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� Background and Aims Seedling vigour is one of the major determinants for stable stand establishment in rice
(Oryza sativa), especially in a direct seeding cropping system. The objectives of this study were to identify superior
alleles with consistent effects on seedling vigour across different temperature conditions and to investigate
genotype · environmental temperature interactions for seedling vigour QTL.
�MethodsA set of 282 F13 recombinant inbred lines (RILs) derived from a rice cross were assessed for four seedling
vigour traits at three temperatures (25 �C, 20 �C and 15 �C). Using a linkage map with 198 marker loci, the main-
effect QTL for the traits were mapped by composite interval mapping.
�Key ResultsA total of 34 QTL for the four seedling vigour traits were identified. Of these QTL, the majority (82 %)
were clustered within five genomic regions, designated as QTL qSV-3-1, qSV-3-2, qSV-5, qSV-8-1 and qSV-8-2. All
of these five QTL had small individual effects on the traits, explaining 3�1–15�8 % of the phenotypic variation with a
mean of 7�3 %. QTL qSV-3-1, qSV-3-2 and qSV-8-1 showed almost consistent effects on the traits across all three
temperatures while qSV-5 and qSV-8-2 had effects mainly at the ‘normal’ temperatures of 20 �C and 25 �C. Among
the five QTL identified, all and four showed additive effects on shoot length and germination rate, respectively. The
contributions of these five QTL to shoot length and germination rate were also much larger than those to the other
two traits.
� Conclusions A few of genomic regions (or QTL) were identified as showing effects on seedling vigour. For these
QTL, significant genotype · environmental temperature interactions were found and these interactions appeared to
be QTL-specific. Among the four seedling vigour traits measured, shoot length and germination rate could be used as
relatively good indicators to evaluate the level of seedling vigour in rice. ª 2004 Annals of Botany Company
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INTRODUCTION

Seedling vigour is important for stable stand establishment
and early vegetative growth in rice (Oryza sativa), espe-
cially in areas where sowing by directly planting germinated
seeds in puddled soils is performed as an effective means
to reduce production cost (Krishnasamy and Seshu, 1989;
Dingkuhn et al., 1992; Yamauchi et al., 1993; Redo~nna and
Mackill, 1996a). Previous studies have shown that poor
seedling vigour frequently resulted in establishment
failures. It has been difficult to improve the level of seedling
vigour in rice via conventional breeding strategies due to its
quantitative inherence (Li and Rutger, 1980; Redo~nna and
Mackill, 1996b). Recently, much attention has been paid to
the study of genetic control of seedling vigour, and a
substantial amount of genetic variation for seedling vigour
has been observed in rice (Yamauchi et al., 1993; Redo~nna
and Mackill, 1996a), which could provide diverse gene
resources for the improvement of the trait in breeding
programs.

With the development of DNA markers and the construc-
tion of high-density linkage maps for many plant species,
the QTL (quantitative trait loci) mapping technique has
become a powerful tool for identifying genomic regions

affecting quantitative traits by providing information on
the map location, relative effect, gene action and dominance
properties of each identified locus (Lander and Botstein,
1989; Tanksley, 1993). Recently, a few QTL for seedling
vigour in rice have been identified by the QTL mapping
approach, and some of these are expected to be useful for the
improvement of seedling vigour by pyramiding the positive
alleles via marker-assisted selection (MAS) (Redo~nna and
Mackill, 1996b; Cui et al., 2002; Fujino et al., 2004;
Zhang et al., 2004).

The significance of genotype · environment (GE) inter-
actions in the genetic control of quantitative traits has long
been recognized by quantitative geneticists (Moll et al.,
1978). Because of the GE interaction, QTL that are impor-
tant in one environment may not be as important as in
another environment in determining the phenotype
(Tanksley, 1993). For this reason, QTL with little GE inter-
action across a set of environments would be desirable in
marker-assisted breeding programs. For seedling vigour in
rice, environmental temperature is one of the most impor-
tant factors affecting the performance of the trait (Chapman
and Peterson, 1962; Redo~nna and Mackill, 1996a). Previous
studies have confirmed that optimum temperatures for rice
germination and early growth are 25–30 �C; however, water
or soil temperatures during the sowing season vary greatly
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in different areas or in different cropping seasons in the
same area. In temperate and high-elevation rice growing
areas, the temperatures are even frequently below 15 �C
(Chapman and Peterson, 1962). To identify superior and
stable alleles, the seedling vigour of rice should therefore
be tested in multiple temperature environments that take
into consideration genotype · environmental temperature
(GET) interactions. However, previous QTL mapping
studies on seedling vigour of rice have usually been con-
ducted in a single-temperature environment (Redo~nna and
Mackill, 1996b; Cui et al., 2002; Fujino et al., 2004; Zhang
et al., 2004), which have thus provided little information on
the GET interactions for the trait.

‘Lemont’, a japonica cultivar used in southern California,
USA, is insensitive to temperature in terms of seedling
vigour, while ‘Teqing’, an indica cultivar used in Guang-
dong Province, China, shows high seedling vigour in the
normal temperature range but is quite sensitive to low
temperatures. In the current study, a recombinant inbred
line (RIL) population derived from a cross between
‘Lemont’ and ‘Teqing’ was used to map QTL for seedling
vigour under three different temperature conditions. The
main objective was to investigate the GET interactions
for the trait and identify QTL with consistent effects across
multiple temperature environments.

MATERIALS AND METHODS

Rice RIL population and measurements of the traits

The RIL population used in this study consisted of 282 F13
RILs derived by single-seed descent from a cross between
Oryza sativa L. vars. ‘Lemont’ (japonica) and ‘Teqing’
(indica). The plants of all RILs and the parents were planted
in a field in the summer of 2002 in Wuhan, China. The
mature seeds were harvested and stored at 10 �C until
use. Phenotyping experiments were conducted from July
to September in 2003. Prior to this, the germinability of
the two parents was tested and germination rates of 100
% were observed for both parents after incubation for 5 d
at 32 �C, indicating these seeds were viable and suitable for
the analysis of seedling vigour.

The seedling vigour tests were performed in a rando-
mized complete-block design with two replications (the
parental varieties were replicated ten times). For each
RIL in each replication, 40 manually selected grains were
used. Four seedling vigour-related traits—germination rate,
seedling root length, shoot length and dry weight—were
measured by paper-roll tests according to Zhang et al.
(2004) at 25 �C, 20 �C and 15 �C. Seeds with both coleop-
tile and radicle protrusion greater than or equal to the length
of the seeds themselves were considered germinated. Num-
bers of germinated seeds for each RIL were recorded at 2,
3 and 10 d after incubation at 25 �C, 20 �C and 15 �C, respec-
espectively, and the germination rates were calculated as the
percentages of seeds germinated. After 3 d (25 �C), 4 d
(20 �C) and 15 d (15 �C) incubation, ten seedlings for
each RIL were randomly sampled to measure their root
and shoot lengths (mm). After the attached residual seed
grains had been removed, the seedlings were dried in an

oven for 2 d at 70 �C. Dry weight of seedlings for each RIL
was measured, and was expressed as mg per seedling.

Marker genotyping and construction of the linkage map

Genomic DNA extraction and RFLP analysis were per-
formed according to the protocol of Li et al. (1995). Micro-
satellite marker genotyping was conducted by the procedure
of Wu and Tanksley (1993). A morphological marker (gl-1
for glabrous leaf) was evaluated for each RIL, and glabrous
leaves were determined by touch. A complete linkage map
was constructed as previously described by Zhang et al.
(2004). This map consists of 198 marker loci including
91 RFLP, 106 microsatellite loci and a single gene locus
(gl-1), covering all 12 rice chromosomes and spanning
1980�1 cM (Kosambi function) with an average interval
of 10�7 cM between markers.

Data analyses and QTL mapping

The trait measurements averaged over two replications
were used for the following data analyses and QTL map-
ping. Basic statistics and Pearson phenotypic correlations
between the traits were calculated by SAS PROC CORR
(SAS Institute, Inc., 1996). By controlling both main and
epistatic effects of important markers, composite interval
mapping was carried out to locate main-effect QTL using
the computer program QTLMapper 1�0 (Wang et al., 1999)
based on mixed linear models. A LOD score of 2�0 was used
as the threshold to declare the presence of QTL. Genetic
parameters (effects and test statistics) associated with
significant QTL were estimated and the proportion of the
phenotypic variance explained by each QTL was also
calculated.

RESULTS

Phenotype analysis

The difference in seedling vigour between the two parental
cultivars (‘Lemont’ and ‘Teqing’) was largely associated
with temperature (Table 1). At 25 �C and 20 �C, the two
parents differed significantly for germination rate, shoot
length and dry weight (P < 0�01) and also for root length
at 25 �C (P < 0�05). However, the degree of difference
decreased or even disappeared when these traits were mea-
sured at 15 �C, when the two parents differed significantly
only for shoot length and dry weight (P < 0�05). These
results indicate that ‘Teqing’ is a high seedling-vigour par-
ent at the normal temperatures of 20 �C and 25 �C, but it is
quite sensitive to a low temperature of 15 �C, thus suggest-
ing the presence of significant GET interaction for seedling
vigour in rice.

In the RIL population, all of the four seedling vigour traits
investigated showed continuous variation. Obvious trans-
gressive segregation was observed for the four traits in
the two directions, thereby implying that different positive
alleles for the traits exist in both of the parental cultivars and
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the recombination of these positive alleles would produce
genotypes with enhanced seedling vigour.

The skewness and kurtosis for the distributions of the four
traits in the RIL population were all less than 1�0 in absolute
values except germination rate at 25 �C, which had an
absolute value of kurtosis slightly more than 1�0, suggesting
that all of the traits approximately fit normal distributions
and the data for the traits is suitable for QTL mapping.

QTL mapping

A scan of the whole genome was conducted using the
software QTLMapper 1�0, and a total of 34 QTL for the four
traits were detected at the three temperatures. Of these QTL,
the majority (82 %) were clustered within five genomic
regions on chromosomes 3, 5 and 8 (Table 2 and Fig. 1).
Since the multiple traits affected by each of these five
regions were those all associated with seedling vigour,
each of these genomic regions could be assumed to be
one putative QTL controlling seedling vigour and therefore
they were designated as QTL qSV-3-1, qSV-3-2, qSV-5,
qSV-8-1 and qSV-8-2 (Table 2 and Fig. 1). It should be
noted, however, that each of these five QTL might be a
single locus with pleiotropic effects on the multiple traits,
or a group of tightly linked loci.

Further analyses revealed several interesting properties
about the five QTL. Firstly, all of the five QTL produced
small individual effects on the seedling vigour-related traits
at the three temperatures, explaining the trait phenotypic
variation within a range of 3�1–15�8 %, with a mean of
7�3 %. This result was in good agreement with the observa-
tion that all the traits displayed continuous variation in the
RIL population and that the frequency distributions approxi-
mately fit normal distributions, implying that seedling
vigour in rice is controlled by many loci, each with small
effects.

Secondly, qSV-3-1, qSV-3-2 and qSV-8-1 showed almost
consistent effects across the three temperatures while qSV-5
and qSV-8-2 produced effects mainly at the normal
temperatures of 20 �C and 25 �C, with no, or minor, effects

at the low temperature of 15 �C. In other words, GET intera-
ctions appeared to be QTL-specific for seedling vigour.
Significant GET interactions were found for qSV-5 and
qSV-8-2 but not for qSV-3-1, qSV-3-2 and qSV-8-1.

Thirdly, each of the five regions simultaneously affected
the multiple seedling vigour-related traits, with the additive
effects in the same direction. For qSV-3-1 and qSV-8-1, the
positive genotypes came from ‘Lemont’, while for the other
three QTL (qSV-3-2, qSV-5 and qSV-8-2), the positive gen-
otypes came from ‘Teqing’. Of the three QTL, two (qSV-5
and qSV-8-2) showed little effects at 15 �C, which seemed to
provide a plausible explanation for the observation that the
seedling vigour of ‘Teqing’ decreased greatly at 15 �C
(Table 1).

Fourthly, among the five QTL, all and four showed addi-
tive effects on shoot length and germination rate, respec-
tively, while only two affected root length and dry weight.
Additionally, these five QTL in total explained 21 %, 29 %,
and 20% of shoot length variation at 25 �C, 20 �C and 15 �C,
respectively. They also accounted for 25 %, 12 %, and 21 %
of germination rate variation at the three temperatures,
respectively. Overall, the contributions of the five QTL
to shoot length and germination rate were much larger
than those to the other two traits. Hence, these results led
to the conclusion that shoot length and germination rate
could be used as relatively good indicators to evaluate
the level of seedling vigour in rice.

In addition, the traits affected by one QTL were not
completely as the same as those affected by another one.
For example, qSV-5 affected all the traits investigated while
qSV-3-1 only affected shoot length and dry weight, and
qSV-3-2 only affected shoot length and germination rate.

Trait correlations and the genetic explanations

As shown in Table 3, the phenotypic correlations between
the four seedling vigour-related traits in the RIL population
were all positive and highly significant (P < 0�01). This was
consistent with the QTL mapping result that the majority of
QTL for the traits were clustered within certain genomic

TABLE 1. Phenotypic analysis of seedling vigour related traits in the RIL population of rice

RIL population

Temperature Traitsy ‘Lemont’ ‘Teqing’ Mean 6 s.d. Range Skewness Kurtosis

25 �C Germination rate (GR) 24.2 79.2** 43.3 6 24.11 2.5–100.0 0.08 �1.01
Root length (RL) 39.2 44.6* 37.2 6 6.33 22.5–55.35 0.20 0.10
Shoot length (SL) 13.4 21.4** 15.8 6 3.45 9.35–27.95 0.54 0.05
Dry weight (DW) 1.45 1.78** 1.50 6 0.29 0.80–2.80 0.60 0.42

20 �C Germination rate (GR) 14.6 62.9** 45.9 6 21.03 1.25–91.25 0.02 �0.71
Root length (RL) 45.6 44.4 44.0 6 8.55 20.3–81.6 0.73 0.80
Shoot length (SL) 19.4 27.6** 22.2 6 5.67 9.5–40.45 0.32 �0.20
Dry weight (DW) 1.63 2.12** 1.98 6 0.41 1.00–3.40 0.35 �0.06

15 �C Germination rate (GR) 58.7 57.1 33.7 6 18.36 0–81.4 0.40 �0.68
Root length (RL) 25.5 26.0 22.8 6 7.37 8.43–44.1 0.56 �0.06
Shoot length (SL) 26.1 30.6* 29.1 6 7.67 12.33–50.0 0.24 �0.25
Dry weight (DW) 2.73 2.97* 3.08 6 0.704 1.50–5.50 0.47 0.10

yTrait values under different temperature conditions can not be directly compared because of different incubation duration at different temperatures.
* and ** indicate significant differences between the two parental lines at P < 0�05 and P < 0�01, respectively.
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regions, each with additive effects in the same direction
(Table 2 and Fig. 1).

Moreover, it was found that the strength of most correla-
tions decreased markedly at the lower temperature of 15 �C

as compared with those at 20 �C and 25 �C. For example,
the correlation coefficients of germination rate with shoot
length were 0�62, 0�59 and 0�26 at 25 �C, 20 �C and 15 �C,
respectively, and those between germination rate and dry

TABLE 2. Comparative analysis of QTL for seedling vigour in rice under three temperature conditions

25 �C 20 �C 15 �C

QTL Chromosome Marker intervals Traitsy LOD Az R2x LOD A R2 LOD A R2

qSV-3-1 3 RM16-OSR31-RM168 SL 3.8 0.82 6.3 5.7 1.85 10.3 3.6 1.92 6.6
DW 4.4 0.08 6.3 2.6 0.07 10.3 5.2 0.17 6.6

qSV-3-2 3 RM148-RM85 GR 5.4 �8.36 14.7 2.2 �3.68 5.2
SL 2.2 �0.74 5.1 3.7 �1.72 8.9 3.1 �2.33 9.6

QSV-5 5 RM13-N10150-Y1049 GR 3.2 �0.82 6.3 3.5 �5.10 6.9
RL 5.5 �2.05 10.9 2.7 �1.93 5.4
SL 4.2 �0.83 6.3 3.0 �1.36 6.3
DW 3.5 �0.07 6.5 10.3 �0.14 15.8

qSV-8-1 8 RM223-RM210-OSR7 GR 2.5 4.14 3.6 4.6 5.31 10.8
SL 2.1 1.44 3.7

qSV-8-2 8 RM230-RM264 GR 2.6 �4.34 5.0 3.1 �3.55 4.8
RL 5.3 �1.97 10.1 3.8 �2.02 5.9
SL 2.2 �0.58 3.1 2.2 �1.07 3.4

5 RM161-CDSR49 DW 7.2 �0.12 12.1
6 RM30-RM340 RL 4.9 2.43 13.2

QTL not in cluster 6 C76-RZ516 RL 4.4 �2.22 7.2
7 C285-RM11 SL 5.9 1.07 10.7
12 G193-RG574 RL 2.2 1.52 6.0

DW 2.0 0.07 3.4

yGR, RL SL and DW represent germination rate, root length, shoot length and dry weight, respectively (see Table 1).
zA = additive effect: the effect associated with substitution of a ‘Teqing’ allele by the corresponding ‘Lemont’ allele.
xVariance explained by individual QTL.
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weight were 0�50, 0�54, and 0�19, respectively, at these
temperatures. This observation seemed, to some extent,
to be explained by the QTL mapping result that two
(qSV-5 and qSV-8-2) of the five genomic regions associated
with the four traits showed little effect at 15 �C.

DISCUSSION

In agreement with earlier investigations (Li and Rutger,
1980; Redo~nna and Mackill, 1996b), this study confirmed
that the seedling vigour-related traits were normally distrib-
uted quantitative traits and that GE interactions could exert
a large impact on the traits. Temperature is one of the most
important environmental factors affecting seedling vigour
in rice (Chapman and Peterson, 1962; Krishnasamy and
Seshu, 1989; Redo~nna and Mackill, 1996a). Previous studies
have demonstrated that different rice cultivars varied in
their temperature effects. For example, indicas and tropical
japonicas are quite sensitive to low temperatures as com-
pared with temperate japonicas (Krishnasamy and Seshu,
1989). In the current study, another intriguing finding was
that GET interactions for seedling vigour were QTL-
specific. Among the five QTL identified here, three
(qSV-3-1, qSV-3-2 and qSV-8-1) showed almost consistent
effects on the traits across three temperatures, while the
other two (qSV-5 and qSV-8-2) exerted effects mainly at
20 and 25 �C, with few effects at the lower temperature of
15 �C. Similarly, Li et al. (2003) reported that, for rice
heading date and plant height QTL, the GE interaction
could also be shown to be QTL-specific. Such information
may be useful for the improvement of seedling vigour
because it could help breeders determine which QTL
could be effectively manipulated by MAS for cultivar
development targeted for a given environment.

To date, several QTL mapping studies have reported the
identification of a few QTL for rice seedling vigour-related
traits. By comparing the QTL identified here to those pre-
viously identified at 18 �C based on the same population
(Zhang et al., 2004), it was found that two QTL, qSV-3-2
and qSV-8-2, coincided well with those previously reported,
in both the locations and directions of additive effects. QTL
qSV-5 was within the interval RM13-N10150-Y1049 of
chromosome 5. Next to this QTL, the earlier study detected
a QTL with epistatic effects on seedling vigour-related
traits. These results seem to indicate that there could be
multiple loci within this genomic region of chromosome
5 showing main-effect and/or epistatic effects on seedling

vigour. Even so, some discrepancies were observed between
this study and the earlier one. The extreme example is that
the two QTL, qSV-3-1 and qSV-8-1, were undetected in the
earlier study and the QTL qSV-7 was undetected in this
study. The earlier study was done at 18 �C, which is just
between the normal temperatures (>20 �C) and the chilling
temperatures (<15 �C), while the current study was done at
two normal temperatures (20 �C and 25 �C) and a chilling
temperature of 15 �C. In a different study (Zhang et al.,
2005), it was found that some of seedling vigour QTL
expressed differentially under different cold environments.
This is essentially in agreement with the argument that gene
expression can be modified by interaction with other genes
and by environmental effects (Atchley and Zhu, 1997).
Therefore, the observed discrepancies described above
could be mostly attributable to the temperature effects.
These analyses also suggest that multiple environments
should be considered in QTL mapping, especially for a
trait like seedling vigour with significant GE interactions.
In addition, the QTL qSV-8-1 identified here was found to
share the same map location with a major locus for osmotic
adjustment and dehydration tolerance in rice, reported by
Lilley et al. (1996). The QTL qSV-3-1 was also reported by
both Redo~nna and Mackill (1996b) and Cui et al. (2002). The
other four QTL, i.e. a dry weight QTL on the distal end of
the long arm of chromosome 5, two root length QTL within
intervals C76-RZ516 and RM30-RM340 on chromosome 6,
and a shoot length QTL marked by RM11 on chromosome 7
(Fig. 1), were overlapping with the corresponding seedling
vigour QTL mapped to the same locations by Prasad et al.
(2002). These coincidences of rice seedling vigour QTL
indicated that a few QTL for the same or closely related
traits could be detected by different studies even with quite
different populations.

Plant growth under stress is a function of plant vigour and
stress tolerance. By investigating the genetic control of salt
tolerance in wheat Hordeum vulgare and H. chilense diso-
mic addition lines, Forster et al. (1990) proposed that genes
contributing to vigour might be different from genes
conferring tolerance. This proposal was also supported by
Foolad and Lin (2001) through genetic analysis of cold
tolerance during vegetative growth in tomato (Lycopersicon
esculentum). Based on previous information on temperature
effects for seedling vigour in rice (Bertin et al., 1996), the
three screening temperatures used in the present study can
be classified into two categories: (a) non-chilling tempera-
tures such as 20 �C and 25 �C, and (b) chilling temperature

TABLE 3. Correlation analysis of the seedling vigour-related traits under three temperature conditions

25 �C 20 �C 15 �C

Traits 1y 2 3 1 2 3 1 2 3

1. Germination rate 1 1 1
2. Root length 0.22** 1 0.41** 1 0.54** 1
3. Shoot length 0.62** 0.34** 1 0.59** 0.42** 1 0.26** 0.37** 1
4. Dry weight 0.50** 0.49** 0.63** 0.54** 0.58** 0.62** 0.19** 0.33** 0.60**

y 1–3 denote germination rate, root length and shoot length, respectively.
**Significant at P < 0�01.
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such as 15 �C. Accordingly, as shown in Table 2, the QTL
identified in this study appeared to be grouped into three
types. (1) QTL producing effects only at non-chilling
temperatures, such as qSV-5. Since this kind of QTL was
not detected at the low temperature, it was considered to
contribute only to vigour. (2) QTL showing consistent
effects on seedling vigour across the non-chilling and chil-
ling temperatures, such as qSV-3-1 and qSV-3-2. This type
of QTL contributed to both vigour and tolerance to the low
temperature. (3) QTL showing effects only at the chilling
temperature. Only one QTL, which was mapped within the
interval RM30-RM340 on chromosome 6 (not being in a
cluster with other QTL, Table 2) and accounted for 13�2 %
of the phenotypic variation for root length, belonged to this
kind, which should also be considered to contribute to both
vigour and tolerance. In summary, all of the three kinds of
QTL described contributed to vigour, but only the second
and third kinds also contributed to tolerance to temperature
stress. These results seemed to suggest that genes (or QTL)
associated with vigour might not be clarified into two simple
types: one contributing only to vigour and the other
contributing only to tolerance. The low temperature, or
other stress, may influence the expression of vigour
genes and these genes may vary in response to the stress,
which has been described as GE interaction (Moll et al.,
1978; Tanksley, 1993). Since GE interactions for seedling
vigour were gene-specific, as discussed above, some of
these genes would show effects on vigour only under
non-stress conditions, being considered to contribute only
to vigour, while the others would be active across multiple
conditions or only under stress conditions, contributing to
both vigour and tolerance.

Tremendous genetic variation for seedling vigour has
been identified. Previous studies have suggested that genetic
donors for seedling vigour genes appear to be present
mainly in indica and temperate japonica groups of rice
(Redo~nna and Mackill, 1996a). In the present study, how-
ever, the identification of qSV-3-1, a QTL with positive
alleles came from ‘Lemont’ (tropical japonica), indicating
that tropical japonica also possesses favourable genes for
seedling vigour that may merit further exploitation.

Seedling vigour itself is an abstract concept that needs
to be assessed by other concrete criteria. Shoot length was
reported to be the best and least variable determinant of
seedling vigour under California conditions (Peterson et al.,
1978). In an investigation by Redo~nna and Mackill (1996a),
it was found that shoot weight, shoot length and coleoptile
length were the best determinants to predict greenhouse and
field seedling vigour of rice. In the current study, shoot
length was found to be the only one associated with all of
the five seedling vigour QTL identified here, thus providing
strong support for the suggestion that shoot length is
the best predictor of seedling vigour in rice. Despite of
this, however, it is recommended that multiple related traits
should be considered in experiments aimed at mapping of
QTL for traits of quantitative inherence, such as seedling
vigour. In this way, the power of QTL mapping can be
considerably enhanced and the results for different related
traits can be compared with each other, which may reveal
genetic relationships among such complex traits.
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