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Paternity identification in sugarcane polycrosses 
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ABSTRACT. Although polycrosses have been used to test the potential 
of cross-combination of a large number of sugarcane parents, the male 
parent of the half-sib progenies produced is unknown. The present study 
aimed to integrate the molecular marker technology to the sugarcane 
polycross approach by the application of microsatellite markers to 
identify the male parent of 41 elite clones derived from polycross 
families. Ten microsatellite [single sequence repeats (SSRs)] primer 
pairs were used to identify the most likely male parent considering 
markers present in the selected clone but absent in the female parent. 
The number of alleles generated by the 10 microsatellite primer pairs 
ranged from 102 (cross-pollination lantern 4) to 120 (cross-pollination 
lantern 2) with an average of 113.25 alleles per SSR. The average genetic 
similarity among the involved parents in the polycrosses was 45.9%. 
The results of the analysis of the SSR markers absent in the female 
parent and present only in the selected clone as well as the genetic 
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similarity values allowed the identification of the most likely male 
parent in 73% of the total clones evaluated and also to detect probable 
contaminations. The obtained results highlight the importance of using 
molecular marker technology in the identification and confirmation of 
the male parent of high-performance clones derived from polycrosses 
in the sugarcane breeding programs.
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INTRODUCTION

The primary strategy in breeding programs of vegetatively propagated crops, such as 
sugarcane, is to obtain hybrids between elite genotypes, like commercial cultivars or clones 
whose agricultural potential was confirmed through progeny performances. Genetic variabil-
ity in breeding programs has been increased by plant breeders by using basically 2 types of 
crosses: bi-parental and polycrosses (Berding et al., 2004). In non-consolidated active germ-
plasm banks, there is a trend to adopt polycrosses due to the large number of parents involved 
in this type of cross; these parents are tested for their potential as male or female parents 
(Berding et al., 2004; Xavier, 2011). In addition, polycrosses are easier to obtain and are cost-
effective in seed production compared to the bi-parental approach (Berding et al., 2004).

Although the polycross strategy allows the evaluation of several hybrid combinations, 
the male parent of the derived clone, in principle, is unknown. Thus, one of the major limita-
tions has been attributed to the loss of pedigree information of the obtained progenies (Tew 
and Pan, 2010), which are generally assumed to be half-sibs of which only the female parent is 
known. However, molecular profiles generated by molecular markers allow the identification 
of the male parent of a clone, facilitating pedigree reconstruction of the target progeny (Sefc 
et al., 1998; Gomez et al., 2008).

In sugarcane breeding programs, molecular markers have many applications such as 
fingerprinting the hybrid nature of progenies derived from introgression programs, cultivar 
protection, and identifying the male parent of a clone derived from polycrosses. In all these ap-
plications, the most commonly used molecular markers are microsatellite markers (Pan, 2010).

Microsatellites or simple sequence repeats (SSRs) are sequences composed of 1-6 
nucleotides (motive) repeated in tandem along the genome. The sequences flanking the SSRs 
are highly conserved allowing the designing of specific primer pairs for their amplification 
by polymerase chain reaction (PCR; Jarne and Lagoda, 1996; Selkoe and Toonen, 2006). The 
advantage of this type of marker is its high degree of polymorphism and reproducibility. More-
over, SSRs are considered highly discriminating bi-parentally inherited co-dominant markers 
that can be applied widely in paternity and kinship analyses (Chambers and MacAvoy, 2000).

In sugarcane, McIntyre and Jackson (2001) applied molecular markers such as ran-
dom amplified polymorphic DNA in 8 bi-parental crosses to identify sugarcane progeny de-
rived from selfing. Tew and Pan (2010) used microsatellite markers to identify sugarcane 
selfing progenies derived from polycrosses.

In the present study, the molecular marker technology was applied as a complemen-
tary tool in the sugarcane polycross approach to identify the most likely male parent of 41 elite 
clones derived from polycross families.
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MATERIAL AND METHODS

The polycrosses were performed in 2007 at the “Empresa Baiana para o Desenvolvi-
mento da Agricultura” experimental station. The polycrosses were performed under cross-pol-
lination lanterns, and the list of male and female parents and clones (progenies) derived from 
each cross-pollination lantern are presented in Table 1. The clones derived from polycross 
families were selected according to the family merit point, a value obtained as a function of 
the family mean plus the standard deviation of each polycross family for important agronomic 
traits such as Pol% Cane, Brix, and TSH, over tones of sugarcane per hectare (Xavier, 2011; 
Xavier et al., 2012).

DNA extraction

Total genomic DNA was obtained from 300 mg meristematic tissue (leaf roll) using 
the extraction procedure described by Aljanabi et al. (1999). The extracted DNA was quanti-
fied in the presence of λ phage DNA on 0.8% (w/v) agarose gel stained with ethidium bromide.

Microsatellite assays

PCR analysis was conducted in a final reaction volume of 15 µL (40 ng DNA template, 
100 µM of each dNTP, 2.0 mM MgCl2, 10 mM Tris-HCl, 50 mM KCl, 0.2 µM of each primer 
pair, and 0.5 U Taq DNA polymerase). The amplification conditions were performed according 
to Pinto et al. (2006). Ten primer pairs, i.e., SMC1047HA, SMC2017FL, SMC31CUQ (Pan, 
2006), CV38 (Maccheroni et al., 2007), SCA48, SCB82, SCB312, SCB381, SCB436 (Oliveira et 
al., 2009), and SCC01 (Pinto et al., 2004), were used for genotyping. The amplification products 
were resolved on 6% denaturing polyacrylamide gels and silver stained (Creste et al., 2001).

Data analysis

The female, clones, and male parents involved in their respective polycrosses were 
genotyped on the basis of the presence (1) and absence (0) of markers (alleles). The markers 
present in the clone but absent in their female parent were considered to identify the most likely 
male parent in each cross, according to Buteler et al. (1997). The molecular data were used 
to construct a genetic similarity matrix adopting the Jaccard coefficient: GSij = a / (a + b + c), 
where GSij is the measure of the genetic similarity (GS) between individuals i and j, a is the 
number of polymorphic markers present in both individuals, b is the number of bands present 
in i and absent in j, and c is the number of bands present in j and absent in i (Jaccard, 1908); 
the data were analyzed using the NTSYS-pc statistical package, version 2.1 (Rohlf, 1993). This 
software was also used to build a dendrogram on the basis of the unweighted pair group method 
with arithmetic mean (UPGMA) (Sneath and Sokal, 1973) to visualize the genetic similarity 
relationship among all the genotypes (male and female parents and clones) within each cross-
pollination lantern. The coefficient of variation (CV%) was calculated in relation to the number 
of markers (alleles) by using the bootstrap method with 10,000 replicates to measure the ac-
curacy of the GS estimates within each cross-pollination lantern by using the dBood software 
(Coelho, 2001).
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Clones	                                Identified parents	                Parents in the lantern
(progenies)	 Female parent (♀)	 Most likely male parent	 (♀) Female	 (♂) Male

Cross-pollination lantern 1
I30	 IACSP97-6680 (61.19%)	 SP81-1763 (66.70%)	 IACSP97-6680	 IACSP95-3028
I31	 IACSP97-6680 (55.00%)	 IACSP97-2084 (56.09%)	 IACSP96-2037	 IACSP94-2111
I32	 IACSP97-6680 (48.50%)	 SP81-1763 (68.30%)	 IACSP98-6202	 IACSP97-6682
I24	 IACSP98-2053 (62.10%)	 NI	 IACSP95-2216	 IACSP97-2084
I25	 IACSP98-2053 (56.30%)	 SP81-1763 (68.30%)	 IACSP98-3022	 IACSP98-3067
I28	 IACSP98-2053 (54.10%)	 IACSP97-2084 (69.80%)	 IACSP97-6680	 IAC91-3111
			   IACSP98-5046	 SP80-3280
			   IACSP98-3056	 SP83-2847
			   IACSP98-3099	
			   SP80-1842	
			   SP81-1763	
			   IACSP98-2053	
Cross-pollination lantern 2
I20	 IACSP98-3028 (66.10%)	 NI	 IACSP98-3028	 SP84-7017
I39	 IACSP98-3028 (60.90%)	 IACSP94-2111 (58.20%)	 IACSP96-3200	 IACSP95-3028
I27	 IACSP98-6209 (65.40%)	 SP84-7017 (51.70%)	 IACSP97-7077	 IACSP94-2111
			   IACSP96-1107	 IACSP94-2094
			   IACSP99-3009	 IACSP97-3313
			   IACSP99-3332	 IACSP97-6671
			   IACSP99-3390	 IACSP99-3012
			   CT97-3060	 CTC1
			   SP89-1115	 IACSP96-2036
			   IACSP96-3055	
			   IACSP96-2008	
			   IACSP98-6209	
			   RB92-5345	
Cross-pollination lantern 3
I12	 NI	 NI	 NI	 IACSP94-2094
I13	 NI	 NI	 IACSP94-1104	 IACSP95-5011
I58	 NI	 NI	 IACSP95-3264	 IACSP97-3354
I41	 NI	 NI	 IACSP98-3108	 SP80-3280
I47	 IACSP94-1104 (73.30%)	 RB855453 (55.70%)	 IACSP96-3161	 SP83-2847
I14	 IACSP96-3161 (62.10%)	 IACSP97-6628 (54.00%)	 IACSP96-2067	 SP84-7017
I42	 IACSP96-3161 (62.50%)	 IACSP97-6619 (71.40%)	 IACSP96-3076	 SP80-185
I21	 IACSP96-2067 (66.10%)	 IACSP97-3354 (63.50%)	 IACSP97-3311	 RB925211
I22	 IACSP96-2067 (59.40%)	 IACSP94-2094 (70.20%)	 IACSP97-6619	 RB855453
I48	 IACSP96-2067 (64.50%)	 NI	 IACSP97-6628	 SP79-1011
I33	 IACSP97-3311 (65.50%)	 IACSP96-3076 (54.20%)	 IACSP98-3051	
I38	 IACSP97-6619 (58.70%)	 NI	 IACSP97-7077	
I15	 IACSP98-3051 (64.10%)	 RB855453 (60.70%)	 IACSP98-3068	
I16	 IACSP98-3051 (68.50%)	 IACSP97-3354 (57.60%)	 IACSP98-3067	
I51	 IACSP98-3051 (65.10%)	 SP80-185 (46.60%)	 	
I23	 IACSP98-3068 (57.60%)	 NI	 	
I46	 IACSP98-3068 (43.10%)	 IACSP97-3311 (70.70%)	 	
I66	 IACSP98-3068 (47.10%)	 IACSP97-6628 (60.00%)	 	
I67	 IACSP98-3068 (48.50%)	 IACSP97-6628 (59.00%)	 	
I29	 IACSP98-3067 (65.50%)	 SP79-1011 (41.80%)	 	
Cross-pollination lantern 4
I37	 IACSP97-2237 (59.30%)	 IACSP95-5094 (69.50%)	 IACSP96-2019	 IACSP95-2288
I49	 IACSP97-2237 (77.10%)	 IACSP95-3264 (69.20%)	 IACSP97-2237	 SP80-185
I40	 IACSP99-3015 (55.90%)	 IACSP95-5094 (53.70%)	 IACSP95-5037	 SP87-365
I68	 IACSP99-3015 (54.10%)	 NI	 IACSP95-5094	 IAC91-3111
I04	 IACSP99-3032 (66.10%)	 IAC91-3111 (56.70%)	 IACSP98-3050	 IACSP95-3264
I69	 IACSP99-3032 (62.10%)	 IACSP95-3264 (64.20%)	 IACSP99-3011	 IACSP95-5094
I17	 IACSP99-3049 (36.20%)	 NI	 IACSP99-3015	 IACSP97-6682
I18	 IACSP99-3049 (68.30%)	 IACSP95-5037 (57.10%)	 IACSP99-3032	 SP91-3011
I19	 IACSP99-3049 (71.20%)	 SP79-1011 (58.10%)	 IACSP99-3049	 SP79-1011
I34	 IACSP99-3049 (71.70%)	 IACSP99-3011 (51.60%)	 IACSP99-3090	 RB925111
I35	 IACSP99-3049 (55.60%)	 IACSP95-5037 (60.00%)	 IACSP99-3357	
I36	 IACSP99-3049 (58.20%)	 IACSP95-5037 (57.60%)	 SP91-1049
Female (♀) and male (♂) parents. NI = non-identified male parent. In parentheses the genetic similarity coefficient 
between the clone (progeny) and their parents, given in percentage.

Table 1. Clones (progenies) with respective female parents and most likely male parent identified by molecular 
markers with the respective genetic similarity coefficient between the clone (progeny) and their parents given in 
percentage, and also the parents present in their cross-pollination lanterns.
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RESULTS

Microsatellite polymorphism

The 10 microsatellite primers pairs (SSRs) used to identify the most likely male 
parent produced many alleles ranging from 102 (cross-pollination lantern 4) to 120 (cross-
pollination lantern 2) with an average of 113.25 alleles per lantern. The minimum genetic 
similarity among the parents used in each cross-pollination lantern ranged from 29.4% 
between cultivars IACSP98-3056 and IACSP98-5046 (cross-pollination lantern 1) to 34.3% 
between IACSP99-3015 and IACSP95-5094 (cross-pollination lantern 4), while the maximum 
genetic similarity ranged from 66.7% between cultivars IACSP96-2008 and IACSP96-3200 
(cross-pollination lantern 2) to 73.7% between the cultivars RB855453 and IACSP97-6628 
(cross-pollination lantern 3; Table 2). Overall, the average genetic similarity among all the 
parents involved in the polycrosses was 45.9%. The mean CV% value ranged from 13.07% 
(cross-pollination lantern 3) to 13.90% (cross-pollination lantern 1) achieved with 102 and 
119 markers, respectively (Table 2).

Cross-pollination lantern	 NA	 GSmin (%)	 GSmax (%)	 GSm	 CV%

1	 119	 29.4	 69.8	 44.0	 13.90
		  (IACSP98-3056 vs IACSP98-5046)	 (SP80-3280 vs IACSP94-2111)
2	 120	 31.5	 66.7	 45.6	 13.59
		  (CT973060 vs IACSP99-3009)	 (IACSP96-2008 vs IACSP96-3200)
3	 112	 33.8	 73.7	 47.1	 13.07
		  (RB925211 vs IACSP96-3161)	 (RB855453 vs IACSP97-6628)
4	 102	 34.3	 67.2	 46.9	 13.61
		  (IACSP99-3015 vs IACSP95-5094)	 (SP79-1011 vs IACSP99-3032)
Total	 453
Average	      113.25			   45.9

Table 2. Number of alleles (NA), minimum (GSmin), maximum (GSmax) and average (GSm) genetic similarity 
and coefficient of variation (CV%) observed among all the polycross parents evaluated within each cross-
pollination lantern.

Progeny identification with SSRs

The male parent could be identified for 73% of the total selected clones (Table 1), 
indicating that the adopted strategy of considering, for each cross-pollination lantern, the al-
leles present in the male parents and clones but absent in the mothers, in addition to the genetic 
similarity information among the genotypes (parents and clones) was an efficient way to iden-
tify the most likely male parents of each clone.

Cross-pollination lantern 1

For clones I30, I31, I32, I25, and I28, the most likely male parents were cultivars 
SP81-1763, IACSP97-2084, SP81-1763, SP81-1763, and IACSP97-2084, respectively. These 
male parents had all the markers that were present in the clone, but absent in their female 
parent, indicating the male parent from which the marker was inherited. For clone I24, none 
of the parents present in the cross-pollination lantern had all the markers present in the clone 
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and absent in their respective female parent IACSP98-2053. The highest genetic similarity 
observed between clone I24 and all the other parents present in the cross-pollination lantern 
corresponded to its female parent IACSP98-2053 (62.1%), which probably confirms that this 
clone is actually derived from this cultivar (Table 1; Figure 1).

Cross-pollination lantern 2

The cultivars SP84-7017 and IACSP94-2111 were identified as the most likely male 
parents of the clones I27 and I39, respectively (Table 1). None of the parents of the cross-
pollination lantern 2 had all the markers present in clone I20 and absent in their respective 
female parent (IACSP98-3028). The clones I20 and I39 are half-sibs (Table 1) and showed 
45.6% of genetic similarity between them. The dendrogram (Figure 1) showed that clones I20 
and I39 were clustered in the same group as their female parent IACSP98-3028, and I20 is 
more similar to the female genitor than I39.

Cross-pollination lantern 3

The most likely male parents for clones I15, I21, I22, I29, I33, I46, and I51 were 
cultivars RB855453, IACSP97-3354, IACSP94-2094, SP79-1011, IACSP96-3076, 
IACSP97-3311, and SP80-185, respectively. These clones were found close to their respective 
female parents in the dendrogram, except in the case of clones I22 and I46, and their respective 
IACSP94-2094 and IACSP98-3068 mothers, that were not close (Figure 2). Due to the tie 
between parents sharing the same number of markers absent in the female parent and present 
only in the target clone, the highest value of genetic similarity observed between the clone 
and the male parent was used as tie-breaker. This criterion suggested that the most likely male 
parents of clones I47 and I14 are cultivars RB855453 and IACSP97-6628, respectively. The 
similarity between I47 and RB855453 was 56%, and that between I14 and IACSP97-6628 
was 54%. For clones I16, I42, I66, and I67, the most likely male parents were IACSP97-3354, 
IACSP97-6619, IACSP97-6628, and IACSP97-6628, respectively. On the other hand, the 
male parent for the clones I12, I13, I58, I41, I48, I38, and I23 were not identified either 
through the exclusion analysis or genetic similarity.

Cross-pollination lantern 4

The cultivar IACSP95-5094 was identified as the most likely parent for clones I37 and 
I40, and IACSP95-5037 was the most likely parent for clones I18, I35, and I36. For clones 
I04, I69, I19, and I34, IAC91-3111, IACSP95-3264, SP79-1011, and IACSP99-3011 were 
identified as the most likely male parents, respectively (Table 2).

Exclusion analysis allowed the selection of 2 cultivars as the potential male parents 
for clone I49, since the markers present in clone I49 and absent in the female parent were 
found in both candidate male parents (IACSP99-3090 and IACSP95-3264). In this case, the 
cultivar with the highest genetic similarity with clone I49 was considered as the male parent, 
i.e., IACSP95-3264 (0.692; Figure 2). The male parent of the clones I17 and I68 was not 
identified.
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Figure 1. UPGMA dendrogram based on genetic similarity matrix (Jaccard coefficient) among parents and clones 
from the cross-pollination lanterns 1 (above) and 2 (below).

Figure 2. UPGMA dendrogram based on genetic similarity matrix (Jaccard coefficient) among parents and clones 
from the cross-pollination lanterns 3 (above) and 4 (below).
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DISCUSSION

In the present study, the strategy applied to identify the male parent, in which only the 
markers present in the clone (progeny) and absent in the mother were considered (Buteler et 
al., 1997), was efficient to identify the male parent of polycross-derived clones of sugarcane, 
a crop species with a high genetic complexity and ploidy level. In fact, 73% of the clones 
had their male parent identified by molecular markers generated from 10 microsatellite 
primer pairs. These 10 SSRs produced reliable measures of the genetic similarity in each 
cross-pollination lantern since the CV% was around 13% close to the recommended value of 
10% (Lima et al., 2002). Moreover, the identified clones were derived from cross-pollination 
lanterns involving a considerable number of female and male parents, ranging from 19 (cross-
pollination lantern 1) to 23 (cross-pollination lantern 3), with an average genetic similarity 
among the male parents (pollen donors) ranging from 46.2% (cross-pollination lantern 1) to 
58% (cross-pollination lantern 3). Tew and Pan (2010) also used microsatellite markers to 
identify the male parent of polycross-derived clones involving a much smaller number of 
parents (7 parents in just one cross-pollination lantern) and were able to identify the male 
parent of 79-99% of the evaluated clones.

In this study, the clones were selected on the basis of the concept of family merit point, 
suggesting that these clones had high concentration of favorable alleles. The identification of 
the most likely male parent significantly contributes to the breeding program since it might 
signal potential favorable combinations that can be exploited in the form of bi-parental cross-
es. In this sense, the use of molecular marker technology to identify the male parent can be di-
rected only to the clones of interest, reducing the costs of molecular analysis and increasing its 
impact on the breeding program, and possibly reducing the time for obtaining new cultivars.

The identification of the male parent of an elite clone also rules out the possibility of 
selfing. It is interesting to note that, among the clones (progenies) evaluated, none was derived 
from self-fertilization, which can probably be attributed to the fact, as mentioned earlier, that 
they were previously selected for attributes such as productivity (TSH). This trait is greatly 
affected by inbreeding depression (Silva and Gonçalves, 2011). According to McIntery and 
Jackson (2001), in breeding programs, there is a trend to evaluate and select the most vigorous 
clones in order to produce cultivars with higher productivity, since reduction in vigor has been 
used as the main criterion for the identification and discarding of selfing progenies. Further, 
since sugarcane is an outbreeding species, the self-breeding ratio is very low, which might be 
one of the reasons for the low number of self-fertilization crosses.

Each year, during the hybridization season, hundreds of crosses are performed by 
sugarcane breeding programs yielding thousands of seeds or seedlings to be evaluated in the 
selection phases. During this process, which involves the preparation of arrows (inflorescence) 
for crossing, seed processing, progeny planting at the field, might lead to exchange of prog-
enies, mixing, and pollen or seed contamination. According to Pan (2010), the probability of 
error in the identification is considerably higher in clones or cultivars used as parents, which 
are propagated during several times over the years.

Some clones that could not have their male parents identified, probably might have 
originated from pollen that came from outside the cross-pollination lantern carried by bees, 
commonly observed in sugarcane hybridization stations. However, in the case of clones I12, 
I13, I41, and I58, all from the same mother, identifying the male parent was not possible, 
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thereby suggesting that the female parent was misidentified during the lantern assembly. In 
fact, the leaf roll used for molecular analyzes was not collected directly from the female parents 
in the cross-pollination lanterns, at the time of crossing, but was obtained from the sugarcane 
collections maintained at the experimental station in Ribeirão Preto, SP. These observations 
emphasize the importance of using molecular marker technology applied to validate the 
identity of parents involved in the polycross during the hybridization phase and to identify the 
male parent of elite clones derived from polycrosses.
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