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Genetic and molecular analysis of the R-mb gene from maize
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The R-mb locus of maize is one of several genes that encode tissue-specific transcriptional regulator for the anthocyanin
biosynthesis in plant parts and the aleurone layer in seeds. We found that the seed pigment frequencies gradually
decreased at selfed progenies of the R-mb genetic stocks. In order to analyze the genomic structure of R-mb locus
components, genomic Southern blot was performed by using R specific probe, pR-nj:1. Two bands were detected at the
size of about 3.9 and 7.75kb. Five R-mb positive clones (mb-II, III, V, VI, and VII) were obtained by screening of maize
genomic AFIXII library using R specific probe pR-nj:1. We constructed the restriction map of clone mb-1I (7.75Kb positive)

and mb-VI (3.9Kb positive), and have compared these with other R locus genes. From genetic and molecular analysis, it is
suggested that R-mb complex consists two copy of R elements, and each element shows the paramutagenic and gene

silencing effects by the fashion of cis-inactivation.
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Ab8-3ted R-r complex®] FZFEAM-L ¢t s)g]vHWalker, et
al, 1995). R complex¥ P, S, 183 Q842 FAHo] 9]

om, 89} Qeae 208 7154 S §AA St S, e
7]1%0] ¢l truncated component Q2 TFAE e} ¢lvh Sz
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Figure 1. Maize kernel phenotype observed as a results of R-mb
selfing. R-mb progenies are segregated from self colored to colorless
phenotypes. Morphological variations are clustered as 5 groups:
colorless, light-marbled, medium-marbled, deep-marbled, and self

colored.
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Table 1. Genetic segregation patterns of R-mb progenies selfed from R-mb stocks

Phenotype of R-mb progenies

Stock Origin Number of kernel (%)

No. self colored2 deep medium light colorless total
573 R-mb-medium 11 (01) 153 (15.1) 728 (721) 122 (12.1) 18 (1.8) 1010
TH0A 573-deep 5 (00) A8 (124) 1090 (65.4) 233 (140) 131 ( 79) 1667
750B 573-medium 15 (0.1) 79 ( 32) 1661 (67.5) 332 (135) 374 (152) 2461
B06A 70bA-sc 0 (0.0) 1(19) 14 (269) 23 (443) 14 (269) 52
8068 705A-deep 8 (0.3) 166 ( 6.2) 1259 (47.1) 653 (24.4) 587 (2.0) 2673
806C 705A -medium 2 (02) 23 ( 28) 556 (66.6) 201 (12.0) 154 (184) 936
806D 705A-light 12 (13) 53 ( 56) 448 (475) 176 (187) 24 (269) 943
806E 705A - colorless 1(02) 11 ( 23) 190 (394) 119 (24.7) 161 (334) 482
B07A 705B-sc 125 (21.8) B (57 283 (49.2) 74 (129) 60 (10 4) 575
8078 705B-deep 7 (05) 85 ( 5.7) 711 (48.1) 258 (17.5) 416 (28.2) 1477
807C 705B-medium 5 (03) 82 ( 50) 872 (52.8) 30 (206) 32 (21.3) 1651
807D 706B-light 0 (00) 53 (200) 142 (538) 37 (140) { (125) 245
Y7E 705B-colorless 0 (00) 20 (116) 68 (55.8) 1 (183) 1 (143; €N

aliach segregation patterns are shown in Fig. 1.
1 2 3 4 5 Figure 2 Genomic Southem A B
blot analysis of R locus in
2.75kb»> maize. ’.I\Nenty/gofmmze M1 2345 Kb M1 2 345
genomic DNA  was —

digested with HindIII.
The blot was hybridized
with the *P-labeled pR-
nj:1 as a specific probe.
Lane 1: R-mb, Lane 2:
R-g, Lane 3. R-nj, Lane
4: R-st, and Lane 5: r-r.

3.9 kb» §

7] $1sfA %A R specific probeg] pR-nj:1E o] -§-5}9] .
£ genomic DNAE A 384 HindlIIZ Ak % pR-
nj:1 probed o]-43] Southern blot hybridizationS 4 A] 8141
o} R-g 9 r-r {Dellaporta, et al, 1988)2] 739~ 37}#] band
7b Zb7E 50, 40, 35kb of el 7)o e Eaxjsiel o,
R-st (Eggelston, et al, 1995)¢] 7%= R-sc 17} copy$} Nc
370 copyZ} Z+zb o Skb U 39kbefj A EAjEE o £ Yl
C]- 28y} R-mbe 79+ Prasanna$} Sarkar(1993a)7} F
47 FA 3 vule}l o] oF 39%kb % ¢F 7.75Kbed oA 2

7H 9] band7} TEAEYCHFig 2). w2t R-mb $HA= 2
el copyR FAE e ALE FAHASL 2 775
kbej el Al A& /€] bandy olvl= 7]E8) R complex
AR s 584 Fase e FaE A 4
245 9lch 2 AT A= o]k Southem blot 247

B<775>~ @

<39 »

Figure 3. Restriction enzyme digestion pattem (A) and Southem
blot analysis (B) of phage DNA isolated from R-mb library using
R specific probe R-nj:1. Phage DNAs were isolated from mb-II,
111, V, VI, VII (Lanes 1-5), digested with HindIIl, and hybridized
using pR-nj:1 specific probe. M: A-HindIII/Pstl double digested
size marker.

FE 7|0 slo] HpdlllE AchslelL o F3F 219
bandE 422 3l cloningS 3 8ksi .
R-mb ineQ 22 E{Q| library &4 2! gene cloning
R-mb genomic library = °F 150,000 pfu%-8 pR-nj:1
probeE o] &3] lift hybridizationdt Az} 35702 plaque
(COGL-36)E 49<¢ 4 slsith o|F COG-2 6, 8,9, 10, 12,
15, 19, 22, 24 clone 5 107 23-E] 2} screening-S 3] 3}oq
mb-I-X7}2] A= o] 107§2] cloneZ mb-I, I, V, VI, VI
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Figure 4. Restriction map of R-mb genomic clones, mb-II and mb-
VI Restriction maps of two R-mb genes were compared with
three known R elements, S (Robbins, et al, 1991), P (Robbins, et
al, 191), and Lc (Ludwig, et al, 1989). Restriction maps are
aligned by common restriction sites. The restriction sites are
abbreviated as follows: H = HindIIl, B = BamHI, E = EcoR],
S = Sall, X = BstXI and V = EcoRV. The results of Southern
blot analysis with pR-nj:1 probe are summarized by indicating the
hox under the map.

5 cloneZ 32} screeng 713 5742 cloned BRI & ¢
9ot ¢ 5714 coneg HindIIIZ A sl % Southern blot
Mg Este] 2E3 HF clone mb-l, V, VI, VIE 39%b,
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ol & 4 glel(Fig. 3), ¢]Fo|A mbV ¥ mb-IIE FA4o
2 AgEL AEAYS WA

,a
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mb-V 2 mb-II clone?] ATEA ANEE A7 93
o} EcoRIL, HindIll, Sall, BamHI-%& ©]-&8}¢]cH Fig. 4). mb-
VI clone®] #% z:7]:= oF 15kbEA] EcoRI sitez} 17,
HindIII site7} 770, Sall site7} 370, BamHI site7} 47) 2%
331 9lgl e, £3] o] cdoned S, P, Le, Sc =3} w23}y
S w, pR-nj:17} homologyZ Hol: F471 22 Agas
patteme R4l om, Z¢ Hindlll fragment®] =7}7} <F
3%bZEA SETE= 23 Pol: u|4d) AL Ho|T 9y
th. 28y P, Q Sc, Le 2] R-nj:1 homology®d dol] gl
BamHI site, 28] 31 o] HB2 F335 Hinpdlll PHe =7
7} H-AHA (Eggleston, et al, 19%)-& ¥} =3 S 9 P&
4~2] transcription®d o] ] 2] BamHI, EcoRI site7} mb-VIe|
NE B Jehies, P, Qae] 5 #8 FU91
o] EAjsl= HindIll, Sall site}A] &£A13& £ o) (Robbins
et al, 191), R-mb¢] 39%b HindIlI F7}-& R complex?

doppia elementE E3¥3F promoter’} A d=
A8 2 9)ck(Fig. 4).
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7+ 24kb 2 075kbE Fofom, 5 AR Ho= A g
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7y o]}, E3] mb-II, mb-VI 25 S % P2 49 transcription
°d 9o A9 homology®= R-sc probeE o]&sleis of 22
722 Yeh AR u|A)A]) mb-VI} 7te] transcript 23|
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o &
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R-mb f-&zle]l thgt 2 F74A 8] FARNARE HES}
o %o Fojz ARY4EE AL BAUEI} Fase
AL Hol 1 gt ot AL 27tA] slxAe] EA st
= 7oz A7E =Y AME W Ho| transposable element?}
Z A 8} 7] }(Prasanna and Sarkar, 1993b), EA& ejulx
promoter® ¢ 2] paramutagenicity® do¥ F 3o}
Controlling element Mb2] Zz|E A A& Prasanna$}

COpy &



Sarkar(1993a) 2] R.x7} 9o}, £ Ao ML o} ot
controlling element®] Z ol w3t HEAAESAH 287} 1|
olshe] e 27h BEs AR sje Leid Rmb §404)
7 oNe AEEABNE ANE 2EE FAH Aok
# ol R-mbet R-ste] Ty} R-re] R-ste}e] amje] A
vJeld= paramutagenic £3H Kermicle, et al, 1995: Walker,
et al, 1995)2} 7o}, R-mb A}A|| A& o]e}s} paramutation
o % S AR AEAGe] e ol 5ol
9= Z3&}v} o]2)8t paramutagenic® 7= DNA methylation
% dgte] FHol gene silencing®EIE EYL2A fA A
”-J]_% Z3 ‘]—b 7o g od#x 9)o](Matzke, et al, 1996),
9 FolM 2] FAAPLE oA Ay o
A 3*,}'0] 27H o] HHA7re} cis-inactivatione] 2|8} gene
silencing & 3} 2 A "k

—{7‘53}-‘: pattem allele®) 6]-L]—°] R-
Z

T‘Hi XJ
7 9gieh =

7] fleljA{= A R specific probe°1 pR-nj:1& o] -3l
Southern blot hybndlzatlon—a— AA)Er Az oF 3%b W of
775kbod Aol A 249] band?} WA= R-mb FHaE
Z324938}7] %8t A FIXT vectorE o] &3l libraryE =t
EX o|ZHEl mb-I, I, V, VI, I 5 5712 clones 3312
screeng 7|3 R o] F mb-II I mb-VE FAICE A
fEAAE2 A4sGon], of 4R TS 78 R
locus#¥ FHAEI vlwepe]on, o2jdt + /H9 R &4
7t oG A At gel S m ATt el FEsI]

AL 2 = 19969 &5 7| 2fgd T4 shed a4y
(BSRI-%-4431) ] 91 2] 3} 713)ue),

re
)
Ho
ek

Chandler VL, Radicella JP, Robbins TP, Chen J, Turks D (1989) Two
regulatory genes of the maize anthocyanin pathway are homologous:
Isolation of B utilizing R genomic sequences. Plant Cell 1: 1175-1183

Coe EH Jr, Neuffer MG (1977) The genetics of corn. In Sprague GE eds,
Com and Corn Improvement, Amer Soc Agr Inc, Madison, Wisc,, pp
111-223

Cone KC, Burr FA, Burr B (1986) Molecular analysis of the maize
anthocyanin regulatory locus C1. Proc Natl Acad Sci USA 83: 9631-

R-mb gene cloning 165

9635

Dellaporta SL, Greenblatt IM, Kermicle JL, Hicks JB, Wessler SR (1988)
Molecular cloning of the R-nj Gene by Transposon Tagging with Ac. In
Gustafson, JF, Appels R, eds, Chromosome Structure and Function:
Impact of New Concept. Vol 11, Plenum Press, New York, pp 263-281.

Dellaporta SL, Wood J, Hicks JB (1984) A microscale plant DNA
isolation procedure. Plant Molecular Biology Reporter1: 2

Dooner HK (1983) Coordinate genetic regulation of flavonoid
biosynthetic enzymes in maize. Mol Gen Genet 189: 136-141

Eggleston WB, Alleman M., Kermicle JL (1995) Molecular organization
and germinal instability in R-stippled maize. Genetics 141: 347-360

Kermicle JL, Eggleston WB, Alleman M (1995) Organization of
paramutagenicity in R-stippled maize. Genetics 141: 361-372

Ludwig SR, Habera LE, Dellaporta SL, Wessler SR (1989) Lc, a member of
the maize R gene family responsible for tissue-specific anthocyanin
production, encodes a protein similar to transcriptional activators and
contains the myc-homology region. Proc Natl Acad Sci USA 86: 7092-7096

Matzke MA, Matzke AJM, Eggleston WB (1996) Paramutation and
transgene silencing: a common response to invasive DNA? Trends
Plant Sci. 1: 382-388

Prasanna BM, Sarkar KR (1993a) Gentic analysis of the R-marbled allele
in maize. Indian ] Genet Plant Breed 53: 178-181

Prasanna BM, Sarkar KR (1993b) R-marbled as a transposable element
system. Maize Genet Coop News Letter 67: 85-86

Robbins TR, Walker EL, Kermicle JL, Alleman M, Dellaporta SL (1991)
Meiotic instability of R-r complex arising from displaced intragenic
exchange and intrachromosomal rearrangement. Genetics 129: 271-283

Southern EM (1975) Detection of specific sequences among DNA
fragments separated by gel electrophoresis. | Mol Biol 98: 503-517

Styles ED, Ceska O (1977) The genetic control of flavonoid synthesis in
maize. Can ] Genet. Cytol 19: 289-302

Styles ED, Ceska O, Seah KT (1973) Developmental differences in action
of Rand B alleles in maize. Can ] Genet Cytol 15: 59-72

Taylor LE, Briggs WR (1990) Genetic regulation and photocontrol of
anthocyanin accumulation in maize seedlings. Plant Cell 2: 115-127

Tonelli C, Consinni G, Dolfini SE Dellaporta SL, Viotti A, Gaavazzi G
(1991) Genetic and molecular analysis of Sn, a light-inducible, tissue
specific regulatory gene in maize. Mol Gen Genet 225: 401410

Walker EL, Robbins TR, Bureau TE, Kermicle ], Dellaporta SL (1995)
Transposon-mediated chromosomal rearrangements and gene
duplications in the formation of the maize R-r complex. EMBO | 14:
2350-2363

Wessler SR (1989) The splicing of maize transposable element from pre-
mRNA - a minireview. Gene 82: 127-133

(19979 549 2094 %)



