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HorTScience 35(2):286—289. 2000. F, seedcoat phenotypes (Bassett, 1992) were
nonpatterned black (nonallelic interaction
TaY where the variety carri€®) and cartridge buff
A TeSt CrOSS PrOtOCO| for Determlnlng (allelic interaction where the variety carries
¢). In this paper | present the results of test

the SeedCOat Genotype a.t th@ LOCUS crosses between the genetic tester stoBIC,

5-593 and 20 varieties, 18 of which were of

in Common Bean known genotype .

Mark J. Bassett Materials and Methods
Horticultural Sciences Department, Institute of Food and Agricultural Sciencesy e 1 presents the list of varieties stud-
University of Florida, Gainesville, FL 32611-0690 ied, sources of the seed, and seedcoat colors.

The varieties were chosen for one of two
reasons: 1) because the genotypes for seedcoat
color (or at least the genotype @} were

Abstract.Studying the genetics of seedcoat color in common bed@h@seolus vulgarid.) ~ Previously determined; or 2) the variety con-
in F, progenies is very difficult because of complex epistatic interactions, and the analysidributed to the representation of the complete
is complicated further by multiple allelism, especially at theC locus. An alternative ange of possible interactions encountered.
approach is to study seedcoat genetics by analyzing thegFogeny of test crosses between For 18 of the varieties tested, the genotype at
avariety with unknown seedcoat genotype and genetic tester stocks with known genotypedhe ‘complexClocus’is known, and the sources
Twenty varieties, 18 with known genotype a€, were test crossed with the genetic tester Of that information are cited (Table 2). The
stock ¢! BC, 5-593, where 5-593 is a recurrent parent with seedcoat genotyp¢C r] D J  Variety ‘Wax Digoin” has particular impor-

G B V Rk The resulting F, progenies were classified into seven phenotypic classes anéfnCe because it carries the “standard” reces-
discussed. The crossesB vBC, 5-593x ¢* BC, 5-593 andc* BC, 5-593x v BC, 5-593 were  Sive allele atc, which produces mottled
made and the F progeny classified for flower color and seedcoat color and pattern. No tiny Séedcoat colors when hetefozygoﬂyc
cartridge buff flecks were observed in the segregants wit/c viv, whereasC/c* V/- always ~ (Lamprecht, 1932). In Prakken’s (1970) sum-

showed such flecks. The contrasting seedcoat color expressiorCan different environ- ~ mary of seedcoat C°|°£ genetics, the Group VI
mental conditions is discussed. color series gives the “shiny dark pattern col-

ors” produced by J, whereas substitution of
Seedcoat color in common bean is conthe seedcoat, but also in the stems, leavabge standard for C produces the JGroup V
trolled primarily by a system of eight genesflowers, and pods (Bassett, 1994a). This locusolor series, which Prakken calls the “shiny
viz.,P,C, D, J, G, B, V, andRk and the effect can produce a great number of seedcoat pdtackground colors.” Each seedcoat color with
of each of the genes has been described Brns that are inherited either as homozygous is changed to a slightly paler color with
Prakken (1970, 1972). Leakey (1988) gave genotypes for various patterns (Prakken, 197@ence, th€/c mottling is subtle. To my knowl-
highly speculative hypothesis about the rold974) or as mottled patterns inherited only asdge, no commercial dry bean varieties grown
each of those genes may play in the metabolieterozygous genotypes (Leakey, 1988n the United States are known to hawea
pathways in the synthesis of flavonoid pigPrakken, 1970). Also, the ‘compl€xlocus’ genotype.
ments in the seedcoats of common bean. includes the dominaigene for red seedcoat The genetic tester stock used in the test
The knowledge about the genetics otolor (Prakken, 1970). A bracket conventioncross program described belowctsBC, 5-
seedcoat color was developed typically byiz., [C R, was introduced by Bassett (1991)593. The tester carries only the recessive alle-
analyzing F and K populations derived from to indicate very tight linkage (virtually un- lesforthe seedcoat color genesindicated in the
a cross of two inbred parents with differenbreakable) between genes within this regiomame, with the exception ofwhich is always
seedcoat colors. An easier method for deter- A standard recessive allele at théocus present unless otherwise stated. Those reces-
mining seedcoat genotype is needed to enahpeoduces mottling witlC/c and slightly paler sive alleles are in backcross three (BG the
nonspecialists to obtain reliable results witheolors withc/c, given any background seedcoatecurrent parent 5-593, a Florida dry bean
out prior mastery of the very complicatedgenotype excep¥/- (Lamprecht, 1932). breeding line with the seedcoat color genotype
system of interactions among the seedco&eenstra (1960) discovered a second recessiW¢C r] D J G B V RKBassett, 1994b, 1996a).
color genes. Amethod of determining seedcoatllele, ¢¥, that produces “unchangeable” carThec"allele inc BC, 5-593 was derived from
genotype using test crosses between an inbredige buff, i.e., the color (nonpatterned) is noPrakken’s “all recessive” tester (Bassett, 1994b,
line to be studied and a series of genetic testaaffected by gene substitutions@tB, andV. 1996a). In the 5-593 genetic background, the
stocks was proposed by Bassett (1992). THa materials used by Feenstra (1960) anc'allele produces cartridge buff seedcoat color,
seedcoat color of the, progeny of the test Nakayama (1964) the heterozygous genotypndC/c' produces a nearly black seedcoat with
crossesis usedto determine the seedcoat ge@de’ produced a patterned seedcoat calledidely dispersed tiny flecks of cartridge buff.
type of the inbred tested. “mottled” by Feenstra (1960) and “marbled” The 20 varieties listed in Table 1 were
The C locus has been, by far, the mosby Nakayama (1964). With either pattern namesrossed ta" BC, 5-593 in the greenhouse over
difficult object of study for bean seedcoathe dark pattern color is expressed because afperiod of several years, and thepFogeny
geneticists. This locus can be viewed either & (and remaining seedcoat color genotypejyyere either grown (most commonly) in the
having a multiple allelic series (Nakayamaand the light pattern color (cartridge buff) isgreenhouse or in the field in various years.
1964) or as a complex locus (Prakken, 197@xpressed because ©f(same ag“/c'). Full Data were taken on the seedcoat color and
1974). The term ‘compleRlocus’ of Prakken color illustration of cartridge buff color and pattern in the Fprogeny. The genotypes at
(1970, 1974) refers to a series of tightly linkedhe seedcoat patterns controlled by@iecus seedcoat color loci other th&are not given
genes that control color expression not only ivas provided by Leakey (1988, see especial§fable 2) because they do not contribute any
p. 604). useful information for interpreting the phe-
Received for publication 26 Apr. 1999. Accepted for ~ The attributes of th&€ locus provide a notypes of the test crosses. Data were taken on
publication 17 Sept. 1999. Florida Agricultural Experi-gifficult challenge for development of a singleattributes of the seed from st cross plants
g‘ueb'}itsﬁitﬁgczﬂi;%‘;?g V?Iaegzse{:gy;?:%gt' g;‘fhgc’;; Jenetic tester stock that can determine tHenmediately after harvest.
ment of page charges. Under postal regulations, thaeedcoat color genotype by the protocol of The genetic tester stockB vBC, 5-593
paper therefore must be hereby maraddertisement Bassett (1992). The! allele was chosen as thewas developed from the cross ‘CalimaC({
solely to indicate this fact. best tester allele because it is the most rece’}J g b v Rkx b vBC, 5-593 by selection in
'Professor. e-mail address: mjp@gnv.ifas.ufl.edu  sive of allC alleles. The anticipated test crosghe field (Spring 1994) for the segregants with
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Table 1. Seedcoat phenotypes of parental bean varieties of common bean studied in test crossestasteth&@Vhen the test crosgffogeny express
sources of the seed. seedcoats with brown tinged with grayish in-
digo, thec allele present in the variety tested

Parental varieties Seedcoat phenotype .
Akasand®, Commodorg G23623 Oxblood red must b_e either the standarcbr some other
Jacobs Cattle Oxblood red/white; partly colored recessive notc' (Table 3). _
Montcalnt, Garnet, Huetat, Ul-37%, Rufug Garnet brown (Dark Red Kidney or SmallRed classes) The third phenotypic class (Table 3) is the
Redkloud Testaceous (Light Red Kidney class) result of nonallelism. The unpatterned black
Sutter Pink Pink (Pink class) F, progenies from crosses with the Small Red
5-593 Black market class parents, ‘Garnet’, ‘Rufus’,
Opal _ Silvery gray _ ‘Huetar’, and ‘UI-37", are nonallelic. A fourth
Waé I_Dlgocl:n (Pl 226936) Masterpiece Pale greenish yellow or creamish pale buff phenotypic class (Table 3) resulted from the
Waom, Sitroert . crosses with 5-593 and G23623, which pro-
agenaar Greenish yellow - .
PI 527735 (V0400)P| 527808 (VO874) White duced Fprogeny with black seedcoats having

- - a highly restricted pattern, viz., widely distrib-
“The red color names (oxblood, garnet brown, testaceous, and pink) are from Smith (1939), anLﬂet %iny flecks of cartridge buff. Thus, tBe

remaining names follow Prakken (1970, 1972).

ySakata Seed Co. allele in 5-593 and G23623 produt_:es aF
*National Seed Laboratory, Ft. Collins, Colo. heterozygote with very limited patterning. The
“Genetic Resources Unit, Centro Internacional de Agricultura Tropical, Cali, Colombia. flecks are so small that they can only be
vDonald Wallace, Cornell Univ., Ithaca, N.Y. verified under 18 magnification. The flecks
“George Hosfield, USDA-ARS, Crop and Soil Science Dept., Michigan State Univ., East Lansing. otherwise may be mistaken for dust, tiny par-
Paul Gepts, Agronomy and Range Science Dept., Univ. of California, Davis. ticles of debris, or minute seedcoat damage.
sDeveloped by Mark Bassett, Horticultural Sciences Dept., Univ. of Florida, Gainesville. The question remains whether tfc

"Harris-Moran Seed Co., P.O. Box 4938, Modesto, Calif.

9Western Regional Plant Introduction Station, Pullman, Wash.

PT.E. Michaels, Univ. of Guelph, Guelph, Ontario, Canada.

°H. Dijkstra, Collection Manager, Centre for Genetic Resources, Wageningen, Netherlands.

heterozygote having tiny cartridge buff flecks

with V/- will produce a typical marbling pat-

tern withv/v. Illustration of the marbling pat-

tern was given in Bassett (1996b). Conclusive

Table 2. Genotypes at ti@locus for the seedcoats of common bean varieties (all pure lines) testedeyience was obtained from the data from two
references to research supporting the genotype. crossesg B vBC, 5-593x ¢! BC; 5-593 ana

BC, 5-593x vBC, 5- 593, wherg B vBC, 5-

Clocus
Parental varieties genotype Reference 593 and/ B.C3 5-593_carry the allele from 5-
Montcalm, Redkloud, Sutter Pink c Bassett, 1998a 593' The tiny cartridge buff TIECkS observed
Wax Digoin c Lamprecht, 1932 with V/- were not observed witliv (Table 4).
Pl 527734, P 527808 c Stig Blixt? The fifth test cross phenotype (Table 3) is
Garnet, Rufus, Huetar, UI-37 C Bassett, 1998a the result of a nonallelic interaction, giving
5-593 C Bassett, 1994b black/cartridge buff marbling. This type of
Prim C Bassett, 1999 interaction was previously reported by
Masterpiece C Nakayama, 1961 Nakayama (1960, 1961, 1964) far x ¢!
X‘fg%%’:%%r' Citroen CCR Zgﬂ(;;rh??%l crosses. The marbling pattern was expressed
Commodore R Smith and Madsen, 1948 \é\/ltgnaéljl\;)ossmle genotypic combinationgzt
Jacobs Cattle [R] Bassett, 1998a ’ :

G 23623, Opal P (Genotype not known) The pattern descriptors, mottle and marble,

ZFrom genetic notes transcribed by Blikbm Lamprecht's (1932) seed packet data after Lamprecharg tlgrr]mswc;]fi;r]ti STﬁﬁcbltTéergtcttel?:ir? robdeli\(/:veesen
death; information now in the common bean genetic stock collection at Pullman, Wash. See the G ett% Ig’ h | - ph dg | :
Resources Information Network (GRIN) to access the data. two colors that are close in hue and also varies

vS. Blixt, formerly at Weibullsholm Plant Breeding Institute, Cytological Laboratory, Box 520, S-2619/gatly from seed to seed in the relative pro-
Landskrona, Sweden. portions of “dark pattern” to “light pattern”

color (Prakken, 1970). On the other hand, the
pale greenish yellow seedcoatS ( Jg by field in Spring 1996. Data were taken onC/c!interaction produces marbling, which can
in the K progeny. A true breeding;fpale, flower color and seedcoat color and pattern ibhe a high or low contrast patterning depending
greenish-yellow progeny was used to back-, and E progenies for both the above crossesn the hue of the “dark pattern” color con-
cross to 5-593. The,kvas grown in the field In 1996 and 1997 the remaining two backtrolled by the genotype & B, andV. Also, the
in Spring 1995 and selection was made fotrosses to 5-593 were made to develogtBe marbling pattern has relatively constant pro-
plants with seedcoats of buffy citrine colorv BC; 5-593 genetic tester stock. This stoclportions (from seed to seed) of “dark pattern”
with genotypd® CJ g B vThus, thggBvBC, has been sent to the Western Regional Platat“light pattern” color. lllustration of mottling
5-593 stage of development was obtained imtroduction Station at Pullman, Wash., to band marbling patterns was given by Bassett
Spring 1995. Under field conditions atincluded in the genetic stock collection for(1996b).
Gainesville, Fla., the buffy citrine color is acommon bean, i.e., be given a Pl accession The marbling pattern produced by tbe"
pale gray rather than the gray greenish browmumber and maintained in the permanent gernmteraction is hardly distinguishable from the

of winter-grown greenhouse plants or plantgplasm collection. same pattern produced by a dominant “allele”
grown under much more temperate summer at theC locus that produces a true-breeding
conditions at higher latitudes. Results and Discussion marbling (Prakken, 1970). Various symbols

To test the hypothesis that the putative have been used for the dominant marbling

“buffy citrine” may actually be due to some In extensive test crosses of common beaailele by various authors over many decades:
recessive allele, the crosg B vBC, 5-593x  varieties with the BC,; 5-593 genetic tester, C™ M, or some tightly linked combination of
¢! BC, 5-593 was made in Fall 1995 in theseven different phenotypic classes were ol andM indicated by a curving line above the
greenhouse. The,Fseed was produced inserved amongthetestcrogpfogenies (Table two letters and joining them. The same ‘com-
Winter 1996, and the,Fwas planted in the 3). The first phenotype is the result of simplelex C locus’ also controls anthocyanin color
field in Spring 1996. The cros$BC,5-593x  allelism, giving the cartridge buff of the tester patterning in all plant parts, e.g., hypocotyl,
vBC,; 5-593 was also made in Fall 1995 in thée., the variety tested carr@¢Bassett, 1998a). cotyledon, seedcoat, stem, petiole, leaflamina,
greenhouse. The,Fseed was produced inThe second phenotype (Table 3) is due to flower bud, and banner petal (see Prakken,
Winter 1996, and the ,Rwas planted in the recessive allele, but not the same allele as thd970, for a review).
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Table 3. Parental common bean varieties test crossed withBfis 5-593 tester, the seedcoat phenotype®). Class 3 is completely unpatterned, class 4
of the K progeny, and the genetic interpretation of the test cross results, i.e., the putative all€e alig'@my slightly patterned, and class 5is marbled.

locus. Class 6 carries the dominant geRéor red
Test cross Fseedcoat (oxblood), which results in marbling pattern,
Class Clocus Putboththe “dark pattern color” and the “light
Parental varieties tested no. Phenotype genotyttern color” are not typical for classG
Montcalm, Redkloud, Sutter Pink 1 Cartridge buff ¢ alleles. The mostreliable indicator of class 6 is
Wax Digoin, Pl 527735, Pl 527808 2 Brown tinged with grayish iridigo c the tinting of the cartridge buff zone with
Garnet, Rufus, Huetar, UI-37 3 Unpatterned black C various colors.
5-593, G23623 4 Black with widely distributed tiny cartridge Class 7 is a special case where a dominant
buff flecks c pattern allele a€ has been entirely or nearly
Masterpiece, Wagenaar, Prim, Citroen * 5 Black/cartridge buff, marbled pattern Cc obscured by the interaction of the recessive
Akasando, Commodore, Jacobs Cattle ¥ 6 Black, dark purple, or navy blue/cartridge allele at the locus (Table 3). The result of the
Fnu;éﬁggn Sg?eer‘:‘] tinted various colors); (" test cross is to make the underlying (unex-
Opal C*)) 7' Black/cartridge buff; stripe pattern cst pressed) pattern visible by removing the

is given because it is more representative of seedcoat expression in the higher latitude temperate nantC patterns do not need the test cross

“ThecY/cinteraction produces pale grayish brown at Gainesville, but the description of Prakken (1970, g{i&ﬁt' Varieties that carry visible (with)
one.
YTheC allele producing tiny cartridge buff flecks wi€ic V/- does not express tiny fleck pattern with oreveal the genotype@for those who know

cviv (Table 4). how to identify those patterns. There are also
*This class of seedcoat pattern was previously reported by Nakayama (1960, 1961) and was interpri@6gssive seedcoat pattern genes in common
aClc" interaction. bean: partly colored patterns dependent on
*“Marbling (“marble stripes”) was previously reported by Nakayama (1964), for the interac®R@€f, ~ for expression (Prakken, 1970), and three pat-
with [C R from ‘Akasando’ ana' from ‘Blue Butter’. terns, each determined by a different recessive

‘The genotypgj obscures (prevents expression of “dark pattern” color) whatever dominant seedcoat paffigiie at the stippled locus (Bassett, 1996¢,
is otherwise expressed wilk(Prakken, 1972). 1998b). Thus, when a variety with a seedcoat

Table 4. Segregation (with genetic hypothesis) for flower color and seedcoat color and pattegfriarthe Fpattem is test crossed with BC, 5-593 and

two common bean crosses:glB VBC, 5-593x ¢ BC, 5-593; and 2J BC, 5-593x vBC, 5-593.  (h€ F progeny show the same pattern ob-
served in the patterned parent, then the pattern

V/- purple flowers viv white flowers must be controlled at th@ locus.

Cl- cv/c C-GB g-gB ciict X2 The F classes 3-6 are interpreted as being
Cross Black  Cartridge Mineral Buffy citrine Cartridge ratio allelic with C because this is the simplest
no. seeds buff seeds brown seeds seeds buff seeds tested® P hypothesis consistent with the data. Various
1 177 54 32 [32both classes combingd  36:12:9:7 2.939 0.40 loci closely linked together within the ‘com-
2 ND* ND~ 30 8 31 0.316 0.57

plexC locus’ of Prakken (1970) are probably
“No separate classification was made for the seedGiith giving tiny cartridge buff flecks. playing a role in the seedcoat pattern expres-
YUnder field growing conditions the underdeveloped buffy citrine color could not be unambiguodfhf but the data produced by this protocol are
9,1155'rlgg;ger?oftrghmosvirt”dge buft. not adequate to determine those genotypes.
- ' Genes not linked t€ are probably not influ-
encing the observed results because such in-
Nakayama (1965), working with the crossetc. The possible variations in the types oferactions have not been reported during de-
‘Sanpaku’ P Cjg b ) x ‘Ever Green’ P ¢'  stripes is so great and finely graded in differeades of genetic investigations, many of which
jgbV), demonstrated that tieéallele in ‘Ever  ences that no descriptive catalog of the diffefwere capable of exposing them (Prakken,

Green’ had mutated into a new, completelgnces seems possible. 1970).
recessive allele, i.e., does not produce mar-  Any Clocus pattern may be carried crypti-
bling with C/c". cally due to epistasis by, t, orj (Prakken, Literature Cited

The results in Table 3 demonstrate that970, 1972). The only variety tested that car- ) )
dominantC alleles have also acquired mutaties a dominan€ locus pattern was ‘Opal’ Bassett, M.J. 1991. A revised linkage map of com-
tions, allowing expression of eith€fc’ mar-  (Table 3). The seedcoat pattern controlled by mon bean. HortSC|enc|e 26:834_](836' 't
bling orC/c' unpatterned color. Thus, agenetiC* in ‘Opal’ is obscured by the action pf asdseettetz'rrm/li.r\\]ihlgtﬁi- Zﬁ\éf ozrg?g;gdgog?ctgﬁ)ﬁ aﬁﬁ
cist must be very careful to test any putative (Bassett, unpublished data). In marbled g, patte?n in C%mmgﬁbean_Annu_ Rpt. Bean
allele with appropriate testers, such as ‘Masseedcoats the action picannot completely Improv. Coop. 35:191-192.
terpiece’ or ‘Akasando’ (Table 3). suppress the pattern expression, but dogsssett, M.J. 1994a. Tight linkage of purple pod
The sixth test cross phenotype (Table 3) imeaken it to a faint expression level (Bassett, character and the compl€xlocus in common
the result of a cross between a variety carryingnpublished data; Prakken, 1972). For seedcoat bean. J. Hered. 85:288-290.
unpatterned dominant red (or partly coloreghatterns with less extensive “dark pattern colorBassett, M.J. 1994b. The genotype for seedcoat
dominant red/white in the case of ‘Jacobgones the pattern is completely obliterated, as color of breeding line 5-593. Annu. Rpt. Bean
Cattle’) and the BC, 5-593 tester (Bassett, in ‘Opal’. Improv. Coop. 37:244-245.
1996bh, 1998a). The coloring of the marbled Ingeneral, the test cross protocol for dete'@ascsstg,r '\g'nje' égagfa:].o'rl;hﬁ] fo:j&;&iﬂg?gt
pattern can be quite variable among varietiespining seedcoat color in common bean comn?on bean)./ J. yAmer_ Soc. Hort. Sci.
andthe presence &fR needs to be confirmed (Bassett, 1992), as it is applied to any given 121:1028-1031.
with a test cross with eithbrvBC, 5-593 oy locus, results in the conclusion that the varietgassett, M.J. 1996b. A compl€xregion genotype
b vBC, 5-593 (Bassett, 1996b, 1998a). being tested carries either the dominant or the [? R that withG B \e¢produces dark seal brown
The seventh test cross phenotype (Table 83cessive allele at that locus. For @écus seedcoat color in common bean. J. Amer. Soc.
is the result of a cross between a variety witthe results of the test cross have more than two Hort. Sci. 121:594-598.
a seedcoat pattern controlled@and thect  allelic possibilities. Two distinct recessive al-Bassett, M.J. 1996c. New genstpandstp™, for
BC, 5-5-593 tester, where the seedcoat pattefelic classes (Table 3, classes 1 and 2) can be flower color and seedcoat pattern in common
of test cross fprogeny is identical with that of distinguished, viz., the" allele, which in- B bean. J. Amer. Soc. Hort. Sci. 121:388-392.

. . assett, M.J. 1998a. A test cross protocol for deter-
the variety tested (data not shown). Greatludes thec™ allele, and the allele, which mining the genotype of dark red colors in com-
variation is possible for seedcoat patterns comcludes the standamand possibly others.  on bean. J. Amer. Soc. Hort. Sci. 123:1048—
trolled atC, with almost continuous variation The C locus results also included five domi-  1052.
between such types as marbled, stripes, pintoant allelic classes (Table 3, classes 3 throu@assett, M.J. 1998b. A third recessive allstg',
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for seedcoat pattern at tBéplocus in common beans Phaseolus vulgar)s V. On the inherit- Prakken, R. 1970. Inheritance of colouPlmseolus

bean. J. Amer. Soc. Hort. Sci. 123:404-406. ance of seed-coat color 1. Bul. Fac. Agr. Hirosaki  vulgaris L. Il. A critical review. Meded.
Bassett, M.J. 1999. The seedcoat color genotype of Univ. 6:21-36. Landbouwhogeschool, Wageningen 70-23:1—

‘Prim’ and the manteca and coscorron markelNakayama, R. 1961. Genetical studies on kidney 38.

classes of common bean. HortScience 34:336— beans Phaseolus vulgar)s VI. Genetical be- Prakken, R.1972. Inheritance of colouBliraseolus

337. havior of plant color, with special reference to  vulgarisL. lll. On genes for red seedcoat colour
Feenstra, W.J. 1960. Biochemical aspects of seedcoat seed-coat color in the hybrids between white and a general synthesis. Meded.
colour inheritance inPhaseolus vulgarid.. kidney and other varieties. Bul. Fac. Agr. Landbouwhogeschool, Wageningen 72-29:1-82.
Meded. Landbouwhogeschool, Wageningen Hirosaki Univ. 7:37-65. Prakken, R.1974. Inheritance of colouBlraseolus
60(2):1-53. Nakayama, R. 1964. Genetical studies on kidney vulgarisL. IV. Recombination within the ‘com-

Lamprecht, H. 1932. Beitrage zur Genetik von beansPhaseolus vulgarjs VII. A modifier of plex locusC'. Meded. Landbouwhogeschool,
Phaseolus vulgarid. Hereditas 16:169-211. flower color and its relation & gene. Bul. Fac. Wageningen 74-24:1-36.

Leakey, C.L.A. 1988. Genotypic and phenotypic  Agr. Hirosaki Univ. 10:1-13. Smith, F.L. 1939. A genetic analysis of red seed-
markers in common bean, p. 245-327. In: PNakayama, R. 1965. Genetical studies on kidney coat color inPhaseolus vulgarisHilgardia
Gepts (ed.). Genetic resources Rifiaseolus beansPhaseolus vulgar)sVIIl. Anew allele at 12:553-621.
beans. Kluwer Academic Press, Boston. theClocus. Bul. Fac. Agr. Hirosaki Univ. 11:55— Smith, F.L. and C.D. Madsen. 1948. Seed-color

Nakayama, R. 1960. Genetical studies on kidney 58. inheritance in beans. J. Hered. 39:191-194.
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