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GENETIC DlVERSlTY AMONG A GROUP 
OF SUGARCANE VARlETlES AND ITS RELATIONSHIP 
TO FAMILY PERFORMANCE 

María T. Cornide, H. Leonard, E. Canales, J. Mesa, Dania Calvo and R. Ortiz 

ABSTRACT. Ten sugarcane varieties and their hybrids 
were evaluated for brix, plant height and stalk weight 
components within seedling and first clonal stages. Cor- 
relations among RFLP (DP), genealogical (DG) and mul- 
tivariate (DI) parent distances, the obsemed family means 
andfive predictors of family performance were calculated. 
Cluster analysis groupings on parent distances differed. 
Moderate significant associations between observed fami- 
ly means and family estimates were recorded, the highest 
values corresponding to brixmeans. DP was not associated 
to observed means. DP consistently associated to heterosis 
forbrixin al1 stages (r = .59-.63*) and for other traits in the 
clonal plant cane stage (r = .45-.46*). DP estimates 
evidenced a limited practica1 value for predicting family 
means or heterosis among parents studied. These results 
confirmed previous reports on the predictive value of DP 
estimates in severa1 plants. The improvement of DP 
predictive value is discussed by increasing the number of 
markers and selecting them for their linkage relations to 
QTLs of interest. 

RESUMEN. Se evaluaron diez variedades de caña de 
azúcar y sus híbridos para el brix, la altura de la planta y 
los componentes del peso del tallo en las etapas de postu- 
ras y primer lote clonal. Se estimaron las correlaciones 
entre las distancias de los progenitores basados en RFLP 
(DP), las distancias genealógicas (DG) y las distancias 
multivariadas (DI), las medias familiares observadas y 
cinco predictores del comportamiento familiar. Los agru- 
pamiento~ de los padres basados en los tres estimados de 
distancias dirieron entre sí. Se registraron asociaciones 
significativas moderadas entre las medias familiares obser- 
vadas y las estimadas; los valores más altos correspondie- 
ron a las medias del brix. DP no estuvo asociado con las 
medias observadas; mostró asociación con la heterosis 
para el brix en todas las cepas (r = 0.59-0.63*) y para los 
otros caracteres en la cepa de caña planta de los clones 
(r = 0.45-O.&*). Los estimados DP evidenciaron un valor 
práctico limitado para la predicción de las medias familia- 
res o la heterosis entre los padres estudiados. Estos resul- 
tados confirman informes previos sobre el valor predictivo 
de los estimados DP en diferentes plantas. Se discute el 
mejoramiento del valor predictivo de DP a través del 
aumento del número de marcadores y su selección basada 
en las relaciones de ligamiento con QTL de interés. 
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Breeders need accurate methods to obtain proge- 
nies with high genetic variance and mean performance. 
The forrner is partially dependent on the genetic diver- 
sity between parents, that is commonly estimated by 
phenotypic, genealogical or molecular marker data. 
Molecular rnarkers have been successfully used for 
diversity assessment in sugarcane cultivars (Lu et al., 
1994; Harvey and Botha, 1996; Ramos et al., 1996; 
Arencibia et al., 1997 ). 

Ernpirical and theoretical results suppotted the 
efficiency of family selection at an early stage of the 
variety program. Chang and Milligan (1 992), among 
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others, demonstrated that the potential of a cross to 
produce elite progeny for a trait could be accurately 
predicted by its family mean at seedling stages. Thus, 
methods for predicting family means for brix and stalk 
weight components based on parent evaluation would 
facilitate the implementation of family selection. 

Our objectives were to: (1) investigate the RFLP 
diversity of 10 sugarcane cultivars commonly used as 
progenitors; (2) compare three types of distance esti- 
mates for these purposes; and (3) determine the rela- 
tionship between parent diversity estimators and family 
mean and heterosis predictors based on progeny tests. 

MATERIALS AND METHODS 
Total genomic DNA from each progenitor (Table 1) 

was extracted from young leaves (Hoisington, 1992). 
DNA was digested by enzymes BamHI, EcoRI, Hindlll 
and Xhol, following supplier's recommendations and 
transferred to a nylon membrane (Hybond N + Amers- 
ham). Prehybridization (5hr.hand hybridizations (over- 
night) were perforaed at 65 C. Autoradiograms were 
then exposed to P (7-10 days). 



Table l. List of suqarcane parental clones and progenies studied 
Female parent Male parent 

C187-68 (PI) C227-59 (Pz) C323-68 (P3) Ja60-5 (P4) C97-59 (P5) 

842231 (MI) Mi  Pi  (1) Mi  Pz (2) MI P3 (3) MI P4 (4) MI P5 (5) 
My54129 (M4 M2 PI (6) M2 P2 (7) M2 P3 (8) M2 P4 (9) M2 P5 (10) 
CP5243 (M4 M3 PI (1 1) M3 P2 (1 2) M3 P3 (1 3) M3 P4 (14) M3 P5 (1 5) 
C1616-75 (M4) M4 PI (16) M4 P2 (17) M4 P3 (18) M4 P4 (19) M4 P5 (20) 
Ja64-19 (M5) M ~ P I  (21) M5 P2 (22) M5 P3 (23) M5 P4 (24) M5 P5 (25) 

(-):parent and progeny abbreviations and numbers 

In parent molecular characterization, ten low copy 
number genomic probes of maize (BNL, UMC) and S. 
spontaneum (SSCIR) from different linkage groups (1, 
111, VI, VII, VIII, I X  and X) were employed (Grivet et 
al., 1996). Thirty-one probelenzyme combinations were 
selected for their polymorphism and autoradiographic 
quality. Each polymorphic band was scored for its pre- 
sence (1) or its absence (O). 

To determine the most discriminating bands, four 
factor analyses (Benzecri, 1973) were performed itera- 
tively. Nine RFLP bands were selected for their major 
contribution to the variability explained by the two main 
principal axesand their high representative quality. They 
resulted from different combinations of the enzymes 
BamHI, Hindlll and Xhol with the following probes: 
SSClR 60,SSCIR 73, SSClR 76, SSClR 92, SSClR 119 
and SSClR 230. 

Progenitors were crossed in a factorial cross de- 
sign (5x5) (TableI) and planted with progenies in spring 
season in a completely randomized design with two 
replications and 48 individuals per combination. Brix 
(grade), plant height (cm), stalk diameter (mm) and the 
number of stalks per stool (three stalkslindividual) were 
assessed on plant cane (PP) and first ratoon (PR), 
single stool seedling and clonal plant cane (CP), first 
ratoon (C1R) and second ratoon (C2R) stages. 

A general characterization of parent clones was 
fulfilled by means of a factor analysis of multiple corres- 
pondences (FACM) performed for each plant stage on 
the combined matrix of the nine most discriminating 
bands previously selected, and the corresponding phe- 
notypic means. 

Pairwise multivariate distance estimates (DI) were 
calculated as the Euclidean distance between the first 
four principal cornponents (Cowen and Frey, 1987) of 
every analysis on agronomic data using: each plant 
stage mean (DI), the general parental mean (DIG) and 
the general plant stage mean (Dlc). 

The genealogical distance (DG) was obtained as 
the complement of the coefficient of coancestry pre- 
viously calculated by pedigree records (Falconer, 1960 
and Deren, 1995). 

For RFLP-based distance (DP) estirnation, pairwi- 
se sirnilarities (fij) were calculated (Nei and Li, 1979) 
considering each probelenzyme cornbination as a lo- 
cus and each unique RFLP pattern a distinct variant. 
Cluster analyses using Ward's minimurn variance met- 
hod (Ward, 1963) were performed for each matrix of 
distance estimates. 

A linear model considering male and female pa- 
rents, replication and the interactions between them as 
fixed effects was adjusted for each trait and plant stage. 
General (HCG) and specific (HCE) combining abilities, 
and 95 confidence intervals were calculated (Sim- 
monds, 1979 and Mesa, 1994). 

A multiple regression model considering the same 
factors was employed for the family mean least-square 
estimation (ECM). Midparent and highparent heterosis 
were estimated for each trait (Barbosa-Neto, Sorrels 
and Cisar, 1996). 

Correlation analyses were performed to determine 
their association (P < 0.05) among parent and family 
estimates. 

RESULTS AND DlSCUSSlON 
Association arnong parent distance estirnates. DP, DG 
and DI pairwise estimates were not correlated and co- 
rresponding cluster analyses did not produce equiva- 
lent groupings in DG and DP clusters (Figure 1). 

Distance estimates based on RFLP data and ge- 
nealogical information have been reported as highly 
associated andlor leading to equivalent genotype grou- 
pings (Smith et al., 1990; Boppenmaier et al., 1992; 
Moser and Lee, 1994; Martin et al., 1995). 

On the other hand, the lack of association between 
these estimates in our study is in agreement with pre- 
vious results by María T. Cornide et al. (1996) for a 
different set of sugarcane genotypes, by Barbosa-Neto, 
Sorrells and Cisar (1996) for wheat, Graner, Ludwig and 
Melchinger (1994) for barley and O'Donoughue et al. 
(1 994) for ori:. Among the most frequent sources of this 
bias are considered: the violation of genetic assump- 
tions for the coefficient of coancestry estimation (Cox 
et al. 1985); distance underestimation due to the pre- 
sence of common variants in nonrelated genotypes 
(Bernardo, 1993) and the presence of different bands 
with identical electrophoretic mobility; and sampling 
errors caused by reduced marker and genotype nurn- 
bers. 

Shared highly conserved variants are probably not 
the main cause in present study as their proportions 
were relatively low (0.04-0.08) and modified DP estima- 
tes ( Bernardo, 1993) to remove this bias were negative 
in 30 % of the parent combinations (Table 11). In sugar- 
cane, other factors may contribute to these discrepan- 
cies, such as the major contribution of S. officinarum 
in some crosses and the polysomic segregation (Deren, 
1 995). 
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Figure 1. 

Table II. 

Ward's minimum variance cluster analysis of parental genotypes based on multivariate distance 
(DI), genealogical distance (DG) and RFLP-based distance (DP) 

Average proportion of RFLP variants 
common with unrelated genotypes 

- - 

Paiwise average proportions were calculated considering the 
band paiterns for enzyme-probe combinations as RFLP variants 
between each parent and BH(10)12 and My 5778 clones with the 
formula proposed by Bernardo (1993). For P1 and P3 the former 
clone was changed by B 45181 and for M3 the latter was 
changed by Q33. 
Mi-Ms: female parents 
Pl-P5: male parents 

The main contribution to thetwo first principal axes 
of the five FACM analyses was due to four bands of 
Hind 111 combinations with different probes (ci: 
SSCIR60; c2: SSClR 76; cs: SSClR 73 and m: SSClR 
230) and to phenotypic traits (brix and the number of 
stalks per stool). Parental clones were distributed on 
plane (1,2) of theseanalyses according to three diilerent 
patterns (PP; PR and CP; C1R and C2R) (Figure 2). 
These results indicated the presence of plant stage and 
other environrnental and genotype-environrnent effects 
on the variability of the traits studied. Thus, this phenoty- 
pic diversity may not accurately reflect the genetic di- 
versity among parents in present experiments. 



Figure 2. Distribution of parental clones (M,P) in planes (1,2) of three canonical analysis performed on RFLP 
most discriminative bands and agronomical traits evaluated on plant cane seedling (PP), clonal 
plant cane (CP) and first mtoon (C1R) stages 
C1: polymorfic band of SSClR 60 - Hind 111 combination 
C2: polyrnorfic band of SSClR 76 - Hind 111 combination 
C4: polymorfic band of SSClR 73 - Hind 111 combination 
C6: polymorfic band of SSCIR 230 - Hind III combination 
In normal bold: major contribution to the first principal axe (El) 
in ltalics bold: major contribution to the second principal axe (E2) 
LL2, LL3, KK2: agronomic variables (see text) 

The presence of multiple dose fragments in poly- 
ploids may also contribute to the lack of corresponden- 
ce obsetved between parent groupings according to 
each band or patterns of bands and to phenotypic 
classes (Sorrells, 1992; Wu et al., 1992); a limited num- 
ber of probes or the lack of linkage between them and 
the QTLs of interest could also influence these results. 
Similar results and their possible causes have been 
reported in other crops (Souza and Sorrells, 1991 ; Mo- 
ser and Lee, 1994; Lee, 1995). 
Association between parent genetic distantes and fa- 
mily performance. Previous statistical analyses for the 
estimation of the genetic parameters, ECM means and 
heterosis were significant (P c 0.05) and are reported 
elsewhere (Mesa, 1994). 

In general, correlations between obsetved family 
means and family predictors were moderate (Table 111). 
All family estimates, except HCE, were associated to 
brix means. Combining abilities showed the higher va- 

lues: HCG for brix and stalk weight components, and 
HCE for shoot diameter and plant height. These results 
are in close correspondence with the contribution to 
phenotypic variance of additive and nonadditive genetic 
components (Mesa, 1994). 

DP estimates consistently associated to midparent 
heterosis for brix in al1 stages (r = 59-.63*) and for other 
traits in clonal plant cane stage (r = .45-.46*); they were 
also associated (r = .40-.52*) to brix highparent hetero- 
sis (Table IV). In spite of these associations, DP as well 
as the other two parent distance estimates, were not 
consistently associated to the obsetved family means 
in any plant stage or character evaluated (Table V). 

Although considerable research is currently con- 
ducted, correlations of molecular marker diversity with 
hybrid performance and heterosis, have been too low 
(Melchinger et al., 1990; Bernardo, 1992; Boppenmaier 
et al., 1992; Lee, 1995). The results of this work confir- 
med those previous reports on the limited predictive 
value of RFLP diversity estimates in several crops. 



Table III. Correlations of observed family means 
with least-square family mean estimates 
(ECM), general (HCG) and specific 
(HCE) combining ability and midparent 
(HMP) and high-parent (HHP) heterosis 
estimates for che'characters studied 

Trait ECM HCG HCE % HMP % HHP 

Brix PP 0.65* 
PR 0.84* 
CP 0.64* 
C I  R 0.66* 
C2R 0.47* 

Shoot diameter PP 0.62* 
PR 0.38 
CP 0.35 
CIR 0.36 
C2R 0.69* 

Plant height PP 0.57* 
PR 0.44* 
CP 0.44* 
C1R -0.11 
C2R 0.64* 

No. stalks PP 0.15 
per stool PR 0.36 

CP 0.35 
CIR -0.30 
C2R 0.12 

(*): significant correlations at the 0.05 leve1 of probability 
PP, PR: plant cane and first ratoon seedling stages, respectively 
CP,ClR, C2R: plant cane, first and second clonal ratoon stages, 
respectively 

Tabla IV. Correlations of parental RFLP genetic 
diversity (DP) wi th observed and 
expected-family performance 

Trait F1 ECM 

Brix PP 0.25 0.62* 
CR 0.30 0.55' 
CP 0.25 0.62* 
CIR 0.26 0.62* 
C2R 0.14 0.60* 

Diameter PP 0.45* -0.62* 
CR -0.20 -0.61' 
CP -0.19 0.23 
CIR -0.30 -0.62* 
C2R -0.42* -0.49* 

Plant PP 0.09 -0.35 
height CR 0.03 -0.52* 

CP 0.56* 0.61* 
CIR 0.37 -0.35 
C2R -0.1 1 -0.36 

No. shoots PP 0.02 0.10 
per stool CR 0.13 0.03 

CP 0.30 0.43* 
CIR 0.29 0.10 
C2R -0.10 0.12 

HCG HCE HMP 

F1: observed family mean 
ECM least-square family mean estimates 
HCG: general combining ability of the family parents 
HCE: specific combining ability of the family 
HM~:  midparent heterosis (%) for the trait 
HHP: high-parent heterosis (%) for the trait 

Table V. Correlations of observed family means 
with parental genetic diversity estimates 

Trait 

Brix PP 
PR 
CP 
C1R 
C2R 

Stalk diameter PP 

Plant height PP 
PR 
CP 
C1 R 
C2R 

No. shoots PP - - - - ~  -~ 

per stool PR 0.11 -0.17 0.13 0.50* 0.06 
CP -0.35 0.23 0.30 0.18 0.08 
CIR 0.21 0.05 0.29 0.01 0.04 
C2R -0.08 -0.01 -0.09 0.05 0.08 

DI, Dlc, Dlc; parental multivariate distance estimates (see text) 
DG: oarental aenealoaical distance estimates 
DP: Parental RFLP geñetic diversity 

CONCLUSIONS 
Present results suggested the usefulness of RFLP- 

based distance estirnates arnong a gfoup of ten sugar- 
cane cornrnercial hybrids, to evaluate their true genornic 
variability in relation todiversity estirnates based on their 
genealogical and phenotypic rnultivariate distances. 

DP estirnates arnong these parents were .revealed 
by probes of unknown linkage relations with the loci of 
the rnost irnportant quantitative trait loci in early stage 
of the selection scheme. These estimates resulted of a 
lirnited practica1 value for predicting farnily rneans or 
heterosis in the present study. 

Although further research is needed to confirrn 
these conclusions across a wide range of genetic rna- 
terials, an irnproved association between DP parent 
estirnates and the observed farnily rneans for thesetraits 
can be expected by increasing the nurnber of rnarkers 
and selecting thern for their linkage relations to QTLs of 
interest. 
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