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The Anthocyanin
Synthesis Regulator Gene R in Maize
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Abstract

The R locus of maize is one of several genes that regulate the anthocyanin
pigments throughout the body of the plant and seed. The R gene product may
rcgulate pigment deposition by controlling the expression of the flavonoid
biosynthetic gene pathway in a tissue-specific manner. To understand the basis
for tissue specific regulation and allelic variation at R, the molecular study has
been done by cloning a portion of the R complex by transposon tagging with Ac. R
specific probe were cloned from the R-nj mutant induced by Ac insertion
mutagenesis. From southem analysis of R-r complex using the R-nj probe, the
structure of R-r was proposed that R-r containes the three elements, (F)(Q)(S).
These elements may organize as the inversion triplication model which (S)
sequence was inverted in relation to (P) and (Q). The R-sc derivated from R-mb or
R-nj was cloned with R-nj probe, and molecular genetical data showed that R-sc
containes tissue specific and tissue nonspecific area, and the sequencing of R-sc are
progressed now.
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A =

Sese LFAEY A8 dF AERA O F EFY systemor
o3 A gtr} (Coe and Neuffer, 1977). S5¢4¢£ 1049 4N F4H 26
AEel XA FAAL Wg Wel 4FA ow Aotz FAH] U
a7} U8, 7 Seed (ean)dlol Y ARG LE HAsHo
FAAe E4e] Folatvt. FHFA o 2 A w2} 3 M {FE EA
AAFoRA HFe TEYLE w8 FHAAYE FRE F Ad. =3 30
e mee g ZHYe2A A% dosagerI}E FHES AVNE
3tvk. § Az probe, recombinant library, RFLP marker (Helentjaris er al.,
1986), &2 {AA stock & AH AT S5 AEE A e
29lel7|= &,  {FAHRE] 4 53 Ac/Ds  systemE  o]& @
transposition eventsd ¢T3 7] $ed L excision# integration HFE
dAE Qe EA FAAAY {57 ddsl Fadd. olHy EA
FHAARA HAG AFe FEHE ZEE anthocyanin¥ 2 T Ao
Bojsts §AATo el olfuo] k. olHY Hie Tl Hels:
FAAY BHE A & B X HHE ToZ Aol 25T e
FAA A HYE FolatA FARS .

Holx 14709 v} & locizt 28 A, Yo Bxe] ZHo] Tojii
Aoz ¢3A g} (Coe and Neuffer, 1977). 1% Pg+ R locus:‘—"_,- ol ¥ N2
patternel 24 715 o} HddE 2H FHAARE FHAA A H(Styles and Ceska,
1977; Styles et al., 1973). P locus= pericarp, cobe] MAF ZH3aw

% Ao silke] flavonoid Zde 44& ZE#ch. R locus 44 AEA Y
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% 7ol anthocyanin 44 ¢8-S ZHESE dEHY FAR o).

R 424 Holx 27hA Wiol o4& A9 w@s 2HYY. AA=R
RgAAE odd ZHoll 4 &2 developmental stageo] =t} A1ty A
ol 2ye . EAE, 243%™ RgA4: A& ¢ 2§44
e 279 27 FA(C29 bronze gene)s] AAZ HARE A 7=HA
olul 7)#He] & WA (Al, A2, C, bronze-2 gene)#] § 42 HHAE Ho
st=53). wad) R $AARE 23 So)4 g4 e anthocyaningrA ¢ 3 2
Z1ze] wed ZAU o A2 FYSs ZHdc dEHI =E
A 2ol e}

B AT ol 23 Sol4d 28 44 Rlocuse] 729 FAE 4
ete] =3sx controlling element Ac/Ds§ o]§¥ $Ax cloning,
$Ae T2 B4, 283 oA 2E FAAN ¥ Hold FHFA
Bate] 25% A7 H AFE HAR =372 ¥

< £

1. Anthocyanin ¥4 ¢4

|
220l FTRE)e] anthocyaninz Aol W FAAe A2 gene

interactionoll ¥ AN H] o2 eWAFE EHEA . F 4
complementary geneo.24 &2 aleurone color factors c9t 7} 227l o]
(East and Hayes, 1911) 70ed\d %<} anthocyanind4 @A o F3 A7t B¢
o] Foi Rt}

zdol= TAMe & MM mappingd 11708 locizt anthocyaning-gof

SpE, o $AAE a, a2, bz, bz2, ¢, 2, pr, dekl, 1, b, zgx vpe]r}h.
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dek1l= -4 (Neuffer and Sheridan, 1981), vp= %9 (Robertson, 1955) 2} 3|
Mz $Ao| Fodst pleiotropicA#HE A, HIe FAZE 17} b AT
upgl Fro] £ KAARZAY 7NEE MY WAL FE FAAEA Y& A
AHolA ¢, 2, a, a2, bz, b2, prel ¢AZ WA Ao F LA Yo AW
FAE RE et E4Ho 2L o]§3ted (Reddy and Coe, 1962), singlest
double mutantd] #|¥ intermediatere] ¥4 (Coe, 1955, Kirby and Styler, 1970,
Reddy and Reddy, 1971, Styles and Ceska, 1972, 1977), anthocyanin 4] F&
UFGTe} 4% o}2 F79 mutante] %3} 43+ (Dooner and Nelson, 1977, 1979),
a8z 9%ERy TIH A7 B A Sdde)Fe Wk (McCormick,
1978)54) sl wHsl R}

Anthocyanin2 flavonoid A)-§¢] phenolic compoundse)] 4-#}w] flavones] C-15
skeletons 718 =z g9z 3 Y (o 1). Flavonoid ¢ ¥4 primary
metabolites£4) phenyl alanina} tyros_inel']- 72 phenyl propanoid aromatic
acidz2e] A" (28 2). EAENAE o]H ¥ amino acids} TR T4
o] 253} %A o cinnamic acid2 w»}¥e] 224 oji} EF= flavonoids} ligniny} 7+
FAET ABEE o2 A} FHHe] =aPr}. Phenyl alaninee £ E¥| cinnamic

acid derivativesZ ## sl 34 4 3} 2 »E phenylpropanoid pathway o))

[
O
(1, R = Or, Fravonel)
R = H, Flavone

Fig. 1. Common structure of flavonoid derivatives.
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Fig. 2. The scheme of general phenylpropanoid metabolism.

s Exe|n] general phenylpropanoid metabolismolel #eh. ¥ 2¢] 1M x4E
phenylalanine ammonia lyase (PAL), 2l # &%= cinnamic acid hydroxylase, 3H
# & & p-coumaroyl CoA ligased B 3 .

Flavonoid®-4o} mi7i5)= 8% ©& 2&4E Chalcone Synthase (CS)$+
UDP-glucose;flavonoid ~ 3-O-glucosyltransferase (UFGT)e]vH (2 ® 3). CS=
270 FS2 <a7 #zAEA 24 HFH pcoumaroyl CoAst malonyl
CoAz2E] C-15 flavonoid skeletone] H4& Eeidct. z7ldE Y4Eel
flavoneo.g A7zt=jgier} (Kreuzaler and Hahlbrock, 1975; Kreuzaler et al.,
1979), o= HE W F2 YHES isomeric chalconee 2 FHAT
(Heller and Hahlbrock, 1980; Sutfeld and Wiermann, 1980). CSe] & §HAE
olg)sla] Sedwle] 7 AH%d AFE Ax 29l #¥7 ut A (Dooner,
1983). UFGT flavonoiddh4de] viA|% @A|ej] Hejsis] 3-OH #X]ol flavonoid ]
glucosylationel] ej¥tch. Anthocyaning4 x4 UFGTs| #HH ZAHel o4
Larsong} Coe (1968)e] bz #EozRE UFGT #Ae] Ut AR Badel#
Bz7} UFGTe 7z $AxYe] w3 FHo (Larson and Coe, 1977; Dooner and

Nelson, 1977).
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2.R AR B $A%H AF

ReAAE 108 |44 long arme] 2d FES 139X)0] Exepe] Hol=
1270 2R e Ayl dFgst: Aoz 42 leow 7z alleles] FEH2
Floj) Zo]d QcH(Brink, 1958 ; Styles et al., 1973). 3] ¥l 3z 471
allele typeell twjdted= Emerson(1921)oels) Hxg HuEgsd e ##HA7}
A5 AN AR Fole] TEFY FA3 FA HEAY HAHoE FoiPa
Buaglch. Emersond old A% Hdd «F EIHY FEE A F2
YAz Balste] Rr (colored seed, colored plant), R-g (colored seed, colorless
plant), r-r (colorless seed, colored plant), r-g (colorless seed, colorless plant)2
= Al cl. Rer; standard allele2 tandem duplications} A@=e] Ut & 84&&
Fa2) FEFW anthocyaninAdo Hejsps] ofd 22+ FH} HEAd] H4%

Table 1. Types of allele at the R locus and their effects in aleurone and
other plant parts (Coe and Neuffer, 1976)

carone color Aleurone wolor f mhrys or See snd
wintall color inonzdy.e seutelhim p.mf color
s factors present _ Frommole color  whwe Y 3B
npurple moitled Pacamuih'e, (I‘) (%)
purple motided Paramuaiak'a; (p) (8) or (3)
cotorless colarlaay colotless rurpie (2yiny o)
rg colorless coloriess cotorless colorisss (1) (») ero.
R-ck dilute prirple motilad deew purple Parur able (P} (R) and others
R-mhb mdrbled marhied - coloriyss Paronueme-n’s
R-nj nving navajog prrple§ purple
R-sc pui ply purple purple Frorg #ovi: smine are paramuiageni
Raem purple purpls purpie colorless Tt R iy s0ine wie Prlalnuagen
Rest stippled stippled stipplad colorless Pt utagonic
rech colorless colotless deen purp'e
r-x SOOI ass D=flie ey from Rer

tHExpres-d as parple o oted plement (disrcgarcﬁng green) in roots,
sheaths, tavsel wlieme faze, anthers, and silks, obwen but not always it o
particular allsle (fee tenn); in pericarp with Ao rV color is -\nre\vl :

o, u)kumly, lower le'xf
K iusg tssues for a

Rer 0r r-r) ot

cherry-rad plu,v le (for K- -wh or r-ch). 1 Paramutagenic” able’™ alleles
1o be reducsd in expression, as discussed in o 5 ,\1. ate sectdon; {(P) and (3) 7 for plant
Lotor and «wed volor, respectively (we texdd §Colar restrivi~d u h: cr(‘mn poriue of the
aleuconeg tisvae, one spedfic alicle, #-nj Cudi, determines uc.pnn-\ll\ steug color n the emibryo

{s20 text).
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BAHG(Styles er al., 1973). HE 84& (P)s} 4 24 (ST ek o] ¥ g2+
HFAHoZ Rcomplexifjoll 4 £a&8 {AA5 2F83)0] meiotic recombinatione] 2]
R-gs} rr2 77t 8Pt Rerol]l B4 {§38 732 7 23 Hold 24F0]
DNAZ#}e] tandem duplicationge}z &3k m AR wp v}(Stadler, 1951).
FE A7 MY o AEE ¥#A %A geov} of modelo] TAsH displaced
synapsis®} crossing overell 9z} 4" 4% recombinatione] «Lold-& K glc)
Flanking markerg ¢]-8-3 §3 #40l4 (P)= R-complexifol) 4] proximale)] (S)x=
distalel] Ezj%r} (Dooner and Kermicle, 1971, 1976). R-complexujs] (P)s}t
(8¢ 4 X+ recombinants]  WEY  Hol i FAHUG. EH
intragenic recombinatione] W3 ol wg} R component A}elol= AF FE 9
homology7t $1-&o] =it} (Donner and Kermicle, 1976).

ol&dt 4712 EHH sJollx AelHoz A Ao FHY HA4E el
allelego] EA¥et. R-che] A¢E dlelyeg % pericarp (cherry)g 744
t}E pattern allele2 R-mb, R-st, R-njge] 9}, o] alleleS & FEE =20
Aae BEHI} ZA Seld e HeFrk. R-mb(marbled)2 W33 A9
A Z L5 HYE #HEe Rest (stippled)= @ @722 color sector
whebdict. R-nj(navajo)e] & S44 2] crowngd o 4=} AAlde] Pz
% AZE vebdth Resc(self color)d: &44 4o zE2RA5 48 83 Qe
R-st3} R-mbg He E¢dwolo] ola] wtg¥ci(Ashman, 1960 ; Weyers, 1961).
ol eloll = k2 A allelego] £Alsp 53] paramutation ¥47 AA =] %34
FAELE HAEr). 2 dFoAE o] B34 dule] 2H K]y S Hol:= R
complex®] cloningg $J8i Ac/Ds controlling elementS o]-&% tagging&

A =5t}
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3. Ac/Ds Controlling Element

Acst Dst  S4sdy mAdez 4wy dEH % $UAeld
Autonomous Ac element: auto-transpositione] 7}g3tw Ds trasposition® Ace]
Bgo] oA}, Acrl Q= AdoldE Ds= gAst. & element= §7Ax ol

% 24 ¢lon unstable mutationg F71%v}. elul o Z element’t 4Sl=d

23
4

oAA B AdASAY AFHAA elementrt L locusz X8| excisions]'d fullz

= nEgdoeg o %ol ARG EPYHo=E oL «F XA 37

7

712l excision elementel] s §HA L@ variegated patterng vebdch. Ac
clemente] <71 AEUle] F71 & &5 transposition A= A1k developmentally
dclay e} (dosage x3}).

Ack of#] A" o]n] clonings e 184o 49} el 8 bpe] direct

duplicated target sites} &7 11 bpe] ¥%+4 terminal inverted repeatZ % Zoll 713

Fig. 4. Molecular structure of Ac and Ds elements in maize.
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4564 bpe] DNAxZ}te|t} (Pohlman et al., 1984; Muller-Neuman et al., 1985).
2 E clone¥l Ac elementi= F2 3718 €71 QS 71AIn] Ace) transposasei= o &
712] ORF¢] splicingg % 3.5 kb poly A H+ h n mRNAE A4ss Aoz 433
o} (Kunze et al., 1987).

Ds elements= o}l HES  autonomous transposition®  H@
transpose?] o] glo1zl Ace) RAE=Z ¥o] glon] (Fedoroff er al., 1983; Doring et
al., 1984), & Dst inverted repeat9} flanking direct duplicationy 7o}
Ace] & K90 2%Zte] homologyE 7}32 #eo|d)(Sachs er al., 1983; Wessler er
al., 1986). Ds element2] <9 typed  Ace] trans-activationef] 2]
excision/integration-2 ¥ 4 %c}. Multiple inverted repeatsg %-¢3%F composite
Ds eclement= <@4Ae] breakage events®} Q@3 tc} (Doring et al., 1984).
dax AL $713= Dse] o] ¥ 5 8L transposable clemente] 7] WAL
o]z 9t} (McClintock, 1948, 1950). ul!-ﬁ- A Eoj)A) 9] Ds-induced chromosomal
breakage: Ds2 ¥ 25 9o e EA FHAY A4de Yer|= breakage-
fusion-bridge cycleg  $71471n olzle]  dicentric/acentric  chromosome
fragmentation @ 4o} LeolubA He} (McClintock, 1951).

Acs} Ds element:= A4, §%, A, 958 g8 d4x9 - L
#A A (McClintock, 1978). o]# @t element: A4 Fd FAMelE #7134
genome reorganization® gene duplication @4Hel 8.¢le2 &&= & . 53
excisionoll 23 T ¢Xo) EAFRY d7] A%, HAA, 4U9& AAPd (Schwarz-
Sommer et al., 1985). el WHIE: {FAANY F4LH LHe] tf alleleic
variation2 §E%¥t} (McClintock, 1951; Dooner and Nelson, 1977; Wessler et
al., 1986). S 44=oj|A] natural isoallelew] 2] 7= ¥ o] transposable elemente]
excisiono] £33 HAzz 493} (Schwarz-Sommer et al., 1985).
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Fig. 5. Gene cloning strategy using Ac tagging.

BEepoads o)l2]iF AcdDs system2 o]-&#l4] transposon tag%ingvﬂ-jj
ARG 28 Soly BE wpsh el AdAR Fride #MAR-njol :a
4qe $71%d. Yoz Rnjo] M4 PEs variegationF e E =47 Elﬂ'ii
“‘;ﬂl mR-njE P24 A Bo)z SdHelFe] DNAF £8 3o Sau3Al Hpaim:
digestion® lambda vectorol] packing@¥ Ac DNA probe& ol :‘; :1:5'1:-
Holx cloneZ At W, A clonee 2 Re Ac DNA & gofl & ‘_&] )
;jsq 2% $AAE subcloningste] o] DNAZZHE specific probeZ st} A4 ;
R-nj linee2 3e 919 @y WHEsed Rnj $44E cloningst7 %Jt}.l 0?%‘%
Q15§ transposon tagginggoll ol €22 & BE §HAE obF 4 cloning

+ et

4. Cloning of R locus
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Fig. 8. Southern analysis of R-nj:ml induced by Ac insertion mutagenesis.

g4 R $A7%e %0l obd e @3t7] wiEe] R $479 71500
et ojd ANE dHAR] e Adeld. Rojxe] 23 Sol4d = 3t allelelic
vatiatione] 7]% 71%& welyl fiske] AcE elg¥ transposon tagging WS
% qlste] R locusE cloningst7|2 #sich. Fedoroff er al(1984)oll s #xg

g

28 e FolAd Ac probed wHERiew Greenblatto] ojsf 38 Ac
suppressed R-nj complex& A48 =H R-njofl AcE &7 A% P locus(p-vv)ell
21= doner Ac element® 7} 18 @449 R-nj E= R-sc allele £ 7} 109
e 447t AE ARD AAE o) FRH2YE). Ack A 47 transposition
&2z (Van Schaik and Brink, 1959; Greenblatt and Brink, 1962; Greenblatt,
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1984), target site9} donor element & cis 42 Hx|7 oz Ro] Ace] 44
VRS Hr|deg FUAZR 4 id. 78,000 kernal Fojj4] Roj insertion® 77¢]
o Hel AAE F (™).

£ dFoAE 779 EAdHoldF r-opimls g LMANE A9asid. r-njml
allele2 «¢AQ1 W230) 8Md omietslen), genomic blot analysisel] ¢)&f r-
njmlo] E&sE sibling progenyE EHste] £ wWels} $Alo Ees)= Pwull
digestionel] ®17}3F 11kb Sstl fragmentE Awsed(2¥ 8), = AF WS
BH EMBL30] Ac-homologous =7z}-& cloningsled Ace] 2.5kb Pwvull z=z}2
probeE st 28702] %A u-E cloned H{53 ). o] Pvull Zzta} of clone(pR-
nj:l)e 2 e Ace] 4571 83 ¥ clone(Ac28)o] probez o]}l o o] probed-
o] §3te] 11kb Sstl =2Zh& e uiicl. Frlxesz pR-njilg o]&ste] R-sc
alleleol 4] 25782] Ds insertiong #el® 4 9o} o] pR-nj:1& R-specific probez

222

5.R allele®] £ A1 )4

Rr = A% alllez2e DNAE 2alsie] pRnjile probez o] &3] R-
complex®] (P)& (S)¢] £A $4%3H HAE 437 $l3kad genomic blotg
sk (P)g ()8 ¥4% Ror allele= HindIAz]¥ probe pR-nj:lojl of )
3.5, 4.0 kbe] band®} ze]x wv]okgl hybridz Ke]i= 4.5kb, & 37)¢ bandr}
Folg k(2 9). Rr2xe $#8l¥ Reglal rrnd6 alleleo4}=  intralocus
recombinationo]] #ja I 9el4] HE Ay o] R-gil: (P)7)5o] AAHR r-
r:n462 (S)7)%5 o] 44 H Aoz .

% allelei= Reroll A Ex|Ae] 23g Helx FHA0lA Eal=ldc
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Fig. 9. Southern analysis of R-r and derivative alleles using pR-njiml
probe.

HindII2 #&l® rrnd63} R-g:l DNAE R-roflA] 29 37§2] band® Q371 447
AL Mo AL ] rrnd6eAd 359 4.5 kb bands} glo}@x R-g:lef4lx 4.0kb
band7} glel@coh. olEy A=A 40kb bande (P)71%, 3.59+ 4.5kb band:
(5)7)5 3 Be] A= Ao g FHH}MAG

o2 Peje] B 9ol allelez A A £A Az 23} HA7F g o1 alleled)
rrn358 HEdo] Kk o] allele: duplication®] zt & $X% FHA
EAAA(Isr)e] % copysl ZUE dol Aok Aol Tk fAHeR

R
duplicatione] Z4lo] glo] (S)ZHE ()2 Ed Held Aeg Ud#A L (Dooner
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and Kermicle, 1976). ¢4 Ez] <¢lA49 WAz 439 R-g:1, r-r:nd63} 2L allele=
Isr %t copys} 44=le] S} r-rn35 DNA~} HindllIy 2] % pR-nj:1eg blotylg o
3.5kb bands$} 4.0kb bands} Exjxerny 4.5kb band= vYEl}z]  gho} 4.5kb
DNAL: (571%%3 dBss Aoz +35Uud.

LA A5ZRE (P)gk (59 F2o did 2L ¥dd Rglod (P75
8] AA3 40kbZEZe] 4N L £ (P)e 4.0kb Z7to 2 2 A e r-rnd63 r-rn35
alleled) 4] (S)7]1%5-2] 447 blot¥ bande] §¥E dZAa Ew 4.5kbzzto] (S)9}
A== £ 3. 3x DNA=2ZH3.5kb)& (P) = (S)9} displaced synapsis&
g4 #7hHd R componentz 4zbEle)A o] olF& (Q)e WWeigly. o
homology7} (P)(S)(Q)¢] ¢o& =lo] v} reciprocal recombination ofjw}i r-g
allelez E5¥ (Q) derivatived §7184 ey oy rg FuEs HAd »
@iti(Dooner and Kermicle, 1971). r-g Foil§ wA%a Z%e w2 o] R

complex2] tx& (P)(Q)(S)e Foz o] AR shrh. Modeloj ut=w R-
g1 (Q)S), r-rnd6 (P), r-rin35E (P)(Q) allelez 7 ).

o] model& R-r homozygotez 2E] (Q)S 71AAZ <74A 2749 rr3 Rg
allele & 47}2 ZAo] 75, Rere) triplication models HH3t7] $ishe]
Hidﬁlﬂ’r G2 o3 AFALE o]Fste] «J2]71R) Rer derivatives§ Z A+ 2lv} (23
10). R cross-over R-g allelex (Q)% ()& 7HAx Ao @2 A5 (P)
band7} EAgo] & X ExPYcE. RE cross-over 1t allele2 (P)E 7tA =z
sisick. et} non-crossover rr allelee (P)st (QE Xz Qe Py
E2ge] & A (S) bandE Az UK. ojHY HXst HH bandE S
A& BAED. 2y degfez

rir
jo

recombination break pointZ® ¥{3z
e} cross-over R-g9} 1-r allele2 Qlehed triplication modelZ 274 o]

Resc. & Rgallde® (QF A} rr& 1@xl 27) WA o] AL crossing
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tlolecuiar Classification of R-r Derivatives

(p*)(QX(S) — (P*HQAED

NCO Q) —— Q)
¥ NCO

4]
Rr = @O K o —F—>

NCO X o
(P) =%

PHAEX) = (7))

R~ denvative alleles are classifiad in this diagram by the presenca of rastngtian
frag..eats thal carrespand o (P}, (3], and (C) sequences. Loss of (P} or {5)
tragments is replaced by novel bands that represent fusinng between two camponents
(e.g. recomoination between (5} and (Q) fragmens). The size of the arrows
carrgsoend to tha reiative frequences that thase alleles are ragoverad. Aligles are
decved with {CO) or withaut (NCQ) axchange af llanking markers. (O)-oniy allelas
zre colorless ptant, colorless seed and are derived fram A-r in two steps  Neta thal
alleles inat retan & single component {e.g. (P)-anly allelas are sieble and do not
“mutate” further,

Fig. 10. Flow diagram summarizing the rtesults of Southern analysis and
genomic cloning data on R-r and derivative allele.

h)
P
: > ./ > s
0
1 2
P .

Crossover derjvatives:
(Q)(s)
(P

P -2
u I

We propose that R-r is organized az a irplication strugture with (P) and (Q) repeats
organized in direct oriettaton and the (5) repeal inverted with respect to (P) and
(Q). (S) must also be fanked by (D) securnces o alow both proxmal and aistal
recombinaiion between (P) and {Q) repeals o generate (P) only atelas and (Q)(S)
aileles by interchromosomal recombinauon, Inlrachromesomal cecomaination can
ocour belween the fnverted (S repeat and direst reneats of (P) or (C) to yiekd R-r
dernvativas without gxahangg of anxing mackers. This would explain why R-g and
r-r alleles ars ieesversd without crassing-aver and withoul raiauvely high mutation
rates. Sinca cross-over (P) alleles have 'ssl tha nvadsion, il would explain why
these alleles do not mulaie any furhar.

Fig. 11. Triplication model for R-r.
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over7b (S)$h B fateley AT Y= AZHAED. 4EEW (59
d71ade] a@llgk ol (P)g (Q)8r @Bsbo] inversion Heol  gldhd
interchromosomal recombinationg 7] ##¥ recombinant alleleE &71% 4
Rk d5ol (S 9= (P)g (S =& (Q)g (S) Ateld recombinationg 913
intrachromosomal pairing2 WallsbA] 9% Aojgk. o] modelE R-rz EE
%ei%l non-crossover types AWn AJEYH EdH|EEH FEiE=R
Hehte @4 49 5 g =3 (P)g #deed (59 99 (P)g (S) Aol
intragenic recombination 4ol FHAHom wAsx] YULE oEHem

AlAlatka 9tk o] inversion model& R-rg] nE S HMATES SlEdA A4 ¢

Cloming (P) {Q) and (S) fragments

HE o x 4 &

(P Ll ! !

Y . 0

(3c) L

TS TNS

Fig. 12. Restriction map of R-r component (8), (P), (Q), and (Sc). TS and
TNS indicate the tissue specific and nonspecific regions, respectively.
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EXQE)Y EATZE FH7] fisted cloningd (S)(P)(Q) =z (Sc)#)
AL AEE FAPsr oY 129 Bgen 2 247 AP FHYL
AR5 BAFTt. 53] (Sc)k wlmate] ZAZo|4 JYBr= zF
H5ol4 <ol ©] 4¥7 homologyst #27e HedFm At o] (PIQ)(S)4
DNA®7] Md £4¢] @ AYFoll e FAq EMBLAe cloning® genomic
DNAz ®¥ 7t 8.4F Ads Wiz partial digestiono] ofal MA{EL A= 43

3 chromosome walkingg &# A R locuse] EA71= 345 28y}

6. R-sc §H7 ) 2250|434 vlSol4 9o

R locusgt Zte] 544 Q) §HATES HH3 allele2 E4o] Folstx| g} o
locus &4 o 2] HYaFds P AAZ ol EAFo|AY
7122 A9 oA QA ek}, o]H % locus §HAe] YHEL LHAA b ¥
NS 9% locuse] E¢Ho] glo]= H3¥ cistrono] FEjetE=A], olHE
duplicate <39¢] 7150o] 1A fFHze] YES A FoldA ¢+ 8l
223 locuss] F-4o] o)A el ML 2 locuse] saturation mutagenesisol] 2faf

2] developmental potentialoll gt Z¢He] $H7e) E4ol. ©E TFE

as
Wme 44 Bed 4 9= EXURS ]2 insertion mutagenesisojr}. Ac

cxcision#} Zro] insertion element7} A A excisionHvpH FrIxd] oA,
)43} deletion/insertiond} ZH& #Ao)] & FERGHAA )Y amino acid codeg]
2.7} non-sense mutation, missense$} frame shift mutation®} promoter<d o 2] v] 2%t
Eddolsol QojupA Ho. o]H ¥ EdHe] Wk locusyl multicistronicst el

AR dFd g¥  fERL] v, FHYY ZAFY =HFS
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Badsning the Y5 Reqon of B

Earmicte ingyy

Fig. 13. The strategy for decfining the tissue specific region of R.

EAFEAMN] TGl ssdA . Kermicle(1988)2 23 13o14%
o] R-sc $#HAe Ds insertion mutagenesiso) 23 r-scE s Ac
trans-activationef] 2] aj Ds7}‘excision5-]u01 R-sc7l 2¥-35 EdHe|FE Awa ¥
o] DsE w34 Scoll z2R4-Yste] 509 o]49] r-scE Hwesllcl. Ds insertion r-
scob (PYE mefsfod intragenic recombinationg %71A1%E w) Ds insertion (P)sk
R-sc7t & Ze] ol4d 4 At asy EHMEE EYAE 27 ¥H9
recombinant7} AAEojRoen 1 AR YoM ¢dF3 Ds insertion (P)g R-
sce g4 Ds insertiond F-$7} ZAn|Sol4d W@y Fez wdagey d&
f4de A9 recombinantzt ¥ @gAHA @ik o] AL r-sc(Ds)/(P)s}

colorlessS ufshed S44 o4 colors: HE: MEE Zis) £ Ad me
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insertion site] mapo] FFulE VA= VAL HYG. o] @42 Dsil r-sce
24504 gaddel Hxsed Rscy 7)5o] 449 Aoz 245U, =
o] 2] ¢ physical map} genetic mape] B QXE AAZ $449) lcme] DNA 277
1-2000kb2  2As=u  wlal R-sce ALE=  lemo] 49kbg  Al4ts|of
recombinatione] ZAd YAl #-Fo] opdS WAz U}t o] R-scef tissue
specific region(TS)$} tissue non specific region(TNS)e] EA-7ZE w37 #3ts
pR-nj;ml probeE o]4% W3l Dsel transposon taggingell ¥ He Fa
BamHI #=7+Z cloning #%1..» (11kb) Ds insertion mutagenesisol] £]&}H ¢ 4kb
9120l Q= Sstls] upstreamejjo] ZFEoly Y3t AW downstreame =7
Bl 5ol4 o3 AZR=EA A (¥ 12). @ % 11kbe] R-sc cloneg bNA
sequencing Fol™ ¢ Tkb =yt Wzl VA=K FF A HV|Ade] wHAH
ZA 5ol o] BY EAE] Y] 7hsstulzt 4780

24=4=2] anthocyanin MigAo] HFojsis EAHFo|Y ZHFHAYU R locuse
SA% wAS BAFEANEY HIS ARHAE wp o}HrR] ZASY
waof] B3 F2HQ M Ax Eagert R locus A7t tandem duplications
Hels (P)Q)S) M7A 847 homologyE 7hAl AZA Lde FE2YES
gl 5 . 53] o] R locuse] FE7} inversion triplication model® 2 &
e SHPA] H4E $ A¥ev] FF cloningd M f4e] sequencing

chromosome walking& $% A R locuse] 727 g3z R locuse] 44E2]
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N5 77, Z2ASol4s] ZH7E, R complex $@o] uAE promoter® E e
2aso] WA B Aol 53l Rscs] DNA @7lido] As) waimztol wa}
25| 4(TS) 45t 27 HZol4(INS) de EA%£ZEH H4F 84 AcDs

transposable element#] insertion excision 7] 23 recombination 7]%}2] 7] Q=Y

BaodE Tz ekek#lal R locuse) paramutation ¥4
imprinting¥ ¥}, transposable elemente] dosage& ®}, phase variation, presetting
A% Qe Aol et R $AAE B2 4 A S AR2A o18F 4
Kok AZbEs g 71l elad@ dFARE EurE o FF AEL
o]z R locuse] 2zt @49 sequencing, chromosome walking, promotergdt, R-
sce] sequencing § products] 7|37, 22 5o, HlSoly dds E2Y HHSo]
99 Zeolw RHex Ac/Dse| & AEAulolye ¥, transposon tagging
Wl A% §-8542 bulk cloningg-o] ¥ 95| St}
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