CYTOGENETICS OF Pennisetum purpureum Schumack x
Pennisetum glaucum L. HYBRIDS AND THEIR PARENTS"

ABSTRACT - Cytogenetic studies were carried out
on five accesses of interspecific hybrids of
Pennisetum purpureum and Pennisetum glaucum and
their parentals, which are part of the Forage
Germplasm Bank of the “Centro Nacional de
Pesquisa de Gado de Leite” of EMBRAPA, Brazil.
The mitotic cytogenetic analysis, performed using
stain by Schiff reactive, confirmed the chromosome
number of 2n = 14, 28 and 21 for the accesses of P.
glaucum, P. purpureum and their hybrids,
respectively. For each access, descriptions of the
chromosome complement and idiograms are
presented which allowed to establish the karyotypic
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relationships between the hybrids and their parentals.
Based on the total chromosomal length data it was
possible to establish the karyotype classification of
the accesses concerning symmetry. While the
karyotype of P. glaucum accesses was considered
symmetric, hybrids presented asymmetric karyotypes.
For P. purpureum, two accesses (BAGs 63 and 75)
showed symmetric karyotype and three (BAGs 54, 65
and 91) were asymmetric. For the interspecific
hybrids it was possible to infer the origin of some
parental chromosomes based on the tota
chromosomal length measurements, satellite presence
and chromosome morphol ogy.

INDEX TERMS: Elephant grass, pearl millet, interspecific hybrids, cytogenetic, ideograms, chromosome.

CITOGENETICA DE HiBRIDOS ENTRE Pennisetum purpureum
Schumack E Pennisetum glaucum L. E SEUS GENITORES

RESUMO - Foram realizados estudos citogenéticos
em quinze acessos do Banco de Germoplasma Forra-
geiro, da Embrapa Gado de Leite, sendo cinco hibri-
dos interespecificos de Pennisetum purpureum e
Pennisetum glaucum e seus genitores. As analises ci-
togenéticas mitéticas realizadas mediante coloragdo
com reativo de Schiff confirmaram o nimero cromos-
sbmico de 2n =14, 28 e 21 para 0s acessos de P.
glaucum, P. purpureum e hibridos, respectivamente.
Para cada um desses acessos, foram realizadas descri-
¢des do complemento cromossdémico e idiogramas, as
quais possibilitaram estabelecer relages cariotipicas
entre os hibridos e seus genitores. Com base nos da-

dos de comprimento total do cromossomo, foi estabe-
lecida a classificacdo do caridtipo dos acessos com
relacdo a simetria. Os caridtipos dos acessos de P.
glaucum foram considerados simétricos, ao passo que
os hibridos apresentaram cari 6tipos assimétricos. Para
P. purpureum, dois acessos (BAGs 63 e 75) mostra-
ram cariétipos simétricos e trés (BAGs 54, 65 e 91)
assimétricos. Nos hibridos interespecificos entre P.
purpureum e P. glaucum, foi possivel inferir a proce-
déncia de alguns cromossomos parentais com base
nas medidas de comprimento total do cromossomo,
presenca de satélite e morfologia do cromossomo.

TERMOS PARA INDEXACAOQ: Capim-elefante, milheto, hibrido interespecifico, citogenética, idiograma, cro-
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INTRODUCTION

The Germplasm bank for forage plants at
Embrapa Dairy Cattle, located in Coronel Pacheco —
MG, has one of the largest Pennisetum collections in
Brazil, with 120 elephant grass and 50 pearl millet
accessions. The germplasm is genetically constituted by
clones, populations and P. purpureum improved
cultivars, chromosome races (triploids and hexaploids)
resulting from hybridization between P. purpureum x P.
glaucum, P. glaucum accessions and various other wild
Penni setum species.

Pennisetum purpureum Schumack (2n = 4x = 28
— A'A'BB genome) and pearl millet (Pennisetum
glaucum (L.) R. BR.) (2n=2x=14, AA genome) are
directly related species presenting good genetic
combining ability, producing low fertility or sterile
interspecific hybrids that are, however, of great forage
interest because they are better accepted by cattle than
elephant grassitself (Jahuar, 1981; Shank & Chynoweth
Normally, 1993; Diz, 1994). The interspecific hybrid
usually has greater similarity to the elephant grass type
due to the larger genetic contribution (2/3 of the
chromosomes) and dominance of the elephant grass B
genome over the pearl millet A genome for the analyzed
forage characteristics (Gonzalez & Hanna, 1984.)
These hybrids have 21 somatic chromosomes, which
can be traced to each species by metaphase size and
morphology. Pearl millet chromosomes are larger than
those of elephant grass (Burton, 1942; Jahuar, 1981;
Pantulu & Rao, 1982; Jahuar & Hanna, 1998).
According to Jahuar (1981), its Kkaryotype is
symmetrical due to the presence of metacentric and

submetacentric chromosomes and to the fact that the
largest chromosome is 1.5 times the size of the smallest,
and is, therefore, included in the la category of the
asymmetry classification proposed by Stebbins (1958).
The same author described the elephant grass karyotype
as asymmetrical, consisting of  metacentric,
submetacentric and one acrocentric chromosomes and
included it in the 2b category (Stebbins, 1958).

Detailed cytogenetic studies on parents and
hybrids obtained from interspecific crosses are of
interest to locate chromosome markers useful to
detect interaction among genomes and in genetic
breeding programs.

The objective of this study was to
cytogenetically characterize the parents of five crosses
between elephant grass and pearl millet and investigate
the hybrid nature of their progeny.

MATERIAL AND METHODS

Five supposed hybrids from the cross between
elephant grass (Pennisetum purpureum Schum.) and
pearl millet (Pennisetum glaucum (L.) R.Br) and their
respective parents were assessed. Table 1 shows the
genotypic materials used in this study belonging to the
Forage Plant Germplasm Bank at Embrapa Dairy Cattle,
located in Coronel Pacheco — MG. The elephant grass
and pearl millet accessions used as parents were
selected based on the allelic complementation and on
expression of important forage traits. The crosses were
performed artificially and five supposed F1 hybrids
with best forage performance were selected for this
study.

TABLE 1 - Identification of the P. purpureum (BAG), and Pennisetum glaucum (M) accessions and the supposed
interspecific hybrids (CNPGL) from the Germplasm Bank at Embrapa Dairy Cattle, Coronel Pacheco - MG. UFLA

Lavras, MG 2000.

Registrodo  Denominagdoco- Registrodo Denominagéo Registro Denominagéo
acesso mum acesso comum do acesso comum
BAG 54 Capim Cana D’Africa M 24 ICMB 90111 CNPGL94-F44-03 BAG63x M36
BAG 63 Cuba 169 M 35 ICMP 89410 CNPGL94-F49-06 BAG91xM38
BAG 65 Roxo Botucatu M 36 AFPOP88 CNPGL94-F52-02 BAG54x M44
BAG 75 1J 7136 M 38 AFPOP 90 CNPGL94-F53-02 BAG65Xx M35
BAG 91 Pasto Panama M 44 Bulk 1 CNPGL94-F60-01 BAG75xM24
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The cytogenetic anayses were performed
according to the procedures adapted by Techio (1998)
for the Pennisetum species. The root cell cycles were
synchronized by treatment with a 2.5 mM for 14
hours, pre-treating with 25mg/l solution and 300 mg/I
(1:1) for 2h 45m followed by fixing in Carnoy solution
for 24h and enzymatic maceration in pectinase. The
roots were stained with Schiff reagent and slides were
prepared using the squashing technique.

The photomicrograph metaphases were digitaized
and analyzed using the Jandel Sigma Scan ® Pro v. 2.20
software. The longest arm length (BI), shortest arm length
(Bc), tota chromosome length i (Cti = Bl + Bc), the arm
ratio (RB = BI/Bc), haploid set total length (CTLH =
Cti/2) and the relative length (CR = Cti/CTLH x 100) were
obtained. The chromosomes were morphologicaly
classfied according to the Levan e d. (1964)
nomenclature.

The chromosomes were organized using the
means of their arm ratio (RB) and relative length values
(CR), numbered in decreasing size order from | to VI, |
to XIV | to XXI, respectively, for pearl millet, elephant
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FIGURE 1 — Somatic metaphases and ideograms of A -
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grass and the interspecific hybrids and represented in an
ideogram.

An analysis of variance of the total complement
length (CTLH) among accessions within the genotypes
was performed. The accession means were compared
by the Scott and Knott test (1974) at the 5% level of
significance.

RESULTSAND DISCUSSION

The somatic chromosome number for the five pearl
millet, elephant grass and interspecific hybrid accessions
was 14, 28 and 21, respectively (Figure 1), confirming the
hybrid nature of the progeny studied (Burton, 1942,
Pantulu, 1958; Burton & Powell, 1968; Manara, 1973;
Jahuar, 1981; Pantulu & Rao, 1982; Techio 1998). Only
the elephant grass BAGs 54 and 65 accessions among the
genotypic materials assessed in this study had been
described by Techio (1998) for chromosome number. In
the present study, the chromosome complement of the
three taxa was described in greater detail.
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ioa088e

Pennisetum purpureum (2n = 4x = 28), B Pennisetum

glaucum (2n = 2x = 14), C — interspecific hybrid (2n = 3x = 21). The arrows indicate satellites and the bars in the

photographs represent S5um.
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Elephant grass. The relative chromosome
lengths of the BAGS 54, 65 and 91 accessions showed
that the largest chromosome pair represented, on
average, 10.4% of the haploid set length. Its length could
reach twice the size of the last pair, whose relative length
represented on average, 5.2% of the haploid set (Table 2).
The ratio between the largest and smdlest chromosomes
did not reach the ratio of 2:1 in the BAGs 63 and 75
accessions.  All the accessions presented metacentric
chromosomes (Table 2). This fact associated to the 2:1
retio in length between the largest and smallest pair in the
accessons BAGs 54, 65 and 91 suggested that their
karyotype should be included in the 2b category (Stebbins,
1958) classfication of chromosome complement
asymmetry. Accessions BAGs 63 and 75 showed
symmetric karyotype of the la category due to their
smaller than 2:1 chromosome arm ratio.

Satellites were observed on the short arm of
one of the homologues of the first chromosome pair
in four accessions (Table 2). In BAG 54, these
structures were present on the two homologues of the
pair. Techio (1998) had also registered the presence
of satellites on two chromosomes in BAG 54. In
BAG 63, the 4" pair also presented a satellite on one
of the homologues.

The presence of these structures has been
recorded as an important morphological characteristic
in the chromosomes of some Pennisetum species.
Pantulu & Venkateswarlu (1968) observed in
pachytene that the 1% and 14" chromosome pairs of
the P. purpureum complement presented terminal
satellites. Manara (1973) observed the presence of
satellites on the short arm of one of the homologues
of one or two chromosome pairs in eight elephant
grass varieties.

Satellite presence is therefore evident on the
largest pair of chromosomes of elephant grass
where this structure appears to be more stable. A
second chromosome of the complement may present a
satellite, as is the case of chromosome IV of the BAG
63 accession studied in this research and of the 14™
pair, observed by Pantulu & Venkateswarlu (1968).

According to Manara (1973), recording satellites
on only one of the homologues of the chromosome pair
could be explained by the simple loss of a segment of
the arm that had the satellite or, possibly, by the
occurrence of hybrid combinations where there was

no satellite presence in one of the parent species. A
further explanation may be errors in the classification
of chromosome pairs because of minimal differences
in their size and morphology. In this case, the use of
the banding techniques could help chromosome pair
identification.

Pearl Millet: Regarding the relative length, it
was observed that the largest pair of chromosomes
represented on average 17.1% of the haploid set length.
Its size could reach 1.6 times that of the last pair, whose
relative length represented, on average, 10.8% of the

haploid set (Table 3).
The five pearl millet accessions studied
presented metacentric and submetacentric

chromosomes. In four of the accessions (M 24, M35,
M36 and M44), chromosomes I, I, 1V and VII were
classified as metacentric and chromosomes |1l and VI as
submetacentric. Chromosomes IV and V1 of accession
M 38 were classified as submetacentric and the others
as metacentric (Table 3).

Studies on pearl millet chromosomes showed the
occurrence  of metacentric and  submetacentric
chromosomes and the largest pair would be
approximately 1.5 times longer than the smallest
(Avdulov, 1931; Burton & Powell, 1968). Based on
these data, Jahuar (1981) classified the pearl millet
karyotype as symmetrical and considered it as the most
representative karyotype of the la category in the
Stebbins (1958) asymmetry classification.

From the obtained results, especially regarding
the 1.6-fold difference in size between the largest and
smallest chromosome (Table 3), the pearl millet
accessions could be placed in the 1la Stebbins
category (1958), as proposed by Jahuar (1981).

In the M35, M36, M38 and M44 accessions, the
presence of satellites on the short arm of one of the
homologues of the 1% and 7" pairs of chromosomes was
ascertained. In the M24 accession, the satellite was
observed on the short arm of one of the VII pair
homologues. The presence of satellites on 1 or 2 pairs
of chromosomes was reported in pearl millet by severa
authors (Pantulu (1958); Burton & Powell, 1968;
Pantulu & Venkateswarlu (1968); Jahuar, 1981). Gill &
Gupta, quoted by Burton & Powell (1968) located the
satellite on the short arm of the largest chromosome of
the complement. In al reports, the smallest
chromosome pair had a satellite.
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TABLE 2 — Mean values, in micrometers (um) of the elephant grass (P. purpureum) accession chromosome variables. (C = chromosome,
Bl = longest arm; Bc = shortest arm; Cti = total chromosome length; CR relative length and CL classification of the chromosomes for
centromere position, m = metacentric). UFLA, Lavras- MG, 2000.

BAG 54 BAG 63 BAG 65 BAG 75 AG 91

C Bl Bc Ci CR RB CL| Bl Be Ci CR RB CL| Bl Bc Ci CR RB CL| Bl Bc Cti CR RB CL| Bl Ber Ci CR RB CL
I 1,70 1,21 291 10,70 1,40 m* (1,76 140 3,16 10,19 1,26 m* |1,66 134 3,00 10,85 124 m¥ 149 120 269 10,06 124 m* (167 128 2,95 10,58 130 m*
1 135 1,02 237 871 152 m 153 123 276 850 124 m |14l 1,17 2,58 933 1,21 m |147 1,00 247 924 147 m 1151 121 272 976 125 m
m 132 1,05 237 871 126 m |46 1,13 2,59 835 1,29 m (125 1,02 227 821 1,23 m |1,23 098 221 826 1,26 m (129 098 227 8§14 1,32 m
IV 1,23 088 211 7.76 139 m 1,29 1,12 2,41 7,77 1,15 m*|121 092 2,13 770 1,32 m |L15 1,00 215 804 1,15 m 31,15 1,00 2,05 771 L15 m
v 1,10 09 2,06 757 115 m [122 107 229 738 L14 m 1,12 09 208 7,52 L,17 m |1,06 095 201 752 112 m [LI8 085 203 728 139 m
VI L1408 1,97 724 135 m |1,26 097 223 7,09 1,3¢ m (1,12 089 201 727 1,26 m (1,02 091 1,93 722 1,12 m |1,09 091 200 717 1,20 m
VIE 1,00 086 1,8 68 116 m [L26 091 217 7,00 138 m [1,12 082 19 7,02 1,37 m {103 0382 185 692 1,26 m |1,05 089 194 69 118 m
VIH 1,07 075 1,82 669 1,41 m [L15 093 208 671 123 m (1,04 085 1,89 634 122 m (097 084 181 677 115 m |104 084 188 674 124 m
IX 09 081 1,79 658 120 m 1,15 09 205 661 128 m (09 08 182 658 1,12 m (09 081 177 662 1,19 m (098 081 179 642 121 m
b4 094 080 1,74 640 118 m [L16 087 197 635 126 m (0,96 079 1,75 633 122 m [091 081 1,72 643 112 m (09 08 17 631 115 m
XI 09 078 168 618 115 m |1L06 087 19 622 122 m [0.86 08 1,66 600 1,08 m (0,93 072 165 617 129 m [0,95 075 1,68 603 124 m
XI 088 071 159 585 124 m (1,08 079 1,87 603 1,36 m (0,90 073 563 590 1,23 m [084 074 1,58 591 1,14 m [0,88 0,75 163 585 117 m
XIm 080 0,70 1,50 551 1,14 m (0,97 084 1,81 58 1,15 m [082 6,70 1,52 556 1,17 m |083 069 1,52 568 120 m |085 075 160 574 113 m
XIV 0,79 0,64 143 526 122 m |09 075 1,70 548 126 m [072 065 137 495 111 m (0,73 055 1,38 516 1,12 m |0,82 066 148 531 124 m
CTLH 2720 31,02 27,65 26,74 27,88

* satellite presence
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Elephant grass and pearl millet hybrids:
Seven larger chromosomes probably derived from pearl
millet and fourteen chromosomes from elephant grass
were observed. This observation is in line with data
presented by Burton (1942), Jahuar (1981) and Jahuar
& Hanna (1998).

The analysis of the relative length of the
hybrids showed that the largest chromosome
represented on average 7.9% of the haploid set
length, reaching 2.7 times the size of the last, whose
relative length represented on average 2.9% of the
chromosome set (Table 4)and therefore was included
in the 3b category of the Stebbins (1958)
classification for asymmetrical karyotypes.

Metacentric and submetacentric chromosomes
were observed on some metaphases in the five
hybrids assessed. The 2™ chromosome of the
CNGL94-49-06 and CNPGL94-52-02 hybrids
presented the VI and X chromosomes classified as
submetacentric. The 2™ chromosome of the
CNPGL94-53-02 and CNPGL 944-52-02 hybrids and
the 10" chromosome of the CNPGL94-53-02
accession were classified as submetacentric while the
others were described as metacentric. Only
metacentric chromosomes were recorded (Table 4) for
the CNPGL 94-60-01 hybrid.

Satellites were observed on the short arms of
chromosomes | and VII in the metaphases analyzed in
the CNPGL94-44-02 hybrid. The BAG 63 and M 36
accessions, parents of this hybrid, presented
chromosomes with satellites. As it is reported in the
literature that the seven largest chromosomes observed
in the hybrid are derived from the pearl millet parent, it
can be inferred that chromosomes | and V11 are derived
from the M 36 parent.

A satellite was detected on the short arm of
chromosome 111 in the CMPGL94-49-06 hybrid. This
hybrid is the result of the BAG 91 x M 38 cross and
probably this chromosome is derived from pearl millet,
athough satellite presence was registered on
chromosome | in this parent.

Satellites were observed on chromosomes | and
IX in the CNPGL94-52-02 hybrid. The parents of this
hybrid are the BAG 54 and M 44 accessions.
Chromosome | is probably derived from the M44

parent, while chromosome IX, because it is the second
among the fourteen smaller chromosomes of the hybrid
complement, may correspond to chromosome | satellite
of BAG 54.

Satellites were observed on chromosomes Il and
IX in the CNPGL94-53-03 hybrid. This hybrid results
from the BAG 65 x M 35 cross and satellites were
observed on the first pair of chromosomes in both
parents. Although there is no coincidence in the
parents, chromosomes Il and IX are derived from
chromosome | of the pearl millet and elephant grass
parents, respectively.

There was a satellite on chromosome X in the
CNPGL94-60-01 hybrid. The parents of this
accession are BAG 75 and M 24, in which satellites
were also observed. As the satellite is on
chromosome X and this is the third of the fourteen
smaller chromosomes, it is suggested that this
chromosome corresponds to chromosome | and is
derived from the BAG 75 parent.

There are some considerations regarding the
presence of secondary constriction. The pearl millet
parent (AA genome) has satellites on chromosomes |
and VII. In the elephant grass parent (AA'BB)
genome), the satellites are found among the first
chromosomes of the A~ genome and the last of the B
genome. The hybrids presented only two
chromosomes with secondary constriction, one
corresponding to the largest pearl millet chromosome
and one, of intermediate size, that might correspond
to the smaller pearl millet chromosome or to one of
the largest elephant grass chromosomes. therefore
from A" genome. Thus there is a relationship of
dominance of the A and A" genomes over B genome
in which the nucleolus organizer region was
suppressed in the hybrid complement.

The chromosome complements of the hybrids
and their parents were compared statisticaly. The
Scott-Knott test (Table 5) showed the formation of three
clusters based on total chromosome complement length:
the first consisted of including the elephant grass and
pearl millet accessions, the second consisted of the
hybrids that presented the shortest  chromosome
complement length and the third group that consisted of
the hybrids with longer length.
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TABLE 5 - Tota complement length (CTLH) expressed in micrometers (um) for five P. purpureum and P.
glaucum accessions and their hybrids. UFLA, Lavras, MG 2000.

P. purpureum P. glaucum Hibridosinter especificos
BAG 63 31,02a M36 30,21a F94-44-02 50,98 c
BAG 91 27,88 a M38 23,15a F94-49-06 43,34 b
BAG 54 27,20 a M44 28,89 a F94-52-02 49,74 ¢
BAG 65 27,65a M35 26,99 a F94-53-02 50,45 ¢
BAG 75 26,74 a M24 32,58 a F94-60-01 4394 b

Means followed by the same letter, for each genotypic materials, for each genetic material, belong to the same

group by the Scott Knott test (0<0.05).

Significant difference was expected between
the elephant grass and pearl millet CTLH because
these species present different ploidy, chromosome
number, botanical and agronomic traits. Furthermore,
according to Panutlu & Rao (1982), chromosomes 1
to 5 in both, and chromosomes 6 and 7 in pearl millet
and 8 and 14 in elephant grass, paired in the meiosis
of the hybrid but the seven chromosomes of the B
genome of the elephant grass were not paired. The
presence of a further genomein elephant grass would
lead, therefore, to a larger genome. The inclusion of
the pearl millet and elephant grass accessions in the
same group may be explained by the expressive
difference when the length of each chromosome is
compared amongst the accessions of these species
(Tables 2 and 3). The mean length of chromosomes 1
to 7 of the pearl millet accessions is 28.36 um while
that of chromosomes 1 to 5 and 5 and 14 of elephant
grass is 15.51 um. Therefore, these two species
diverge both by the presence of a genome in elephant
grass (Jahuar, 1981) and by the occurrence of
deficiencies in the elephant grass A" genome.
Furthermore, when the morphology of these
homologous chromosomes is compared, it was
ascertained that pericentric deficiencies or even
inversions altered the morphology of some
chromosomes since these are metacentric in elephant
grass and the pearl millet chromosomes 3 and 6 are
submetacentric.

The hybrids were grouped in two different
categories and different from the parents that can also
be explained by the occurrence of chromosome
rearrangements.

CONCLUSIONS

The somatic number of chromosomes was
confirmed for the five pearl millet and elephant grass
accessions as being 14 and 28, respectively, for each
taxa.

The hybrid nature of the five accessions resulting
from the P. purpureum and P. glaucum cross was
confirmed by the presence of 21 chromosomes in their
mitotic metaphases.

The karyotypes of the P. glaucum accessions are
symmetrical so they could be placed in the 1la category
of the Stebbins (1958) classification while for the
hybrids, the karyotypes were classified as asymmetrical
and included in the 2b category. Two P. purpureum
accessions (BAGs 63 and 75) showed symmetrical
karyotypes and three showed asymmetrical karyotypes
(BAGs 54, 65 and 91).

In the interspecific hybrids between P. purpueum
and P. glaucum, the origin of some parentd
chromosomes could be inferred based on the mean of
the chromosome total length, satellite presence and
chromosome classification by centromer position.
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