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Polyploidy means having more than two basic sets of chromosomes. Polyploid plants may be artificially obtained

through chemical, physical and biological (2n gametes) methods.

amphiploidy disomic polyploidy allopolyploidy autopolyploidy chromosome sets

mutation forages breeding polysomic polyploid disomic polyploid

| 1. Introduction

Polyploidy, which occurs among various life forms W, allows having more than two basic sets of chromosomes. It is
a widely distributed phenomenon in wild and cultivated species in agriculture, forests and rangelands 2. Whole
genome duplications take place at very high rate in forages, e.g., 75% of the speciation underwent genome

duplications in group of 1200 species 1,

'The remarkable ecological success of the polyploidy prompts breeders to develop new polyploid germplasm with
increased economic value [&. These polyploids could assist on understanding the evolution of various plant species
with economic relevance. Polyploids are also used as bridge species to transfer resistant genes from their parental
species 48l In contrast to natural polyploidy arising from natural selection [ induced polyploid (polysomic
polyploids, and true or segmental amphidiploids mainly result from the anti-tubulin effect of colchicine ((S)-N-
(5,6,7,9-tetrahydro-1,2,3,10-tetramethoxy-9-oxobenzo[a]heptalen-7-yl) acetamide; and also of oryzalin (3,5-dinitro-
N4 N4-dipropylsulfanilamide), trifluralin (a,a,a-trifluoro-2,6-dinitro-N,N,-dipropyl-p-toluidine) and amiprophos methyl

(O-methyl O-(2-nitro-p-tolyl) N-isopropyl phosphoramidothionate) [,

The use of artificial polyploidy began in 1937 after the discovery and extraction of the natural compound colchicine,
which has the ability to inhibit spindle fiber formation to arrest the chromosome, thus causing a failure of chromatid
disjunction B and of cytokinesis 2. Spontaneous chromosome set doubling also occurs in plant somatic cells, and
gametes at low frequency, which may subsequently result in a polyploid organism & by vegetative or seminal

propagation, respectively.

Natural and induced polyploid have been widely investigated in crops, trees, ornamentals, forages and medicinal
plants 19 This literature search and synthesis were pursued to address 21st century challenges related to
continuous population growth, as well as the global climate change 1. Forages are widely exploited for their
vegetative biomass that may be used as animal feed or for biofuel 22l Polyploidy is widely distributed phenomenon

among forage species B34 |t may be induced in diploid species to improve biomass productivity and its

https://encyclopedia.pub/entry/8530 1/7



Induced Polyploidy | Encyclopedia.pub

nutritional characteristics. We review herein various methods for developing polyploid forage germplasm with

chemicals and their commercial importance when compared with ancestral and natural polyploid species.

| 2. Production of Polyploid Plants

Polyploid plants (polysomic polyploids, true, and segmental amphidiploids) can be produced using various
chemicals, such as colchicine, amiprophos-methyl, trifluralin or oryzalin; or physical methods such as temperature
shock and protoplast fusion B. The most common chemical is colchicine obtained from Colchicum autumnale L.,
which has an inhibitory effect on the spindle formation, causing a failure during anaphase disjunction & and
cytokinesis @, thus resulting in one cell with the doubled chromosome set. Hence, colchicine treatment results in
either pure polyploid individuals or impure (mixoploid or aneuploid cells), depending upon the colchicine
concentration and exposure time, plant tissues and its development stage, and method for chromosome set
doubling. The colchicine solution may be applied to immature buds, resulting in unreduced reproductive cells and,
subsequently, producing polyploidy seed at different rates. It is applied to the pedicel of growing immature bud or
the inflorescence stalk may be dipped in a growth media solution with low concentration of colchicine (0.01 to

0.1%), depending upon the forage species (Table 1). Cotton swab dipped in colchicine solution of 0.2% for 10 h

during 2 consecutive days successfully induced a polysomic tetraploid (12—40%) in guar accessions 2!, Colchicine
can also be applied to the callus; i.e., cell culture of meristematic tissues to produce chimeric plants, or seed may
be germinated in a colchicine solution 28, Generally, colchicine (0.1-1%) has been applied to seeds for 24—48 h
depending upon the forage species to target cells undergoing mitosis (Table 1). Growth arrest is the first symptoms
of successful application of colchicine (Figure 1). Affected cells usually resume division after a lag period of
colchicine application. A comparison of euploid series (2%, 4%, 6x and 8x) in thale cress (Arabidopsis thaliana L.
Heynh.) showed that induced polyploidy had slower growth, enlarged cell size, and decreased the number of cells
per leaf blade. Polyploid cells had lower lignin and cellulose but higher pectin and hemicelluloses in the stem 7],

Frequency of polyploidy induction can increase by rising colchicine concentration (Table 1). A high colchicine

concentration has been, however, toxic to cell and plant tissues. A low colchicine concentration (0.1%) treatment
with relative long duration (48 h) has been effective in increasing the yield of polyploid cells in shoot tips in vitro 18
(Table 1). For example, sorghum (Sorghum bicolor (L.) Moench.) seed were subjected to 0.2% concentration of
colchicine for 48 h and 72 h, yielding 3.3% and 2.3% polysomic tetraploid plants, respectively 9. A direct
application of colchicine by dipping the apical meristem of seedlings produced chimeric tissues where induced

polyploidy was limited to a particular layer 29,
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Figure 1. Control vs. various treatments of colchicine (0.25-1%) in growth of interspecific maize x teosinte

seedlings after treatment of seeds for 24 h (Niazi, I.A.K., permission granted) [21],

Table 1. Recovery of induced tetraploids using various concentrations of anti-mitotic treatments.

Species Ploidy Treatment Polyploid Frequency References
Level
Vicia faba L. 2% = 0.005% for 8 h, seed 4x = 50% [22]
12 imbibition
Cyamopsis tetragonoloba  2x = 0.2% cotton swab for 10 h 4x = 12-40% [15]
L. Taub. 14
Brachiaria decumbens 2% = Colchicine concentration 0.1% colchicine for 48 h [20]
(Mez) Davidse 18, (0.01%, 0.01%, and 0.1%) induces 11% of polyploid
36, 45
Psathyrostachys juncea 2% = 100 mg L™ colchicine and 4x = 53.58% (23]
(Fisch.) Nevski 14 1.5% DMSO, callus tissue Stomata size increased by
13.52% while stomata
frequency decreased
Lolium multiflorum Lam. 2% = Seedling immersion (0.2%) 4x = 20% [24]
14 for3hand 24 hin
colchicine
Sorghum bicolor (L.) 2% = MS medium supplemented In vitro media (18]
Ménch 20 with 0.1% of colchicine supplemented with 0.1%
colchicine has the highest
frequency 4x induction
Sorghum bicolor (L.) 2% = 4 colchicine levels and 5 0.2% concentration for 48 [19]
Ménch 20 soaking times h had ploidy induction of
3.8 to 4.2% colchicine
Trifolium pratense L. 2% = Callus vs. seed germination ~ Amiprophos-methyl and [25]
Trifolium hybridum L. 14 treatment of colchicine, oryzalin had similar
2x = amiprophos-methyl, frequency of ploidy
16 trifluralin and oryzalin induction in T. pratense;
colchicine had higher
efficiency for induction of
tetratploid in T. hybridum
Panicum virgatum L. 4x = 0.2% colchicine solution 8x =19 families [26]
36 applied to seed
Pennisetum purpureum 3x = In vitro colchicine (0.1%) 6x = 17/480, larger [27]
Schumach. x Pennisetum 21 solution, seed imbibition stomata size

glaucum (L.) Brown
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Species Ploidy Treatment Polyploid Frequency References
Level
Brachiaria ruziziensis 2x = In vitro 0.0125-0.1% 4x = 23/400 (28]
(Mez) Davidse 18 colchicine (31.3%) 0.1% colchicine
for 3 BAP

Brachiaria ruziziensis 2% = 0.1% colchicine, gleed 4x =11.45% [29]
(Mez) Davidse 18 (2] the same

) ) ) _ _ [30] ric shock
Miscanthus species 2% = Callus treatment with 313— 4% was mduce@nth 40%
Andersson 38 626 UM colchicine success

In vitro induction of polyploidy was successfully achieved by culturing the nodal segments or callus in tissue culture
media supplemented with a low concentration of colchicine. This method induces high polyploidy frequency in

various species (Table 1). Although other chromosome doubling agent such as, oryzalin had a higher frequency of

induced polyploidy than colchicine 3], it inhibited callus growth and seedling regeneration. Liquid medium was
more effective in inducing polyploidy than semi solid media {28l A concentration of 5 um oryzalin was more
effective than colchicine and trifluralin in inducing chromosome doubling of calli obtained from interspecific hybrid
plants of elephant grass x pearl millet B4, In vitro treatment of red clover (Trifolium pratense L.) yielded 55.5%
more polysomic tetraploids and 1.9 times fewer chimeric individuals than imbibition of seed in a colchicine solution
(231351, Colchicine, amiprophosmethyl and oryzalin produced similar frequency of polysomic tetraploid (31-47%)
and chimeric plants (14-22%) in T. pratense [23. Colchicine (0.015% in tissue culture media) was more effective

than oryzalin in inducing polysomic tetraploidy (16%) in peanut clover (Trifolium polymorphum Poir.) (28],

The demand for pure polyploids with different ploidy levels obtained after chromosome doubling needs screening,
selection and periodic evaluation of the ploidy level stability of the natural and induced BZ. Nowadays, the main
method used for this purpose is flow cytometry [Bl28] which increases the efficiency of ploidy level determination
and nuclear genome size measurement. With flow cytometry large numbers of individuals are quickly evaluated in
only one day using a quantitative, rapid, reliable and reproducible method 11, This powerful screening tool for
ploidy level has been very useful in breeding programs. However, chromosome counting, which is performed
through microscopic observation of the metaphase cells, has been applied to confirm the chromosome number &
(37138 and to detect eventual aneuploids. Besides these direct tools, indirect analyses have also been
accomplished. The effects of induced polyploidy on forage species were noted as an increase in the stomatal area
and a decrease in the stomatal frequency. These changes in leaf anatomy arose after expanding cell volume due

to increasing nuclear DNA content (23],
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