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Nuclear DNA content and chromosome number 
determination in a Sahel medicinal plant, Combretum 
micranthum G. Don
Hamidou F. Sakhanokhoa,#, Nurul Islam-Faridib,#, and Barbara J. Smitha

aUnited States Department of Agriculture, Agricultural Research Service, Thad Cochran Southern 
Horticultural Laboratory, Poplarville, MS, USA; bUnited States Department of Agriculture, Forest Service, 
Southern Research Station, Southern Institute of Forest Genetics, Forest Tree Molecular Cytogenetics 
Laboratory, College Station, TX, USA

ABSTRACT
Combretum micranthum G. Don, also known as kinkéliba, is 
native to West Africa where the plant grows wild as a shrub, 
liana, or tree and is valued for its numerous attributes including 
health and nutritional benefits. Despite this, genetic information 
commensurate with its economic value is lacking. The aim of 
this study was to determine the nuclear DNA content and 
chromosome numbers of C. micranthum germplasm from east-
ern Senegal, West Africa. Genome size estimates were deter-
mined, for the first time, and chromosome number was 
analyzed using actively growing root tips. The mean, median, 
minimum, and maximum genome size estimates were 1587.44 
Mb, 1540.85 Mb, 1472.24 Mb, and 2146.66 Mb, respectively. 
Cytological analysis revealed a chromosome number of 
2 n = 2x = 26. The results of this investigation can be useful 
for structural and functional genomics, genome sequencing 
endeavors, and phylogenic studies as well as breeding and 
domestication programs.
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Introduction

Combretum micranthum G. Don is native to West Africa where the plant is 
widely used for both its nutritional values and medicinal properties. It 
belongs to the family Combretaceae that comprises approximately 20 genera 
and approximately 600 species that grow as trees, shrubs, or lianas. The tree 
form can reach up to 20 m in height and occurs in higher concentrations in 
three Sahelian countries, Senegal, Mali, and Burkina Faso (Welch et al. 2018). 
The genus Combretum Loefl. consisting of about 279 tropical and subtropical 
species is the largest (RBGK (Royal Botanic Gardens) 2021).
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In ethnomedicine, C. micranthum is used for the treatment of various 
ailments, and many scientific reports have been published to support its 
use for health issues such as hypertension (Seck et al. 2017; Bourqui et al. 
2020), malaria (Haidara et al. 2016), herpes simplex 1 and 2 (Ferrea et al. 
1993), inflammation (Olajide, Makinde, and Okpako 2003), lead induced 
toxicity (Mohammed et al. 2020), diabetes and nephrotic disorders (Welch 
et al. 2018; Kpemissi et al. 2020; Ononamadu and Ibrahim 2021).

Many reports have been published describing the beneficial effects of the 
plant and the chemical compounds that are the underlying causes of these 
effects (Haidara et al. 2016; Seck et al. 2017; Welch et al. 2018; Bourqui et al. 
2020; Kpemissi et al. 2020; Ononamadu and Ibrahim 2021). However, very 
little molecular or genetic work has been done in Combretum species includ-
ing C. micranthum. Nuclear DNA content and chromosome numbers are 
basic information needed for genetic or genomic studies and breeding 
programs of any plant species. Nuclear DNA content is useful for sequencing 
and genomic characterization of a species. Both traits are essential in phylo-
genetic and taxonomic studies. Prior knowledge of ploidy or chromosome 
numbers is needed for an efficient breeding and hybrid selection program. 
We are not aware of any reports on nuclear DNA content in C. micranthum. 
Studies on basic chromosome numbers of x = 12 and x = 13 for certain 
members of the Combretaceae family, including C. micranthum (x = 13) 
from material collected in Sudan, northeastern Africa, are available (Brighton 
and Wickens 1976). However, we are unaware of any cytological work on 
C. micranthum from West Africa. Therefore, the objectives of this study were 
i) to determine the estimates of nuclear DNA content of C. micrnathum and 
ii) to determine, for the first time, the chromosome numbers of 
C. micranthum from eastern Senegal in West Africa and confirm the 
reported chromosome number (2 n = 2x = 26) or reveal the existence of 
more than one cytotype for the species.

Materials and methods

Plant Material

The plant material originated from eastern Senegal, in the Sahel region. 
About 300 mature seeds (Figure 1a) were collected from five plants in 
three different populations and dried. Fifty seeds were randomly selected 
from each population and scarified using 98% sulfuric acid (H2SO4) (Fisher 
Scientific, Hampton, NH) for 10 min. The seeds were then rinsed at least 
three times for about one min each time with tap water to completely remove 
any acid residues. Afterward, they were sown and germinated in soil- 
containing pots in the greenhouse for flow cytometry analysis and cytology 
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investigation. Leaves for flow cytometry and root tips for cytology were 
harvested from fully developed seedlings (Figure 1b).

Nuclear DNA content determination

About 30 seedlings were obtained from the seeds sown in pots in the green-
house. Ten plants were randomly selected among the 30 seedlings and used 
for flow cytometry analysis following procedures previously described 
(Sakhanokho et al. 2020; Islam-Faridi et al. 2020a,2020b) with minor 
changes. Three different fresh leaves (or replicates) were collected from 
each seedling, and each leaf was chopped together with that of the internal 
standard, Sorghum bicolor ‘Tx623’ (2 C 1.67 pg) (Price et al. 2005) of equal 
size (approximately 0.5 cm2) and resuspended in 500 μL nuclei extraction 
buffer. Large debris were removed from the extraction buffer through a filter 
using a pipette. Afterward, a nuclei staining solution (propidium iodide, 
RNase, and 5% polyvinylpyrrolidone-40,000) was added. Aluminum foil 
was used to cover and protect the mixture against light before incubation 
in a refrigerator at 4°C for 15 min. Nuclear DNA content was determined 
using a BD AccuriTM C6 flow cytometer and a BD Accuri C6 software 
version 1.0.264.21 (BD BioSciences, Ann Arbor, MI). The genome size was 
determined using the formula as described by Doležel et al. (2003): Sample 
2 C-value (picograms) = Reference 2 C-value × [(Sample 2 C mean peak)/ 
(Reference 2 C mean peak)]. Genome sizes were converted to megabases 
(Mb) using the formula 1 pg = 978 Mb, and sample monoploid 1Cx-value 
(pg) was calculated by dividing the 2 C-value by the ploidy level (x = 2) of 
C. micranthum (Greilhuber 2005). Analysis of variance was performed using 
SAS (SAS 9.4, Cary, NC) to analyze the data.

Figure 1. Combretum micranthum G. Don seeds (a) and seedling (b). Leaves and root tips of 
seedlings were used for genome size estimate determination and chromosome spread investiga-
tion, respectively.
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Chromosome count

Ten C. micranthum seedlings were randomly selected and transferred to pots 
containing mixing media (MetroMix SunGro SB-650, Sun Gro Horticulture, 
Agawam, MA) including Osmocote (14–14-14) for better plant and root 
growth. All chromosome spread preparations were performed using proto-
cols previously established (Jewell and Islam-Faridi 1994; Sakhanokho et al. 
2020) with some minor modifications. Actively growing root tips about 
1.0 cm long were collected and immediately pre-treated with 2 mM 8-hydro-
xyquinoline for 4.0 h in the dark at room temperature (RT, 22–24°C). The 
pre-treated root tips were then rinsed with double distilled H2O and fixed in 
4 EtOH:1 GAA (95% ethanol: glacial acetic acid) before storage at RT over- 
night before processing for enzyme digestion for chromosome spread. Fixed 
root tips were rinsed with deionized water, mildly hydrolyzed (0.2 N HCl) at 
60°C for 15 min, rinsed with deionized water, and then rinsed in cold 0.01 M 
citrate buffer (20 min standing at RT) before enzyme digestion. The enzyme 
mixture contained 2% cellulase RS (w/v), 1% macerozyme R10 (w/v) (Yakult 
Pharmaceutical Ind. Co., LTD, Japan), 2% pectolyase Y23 (w/v) (Kyowa 
Chemical Products, Co., LTD, Japan), 30% cellulase [(v/v), C2730, 30% 
pectinase (v/v), P2611, Sigma-Aldrich, St. Louis, MO], and 40% 0.01 M 
citrate buffer (pH 4.5). The enzyme digestion time varied (24 to 35 min) 
depending on the thickness of root-tips. The enzyme solution was carefully 
removed without disturbing the root-tips and were washed three times with 
fresh buffer. The chromosome spreads were prepared as described elsewhere 
(Jewell and Islam-Faridi 1994), air-dried over-night before staining with 1% 
Azure-B (Sigma, St. Louis, MO), and then dried over-night in a 37°C incu-
bator. The preparation was made permanent with a drop of Permount 
(Fisher Scientific, Fair Lawn, NJ) under a glass coverslip (22 x 40 mm). 
Chromosome spreads were viewed under a 63X plan apo-chromatic objec-
tive, and digital images were recorded under a green filter using bright field 
microscopy (AxioImager, Carl Zeiss, Göttingen, Germany). Adobe 
Photoshop (Adobe Systems Inc., Broadway, NY) was used to process the 
chromosome spreads.

Results and discussion

Flow cytometry

A representative histogram of fluorescence intensity by flow cytometry of 
G0/G1 nuclei from C. micranthum and S. bicolor ’Tx623’ is shown in 
Figure 2. No overlap was detected between the florescence peak of 
C. micranthum and that of S. bicolor ‘Tx623’, which were well separated 
(Figure 2), justifying the use of S. bicolor ‘Tx623’ as an internal standard for 
C. micranthum. Only flow cytometry measurements with coefficients of 
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variation values lower than 5% were included in the determination of the 
2 C-DNA values as established by Doležel (2005). The 2 C-DNA of 
C. micranthum, determined using S. bicolor ‘Tx623ʹas internal standard 
and flow cytometry analysis, ranged from 3.01 pg to 4.39 pg with mean 
and median values of 3.25 pg and 3.15 pg, respectively (Table 1). The 
haploid genome size of C. micranthum varied from 1472.24 Mb to 
2146.66 Mb with mean and median values of 1587.44 Mb and 1540.85 
Mb, respectively (Table 1). Genetic studies in the family Combretaceae, and 
particular the genus Combretum, have been sparse. We are not aware of 
any other reports on nuclear DNA content of C. micranthum, but recently 
chloroplast genome sizes (obtained through sequencing) of three 
Comberetum species, C. kraussii (154,081 bp), C. littoreum (161,773 bp), 

Figure 2. Representative histogram of nuclear DNA content estimation of Combretum 
micranthum G. Don using flow cytometry. Simultaneous analysis of nuclei isolated Sorghum 
bicolor L. cv. ‘BTX623’ and Combretum micranthum (2 n = 2x = 26. The two peaks represent 
populations of nuclei in G1 phase of cell cycle. The CV values (%) for Peak 1 and Peak 2 were 3.01 
and 4.77, respectively.

Table 1. 2 C-DNA (pg), 1Cx-DNA (pg) nuclear DNA content, and 1Cx monoploid genome size 
(Mb) of Combretum micranthum G. Don as determined by flow cytometry. Chromosome number 
of 2 n = 2x = 26 with x = 13 was determined using actively growing root tips of C. micranthum 
seedlings.

Variable N Mean SD Min Max Median 2 n Ploidy (x)

2 C-DNA (pg) 30 3.25 0.32 3.01 4.39 3.15 26 2
1Cx-DNA (pg) 30 1.62 0.16 1.51 2.19 1.58 26 2
Genome size (Mb) 30 1587.44 157.76 1472.24 2146.66 1540.85 26 2
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and C. malabaricum (159,425 bp), have been reported (Zhang et al. 2021). 
On average, the genome size of C. micranthum is 26 times larger than that 
of the plant species with the smallest known genome size, Genlisea tuberosa, 
a carnivorous angiosperm endemic to Brazil (Fleischmann et al. 2014) and 
94-fold smaller than that of the plant species with the largest known 
genome size (149,000 Mb), Paris japonica Franch. & Sav., a rhizomatous 
geophyte endemic to Japan (Pellicer, Fay, and Leitch 2010). However, the 
median nuclear DNA content (1540.85 Mb) of C. micranthum is only 
slightly (7.35%) lower than the current median genome size (1663 Mb) of 
angiosperms (Pellicer et al. 2018).

Cytology

Chromosome spreads from actively growing root tips resulted in counts of 
2 n = 2x = 26 (Figure 3), and no other cytotype was detected during our 
investigation. Our results agree with the only previously reported cytological 
data on C. micranthum from material collected in Sudan, northeastern Africa 
(Brighton and Wickens 1976). This count, 2 n = 2x = 26, appears to be the 
prevalent number among the available sparse reports on cytological studies 
of Combretum species even though other chromosome numbers such as 
2 n = 24, 32, 38, 39, 44, 52, 56, 78, and 104 have been reported (Sen 1955; 
Auquier and Renard 1975; Brighton and Wickens 1976; Renard et al. 1983; 
Ekeke, Agbagwa, and Okoli 2013; CCDB (Chromosome Counts Database) 
2021). Brighton and Wickens (1976) proposed basic chromosome numbers 
of x = 12 or x = 13 for Combretum species and suggested the genus consisted 
of polyploids including diploid, triploid, tetraploid, hexaploid, and octoploid 
species. Ekeke, Agbagwa, and Okoli (2013) recently reported both diploidy 
and triploidy in two different Combretum species, C. zenkeri and a yet to be 
identified Combretum species.

Figure 3. Chromosome number (2 n = 2x = 26) determined using chromosome spreads (mid- 
prophase) of actively growing shoot tips harvested from seedlings of Combretum micranthum 
G. Don. a) Pro-metaphase chromosome spread with arrow pointing to overlapping chromo-
somes; b) metaphase chromosome spread. Scale = 5 µm.
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Conclusions

In this study, nuclear DNA content of C. micranthum from eastern Senegal, 
West Africa, was determined. Chromosome analysis of the same germplasm 
material revealed a chromosome number of 2 n = 2x = 26, which agrees with 
results obtained from material collected in northeastern Africa (Brighton 
and Wickens 1976). The information gathered in this study can be useful for 
structural and functional genomics, genome sequencing endeavors, and 
phylogenic studies as well as breeding and domestication programs. The 
nutritional and medicinal properties of Combretum species, in particular 
C. micranthum in the Sahel region of West Africa where the kinkéliba or tea 
made from C. micranthum leaves is daily consumed by both rural and urban 
populations during breakfast, are well known. Moreover, C. micranthum is 
among the drought – and wildfire-tolerant trees or shrubs that are contri-
buting to the regreening of the Sahel region that was subjected to severe 
droughts in the 1970s and 1980s, leading to major desertification and 
reduced plant species diversity. Because very little genetic work has been 
done in Combretum species, in particular C. micranthtum, our current work 
provides a foundation for a much wider germplasm collection of 
Combretum species from different geographical regions that is needed to 
better study nuclear DNA and ploidy variation to facilitate crop 
improvement.
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