
!"#$%
!"#$%&'()*+,-./0123#4

56'7'8'9:;< =>?@A<(BCB'DEFGH8IJKLM#$%*+NOPQ
R/STUVWX<STUVYX<ZXYX%[4\

5*+]E^_`E2abcdefghR\ij*+]2klmnopAqR\

r"st%uv]*+/01Mwfh4

5xSykz{l|;}2~lc�|R\2�<��<����;<���<����%[\

��c��R��X2s�y*+]c�z���lR\

5�*+;�f� genetic-ness �M���/��y!��y�2 ¡¢H£4¤/b�¥y

¢H£4¦§¨�lR\©Eª«;/¬pAy,-.4y®¯M��� 15 (6%/0.4%)\
5°y±yv]<²c±y*+]³´µ¶v·pAy¢H£c¸¹qR\

ºGC»¼)£IL½'¾ positional cloning ^M/¿cÀ8y��Áv4*+]PTUV

ÂyÃÄÅÆP·^c#ÇqRÈÉy~^¦kR\°y*+]yÊË³Ì�c¡hgyÍÎM�z

[~^^f%h\~yÈÉMÏc/Ð�f%_`Ñ24ÒÓ*+Ô reverse genetics ^Õml

R~^·kR\~yÈÉPÖhR×ØM��*+]2Ù¦kRy�<Ùy,'Ú£PÛRy�2Ü

Ý��ÞghR×Ø/ßàáâã<Jä½)å8'«A%[4^Mbæj%R·y¦kR\

&' linkage $()* recombination
çèéê

À8y��*+]yÃÄPéëR|ÝcM DNA uE polymorphism 2ìÖ�lR\ DNA
uE^Mí�î¦ïh2ðÝ�lRñòóôy~^¦À8õö÷yøcu�y®ùcúûqR\~

yuEMxS PCR P·üh|3#%ýþÉ¦,-ÿ'¾2��¦kR\STUVWX<YX<k
RhMZX*+y#$%*+;y®¯M<uEM*+!"#P$%qR|Ýcéë�lR\"#^

M&'()&'É(/)*yÉ(4y+,¦kz<r¡y*+]2$-TUVcyÞghR®¯c

Mnof·)*yÉ(2%z||%h~^2öL.)/Ô�0)1'c�z2�l|\TUVÂ¦

uEyÃÄ2��*+]c3h®¯<4���y5y67829~R:;2<hy¦"#M=|l

R~^c%R\Òc��*+]^ÇlghR®¯cM<"#2ðÝ�l%h\"#y>¯hP§¨

qR|ÝcM<$-���?@l|]Ayø¦678ykR] (R, recombinant) ^678y

%h] (NR, non-recombinant) y�P�8lm�h\678; recombination fraction
(RF, B theta) M R/(R+NR) ¦§¨�l<~l2 0.5 �zCDcE�h®¯cM"#kz^F
%�lR\

G!MçèH¦y678yúûP2fghR\A ^ B Mr¡y*+]I¦kz<°lJl 1 ^
2 ^hKãL) allele /M**+]<kRhM<uEy,-.42kR\N�/&rOP4cÐ
hgMíQy*+]Iy[yãL)2RST��+UÞgV|�2Wg^lR\|^8mS�¦M

ãL) A2 ^ B2 2$-TUVÂckz< A1 ^ B1 2$-TUVÂckR\~yr¡yuEXL
YLyeZPÃd phase
^hK\3 [\^ 6 [\y
]AcM6F7UÞ|TU

V ( A1/B2 ^ A2/B1 ãL
)) PS���]^QÞg
hR\°y±y]AM6F

7UÞgh%hTUV (
A1/B1 � A2/B2 ãL))
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P]^QÞghR\678
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; (RF, B) M 2/7 = 0.28 ̂ %R\

$-TUVÂckR<r¡y*+]Iyîy678; (RF, B) M`5y DNA ÂyaÇ^eZ
2kR\*+Ô!c§b�lRaÇMá'70)1' centiMorgans (cM) ^hK#Ã¦_�

lR\ 5 cM cdy®¯<1% y RF M 1 cM cd�f<��c1 Mb y DNA cd�qR\"e
f|*+]Iîy RF M#$cfq~^2¦V%h\^hKy·[�%cÇlghg·r¡y*+
]Iîy RF M 0.5 Pg8R~^2%h��¦kR\°yhiM4���y5c9~R~^Pj
kqlml��¦kR\

GrM4���y5<Çl|XLYLî¦!m·fæMrmy67829VRN]P2fgh

R\~l�qëgyÚ,L'y6782à'n÷c9VRop<]qcM678E<r678Ey

Ns2`lR\ RF ^*+!aÇyeZMXtÿ'¾e�/ Haldane e�< Kosambi e�%

[4c�z_�lR\ RF ^j%z*+!aÇMu4¨��¦kzÀ8õö÷y*+!v�M

3000 cM ̂ %ÞghR\
Gr

À8 DNA cÐ^RuE
À8 DNA cMí�î¦j%R®ù2Ùwx^kR\°l�cMcdyyz2kR\
5{|}~��vuE restriction fragment length polymorphism (RFLP) M{|}

~�Ãc?-|��ijci�qR\ß�'��It�K'¾³ PCR ��y{|}~�hc
�zýþ�lR\

5�z�fóô�short tandem repeat polymorphism (STRP)/variable number of
tandem repeat (VNTR) �/X-£Iß�à-8 microsatellite ^·hK4M (CA)n %
[y dinucleotide kRhM tri-, tetra-nucleotide %[y�z�fóô¦kz<�z�f

ym�2í�î¦j%R®¯2kR\�z�f�ÃP�� PCR c�zýþ�lR\
5!ñòuE single nucleotide polyphorism (SNP) M DNA y�L���c·r�L�
��c·úûf<_`Ec¸¹qR~^·f%h~^·kR\RFLP M SNP y²��^·h

- � -

8R\



��yr¡M¿cr�L��� DNA cúûqR\~l�MbÀ8TUVy"#Xt.PÊ�

qR|ÝcÖh�l|\��y SNP M`û�\�lghRXLYL¦kz<uæy*+]cúû
qR SNP 2st%�;y�]X^e"fghRÑ�K^�UlghR\

�õö÷H�' genome scan �M*+��P ¡s�yçèy*+]EPõö÷bVcU|Þ

g�wy DNA uE/*+!XLYL^·hUlR4PÖhg01qR~^P�fghR\~yN
% ¡M¢£¤ñòM·kR¥¦%À8õö÷P§K5cM¨^gMxl%h\�wyXLYLP

Öhlm<°yøc©fªÝR*+]^*+!"#2Wþ�lR·y2«¡³¬¡k�K~^2

�c®¯¦VR\°fg�K³æ<��*+]2r¡yXLYL¦�@lRõö÷y°æE�%«

��<|^8m<|Þ|�wxñòMy��ckRcïh%h^hK~^2��RU^¦kR\

+,-./01 lod score
2345 two-point mapping 673458

X±H³C»±G»±²³%[`´µ�PM¶cqR®¯Mu�y]APÛ�·g678E<

r678EP§�f<678; (RF, B) P¸:c§¨qR~^M¹º¦kR\f�f<À8çè
PM¶^qR®¯<]Ay�M|�lghR\°~¦<»§!cCD%"#y¼½P¾R|ÝcM<

uæyçè��ÅÆP¿Ý<:;À!%ÁbPf%ægM%�%h\ÏcMçèy«�y�ceq

RÅÆf�¾�l%h~^·kR\~y|Ý�'ÿBL,PÂÃf|st%�Ô!ÈÉPÖhgIt

��H�ã lod score P§¨qRy¦kR\It��H�ã^M¾�l|çèyÅÆ��<�@

Ä@% RF yÅPÆ%f|®¯y"#y��XyÇ>P2q»§Ô!ÈÉ¦kR\ÊË�l|*+
]Ey6¯U·2 RF = 0.5 /"#Ìf4y^Vc9~R®¯y:; L(0.5) cMqR< $-×Ø
2RF (B) 2Í��ÍÎÏ@¦yÅP^R^Vy:; L(B)yÐ (odds)PSÖM� (llll oooo g of o ddddds ->

lllloooodddd ) ¦2f|·y¦< RF ye�Ñ Z L
L

!
!( ) = log ( )
( . )10 0 5

Ñ^fg_`�lR\°y�¦Å2:;À

!cÒ·Þ^·�fhÓIt��H�ã¦kz<°yÏy RF Å2*+!aÇPÔÕfghR\It
��H�ã2¢cÂ¦klm/¡@z<r"#y®¯y!£££ÖcÂy:;¦klm4"#kz

^W%�l<×rcd¦klm/r"#y®¯y!££�y!cdy:;¦klm4"#2%h^

j8�lR\Å2×r^¢yî¦klmoÀ!%~^Mh8o<�zuæy(L,2n¶¦kR~

^PDØfghR\

G¢MIt��H�ãy§¨sÉP#$%r¡y+¦2fghR\~yçè¦MSTUVWX

*+y��2kz<A ^hK DNA uEXLYLc¡hg A1, A2, A3 ... %[^,-ÿ'¾2%
�lghR\ÚÙ)(A) ¦MÚ�fghRT�yN�/RST4yÅÆ2kR|Ý<T�cÐ^

RXLYLyÃdPcdy�KcÁbqR~^2¦VR\¡@z<T�M��*+]^$-TUV

ckR A1 ãL)PRT��]^ÛhÑcü2h%h^\qR^<Ü�y]AyKüÝ�Mr67
8E¦!�2678E^j8�lR\°Kf|®¯cyQy RF cMfg§¨�lRIt��H�
ãMdy�L�)y�Kc%R\¾àJ¦2f|·y2GÞckR\ÚÙ)(B) ¦MRSTyÅÆ
2%h|Ý<XLYL

yÃd2ßl¦kR\

°~¦��*+]2

A1 ^"#fghR®
¯< A2 ^"#fgh
R®¯yr¡y��X

PjkqRn¶2kR\
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�)^GÞc2fgkR2<Wgy^Ðz<Ãd2���%h®¯cMIt��H�ã2E�æ%

z<(A) y®¯á[:�%~^2�8%h~^c%Ry¦kR\
GÞ

GÝcM RF (B) PâãcIt��H�ã (ä) Påã
cf|¾àJP2fghR\¾àJ!M678E2W�l

%hçèy®¯¦<B2£y®¯c��yÅP2fghR\

¾àJrM:;2·Þ^·�æ%Ry2B�£"r¢y^

V¦kR~^P2fghR\¾àJ¢y®¯M<Bæ

£"!r¦Mäæ×r^%Ry¦Bæ£"!r^%R�K

%çh"#y��X2è%�lR~^c%R\¾àJÞM

(L,2ß�¦oÀ2¾�l%h®¯¦kR\

ué01 multi-point mapping
Ây®¯M��*+]^«¡yuEXLYL<¯U·gréîy"#Pjkf|Ñ^¦kR2<

õö÷�Hêë'PÓ%K®¯cM<TUVÂ¦yÃÄ2��ÞghRu�yXLYL^yî¦"

#y��XP§¨qRy¦kR\°fg<[yr¡yXLYLyîc��*+]2kRy�PÍR

y2\!¦kR\~y®¯cMué"#012ÓUlR\ré01y®¯�zst%�h2n¶¦

~l·�'ÿBL,Pn¶^qR\

GÜM¢[TUVcÃÄqRXLYLìcíÞg��*+]^y"#y>¯hP2f|·y¦

kR\âãMTUVÂy*+!aÇ (cM) <åãMîécÐ^RIt��H�ãP2fghR\
~y¾àJ¦�·�hÿL£P2q D3S1261 yk|zc��*+]2kR��X2�·�h^j
8�lR\

GÜ
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Ú�$>M01 affected sib-pair analysis
st%uv]2ð���y®¯cM#$%&'()yÉ(2�gM@�o<Âcñë|�K%

"#01PÓ%K~^M¦V%h\~y®¯cM$>M012Ó%UlR\r�cÂyÚ�f|$

>/òóôõ42hR�K%çèPö¿qR\~l�y$>^N�c¡hgõö÷bVPY²Lq

RuEXLYLPÖhg,-ÿ'¾qR\·fN�yTUV2]Acà'n÷c�ó�lR%�<

r�y$>2kRãL)P£<!<rí÷CqR:;yÐ;M!¤Þø!¤rø!¤Þ^%RMo

¦kR\f�f<°yãL)2��*+]^"#fghR®¯cM°yÐ;M!¤Þø!¤rø!

¤Þ��ù|ÞgæR¦k�K\~yù|zy>¯hP»§!cý%f<CDúP¾R|ÝcMu

æyÚ�$>MP¶qR\

GûMÚ�$>M01y+P2fghR\ÚÙ) (A) Mà'n÷%�óy®¯\&!]2 AC
y*+]Ey®¯<&r]y*+]E2 AC, AD, BC, BD ¦kR®¯2$-:;¦9~z8R\°
y®¯y÷C�l|ãL)y�M 2, 1, 1, 0 í¦kR\ÚÙ) (B) ¦MÚ�f|$>2rkRh
M!íyãL)P÷Cf<ÚÙ)ÑüCýÑ¦MríyãL)P÷CfghR\ÚÙ)ÑüCýÑy�K%®¯
M��*+]2XLYLc3h®¯cMþÿcW]^�lR^!UlR\

Gû

"#ß"#

#v]<uv]��÷c§K~^2¦VRsÉc"#ß"#PéëRsÉ2kR\*+]EM

r¡yãL)c�z$%�lRy¦<¿%H¦y&i%o'2kR®¯cM<*+]Eyþ>Mã

L)yþ>c�z$%�lR"#×(c)qR/Hardy-Weinberg "#^hK4\f�f<3

�'³*¿%î¦y+±!%o'%[2kR^~y"#×(��yol2?-<*+]Eyþ>2

ãL)þ>PÔÕf%h~^29~R\~yoly~^P"#ß"#^hK\éêM¶¦kR��

y��ij2÷xyR,¦kR!í�c?-|��ijci�qR®¯cyF<"#ß"#y01

����*+]c-R~^2¦VR\~y®¯<��P ¡*¿%¦yãL)yþ>M<°yÃÄ

2��*+]crSc3^lm<¿%bV¦yþ>^j%ÞghRMo¦kR\~ysÉM./*

+]c¡hg30yXLYLPÖh��ì^M¶ì¦þ>yúPéëR5c1æÖh�lghR\

9:;<=>.?+@ABC positional cloning
G2c��*+]P$%qR|Ýy34P@^Ý|\

G2
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!"��y?5Ô!%ò62l��¦kR®¯/?5ÔÔ7y89ÂykR}~2:;fgh

R%[4<°y}~P�L�qR*+]P£IL½'¾qR~^M¹º¦kR\~lPDEF

?+@ABC functional cloning ^hK\

r"f�f<��yò62l�¦%h®¯·uh\°y��y;hÔ!%²<2kR®¯³<

$NyA×P2qÁv2=Íy0()µ�³À8��2kR®¯cM<./^%R*+]c¡

hg<ij2kR�[K�Pý>qR~^2¦VR\~lPGH!"I1J+@K^hK\

¢"·f<"#01��*+]yÃÄf����%h®¯cM<9:;<=>.?+@ABC

^ÕmlRÈÉP^R\

Þ"9:;<=>GH!"I1J+@KMr^¢^y6F¯U·¦kR\õö÷ÂyÃÄ2"

#01��¾�l<�;y²<��*+]yX?c¡hgÜÆ¦VR®¯<~ysÉ2^�l

R¦k�K\À8õö÷.IGä£82@Afqëgy*+]2Xt.�lghR×Ø¦M~

yÈÉ2·Þ^·B¶%·y^%R¦k�K\

34P*gR5cjkqëVé

5*+NOMC#$�/°yNOMC4st�C

5[y�Kcfgý>qR�C./^%R*+]2kRy�C

5��çèPéëR~^2¦VRy�C¦VR®¯cM<"#01PM-Ý<uEXLYL2

��^DµP«cqR�[K�éëlm�h\°fgõö÷y./��2EÝ�lghæy¦

kR\

.IGä£8yFÓGH

!"çèyö¿\¦VRÑ^uæ¿Ý<��yIJ(L,^�Kß'.) (DNA) P^R\
r"bõö÷ÂL�c�MqR 400-500 yXLYLPÖhgçèÊN�Oy*+]EPf�ë
R\ PCR PÖh|&µ�hCH�÷2P@fh\
¢""#01PÓ%h/�'ÿBL,¦4��*+]2úûqR./��PQ%qR\

Þ"°y��cR@lR*+]P(L,.LH��ý>qR\

Ý"./*+]yñòóôP��ì^M¶ì¦ÐSf<��²j!ijP$%qR\

Ü"~Kfg$%�l|./*+]yeTP±ysÉc�z:ðqR\öt£ã±8X±H³

?5Ô!01%[\

��*+]yÅÆPÖhg¦VR~^

5DNA ýêc�zpAU/kRhMpA�4yV�2��\
5°y��y;(c¡hg�zWX%h02��\/=>?@Ay*+]Mñ~-Y'7ëÙ

)¦kÞ|%[4

5k�|%Z[\]yj^\*+]Z[·ß��¦M%h\

LMNOP
!"Lectures by Professor Duncan Shaw (Unversity of Aberdeen, UK)

(http://www.abdn.ac.uk/~gen155/lectures/gn3801.htm): Lecture 1
r"�?Xtÿ'¾_L÷`LG /abc]de¦ÔfgÑhÁ;¢±X7ijá',LÑ*+»§
Ôkl�mÛN4(http://www.genstat.net/)

¢""#01yÁh /nop*q�r´®�çq?���syeÛN4
(http://www.agri.pref.hokkaido.jp/sintoku/beef/DNA%20terms/Linkage.htm-
l )
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