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à¹×é ÍËÒ: ÀÒ¤¤í  Ò¹Ç³

monohybrid cross
genotype phenotype

AA ⊗  aa Aa A- = 1
AA ⊗  Aa AA:Aa = 1:1 A- = 1
Aa ⊗  aa Aa:aa = 1:1 A-:aa = 1:1
Aa ⊗  Aa AA:Aa:aa = 1:2:1 A-:A- = 3:1
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•  àÍÒ¶Ñè ÇÁÒ 5 àÁÅç ́  ¨§ ËÒâÍ¡ÒÊ∙ Õ è à»š ¹ ÊÙ § 3 µŒ ¹ àµÕé Â 2 µŒ ¹ = 5
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dihybrid cross
à«ÅÅ� Ê× º¾Ñ ¹ Ø̧� 

AaBBCc A:a = 1:1 × B × C:c = 1:1
¨í  Ò¹Ç¹áºº = 2n ∙ Ø ¡áººÁÕ âÍ¡ÒÊà¡Ô ́ à∙ ‹ Ò¡Ñ ¹

ÇÔ ̧ Õ ¾Ô ̈ ÒÃ³ÒÊÑ ́ Ê‹ Ç¹¢Í§ genotype áÅÐ phenotype∙ Õ è ä´Œ ̈ Ò¡¡ÒÃ¼ÊÁÃÐËÇ‹ Ò§ genotype µ‹ Ò§ æ ∙ Õè ÁÕ  gene à¡Õè ÂÇ¢Œ Í§ ÁÒ¡¡Ç‹ Ò
ËÃ× Íà∙ ‹ Ò¡Ñ º 2 ¤Ù‹  ÁÕ  2 ÇÔ ̧ Õ  ¤× Í
1. ÊÃŒ Ò§ punnet square ⇒  ¤Ô ́  {AB,Ab,aB,ab} ⊗  {AB,Ab,aB,ab}
AaBb ⊗  AaBb → ä¢‹ 
   ↓
Êà» � Ã� Á

AB Ab aB ab

AB !①  AABB "①  AABb #①  AaBB $①  AaBb
Ab "①  AABb %②  AAbb $①  AaBb &②  Aabb
aB #①  AaBB $①  AaBb '③  aaBB (③  aaBb
ab $①  AaBb &②  Aabb (③  aaBb )④  aabb

•  âÍ¡ÒÊ∙ Õè Êà» � Ã� Á AB ¨Ðä»ÃÇÁ¡Ñ ºä¢‹  Ab ¤Ô ́ à»š ¹ 1
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1. Branching ËÃ× Í forked-line method
genotype phenotype
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AaBb ⊗  AaBb
⇒  ¤Ô ́  Aa ⊗  Aa × Bb ⊗  Bb

AA:Aa:aa = 1:2:1 × BB:Bb:bb = 1:2:1
¨í  Ò¹Ç¹áºº = 3n
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AA bb AAbb× =
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Aa BB AaBB× =
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Aa Bb AaBb× =
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Aa bb Aabb× =
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aa BB aaBB× =
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aa Bb aaBb× =
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aa bb aabb× =

A-:aa = 3:1 × B-:bb = 3:1
¨í  Ò¹Ç¹áºº = 2n (¡Ã³Õ ÁÕ ¡ÒÃ¶‹ ÒÂ∙Í´
ÅÑ ¡É³Ðà´‹ ¹ÍÂ‹ Ò§ÊÁºÙ Ã³� )
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A B A B−× − = − −
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A bb A bb−× = −
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aa B aaB× − = −
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aa bb aabb× =

A-B- : A-bb : aaB- : aabb = 9:3:3:1

AABBCcDd ⊗  AabbccDd
⇒  ¤Ô ́  (AA⊗ Aa) × (BB⊗ bb)
× (Cc⊗ cc) × (Dd⊗ Dd)

¨í  Ò¹Ç¹áºº = 2×1×2×3 = 12
âÍ¡ÒÊ
1. AABbCcDD = × × × =
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2. AABbCcDd = × × × =
1
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3. AABbCcdd = × × × =
1
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4. AABbccDD = × × × =
1
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5. AABbccDd = × × × =
1
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6. AABbccdd = × × × =
1
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7. AaBbCcDD = × × × =
1
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8. AaBbCcDd = × × × =
1
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9. AaBbCcdd = × × × =
1
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10. AaBbccDD = × × × =
1
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11. AaBbccDd = × × × =
1
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12. AaBbccdd = × × × =
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¨í  Ò¹Ç¹áºº = 1×1×2×2 = 4
âÍ¡ÒÊ
1. A-B-C-D- = × × × =1 1
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2. A-B-cc-D- = × × × =1 1
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•  n = ¨í  Ò¹Ç¹¤Ù‹ ¢Í§ heterozygous gene
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multiple alleles
•  ¨í  Ò¹Ç¹áºº genotype ∙ Õ è à»š ¹ä»ä´Œ  (possible genotype) = 

n +
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2
 ; n = ¨í  Ò¹Ç¹ multiple allele

•  ÁÕ  ** áº‹ §à»š ¹ n ¡ÅØ‹ Á â´ÂãªŒ    n-1 ÍÑ ¹ ⇒  ÁÕ  n+1 µí  ÒáË¹‹ § ãÊ‹  * 2 µí  ÒáË¹‹ § = C(n-1+2,2) = C(n+1,2) ËÃ× Í
 ÍÒ¨ãªŒ  ¨í  Ò¹Ç¹àÅ× Í¡äÁ‹ «íé  Ò + ¨í  Ò¹Ç¹àÅ× Í¡«íé  Ò = C(n,2) + n
•  ¾Ñ ¹ Ø̧ ¡ÃÃÁàÅ× Í´ÃÐºº ABO ÁÕ  3 alleles (IA,IB,i) ⇒  ¨í  Ò¹Ç¹áºº genotype = C(4,2) = 6 ⇒  **  (IAIA), * *

(IAIB), * * (IAi),  **  (IBIB),  * * (IBi),  ** (ii)

•  ¨í  Ò¹Ç¹áºº phenotype  ∙ Õ è à»š ¹ä»ä´Œ  àÁ×è ÍÁÕ  ´Œ ÍÂ 1 = 
n

2


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
  + 1

•  à´‹ ¹ 1 ÅÑ ¡É³Ð ä´Œ  n-1 áºº + à´‹ ¹ 2 ÅÑ ¡É³ÐÃ‹ ÇÁ ä´Œ  C(n-1,2) áºº + ÅÑ ¡É³Ð´Œ ÍÂ 1 áºº
•  ¾Ñ ¹ Ø̧ ¡ÃÃÁàÅ× Í´ÃÐºº ABO ÁÕ  3 alleles (IA,IB,i) ⇒  ¨í  Ò¹Ç¹áºº phenotype = C(3,2) + 1 = 4 ⇒  àÅ× Í´ËÁÙ‹  A

(IAIA,IAi), B (IBIB,IBi), AB (IAIB), O (ii)
ËÁÙ‹ àÅ× Í´¢Í§¤Ù‹ ÊÒÁÕ ÀÃÃÂÒ genotype ∙ Õ è à»š ¹ä»ä´Œ 

¢Í§ ÊÒÁÕ -ÀÃÃÂÒ
genotype ¢Í§ÅÙ ¡∙ Õ è à»š ¹ä»ä´Œ ËÁÙ‹ àÅ× Í´¢Í§ÅÙ ¡

∙ Õ è à»š ¹ä»ä´Œ 
O ⊗  O ii ⊗  ii ii O
O ⊗  A ii ⊗  IAIA

ii ⊗  IAi
IAi

IAi:ii = 1:1
A

A:O = 1:1
O ⊗  B ii ⊗  IBIB

ii ⊗  IBi
IBi

IBi:ii = 1:1
B

B:O = 1:1
O ⊗  AB ii ⊗  IAIB IAi:IBi = 1:1 A:B = 1:1
A ⊗  A IAIA ⊗  IAIA

IAi ⊗  IAIA

IAi ⊗  IAi

IAIA

IAi:IAIA = 1:1
IAIA:IAi:ii = 1:2:1

A
A

A:O = 3:1
A ⊗  B IAIA ⊗  IBIB

IAIA ⊗  IBi
IAi ⊗  IBIB

IAi ⊗  IBi

IAIB

IAIB:IAi=1:1
IAIB:IBi=1:1

IAIB:IAi:IBi:ii = 1:1:1:1

AB
AB:A = 1:1
AB : B = 1:1

AB:A:B:O = 1:1:1:1
A ⊗  AB IAIA ⊗  IAIB

IAi ⊗  IAIB
IAIA:IAIB = 1:1

IAIA:IAi:IBi:IAIB = 1:1:1:1
A:AB = 1:1

A:B:AB = 2:1:1
B ⊗  B IBIB ⊗  IBIB

IBi ⊗  IBIB

IBi ⊗  IBi

IBIB

IBi:IBIB = 1:1
IBIB:IBi:ii = 1:2:1

B
B

B:O = 3:1
B ⊗  AB IBIB ⊗  IAIB

IBi ⊗  IAIB
IBIB:IAIB = 1:1

IBIB:IBi:IAi:IAIB = 1:1:1:1
B:AB = 1:1

B:A:AB = 2:1:1
AB ⊗  AB IAIB ⊗  IAIB IAIA:IAIB:IBIB = 1:2:1 A:AB:B = 1:2:1


