
 
第一章  孟德尔遗传学及 

孟德尔定律的延伸 
 

Mendelian Genetics and 
Extensions to Mendelism 
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Genetic analysis begins with mutants 

Wild type   /   Mutants 

2 

2016年诺贝尔奖关于突变与基因 
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 Section I: 

      Mendelian Genetics  
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Monohybrid cross 
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Test Cross 
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Punnett square 

Dihybrid cross 
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Evaluating Genetic Data 
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Goodness of fit 
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Chi-square(χ2) test 

 A statistical test used to determine the 
probability that the difference between 
the observed and the expected values is 
due to chance. 
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 O：observed     E：expected  

(O E)－ 2

Eχ ＝ ∑
2 
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Expected 
Ratio 

Observed Expected o-e (o-e)2 (o-e)2/e 

9/16 587 9/16(1008) 
=567 

20 400 0.71 

3/16 197 3/16 (1008) 
=189 

8 64 0.34 

3/16 168 3/16 (1008) 
=189 

-21 441 2.33 

1/16 56 1/16 (1008) 
=63 

-7 49 0.78 

Total 
1008 

χ2=4.16 

(O E)－ 2

Eχ ＝ ∑
2 
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    Df  is a measure of the number 
of independently varying 
parameters in the experiment 

 
    df ＝ n－1       
    
     

Degrees of freedom ( df  ) 
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df =3, Χ2＝4.16 P =0.26 
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P value 
 Probability value: percentage 

 P =0.26 means,  if we repeat the same 
experiment many times, 26% of the trials 
would be expected to exhibit chance derivation 
as great as or greater than that seen in the initial 
trials.   

 P=0.05 as a relative standard 
 P>0.05   the hypothesis is correct 
 P<0.05   reject the null hypothesis 

     
     df =3 ,Χ2＝ 4.16, P=0.26 

   The two genes assort independently.  17 



Trihybrid cross 
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Fork-line method 
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AaBbCcddEe×AabbCcDdEe 
 
 
             AaBbCcDdEe 
 
             aabbccddee  
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 Monohybrid crosses reveals the law 
of segregation  

 
 Dihybrid crosses reveals the law of 

independent assortment  
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 Mendelian Inheritance in Human 

 Pedigree analysis 
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Pedigree of 
dominant trait 

Pedigree of 
recessive trait 
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The key to predict dominant or recessive traits is ……. 
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假性软骨发育不全（显性） 27 



多指/趾症（显性） 
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OMIM (Online Mendelian Inheritance in Man ) 
http://www.omim.org/ 
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 Section II: 

     Extensions to Mendelism  

1. Single-gene Inheritance  
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Dominance is not always complete 

◇ Complete dominance（完全显性） 
 
◇ Incomplete dominance（不完全显性） 
 
◇ Codominance（共显性） 
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Antirrhinum majus (snapdragons) 

Incomplete dominance 
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Mutiple alleles（复等位基因） 

A condition in which a particular gene 
occurs in three or more allelic forms in a 
population of organisms 
  

ABO blood types: IA , IB , i    

IA

IB i

IA

A gene may have more than two alleles 
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Researchers have identified in the laboratory 14 
distinguishable mutant alleles for the agouti gene. 
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Mutations are the source of new alleles 

 An allele whose frequency in a 
population is greater than 1% is by 
definition a wild-type allele 

 An allele with frequency of less than 
1% is considered a mutant allele 

 A gene with only one common, wild-
type allele is monomorphic 
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One gene may contribute to several 
visible characteristics 

 Pleiotropy (基因多效性) 
   Aboriginal Maiori People Of New Zealand 
   Respiratory problem and sterile 
   Cilia (纤毛) and flagella (鞭毛) 
 
 Some alleles may cause lethality 
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AY: A recessive 
lethal allele that 
also produces a 
dominant coat 
color phenotype 

The molecular basis of the Agouti gene            Reading 
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A comprehensive example: 

 Sickle-cell syndrome 镰刀型贫血病 
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 Hemoglobin: 
 α-globin (Hbα) 
 β-globin (Hbβ) 

 HbβA: Wild-type 
 400 mutant alleles, HbβS (Glu 6 Val ) 
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Pleiotropy of sickle-cell anemia 



2. Multifactorial Inheritance 
 
Two or more genes can interact to 
determine one trait 

 Gene interactions  (基因互作) 
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a. Rose, 
Wyandottes 
 

b. Pea, Brahmas 
 

c. Walnut, hybrid 
from cross 
between rose 
and pea combs 
 

d. Single, Leghorns 

a b 

c d 
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P                   ooBB   ×   OObb 
                     (black)        (orange)  
 
F1                         OoBb (camouflaged) 
 
 
F2     O_B_          O_bb       ooB_     oobb 
   (camouflaged)     (orange)     (black)     (white) 
             9                    3              3             1 
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 Complementary gene 
   （互补基因） 
 
    

52 



53 



 Epistasis （上位） 
    A gene interaction in which the effects 

of an allele at one gene hide the effects 
of alleles at another gene 

 

   recessive epistasis 
 

   dominant epistasis 
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Recessive 
epistasis 
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小鼠毛色的遗传 

Agouti复等位基因座： 

AY     yellow 

A      agouti 

at     black/yellow 

a      black 

B_A_      agouti 

B_aa      black 

bbA_      white 

bbaa      white 
另一个B基因控制黑色素形成 



    O phenotype  ×   O phenotype  

O, A, B 

ABO blood types 

? 
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H substrate precursor 
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IAIAhh  ×  iiHH 
    O              O 

IAiHh 
   A 59 



A_: yellow 
aa: green 
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   Dominant epistasis 

White Green Yellow

B

AG

Precursor

X (suppressor) 



White Yellow

B

A

Precursor

X

Feather color 
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 Duplicate genes 



63 



The key point of two genes inheritance is the 
modification to 9:3:3:1 ratio 
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Are two mutations that yield similar 
phenotypes present in the same gene 
or in two different genes? 

Heterogeneous trait: A mutation at any 
one of a number of genes can give rise to 
the same phenotype 
• Deafness in humans: 50 genes 
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Complementation test can determine if two recessive mutations 
causing a similar phenotype are alleles of the same gene 
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Drosophila eye 
color mutations 
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   The figures and tables are cited from: 
 

 Genetics (From genes to genomes), Leland 
Hartwell, Mcgraw-Hill Companies, Inc 

 Concept of Genetics, William S.Klug, Prentice Hall, 
Inc 

 Introduction to Genetics Analysis, Anthony J.F. 
Griffiths, W.H.Freeman, Inc 

 Principle of Genetics,  D.Peter Snustad, John Wiley 
& Sons, Inc 

 Genetics-A Conceptual Approach, Benjamin A. 
Pierce, W. H. Freeman 
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