other mammals, and land birds, the 
embryonic region that develops into feet or 
hands initially has a solid, platelike structure. 

Apoptosis eliminates the cells in the interdigital 
regions, thus forming the digits. The embryonic 
mouse paws shown in these fluorescence light 
micrographs are stained so that cells undergo-
ing apoptosis appear a bright yellowish green. 

Apoptosis of cells begins at the margin of each 
interdigital region (left), peaks as the tissue in 
these regions is reduced (middle), and is no lon-
ger visible when the interdigital tissue has been 
eliminated (right).

C O N C E P T  C H E C K  1 1 . 5

 1. Give an example of apoptosis during embryonic de-
velopment, and explain its function in the developing 
embryo.

 2. W H AT  I F ?  What types of protein defects could result 
in apoptosis occurring when it should not? What types 
could result in apoptosis not occurring when it should?

For suggested answers, see Appendix A.
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•  程序性细胞死亡也称为凋亡

• 在发育的不同时期，单个细胞、⼀组细胞或整个组织停⽌发育，并被相邻细胞吞噬


• 例如，在发育中的胚胎中，产⽣的神经元要比实际需要的多得多，这些多余的神经
元将被凋亡清除



细胞命运决定的分⼦机制  

内胚层

中胚层

外胚层

原始条纹

原肠胚



细胞命运决定（cell fate determination）

在细胞分化之前，细胞接受了某种信号，决定了其以后的发育命运，即在形态、
结构、功能等分化特征尚未显现之前便已经确定了其不同的分化前途，这种细胞
的发育命运被稳定的确定的过程成为细胞命运决定，简称细胞决定


决定⼦（determinant）

细胞质中决定细胞命运的特殊信号物质称为决定⼦。

问题：从受精卵卵裂过程中为什么会形成这些差异？决定⼦是什么？


诱导（induction）

相邻细胞相互作用决定分化⽅向的过程为诱导。




细胞命运决定实验

原肠胚早期

原肠胚晚期



• 在哺乳动物中，发育的全能性保持到8细胞期


（In mammals, embryonic cells remain totipotent until the eight-cell stage, much longer 

than other organisms）


• 发育过程中渐进性的限制增加是动物发育过程中的基本特性


（Progressive restriction of developmental potential is a general feature of development in 

all animals）


• 组织特异性细胞命运决定在后原肠胚期确立。


（In general tissue-specific fates of cells are fixed by the late gastrula stage）



细胞命运决定的分⼦机制  

动物极

植物极

• 细胞质的不均⼀性对于早期胚胎的细胞决

定具有根本的作用，⼀定程度上决定了细

胞的早期分化。例如，植物极卵黄含量

多。


• 每次卵裂，细胞核是等能的


• 卵裂时细胞质物质的分布存在区域差异




海胆胚胎发育实验

揭示细胞质作用



发育的基因表达调控

•最早：早期胚胎的第⼀个差异如何产⽣？


•三个要素：

— 信号


     来自于卵⼦细胞质和细胞周围环境


— 哪些基因产⽣哪些蛋白


— 发⽣怎样的表型变化



•卵⼦细胞质 •细胞周围环境

决定⼦ 诱导

信号转导



细胞分化本质


— 接收信号不同


— 特异蛋白质的合成


— 特定基因的选择性表达


— 导致细胞形态，结构与功能的差异

发育的基因表达调控



举例：

肌细胞的命运决定和分化

转录因⼦（调控蛋白）



❑ 胚胎发育


❑ ⼲细胞



动物克隆技术— 多莉⽺，1996


克隆，有复制的意思，其本身的含义为⽆性繁殖。



•⼲细胞


                     ⽆限的或可被延长的自我更新和分化能⼒并可分化⾄少⼀种特化的细胞


•



•胚胎⼲细胞


       来源于胚胎早期的内层细胞团


 全能⼲细胞

胚胎⼲细胞




•成体⼲细胞


        包括造⾎⼲细胞，表皮⼲细胞，神经⼲细胞等

胚胎⼲细胞


多能⼲细胞


成体⼲细胞




Induced pluripotent stem cell 诱导多能⼲细胞



⼲细胞及其作用


https://www.bilibili.com/video/BV1M7411g7SL/?spm_id_from=333.337.search-card.all.click&vd_source=646582f16039c76a8018f57c52400d61



Summary

• Fertilization forms a diploid zygote and initiates embryonic development.


• Early embryonic development consists of four key steps: cleavage, blastulation, 
gastrulation, and neurulation.


• Cells undergo dramatic changes in cell shape and position during development, and cell 
death is essential for proper morphogenesis.


• Cytoplasmic determinants and inductive signals contribute to cell fate specification.


• Stem cell





