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NOTE

Inheritance and Linkage Analysis of the Yellow Pulvinus Mutant of Cotton
Russell J. Kohel* and Luther S. Bird

INTERPRETIVE SUMMARY should place the mutant near the centromere region
of chromosome 16. These results have identified a
Morphological mutants of cotton are used in Néw recessive mutant located on chromosome 16,
studies of plant development and genetic mappingWhich we designate yellow pulvinusyp). This mutant
and occasionally have proven to have agronomicaddsan additional morphological mutant for genetics
. . h .
value. We discovered a spontaneous mutant in gesearch on cotton
cotton breeding nursery, which is the source of more : , L
e . ) ur program to identify and maintain
than half the mutants in cotton. Inheritance studie Prog y

) morphological mutants in cottoGossypium
established that the mutant was controlled byspp) sepeks rgr]mtants as genetic ma()rke¥§ and as

Aberrant forms to study basic plant processes and
development. With few exceptions, the most useful
mutants have been those found as spontaneous
utants in breeding populations. In general, they are
ore vigorous and easier to maintain and to

showed weak linkage with cluster-1, which would
place the mutantin linkage grolllon chromosome

16. No linkage was associated with the other 12
markers tested, including the other marker Iocate({:

?r:iizlrl]){ ﬂg;ﬁ{ﬁ?gjﬁtrroemlgg\r/z'ﬁg:g?lélﬁrglﬁgggﬁlemanipuIate in experimental conditions than induced
9 Fnutants. Of the 146 mutants in aotf only 2 were

16. Thlsf mutant _adds an adrfiltlonal morphological recovered fromirradiation; the remaining are natural
mutant for genetics research on cotton. variants, introduced by introgression, or were found
as variants (77) in breeding nurseries or production
fields (Percy and Kohel, 1999). The ability of cotton

to tolerate duplications and deficiencies complicates

genetic mapping studies and in studies of plant the recovery of mutants from hlgh—energy radiation
development, and occasionally have proven to have tréatments (R.J. Kohel, unpublished data, 1960-
agronomic value. The objectives of this study were to 1980).

determine the inheritance and linkage relations of a A mutant was found in L. S. Bird’s upland
spontaneous mutant found in a cotton breeding cotton breeding nursery in 1973. Open-pollinated
nursery. Seeds of the mutant plant were grown and  seed was harvested, but the recovered mutant plants
crossed with the genetic standard, TM-1, and were unproductive because the mutants failed to
multiple marker tester lines, T582 and T586, 10 gyrvive long enough to recover seed. In 1977, plants
determine the inheritance and linkage relations. \\ith the same mutant phenotype were observed again
Inheritance studies established that the mutant was in his breeding nursery. Based on previous

controlled by recessive alleles at a single locus. . . .
Linkage analysis showed weak linkage with cluster-1, _experlence, we took greater Car? and precautions in
which would place the mutant in linkage group 11l on its growth and culture. Self-pollinated Se_e_d_s were
chromosome 16. No linkage associations were found Produced, and crosses were made to initiate the
with the 12 markers tested, including the other  inheritance study.

marker located distally on chromosome 16, which

ABSTRACT

Morphological mutants of cotton are used in

MATERIALS AND METHODS

R.3. Kohel. Cron G asm R h Unit. 2765 F&B Road The mutant phenotype has general depauperate
.J. Konel, Crop Germplasm researc nit, oaada, .
College Station. TX 77845 L.S. Bird, Texas A&M Univ., soil 9roWth with reduced glands on the stem, no or

and Crop Sci. Dep., College Station, TX 77843. Received gr€éduced normal reddening of the pulvinus area, a
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linkage group XVIl on chromosome 20; cup leaf,
location unknown; glandless-1gl;,, location
unknown; frego bractfg, linkage group VI on
chromosome 3; and clusterel,, linkage group lll

on chromosome 16. T586 includes the following
dominant marker loci: red plam,, linkage group il

on chromosome 16; okra leaf’, linkage group Il

on chromosome 15; tomentum, linkage group IV

on chromosome 6; petal spB, linkage group | on
chromosome 7; yellow polleR,, linkage group XI

on chromosome 5; yellow peta¥s, linkage group
XIl on an unknown A chromosome; brown libg,,
linkage group | on chromosome 7; green I,
linkage group Il on chromosome 15; and naked seed,
N,, linkage group V on chromosome 12 (Percy and
Kohel, 1999).

Seeds of each population were germinated in the
greenhouse in peat pellets following the normal
procedures of the genetics program at College
Station, TX. At age 3 wk, the greenhouse-grown
. el seedlings were transplanted to field plots. Plots
) Tt % ﬁ& PPy consisted of rows with 0.5-m spacing between plants

- - - R y within rows and 1.0-m spacing between rows. This

Fig. 1. Young yellow pulvinus plant exhibiting the general . S
depauperate growth with reduced normal reddening procedure requires fewer seeds, which is important
of the pulvinus area, a gathering of veins at the base When studying mutants of low productivity. It further
of the leaf, and a distinctive yellowing of the pulvinus  allows for stress-free and competition-free
area. observation among segregating individuals.

Inheritance and linkage tests were conducted over

gathering of veins at the base of the leaf and bractseveral years between 1986 and 1996.

and a distinctive yellowing of the pulvinus area (Fig.

1). The mutant phenotype is not expressed in the RESULTS AND DISCUSSION

seedling stage and begins in the pre-flowering growth

period. E. L. Turcotte indicated thathe had amutant  Crosses of the mutant with Texas Marker-1

with a similar phenotype in pima cottdbgssypium  produced normal Fprogeny, which indicated that

barbadensé. He conducted allelic tests that showed the mutant was recessive. Subsequent segregating

that it was genetically independent (Turcotte andgenerations followed the pattern of segregation of a

Feaster, 1983). When both mutants were grown asingle recessive allele. Segregation g From

College Station, TX, they were visually distinct. The reciprocal crosses of TM-1 with the mutant and

mutant fromGossypium hirsutunh. has a more T582 with the mutant did not deviate significantly

extreme mutant phenotype, and plant growth is mordrom a 3:1 ratio of normal to mutant segregation

debilitating than golden veins mutant of G. (Table 1). Heterogeneity among these populations

barbadense was not significant. Progeny from backcrosses of

The genetic standard, Texas Marker-1 (TM-1) reciprocal k populations to the mutant did not
(Kohel et al., 1970), was used in crosses with thedeviate significantly from an expected 1:1
mutant for inheritance studies. For the analysis ofsegregation (Table 1). Heterogeneity was not
genetic linkage relations, the mutant line was crossedgignificant among the three backcross populations.
with T582, multiple recessive marker line, ars8®, The uniformity within the F and backcross
multiple dominant marker line. T582 includes the populations of reciprocal crosses showed that there
following recessive marker loci: virescent:l, were no maternal effects.
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Table 1. Segregation and inheritance analysis of the Table 3. Linkage analysis of backcross segregation of

yellow pulvinus cotton mutant in F, and the mutant with dominant markers of T586. The
backcross populations. population size, chi-squared for linkage
Population Total Normal Mutantdf 3., deviations, and recombination values are given.
no.t Marker nt vt RC%§
(TM-1 x mutant)F, 98 76 22 1034 Rlo 89 0.28 47
(mutant x TM-1)F, 97 75 22 102 Lo 89 1.36 56
(TM-1 x mutant)F, 130 99 31 1009 I 89 0.55 54
(T582 x mutant)F, 56 43 13 1010 R 89 0.55 54
(T582 x mutant)F, 90 64 26 1073 P 89 0.91 55
Sum 471 357 114 6 153 Y1 89 0.01 49
Pooled 1016 Lo 89 1.90 43
Heterogeneity 5 1.37 N, 89 0.10 48
Loy Lg 89 1.36 44

(mutant x TM-1) x mutant 96 44 52 1 067 | Population size. o
(TM-1 x mutant) x mutant 99 44 55 1 122 T Chi-squared for linkage deviations.

(TM-1 x mutant) x mutant 96 52 44 1 067 8 Recombination values.

Sum 291 140 151 3 2.56

Pooled 1 042 hine dominant markers of T586, no linkage

Heterogeneity 2 214  combinations were significant (Table 3). Sirte

t Total, normal, and mutant number of plants  andR, are in Linkage groufll on chromosome 16
observed in each population. with R, 17 map units distal td,, the lack of linkage

Results of the linkage analysis of the five between them means that the mutant is located
markers of T582 with the mutant are shown in Tableproximally near the centromere (Percy and Kohel,
2. The marker locfg andcl, showed significant 1999).
linkage deviations. The mutant-marker combinations  The most distinctive feature of this mutant is the
were in repulsion arfg showed significant excessive yellow coloration of the pulvinus region, so we
recombination (RC = 68%) with the mutant becausepropose the name yellow pulvinus with the gene
the mutant phenotype showed over expression of theymbolyp, which follows the established convention
fg phenotype. Heterozygotghas a slight twisting  (Kohel, 1973).
of the bract, and on the mutant background, some
heterozygotes were not distinguishable from the REFERENCES
homozygotes. Linkage of, and the mutant was not
significant in the first E but it was significant in the Kohel, R.J. 1973. Genetic nomenclature in cotton. J. Hered.

: 64:291-295.
second Epopulation. Averaged over the twgd;
the linkage was significant and heterogeneity was nokonel, R.J., T.R. Richmond, and C.F. Lewis. 1970. Texas
significant. The linkage was weak, 29 cM, inthe F Marker-1. Description of a genetic standard for
of 146 plants. In the backcross population with the ~ Gossypium hirsuturh. Crop Sci. 10:670-671.

Table 2. Linkage analysis of Fsegregation of the yellow pulvinus cotton mutant with recessive markers of T582
in two test populations.

Population 1 Population 2 Total
Marker nt i RC%8§ n vat RC% n Yt RC% vr Y&
fg 56 18.29** 84 90 3.6 58 146 17.12** 68 21.89 4.77
cly 56 1.14 38 90 11.86** 22 146 11.33** 29 13.00 1.67
A 56 0.79 39 90 0.00 49 146  0.37 46  0.79 0.42
cu 56 0.51 43 90 143 57 146 0.25 52 1.94 1.69
gl 56 0.51 41 90 0.00 49 146  0.025 47 0.51 0.26

** Chi-squared, p > 0.01.

T Population size.

¥ Chi-squared for linkage deviations.
8§ Recombination values.
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