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ABSTRACT 
The main goal of this study was to examine the meiotic chromosomes pairing particularly those with 
nucleolar regions for clarifying the frequencies and types of structural aberrations occurred during 
gametogenesis of two flowering garlic clones called Egaseed 2 and EGA3 cultivated in Egypt. Results 
revealed that all examined PMCs in both studied garlic clones couldn’t exhibit normal or regular 
chromosome synapsis (primary association of the eight chromosome pairs). Data also showed that 
chromosome pairs 1, 2, 3 and 4 associated and paired altogether and/or with the remaining four 
chromosomes. Ring or chain octa- and multivalents were the dominant configurations. Chromosome pair 
no.5 partially associated, often in a chain form, with pair nos. 1, 2, 3, 4 and 8. In the same manner, 
chromosome no. 6, 7 and 8 paired with the four larger chromosomes (1, 2, 3 and 4) with different ratios in 
both two studied clones. The appearance of univalents was very rare. Thus, at least seven associations for 
each one of the larger chromosomes (nos. 1, 2, 3 and 4) could be calculated. Likewise, four associations 
become visible of each smaller one (pair nos. 5, 6, 7, 8). Few PMCs showed regular anaphase I while 
chromatid bridges and fragments were frequently observed. Two cell types were detected according to the 
number of nucleoli. About half examined cells, of the two studied clones, exhibited one nucleolus and the 
other showed two nucleoli. It was clearly observed that not only chromosome pair nos. 6 and 7 attached 
nucleoli but also some other chromosomes. The role of chromosome association in clarifying garlic 
origins and evolution was discussed.   
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INTRODUCTION 
Meiosis has unique cytological and biochemical features to facilitate reduction and to produce with a high 
degree of fidelity genetically distinct and balanced gametes (Jenkins and Okumus, 1992). One such 
feature and an integral part of meiosis in the majority of higher eukaryotes studied is the ability of 
homologous chromosomes to recognize one another and to synapse intimately along their lengths. 
Fertility and seed setting are the challenges that faced the classical hybridization and breeding of garlic 
(Allium sativum) clones long time. Therefore, rare commercial garlic varieties produce regular flowers or 
seeds. Taxonomical situation of those bolting, flowering and seed producing accessions is still more 
debatable (Kamenetsky and Rabinowitch, 2001; El-Mamlouk et al., 2002; Ata, 2005; Osman et al., 2007 
and Ata and Osman, 2009). A number of garlic genotypes, mostly landraces from Central Asia, proved to 
be fertile (Etoh et al., 1988; Pooler and Simon, 1993, 1994; Jenderek and Hannan, 2000; Kamenetsky et 
al., 2005). Additionally, fundamental physiological and molecular studies enabled the induction of 
flowering and restoration of fertility by environmental manipulations (Kamenetsky et al., 2004 and 
Shemesh-Mayer et al., 2015).  
To study meiosis in garlic, a few workers reported multivalent chromosomes or desynapsis in garlic 
(Takenaka, 1953; Gohil and Koul, 1971; Ata and Osman, 2009 and Mahmoud et al., 2017). The 
formation of ring chromosomes caused occurrence of lagging chromosomes observable during the first 
anaphase in some flowering accessions (Konvička and Levan, 1972). In addition, some fertile clones were 
meiotically examined by Koul and Gohil (1970), Etoh and Ogura (1978) and Pooler and Simon (1994) 
who found that pollen mother cells (PMCs) exhibited multivalent chromosomes. The frequency of 
octavalent chromosomes was greater than that of any other multivalent chromosomes. In most of the 
diploid species the mitotic complement includes only one nucleolar chromosomes pair but there are some 
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cases with two pairs (Sharma, 1964; Ata, 2005; Osman et al., 2007 and Ata and Osman, 2009). Garlic 
accessions collected from Egypt exhibited three nucleolar chromosome types with secondary 
constrictions, 4 followed by 3 and 2 (Ata, 2005; Osman et al., 2007; Ata and Osman, 2009 and Mahmoud 
et al., 2017). Thus, studying the meiotic pairing of garlic chromosomes particularly those with nucleolar 
regions for clarifying the types of structural aberrations occurred during gametogenesis of two flowering 
clones is the main goal of the present work.   

 
MATERIALS AND METHODS 
Plant Material 

Two bolting Garlic (Allium sativum L.) clones namely Egaseed 2 and EGA3 were cultivated and the 
flowering budds were colected to study garlic chromosome paring and separation. The cloves of the two 
clones were kindly provided by the vegetable Branch, Horticulture Department, Faculty of Agr iculture, 
Minia University. 
Meiotic Preparation  

Young flowering buds of the flowering clones (Egaseed 2 and EGA3) were collected at 8-9 O'clock 
morning and immediately fixed with Farmer's solution (3 ethyl alcohol: 1 acetic acid) for 24 h at 10°C. 
Pollen mother cells (PMCs) were prepared from the fixed anthers and stained with aceto-carmine. The 
meiotic behavior of chromosomes in pollen mother cells (chromosome pairing) was examined (100 
PMCs/ clone). Number of nucleolus and nuclear chromosomes was considered. Some PMCs were 
photographed using CCD camera (Olympus C-4040). 

 

RESULTS AND DISCUSSION 
Results  

All examined PMCs, in both studied garlic clones (Egaseed 2 and EGA3), couldn’t exhibit normal or 
regular synapsis (primary association of the eight chromosome pairs). Arrangement and whole size (about 
150-160 microns) of chromosome bivalents was carried out according to chromosome sizes measured 
before (El-Mamlouk et al., 2002; Ata, 2005; Ata and Osman, 2009 and Anwar, 2011).   
Chromosome Pairing and Association 
Data in Table (1) showed that chromosome pairs 1, 2, 3 and 4 associated and paired altogether and/or 
with the remaining four chromosomes at 100% of examined PMCs in both two examined clones. Ring or 
chain octa- and multivalents were the dominant configurations representing those larger chromosomes at 
diakinesis and Metaphase I as shown in Figure 1. Chromosome pair no.5 partially associated, often in a 
chain form, with pair nos. 1, 2, 3 and 8 of 45% and with pair nos. 1, 2, 3 and 4 of 85% examined PMCs of 
Egaseed 2 and EGA 3 clones, respectively (Figure 2). In the same manner, chromosome no. 6, 7 and 8 
paired with the four larger chromosomes (1, 2, 3 and 4) with different ratios in both two studied clones. 
The appearance of univalents was very rare. Thus, at least seven associations for each one of the larger 
chromosomes (nos. 1, 2, 3 and 4) could be calculated. Likewise, four associations become visible of each 
smaller one (pair nos. 5, 6, 7, 8). The total associations become around forty. Few PMCs showed regular 
anaphase I while chromatid bridges and fragments were frequently observed as well as lagging 
chromosomes and bivalent (Figure 3).  
Nucleolus and Nucleolar Chromosomes 
Two cell types were detected according to the number of nucleoli (Figure 3). About half examined cells, 
of the two studied clones, exhibited one nucleolus and the other showed two nucleoli (often different 
sized). It was clearly observed that not only chromosome pair nos. 6 and 7 attached nucleoli but also some 
other chromosomes as shown in Figure 4.  
Discussion 

The diploid number and chromosomes of garlic (Allium sativum) were early described as 2n=16 (Levan, 
1935; Mensinkai, 1939, Khoshoo et al., 1960 and Battaglia, 1963). The karyotype of A. sativum varied 
greatly among individual clones. Thus, it was extremely difficult to analyze all the chromosomes into 
pairs (Sato et al., 1980) particularly when compared with those of congeneric species (Mukherjee and 
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Roy, 2012 and Ramesh, 2015). To our knowledge there is no standard karyotype of common garlic so far. 
This may due to the accumulation of structural chromosomal aberrations throughout the frequent 
vegetative clonal propagation as a result of its apomictic nature. So, in the present work, studying of 
chromosome pairing and associations during meiosis is crucial for determining the frequencies and types 
of those aberrations. About forty associations in 160 total genome length (160 microns) as measured 
before (El-Mamlouk et al., 2002; Ata, 2005; Ata and Osman, 2009 and Anwar, 2011) means that one 
association occurred per 3 microns. High frequency of associations may due to occurrence of different 
types of translocations. The appearance of bridges and fragments at anaphase I indicated to paracentric 
inversions and/or reverse duplications. Lagging chromosomes and bivalents may result from chromatin 
alterations and point gene mutations. These events resulted in more instable of garlic genome and 
interpreted the great variability of karyotypic configurations. For instance, in Italian garlic, Bozzini and 
De Luca, (1991) observed 6 acrocentric while Yüzbaşioğlu and Unal (2004) reported that except 
submetacentric pair No.5, all chromosomes were metacentrics in Turkish garlic. Different karyotypes 
were also suggested in different countries such as, in New Zealand (Sukias and Murray, 1990), in India 
(Mukherjee and Roy, 2012 and Ramesh, 2015) in Pakistan (Wajahatullah and Vahidy, 1990) and in Egypt 
(El-Mamlouk et al., 2002; Ata, 2005; Osman et al., 2007 and Mahmoud et al., 2017). 

 

Table 1: Associations between Different Chromosome Pairs in Genomes of Two Flowering Garlic 

Clones 

Pair No. 

Egaseed2 EGA3 

Association 

Degree 

Association with Chromosome 

Number 

Association 

Degree 

Association with 

Chromosome Number 
I 100 % 2 or 3 or 4 (100 %) 100 % 2 or 3 or 4 (100 %) 
II 100 % 1or 3 or 4 (100 %) 100 % 1 or 3 or 4 (100 %) 
III 100 % 1 or 2 or 4 (100 %) 100 % 1 or 2 or 4 (100 %) 
IV 100 % 1 or 2 or 3 (100 %) 100 % 1 or 2 or 3 (100 %) 
V 45 % 1 or 2 or 3 (90 %) or 8 (10 %) 85 % 1 or 2 or 3 or 4 (100 %) 
VI 30 % 1 or 2 or 3or 4 (100 %) 20 % 1 or 2 or 3 or 4 (100 %) 
VII 20 % 1 or 2 or 3 or 4 (100 %) 45 % 1 or 2 or 3 or 4 (100 %) 
VIII 20 % 1 or 2 or 3 or 4 (75 %) or 6 (25 %) 30 % 1 or 2 or 3 or 4 (100 %) 
 

 
Figure 1: Meiotic Paring and Association Showing Large Ring Multivalent (a) at Diakinesis, 

(b) at Metaphase I both were from Egaseed 2 Clone and (c) at Metaphase I from EGA 3 

Clone, Chain Multivalent (d) at Diakinesis, (e) at Metaphase I both from Egaseed 2 Clone and 

(f) at Metaphase I from EGA 3; Scale bar= 10 Microns 
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Figure 2: Association of Pair Nos. 5, 6, 7 and 8 with Other Larger Chromosomes at PMCs of 

Egaseed 2 and EGA 3 Garlic Clones; (a) All Chromosome Pairs Associated in Large Chain and 

Small Rings, (b) and (c) All Chromosomes Except Pair No.5 Associated in Large Ring Including 

Two Nucleolar Chromosomes, (d, e and f) Showed Association of Pair No. 6, 7 and 8. Scale Bar = 10 

Microns 

 
Figure 3: PMCs at Anaphase I Showing Products of Chromosomal Aberrations in Two Garlic 
Clones (Egaseed 2 and EGA 3); a. Unequal Separation, b. Bridge and Fragment, c and d. Lagging 

Chromosome and Bivalent, Respectively; Scale Bar = 10 Microns 
 
In the present work, grown evidence is found to support an existence of preferential pairing between pairs 
nos. 1, 2, 3 and 4 in octavalent formula leading to think hybrid origin of garlic. This is in agreement with 
hypothesis of Takenaka (1953) who assumed that garlic is a hybrid originated from a natural or artificial 
cross between two related species whose chromosome complements have become differentiated by 
translocations, inversions or deficiencies in the course of evolution. Thus the karyological instability of 
garlic might be due to the accumulation of somatic mutations. At the same manner Etoh and Ogura (1977) 
stated that if garlic was originated from more than one line, each clone of garlic may have possessed their 



Indian Journal of Plant Sciences ISSN: 2319–3824(Online) 
An Open Access, Online International Journal Available at http://www.cibtech.org/jps.htm 
2017 Vol.6 (2) April-June, pp.52-58/Anwar and Ata 

Research Article 

                  Centre for Info Bio Technology (CIBTech)  56 

 

original chromosome configurations  at meiosis. The meiotic irregularity may result from hybridity, 
polyploidy and/or common structural chromosomal aberrations such as multiple translocations, which 
sometimes involving eight or even ten chromosomes (Etoh and Pank, 1996 and Friesen and Klaas, 1998). 
These genomic aberrations may cause the malformation of pollen grains during sporogenesis as revealed 
in the two examined flowering clones (Egaseed 2 and EGA 3).    
 

 
Figure 4: PMCs of Egaseed 2 and EGA 3 Clones Showing Diakinesis with (a and b) One 

Nucleolus Attached Chromosome 7 and Other Larger and (c and d) Two Nucleoli Attached 

Three Chromosomes (Chromosome 7 Clearly Visible); Scale Bar = 10 Microns 
 
Number of nucleolar chromosomes (with constrictions also called SAT chromosomes or Sativum type) in 
garlic genome are still quiz. It has been reported that number of SAT chromosomes are different among 
clones or varieties. In the present material PMCs exhibited different nucleoli attached-chromosomes (pair 
nos. 5, 6, 7, 8 and sometimes, others).  
Data reported herein are in agreement with those reported before (Sato et al., 1980; Osman et al., 2007 
and Mahmoud et al., 2017). This may due to DNA rearrangements at NORs (Nucleolar Organizing 
Regions) that found on SAT chromosomes leading to change in their positions and chromosome numbers. 
In Allium sativum the satellite chromosomes were affected by structural deviations strikingly more often 
than the other chromosomes (Konvička and Levan, 1972 and Sato et al., 1980).  
From cytogenetical point of few the fail of gametogenesis progress is due to genomic alterations on 
chromosomal and molecular level of PMCs themselves. Otherwise, a comparison of morpho-
physiological and molecular traits of fertile and male-sterile garlic flowers suggests that respiratory 
restrictions and/or non-regulated programmed cell death of the tapetum can lead to energy deficiency and 
consequent pollen abortion (Shemesh-Mayer et al., 2015).  
It could be concluded that garlic chromosome associations during meiosis clarified the frequencies and 
types of chromosomal alterations which share in studies of fertility and origin of garlic clones. 
Furthermore, molecular and cytogenetic studies particularly those interested in nucloelar attached 
chromosomes should be carried out.  

 

 

 



Indian Journal of Plant Sciences ISSN: 2319–3824(Online) 
An Open Access, Online International Journal Available at http://www.cibtech.org/jps.htm 
2017 Vol.6 (2) April-June, pp.52-58/Anwar and Ata 

Research Article 

                  Centre for Info Bio Technology (CIBTech)  57 

 

ACKNOWLEDGEMENT 
The authors are like to give their gratitude to Dr. Mohamed Abdel-Hakim Mahmoud, Prof. of Genetics, 
Faculty of Agriculture, Minia University, for reviewing the manuscript.  

 

REFERENCES 
Anwar GM (2011). Genetical and Molecular studies on some garlic clones. Ph.D. thesis, Faculty of 
Agriculture, Minia University, Egypt.  
Ata AM (2005). Constitutive heterochromatin diversification of two Allium species cultivated in Egypt. 
Proceedings of African Crop Science Conference 7 225-231. 
Ata AM and Osman SA (2009). Gametogenesis of Two Garlic Clones Selected from Egyptian 
Indigenous Forms. African Crop Science Conference Proceedings 9 483 - 487. 
Battaglia E (1963). Mutazione chromosomica e cariotipe fondamentale in Allium sativum L. Caryologia 
26 1-46. 
Bozzini A and De Luca P (1991). Discovery of an Italian fertile tetraploid line of garlic. Economic 
Botany 45(3) 436-438. 
El-Mamlouk EA-K, Ata AM, Mahmoud MA-H, Foly H and Allam HZ (2002). Cytological features 
and isozymes profile of some Allium sativum (garlic) genotypes cultivated in Egypt. Minia Journal of 
Agricultural Research and Development 22 1420- 1440. 
Etoh T and Ogura H (1977). A morphological observation on the formation of abnormal flowers in 
garlic (Allium sativum L.). Memoirs of the Faculty of Agriculture Kagoshima University  13 77-88. 
Etoh T and Ogura H (1978). Multivalent chromosomes in garlic, Allium sativum L. Memoirs of the 
Faculty of Agriculture Kagoshima University 14 53-59. 
Etoh T and Pank F (1996). Cytogenetics in garlic. Proceedings of the International Symposium on 
Breeding Research or Medicinal and Aromatic Plants 2 108-115. 
Etoh TY, Noma YN and Wakomoto T (1988). Seed productivity and germinability of various clones 
collected in Soviet Central Asia. Memoirs of the Faculty of Agriculture Kagoshima University  24 29-139. 
Friesen U and Klaas M (1998). Origin of some minor vegetatively propagated Allium crops studied with 
RAPD and GISH. Genetic Resources and Crop Evolution 45 511-523. 
Gohil RN and Koul AK (1971). Desynapsis in some diploid and polyploid species of Allium. Canadian 
Journal of Genetics and Cytology 13 723-728.  
Jenderek MM and Hannan RM (2000). Seed producing ability of garlic (Allium sativum L.) clones 
from two public US collections. Proceedings of the Third International Symposium on Edible Alliaceae, 
Athens, Georgia, USA 73- 75. 
Jenkins G and Okumus A (1992). Indiscriminate synapsis in achiasmate Allium fistulosum L. 
(Liliaceae). Journal of Cell Science 103 415-422. 

Kamenetsky MB, Sobolev AV, Kamenetsky V, Maas SR, Danyushevsky LV, Thomas R, Sobolev 
NV and Pokhilenko NP (2004). Kimberlite melts rich in alkali chlorides and carbonates: a potent 
metasomatic agent in the mantle. Geology 32 845-848. 
Kamenetsky R and Rabinowitch HD (2001). Floral development in bolting garlic. Sexual Plant 
Reproduction 4 235-241. 

Kamenetsky R, Shafir IL, Khassanov F, Kik C, Van Heusden AW, Vrielink-Van Ginkel M, 
BurgerMeijer K, Auger J, Arnault I and Rabinowitch HD (2005). Diversity in fertility potential and 
organo-sulphur compounds among garlics from Central Asia. Biodiversity and Conservation 14 281-295. 
Khoshoo TN, Atal CK and Sharma VB (1960). Cytotaxonomical and chemical investigations on the 
north-west Indian garlics. Research Bulletin (NS) Panjab University 11 37-47. 
Konvička O and Levan A (1972). Chromosome studies in Allium sativum. Hereditas 72 129-148. 
Koul AK and Gohil RN (1970). Causes averting sexual reproduction in Allium sativum Linn. Cytologia 
35 197-202. 
Levan AK (1935). Cytological studies in Allium VI. The chromosome morphology of some diploid 
species of Allium. Hereditas 20 289-330. 

https://www.ncbi.nlm.nih.gov/labs/journals/econ-bot/
https://www.ncbi.nlm.nih.gov/labs/journals/econ-bot/
http://jcs.biologists.org/


Indian Journal of Plant Sciences ISSN: 2319–3824(Online) 
An Open Access, Online International Journal Available at http://www.cibtech.org/jps.htm 
2017 Vol.6 (2) April-June, pp.52-58/Anwar and Ata 

Research Article 

                  Centre for Info Bio Technology (CIBTech)  58 

 

Mahmoud MA-H, Ata AM, Anwar GM, Tawfeek A-R and Dakhly OF (2017). Studies of some 
cytological features of garlic (Allium sativum) clones cultivated in Egypt. Minia Journal of Agricultural 
Research and Development (In Press). 
Mensinkai SW (1939). Cytogenetic studies in genus Allium. Journal of Genetics 39 1-45. 
Mukherjee A and Roy SC (2012). Karyotype analysis of five species of Allium. Indian Journal of 
Fundamental and Applied Life Sciences 2 374- 383. 
Osman SAM, Ata AM and Gad El-Hak SENH (2007). Morphological germination bolting and 
cytogenetical characteristics of fourteen promising garlic genotypes. African Crop Science Conference 
Proceedings 8 2005-2012. 
Pooler MR and Simon PW (1993). Characterization and classification of isozyme and morphological 
variation in a diverse collection of garlic clones. Euphytica 68 121-130. 
Pooler MR and Simon PW (1994). True seed production in garlic. Sexual Plant Reproduction 7 282- 
286.  
Ramesh A (2015). Karyotypic analysis in three species of Allium and their some Varieties. International 
Research Journal of Biological Sciences 4(9) 1-9. 
Sato Y, Izumiya K, Sato H, Cowell JL and Manclark CR (1980). Aerosol infection of mice with 
Bordetella pertussis. Infection and Immunity 29 261-266. 
Sharma RC (1964). Pottery Industry in Uttar Pradesh, with Special Reference to Khurja and Chunar. 
(India, Delhi: Census of India), Census of India 1961, 15, Uttar Pradesh, Part 7A, Handicrafts Survey 
Monograph.  

Shemesh-Mayer E, Ben-Michael T, Neta R, Rabinowitch HD, Faigenboim AD, Kosmala A, 
Perlikowski D, Sherman A and Rina K (2015). Garlic (Allium sativum L.) fertility: transcriptome and 
proteome analyses provide insight into flower and pollen development. Frontiers in Plant Science 6 1-16. 
Sukias SJP and Murray BG (1990). Cytological examination of three cultivars of garlic (Allium sativum 
L.) by C-banding and flow cytometry. New Zealand Journal of Crop and Horticultural Science 18 17-21. 
Takenaka Y (1953). Ring formation in the meiosis of Allium scorodoprasum var. viviparum. Annual 
Report - National Institute of Genetics (Japan) 4 41-42 (English edition), 42-43 (Japanese edition). 
Wajahatullah MK and Vahidy AA (1990). Karyotyping and Localization of Nucleolar Organizer 
Regions in Garlic, Allium sativum L. Cytologia 55 501-504l.  
Yüzbaşioğlu D and Unal F (2004). Karyotyping, c- and NOR banding of Allium sativum L, (liliaceae) 
cultivated in turkey. Pakistan Journal of Botany 36(2) 343-349l. 
 

http://www.springer.com/life+sciences/journal/12041
http://journals.indexcopernicus.com/INDIAN+JOURNAL+OF+FUNDAMENTAL+AND+APPLIED+LIFE+SCIENCES,p4159,3.html
http://journals.indexcopernicus.com/INDIAN+JOURNAL+OF+FUNDAMENTAL+AND+APPLIED+LIFE+SCIENCES,p4159,3.html
https://www.researchgate.net/journal/0556-3321_Pakistan_Journal_of_Botany

