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Abstract
Grain amaranth (Amaranthus spp.) seed stocks are customarily from self-pollinating plants that open
pollinate and are not F1 hybrids. However, cytoplasmic male sterility (CMS) traits are available for hybrid
seed production. DB 199313 (Reg. No. GS-10, PI 686465) grain amaranth (A. hypochondriacus L.) is the
first publicly available CMS line in Amaranthus. It is an F1 hybrid from a cross between male sterile plants
of DB 921 (PI 568125) and male fertile PI 568179. Fertility can be restored by crossing DB 199313 with
K432 (PI 538323). DB 199313 is adapted for seed production in Ames, IA, from direct seeding in the field,
but it has not been selected for competitive agronomic performance. It provides a new publicly available
genetic resource for improved grain amaranth crossing.
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maranth (Amaranthus spp.) is a drought-tolerant

Abstract

crop with excellent nutritional protein in both the
grain and foliage harvested from a broad-leafed summer
annual plant (Alemayehu et al., 2015; Assad et al., 2017). It is
included in international development plans as it is advantageous for small farmers in the developing world (Alemayehu et
al., 2015). The grain is readily available in the developed world,
where it is valued as a health-promoting, gluten-free food (Moya
Cortazar et al., 2017) and is included in the new health-promoting and commercial category “ancient grains” (Hinterthuer,
2017). A collection of 3341 Amaranthus accessions is maintained and distributed by the US National Plant Germplasm
System (NPGS) at the North Central Regional Plant Introduction Station (NCRPIS) in Ames, IA (US National Plant Germplasm System, 2018), and there are other collections worldwide
(Brenner et al., 2000). However, amaranth plant breeding lags
behind the major crops, and access to cytoplasmic male sterility
(CMS) could help improve progress.
Because amaranth flowers are so small, making emasculation
difficult, CMS grain amaranths will be useful for amaranth
breeding (Pandey, 1984; Peters and Jain 1987; Gudu and Gupta,
1988; Brenner, 1993; Brenner et al., 2000; Stetter et al., 2016).
Both nuclear-gene male sterility (Peters and Jain, 1987; Gudu
and Gupta, 1988) and CMS (Peters and Jain, 1987) are known
in the grain amaranths. In other crops, CMS is an established
conventional plant breeding method that generally facilitates
plant crossing (Bohra et al., 2016; Kim and Zhang, 2018),
making F1 hybrid cultivars practical and thus contributing to
crop yield increase. In the grain amaranths, heterosis is known
for biomass (Murray, 1940; Lehmann et al., 1991), grain yield,
seed weight, and grain protein content (Pandey, 1980; Pandey,
1984; Prajapati et al., 2009; Hooda et al., 2015). This heterosis
research was accomplished without the use of male sterility to
facilitate crossing, but with CMS, crossing will be more efficient.
The NPGS has a substantial, but little used, collection of
male sterile Amaranthus germplasm. Male sterility is documented for 175 NPGS amaranth accessions observed from 1990
through 2017, and these observations are accessible via the US
Genetic Resources Information Network (GRIN) database (US
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from self-pollinating plants that open pollinate and are not F1
hybrids. However, cytoplasmic male sterility (CMS) traits are
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the first publicly available CMS line in Amaranthus. It is an F1
hybrid from a cross between male sterile plants of DB 921 (PI
568125) and male fertile PI 568179. Fertility can be restored
by crossing DB 199313 with K432 (PI 538323). DB 199313 is
adapted for seed production in Ames, IA, from direct seeding
in the field, but it has not been selected for competitive
agronomic performance. It provides a new publicly available
genetic resource for improved grain amaranth crossing.
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National Plant Germplasm System, 2018). Most of these male
sterile accessions were discovered by the author as spontaneous
mutations with distinctive male sterile anthers (Peters and Jain,
1987) observed during routine gene-bank seed regenerations in
plastic pollen-controlling tents in a greenhouse at the NCRPIS
in Ames (Brenner and Widrlechner, 1998). The Peters and Jain
(1987) male sterility research populations were donated by
Ingrid Peters and are accessioned in the NPGS as PI 576485
to PI 576489 (US National Plant Germplasm System, 2018).
The collection also includes seven accessions, PI 568125 to PI
568131, that were segregated from ‘Plainsman’ (PI 558499)
(Baltensperger et al., 1992) for male sterility. The Plainsman
segregates were identified in a 1992 experimental planting of
seeds with black or brown seed coats, or translucent-vitreous
perisperm, sorted from normal, predominantly opaque-white
Plainsman seeds (Brenner et al., 2000). Seeds with these infrequent black or brown seed coats are thought to descend from
earlier spontaneous hybridization with crop wild relatives that
also have these seed traits (Hauptli and Jain, 1984; Brenner et
al., 2013; Jimenez et al., 2013; Stetter et al., 2017), including
translucent-vitreous perisperm (Jimenez et al., 2013), and the
associated male sterility may originate in genetic incompatibility within spontaneous cross-species hybrids with wild relatives.
DB 199313 Amaranthus hypochondriacus L. (Reg. No.
GS-10, PI 686465), a CMS grain amaranth, is the first F1 hybrid
Amaranthus 100% male sterile line to be publicly available. The
taxonomic identity of this variant is ambiguous because its parents may be derived from interspecific hybrid events, but the
diagnostic traits conform to those of A. hypochondriacus (Sauer,
1967). The full range of species or cultivars that will cross with
or restore fertility in crosses with DB 199313 is not known and
is a potential area of research. However, male fertility is restored
by crossing with K432 (PI 538323), a temperate-adapted grain
amaranth breeding line.

Methods
Male sterile plants of DB 921 (PI 568125) and male fertile
plants of PI 568179 were crossed in the winter 1993 greenhouse
using methods in Brenner et al. (2000). The F1 progeny designated DB 199313 were evaluated for the presence of male sterility in the 2001 field and were 100% male sterile. The 100% male
sterility of DB 199313 was replicated by repeating the cross in
the fall 2016 greenhouse and was evaluated in the winter 2017
greenhouse. Male sterility was restored in 2017 by crossing DB
199313 with K432, in the winter 2017 greenhouse, and evaluating the progeny, designated as DB 2017008 in the fall 2017
greenhouse. These plantings were either in the Iowa State University Agronomy Department greenhouse or field plantings at
the NCRPIS, both in Ames, IA. In the greenhouse, populations
were isolated in plastic 0.8-m2 tents as described by Brenner and
Widrlechner (1998) or in 13-m2 isolation rooms. The 2001 and
2017 field plantings were seeded directly in the field in the first
week of June and observed through September.
Production of DB 199313 required distinguishing male
sterile plants from their male fertile siblings in order to use
only male sterile plants as female parents. Male sterile DB 921
plants growing in a greenhouse were identified by examining the
anthers. Anthers of male sterile plants are shrunken and pale
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green, rather than swollen and yellow for fertile plants (Peters
and Jain, 1987). Early flowers that may have been pollinated
by siblings were removed, and the plants were taken to an isolated greenhouse room for crossing. PI 568179 plants were used
as male parents and at maturity seeds of DB 199313 were harvested from the DB 921 female parents.
Starting in 2016, pollination methods were improved. Pollination was accomplished with a cordless hand vacuum cleaner
to improve pollen movement between plants. A small compact
lithium vacuum cleaner (Black and Decker), marketed for home
use, was acquired and the dust filter was removed. Pollen was
vacuumed from the male fertile parents during pollen release, at
about 10 AM, and immediately vented about 20 cm away onto
the male sterile plants. Without a vacuum cleaner, pollination is
more difficult since the male fertile flowers must be positioned
above the male sterile flowers to allow pollination by falling
pollen.

Characteristics
DB 199313 is a CMS line with 100% male sterility. It reached
seed maturity 101 d after direct seeding in the field in Ames on
2 June 2017. The plants are 150 cm tall at maturity. The stem has
red vertical striping, petioles are faintly red, leaf blades are reddish and have red midveins, inflorescences are red, and the seed
is white. DB 199313 and DB 2017008 root lodged in small-plot
field conditions in Ames in 2017, an important grain production weakness.
The parents of DB 199313 are male sterile plants of DB 921
used as females and PI 568179 plants used as males. Since DB
199313 is a male sterile F1 hybrid, the cross must be repeated to
increase seed stocks. The female parent, DB 921, was selected
from Plainsman in 1992 as a male sterile open-pollinated field
plant, grown from a black seed in a Plainsman seed lot (Brenner
et al., 2000). Populations of DB 921 segregate for male sterility,
which is maintained by sib mating. A plant population grown
from the 2015-produced seed lot that the NPGS distributes was
34% male sterile in an April 2018 greenhouse evaluation (n =
123). The male parent, PI 568179, was selected from PI 608791
because of its unusual, daylength-neutral rapid flowering and
was later found to have CMS maintainer ability, as first reported
here. It appears to be a spontaneous hybrid between amaranth
species since it has intermediate diagnostic flower traits. The
line that restores male fertility in the progeny of crosses with
DB 199313, K432, is from the amaranth plant breeding project previously conducted at the Rodale Institute (US National
Plant Germplasm System, 2018). K432 performed well in grain
amaranth variety trials (Sooby et al., 1998).

Conclusions
The CMS research by Peters and Jain (1987) was replicated
with temperate-adapted germplasm, and the genetic stocks are
now available to researchers from the NPGS. Cytoplasmic male
sterility was demonstrated by producing an F1 population with
100% male sterility. DB 199313 should be useful for Amaranthus research. However, DB 199313 and DB 2017008 are prone
to lodging and have not been evaluated for yield. The parents,
and especially PI 568179, which is poor agronomically, can
be supplanted by better-adapted lines for use in commercial

Journal of Plant Registrations

hybrids. Molecular markers for male sterility traits could assist
a backcrossing program to include these traits in well-adapted
heterotic parents, as is already done in other crops (Bohra et al.,
2016).

Availability
Small seed quantities of DB 199313, the parents DB 921
(PI 568125) and PI 568179, and the fertility restoring K432
(PI 538323) are available for research and development from
the USDA-ARS National Plant Germplasm System. There are
no intellectual property claims restricting use or distribution
other than requesting that the source of these plant materials is
acknowledged by citing this registration and PI accession numbers when it contributes to research publications or germplasm
development.

Acknowledgments
Iowa State University Research Foundation generously declined claiming intellectual property rights from this plant breeding activity, documented under case number 4678. Appreciation is extended to Samuel
N. Flomo, who tended plantings and cleaned seeds, and to C. Gardner
and M.G. Stetter, who made suggestions for the manuscript. This work
was supported by Iowa State University, the USDA-ARS, and Hatch
Multi-State Project NC-007.

References
Alemayehu, F.R., M.A. Bendevis, and S.-E. Jacobsen. 2015. The potential for
utilizing the seed crop amaranth (Amaranthus spp.) in East Africa as an
alternative crop to support food security and climate change mitigation. J.
Agron. Crop Sci. 201:321–329. doi:10.1111/jac.12108
Assad, R., Z.A. Reshi, S. Jan, and I. Rashid. 2017. Biology of amaranths. Bot.
Rev. 83:382–436. doi:10.1007/s12229-017-9194-1
Baltensperger, D.D., L.E. Weber, and L.A. Nelson. 1992. Registration of
‘Plainsman’ grain amaranth. Crop Sci. 32:1510–1511. doi:10.2135/cropsci
1992.0011183X003200060047x
Bohra, A., U.C. Jha, P. Adhimoolam, D. Bisht, and N.P. Singh. 2016. Cytoplasmic male sterility (CMS) in hybrid breeding in field crops. Plant Cell Rep.
35:967–993. doi:10.1007/s00299-016-1949-3
Brenner, D.M. 1993. Hybrid seeds for increased amaranth grain yield. Legacy
6:9–11.
Brenner, D.M., D.D. Baltensperger, P.A. Kulakow, J.W. Lehmann, R.L. Myers,
M.M. Slabbert, and B.B. Sleugh. 2000. Genetic resources and breeding of
Amaranthus. Plant Breed. Rev. 19:227–228.
Brenner, D.M., W.G. Johnson, C.L. Sprague, P.J. Tranel, and B.G. Young.
2013. Crop–weed hybrids are more frequent for the grain amaranth
‘Plainsman’ than for ‘D136-1’. Genet. Resour. Crop Evol. 60:2201–2205.
doi:10.1007/s10722-013-0043-8

Journal of Plant Registrations

Brenner, D.M., and M.P. Widrlechner. 1998. Amaranthus seed regeneration in
plastic tents in a greenhouse. Plant Genet. Resour. Newsl. 116:1–4.
Gudu, S., and V.K. Gupta. 1988. Male sterility in the grain amaranth (Amaranthus hypochondriacus ex-Nepal) variety Jumla. Euphytica 37:23–26.
doi:10.1007/BF00037218
Hauptli, H., and S. Jain. 1984. Allozyme variation and evolutionary relationships of grain amaranths (Amaranthus spp.). Theor. Appl. Genet. 69:153–
165. doi:10.1007/BF00272889
Hinterthuer, A. 2017. Can ancient grains find their way in modern agriculture?
CSA News 62:4–9. doi:10.2134/csa2017.62.0412
Hooda, J. S., G. S. Dahiya, M. Khabirudin, and S.K. Bishnoi. 2015. D2 analysis
in grain amaranth (Amaranthus spp. L.). Ann. Biol. 31:205–208.
Jimenez, F.R., P.J. Maughan, A. Alvarez, K.D. Kietlinski, S.M. Smith, D.B.
Pratt, D.B. Elzinga, and E.N. Jellen. 2013. Assessment of genetic diversity
in Peruvian amaranth (Amaranthus caudatus and A. hybridus) germplasm
using single nucleotide polymorphism markers. Crop Sci. 53:532–541.
doi:10.2135/cropsci2012.07.0413
Kim, Y.-J., and D. Zhang. 2018. Molecular control of male fertility for
crop hybrid breeding. Trends Plant Sci. 23:53–65. doi:10.1016/j.
tplants.2017.10.001
Lehmann, J.W., R.L. Clark, and K.J. Frey. 1991. Biomass heterosis and combining ability in interspecific and instraspecific matings of grain amaranths.
Crop Sci. 31:1111–1116. doi:10.2135/cropsci1991.0011183X003100050
004x
Moya Cortazar, S., M. Ottman, A. McDaniels, A. Aragón Cereceres, and N.
Hongu. 2017. Ancient rediscovering food: Grain amaranth. Univ. of Ariz.
Coop. Ext. Pub. AZ1735-2017. Univ. of Arizona, Tucson. https://extension.arizona.edu/pubs/ancient-rediscovering-food-grain-amaranth.
Murray, M.J. 1940. Colchicine induced tetraploids in dioecious and monecious
species of the Amaranthaceae. J. Hered. 31:477–485. doi:10.1093/oxfordjournals.jhered.a104820
Pandey, R.M. 1980. Heterotic effect for protein content in Amaranthus hypochondriacus L. Crop Improv. 7:71–73.
Pandey, R.M. 1984. A study of heterosis in Amaranthus. SABRAO J. Breed.
Genet. 16:93–99.
Prajapati, S.B., Y. Ravindjiababu, and D.B. Prajapati. 2009. Heterosis for yield
and yield components in grain amaranth (Amaranthus spp). Int. J. Agric.
Sci. 5:414–416.
Peters, I., and S.K. Jain. 1987. Genetics of grain amaranths: III. Gene-cytoplasmic male sterility. J. Hered. 78:251–256. doi:10.1093/oxfordjournals.
jhered.a110377
Sauer, J.D. 1967. The grain amaranths and their relatives: A revised taxonomic and geographic survey. Ann. Mo. Bot. Gard. 54:103–137.
doi:10.2307/2394998
Sooby, J., R. Myers, D. Baltensperger, D. Brenner, R. Wilson, and C. Block.
1998. Amaranth production manual for the central United States. Misc.
Pub. EC 98-151-S. Univ. of Nebraska Cooperative Extension, Sidney.
Stetter, M.G., T. Müller, and K.J. Schmid. 2017. Genomic and phenotypic evidence for an incomplete domestication of South American grain amaranth
(Amaranthus caudatus). Mol. Ecol. 26:871–886. doi:10.1111/mec.13974
Stetter, M.G., L. Zeitler, A. Steinhaus, K. Kroener, M. Biljecki, and K.J.
Schmid. 2016. Crossing methods and cultivation conditions for rapid production of segregating populations in three grain amaranth species. Front.
Plant Sci. 7:816. doi:10.3389/fpls.2016.00816
US National Plant Germplasm System. 2018. Amaranth. GRIN-Global, US
National Plant Germplasm System. https://npgsweb.ars-grin.gov/gringlobal/crop.aspx?id=159 (accessed 8 May 2018).

253

