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#.+O #̀gV.#+8M01#I&>_O@6;+H#UKEEE#-$.#+8#:L>V.
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#:8#@<O4@b#/+v614#9@>C##9+W# 4̀#gR;+<)#94@8
#M0O.@C #:8&A;4 #:W-. #XD#-. #:L>V. #"E#N0)
#:W-.#D #-.#gw+H#UE#N0)#:8#+,#:;&<;#FGH
#:;&<;#@eO.#-+8#gO+x;#-.M0;01#:8&A;4#.4@e>6;+H
#.4@e>6;+H#:W-.#y #-.#:L>V.# #N0)#:8#4-#+,
#cDNA#:'S@)#cO4#*+O+b# 4̀#Fb#$#/.@^#:8&A;4
#/.+_6H4#q8+V#PCR#94@8#&eJ4#DNA#*4&]w#:8
#/+e6H.# 4̀#/.+_6H4#+8#PCR#r] 4̂$#M01+8#5)
#:8 #f*+<JY #g3+H #Eppndorfd #@'AO+H&)@?

z#q)+1##o>?@?
#N0)#:8#:W-.#!X#*&>H4-&?+;.#cO`+{Y#qA>H
#N0)#:8#:W-.#!X#*&>H4-&?+;.#qA>H#[:L>V.#X
#KE#N0)#:8#:W-.#"E#9`+{Y#qA>H#[:>;+T#KE
#|X #-. #f}~8d #:61- #�@6~C #qA>H #[:>;+T
#[:>;+T#KE#$#:L>V.#U#N0)#:8#.4@e>6;+H#:W-.
#N0)#:8#.4@e>6;+H#:W-.#|X#-.#5O+x;#qA>H
#K #-.#X#+?#D#qS4@)#gH4#@^�#q8+V#M:L>V.#UE

M01#-4@A?#qA>H
#0�-.#D`-+CY#PI# 4̀#/.+_6H4#+8#PCR#P&nQ)
#`+H#0]6~)# 4̀#/.+_6H4#+8#:'�+S#0;+8#$#`-&7$@6AJ4
#P&nQ) XR –plus#P0)#-&?+]>)&'O4#F;4@?#PI
#bp50#-0J# 4̀ #M01#9-4.@8#FAw#BIORAD
#*4&]R8#qO@6H4#@�L)#=Y#$#gv�)#P@6] #̂*4&]R8
#:;&<;#UE#@,# 4̀ #M0;01#/.+_6H4#5_])#P@6]^
#/+e�O+)`Y#:8#:;&<;#lO#oJ+V#-.#/01#5H-@8
#*+6H&b #g(H #5H$@O$ #9+xO-+<>8 #ZW@)
#@x1&8#*+6H4#-.#ZV4$#-&� #̂5A1iG)4.#*+)`+H
Real-##�$-#:8#5R�V#�>(�?#0>O+?#94@8

M01#P+H-4#time PCR

0$1(2
#563+]1#g~O`#N+n(�)#:8#%&8@)#N+w�p4
#+?#K#9+,#P$0W#-.#/01#5H-@8#9+,#&e>)#/+1
#RThPCR#:RJ+�)#tO+6;#MgH4#/01#�-+e;# 
#f/.+)#.0w#U E$#@;#.0w#U E#d#.0w#KEE#9$-

!"#$%&'( )"%* +,-./ 0 1,%23 45 6-728 !93 :" ;#%./9< +/-&= $>%7/ ;>%,> +?9,":

 +C@#D* E$#.F
 >0& RTGPCR

 %-= HII
 0 1F %-= JKIL
 M3%#* %-= JKI
 NO >'A?* 3#4
 P#C@#D* Q$1?4
 R$#*SO %&'*
 3-)T% <#UF
 %'V0 W-=
 &% X01$0
 %&'* >#T +F'YF
B%'" !/&1"
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#.-&) #N+RJ+�) #cO@>1 #=Y #9&e>) #/+1
#-.#a$@O$#.&W$#B0w#/0],.#*+�;#rO+)`Y

M.&8#5H-@8#.-&)#9+,#:;&<;

#��?#$#�>LQ?#qQ)#iO@8Y#/`&S#hK#P$0W

�>LQ?#P&p#-.#/01#B+\;4#9.+>�

#9+,#:;&<;##563+]1#g~O #̀N+w�p4#hX#P$0W

/01#5H-@8

#9+,#:;&<;#5H+]1#a$@O$#N+w�p4#h #P$0W

#=Y#9&e>)#/+1#g7+8#l>A_?#:8#/01#5H-@8

cO@>1

#�a4@A;+b&?+G,#[G#�r�8Y#�ND#�0�;#40W
�HE#��]J&<,#[HP

#N-&�#-.#0O+8#IPNV#@�;#.-&)#5;I#:R�V
#DE" #0;+8 #9+]xb #-. #0O+8 #a$@O$ #.&W$
#/01#B+\;4#N+�O+)`Y#5J$#[01#5)#q>A�?
#:;&<;#-.#a$@O$#.&W$#B0w#/0],.#*+�;
#:;&<;#*.&8#9-+w#9+O&C#$#/.&8#:p&8@)#9+,

M01+8#5)#5H$@O$#�+QJ# 4̀#+,

#9`+H#-+A1Y#:8#%&8@)# D#`-+CY#PI#h#K#qA1

#/+1#IPN#a$@O$#RNA# 4̀#q�+S#PCR
#@^-+)�M#Mq>84-&1#:u+O-.#cO@>1#=Y#9&e>)

##[�]J&<,�HE#[a4@A;+b&?+G,#�H#[50Bbp
M5_])#P@6]^�C N!"#$%&'G

! !()!*+,-./0!50bp!1(2!30!45678!9:0!1+
!"+;)!<=!*(>,$=!?!@A)!1+!BC!1;D!E,F>
!G,72!30!*()!</1H%!I,>!BJ;FJ!<JK!BLMN
!bp !1+ !OPH:P !+;QP !R1;S !1+ !IPNV
!BJ;T!U5>!<2P!+0+!<=!@5A$8!(J,%!(:,%!VWX
!,YL%!I+10;=!1+! ($J!*(>,$=!<.Z[=!BJ;FJ
!<-5L\!R],^80!1(2!H:3!P!_K!I,`.J0!1+
!HF:0Ha!@5A$8!@52+!B%!BC!()!<=!*(:+

 +;%!HF:0+

 !"
!B% !01 !IPN !OPH:P !#J01,AF> !P !Blake
!,`J&! (J+HC!I3,/!1,A)&!RTbPCR!cP1
!<d0;J!RTbPCR!cP1!I!BL/;8!30!ea
!<d0HD!I0H%!01!OPH:P!9:0!30!<=;JK!f,g
!01!HhJ!+1;=!HF:0Ha!P!B.iHT!HhJ!1+!HF:0Ha
!E& !O,/0 !H% !01 !OPH:P !P !(J+HC !<d0HD
!+0+!E,$J!,`J&!j:,.J!"(J+HC!<:,/,k)!B5d,J
!HhJ!1+!HF:0Ha!<d0HD!I0H%!BC!I!B5d,J!B/
!(k),%b<=!*()!lm,-d!1,5n%!(J+;%!B.iHT
!,>!OPH:P!9:0!<:,/,k)!I0H%!(kJ0;8!<=!BC
!+0+!E,$J!45678!9:0!j:,.J !(kkC!*+,-./0
!@%,N!P!o:H/!<)P1!(J0;8!<=!RTbPCR
!_;p/ !l$C !I,Q !B% !BC !(),% !E,k5FD0

 +HC!*+,-./0!E&!30!E0;.%
!H5q,8 !f;^g !1+ !I0 !*+H.nT !R,65678
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!_,6.J0 ! !E0;kw!B%!Iy%&!9:0 !#6J!l5F>0
!*+;%!Iy%&!I,>!z57=!1+!OPH:P!!*(k>+
!BpFQ!30!E,:y%&!H:,/!1+!<:],%!R,-p8!,>,T!P
!P!+1P&!<=!+;QP!B%!,>]&!_yN!P!,>!E;F2,/
!B%!+;)!<=!<:],%!I+,^.N0!R01,ng!{w,%
!R,-p8!Bk5=3!1+!R,65678!H.$5%!@52+!95F>
!P!|H=!BC!l/0!*()!t,uJ0!E,5>,=!B%!*+10P
 Mortensen,}!+10+!*0HF>!B%!01!<:],%!H5=

 ~1993;  Plumb, 1992
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!*,) !I,> !E,T10 !EP1+ !IPN !OPH:P !BC
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!<J;-w!3PHAJ!I1,F5%!@=,w!E0;kw!B%!P!(kC
!_yN!BpFQ!30!E,5>,=!+03&!1+!O0HAJ,a;8,�>
!*0HF>!01!<:],%!R,-p8!BC!!E,FC!95sJ1!I]&
 Bootland et al.,;} !+;) !r;n7= !+10+

 ~1988 Halder et al., 1988
!<%,:+1!1;hk=!B%!BC!y5J!45678!9:0!!j:,.J
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!t(w !_,F.d0 !I !*(k>+ !E,$J !() !t,uJ0
!E,F>! +;%!<LM6=!BL2,M=!9:0!1+!<T+;2&
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!t,uJ0 !<%,:310 !<.n:3 !HsJ,$J !v: !E0;kL%
!_yN!(52;8!l`Q!Iy:1!B=,JH%!I0H%!bV +;)
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!I0y:1,F5%!I,>!OPH:P!E3,x=!E0;kL%!(kJ0;8
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