
Wet weather during maturation and harvest often

causes preharvest sprouting of cereals, i.e. preco-

cious germination of seeds in the ears. Preharvest

sprouting negatively affects the quality of grain,

mainly by activating �-amylase, as this leads to

starch degradation and low falling number (FN).

Cultivated rye is susceptible to preharvest sprout-

ing and may develop high �-amylase activity in

maturing grain. Improving resistance to

preharvest sprouting is thus considered as one of

the most important goals in breeding of rye

cultivars. This task may be difficult due to com-

plex systems of quantitative trait loci (QTLs) that

control those traits (Masojæ and Milczarski 2009).

Further studies, based on additional mapping pop-

ulations, are still needed to reveal which QTLs af-

fect preharvest sprouting and �-amylase activity

in a wider genetic background.

A new map of rye based on the F2 mapping

population, being a cross between inbred lines

S120 and S76, was developed by Myœków (2009)

with the use of arbitrary PCR markers, by random

amplified of polymorphic DNA (RAPD), inter

-simple sequence repeat (ISSR), or amplified frag-

ment length polymorphism PCR (AFLP). Since

parental lines differ in respect to preharvest

sprouting and �-amylase activity, it seems that the

S120×S76 population may be useful for studying

QTLs for these 2 traits.

This study was aimed at extending the genetic

map of the S120×S76 population (Myœków 2009)

by means of the sequence-specific PCR markers

and mapping of QTLs for �-amylase activity and

preharvest sprouting. The mapping population

was represented by 110 plants of the F2 progeny.

Simple-sequence repeat (SSR), sequence

-characterized amplified region (SCAR), and se-

quence-tagged site (STS) markers were used for

the map extension. SSR markers developed and

located on rye chromosomes by Hackauf and

Wehling (2003) were analyzed in the CEQ 8000

automated sequencer (Beckman-Coulter), using
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the method of Khlestkina et al. (2004) with modi-

fications (Stoja³owski et al. 2009).

SCAR markers reported by Gonzalez et al.

(2002), Stracke et al. (2003), Milczarski et al.

(2007) and Stoja³owski et al. (2009) were analysed

according to Stoja³owski et al. (2005).

STS markers were analyzed as described by

Milczarski et al. (2007). Primers of STS markers

were designed by using known sequences of re-

striction fragment length polymorphism (RFLP)

probes localized formerly on the genetic maps of

rye and wheat (Devos et al. 1993; Wanous and

Gustafson 1995; Mago et al. 2002; Válarik et al.

2006)

The genetic map was constructed by using

JoinMap 3.0 package (Van Ooijen and Voorrips

2001). The linkage map (Myœków 2009) was en-

riched with 24 new markers (7 SCARs, 7 SSRs, 10

STSs), and currently consists of 141 markers dis-

tributed in 11 linkage groups (Figure 1). Nine of

these groups are assigned to chromosomes of rye

(1R-7R). Localisation of 2 remaining groups

(X,Y) is still unknown. The whole map length

equal to 506.4 cM constitutes about 70% of the rye

genetic map developed by Hackauf et al. (2009)

and about 65% of the consensus map of rye

(Gustafson et al. 2009). The mean interval for the

map is 3.6 cM, while the average resolution of

2 reference maps mentioned above was distinctly

higher and amounted to 1.6–2.9 cM (Gustafson

et al. 2009; Hackauf et al. 2009).

The extended S120×S76 map was applied for

QTL mapping of preharvest sprouting and �-amy-

lase activity. Composite interval mapping (CIM,

at the LOD score of >2.5) and single-marker anal-

ysis (SMA, based on the F statistic) were per-

formed by means of WinQTL Cartographer

package (Wang et al. 2006).
Parental lines of the mapping population repre-

sented various phenotypes in respect to preharvest

sprouting and �-amylase activity. Depending on
the year of study, line S120 showed 35–85%
preharvest sprouting and line S76 was more resis-

tant (only 10–20%). Alpha-amylase activity of
line S120 ranged from 2.07 to 3.19 U/ml and that
of line S76 was much lower (0.56–1.37 U/ml).

Preharvest sprouting and �-amylase activity

were analysed in 1999–2000, for self-pollinated

plants of F2 and F3 progenies. Plant material was

grown in an experimental field of the West Pomer-

anian University of Technology in Szczecin, Po-

land. Each F2 plant and F3 family was represented

by 5 spikes: 3 of them were used for preharvest

sprouting assessment, while flour obtained from

seeds of the remaining 2 ears was used for �-amy-

lase activity determination. The methods of esti-

mating the level of �-amylase and sprouting were

described earlier (Masojæ and Larsson-

RaŸnikiewicz 1991; Masojæ et al. 2007, respec-

tively).

The analysis of preharvest sprouting in 1999

revealed 3 significant QTLs, located on chromo-

somes 3R, 5R, and 6R (Table 1, Figure 1). In 2000,

a QTL for �-amylase activity was found on chro-

mosome 2R (Table 1, Figure 1). The most effec-

tive QTL for preharvest sprouting (R2 = 37.6%)

was that found on chromosome 5R (Table 1). The

QTL located on chromosome 3R explained 35%

of the observed variation.

Four marker loci significantly linked to the

analysed traits were found using single-marker

analysis (Table 1). All these markers were in-

cluded in QTL regions. Marker Xis43_810 from

chromosome 5R was most significantly related to

preharvest sprouting.
QTLs controlling preharvest sprouting (16)

and �-amylase activity (13) in 2 mapping popula-
tions of rye were published by Masojæ and
Milczarski (2009). The lower than expected num-
ber of QTLs detected in this study can be a result
of the present status of the map. It lacks some parts
of the genome (6RS, 1RL, and a major part of 7R),
where QTLs were mapped previously (Masojæ and
Milczarski 2009). Another reason may be the ori-
gin of the studied mapping population. As the pa-
rental lines of this population have one common
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Table 1. Characteristics of preharvest sprouting and á-amylase activity in mapping population S120×S76, and

QTLs related to these traits

Trait Year Mean trait
value

Trait varia-
tion range

QTLcode Chromosomal
location

Mapping interval LOD
score

R2(%)

Preharvest
sprouting (%)

1999 42.0 4.8–85.7 Phs1 3RL Xpr665_420*-Xis09_500 3.6 15.1

Phs2 5RL A_Amy3.2-Xis43_810** 2.5 37.6

Phs3 6R Xapr6.43*-Xe6m3_5 3.8 19.5

2000 55.6 6.7–93.0 – – – – –

Alpha-amylase
activity (U/ml)

1999 8.50 0.58–131.96 - – – – –

2000 34.30 2.83–147.03 Amy1 2R Xpr181_1200-Xpr31_950* 4.0 35.0

*,** markers linked to a QTL, tested by single-marker analysis, using F test, significant at 5% and 1%, respectively



ancestor in their pedigree (Myœków et al. 2001),
they probably have a lower number of
polymorphisms, which implicates a lack of vari-
ability in some loci controlling preharvest sprout-

ing and �-amylase activity.
Moreover, parental lines S120 and S76 were

obtained during commercial breeding of compo-
nents for hybrid cultivars of rye (Danko Plant
Breeding Ltd., Choryñ, Poland), so they belonged
to the genotypes that are well adapted to modern

farming practices. It can be predicted that the main
unfavourable alleles of preharvest sprouting sensi-

tivity and high �-amylase activity were eliminated
during the breeding process. That is why line
S120, susceptible to preharvest sprouting, may not
contain many disadvantageous alleles reported in
former studies (Masojæ and Milczarski 2009).
However, if these predictions are true, it can be
postulated that QTLs detected during analyses of
the the S120×S76 population are of great impor-
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Figure 1. Linkage map of the S120×S76 population of rye. Newly mapped markers with known chromosomal location

are in frames. Upper indexes mark bibliographic positions showing first location of sequence-specific markers: 1 Devos

et al. (1993), 2 Gonzales et al. (2002), 3 Hackauf and Wehling (2003), 4 Mago et al. (2002), 5 Matos et al. (2005),
6 Milczarski et al. (2007), 7 Stoja³owski et al. (2009), 8 Stracke et al. (2003), 9 Válarik et al. (2006), 10 Wanous and

Gustafson (1995).



tance, because they represent the variation appear-
ing in modern breeding materials.

The number and precision of QTL positions are

partially dependent on the number of genotypes

used for the mapping process (Melchinger et al.

1998). The most valuable loci are those overlap-

ping in different environments and different ge-

netic backgrounds. Unfortunately, none of the

detected QTLs was duplicated during the 2 years

of observations. This could be partially connected

with recombination and allelic differences be-

tween genotypes of F2 and F3 generations. The

lack of coincidence for QTLs was probably due to

differences in environmental conditions.

Locus Phs1, located on chromosome 3R, coin-

cides with preharvest sprouting loci detected by

Masojæ et al. (2009) and with a QTL for �-amy-

lase activity revealed by Masojæ and Milczarski

(2009). The QTL located on chromosome 5R

(Phs2) coincides with those mapped in the

DS2×RXL10 and 541×Ot1-3 populations (Masojæ

and Milczarski 2009) in the region of the A-Amy3

locus.

Two QTLs for preharvest sprouting were al-

ready mapped on the long arm of chromosome 6R

(Masojæ and Milczarski 2009), but the Phs3 locus

found in this study is located close to the

centromere, where the structural locus A-Amy1

was mapped (Devos et al. 1993; Milczarski et al.

2007). Therefore it seems that this is the first re-

port on a QTL for preharvest sprouting in a

centromeric region of 6R. This QTL, however, has

to be considered as a putative one, because it was

detected in a relatively small mapping population

and it occurred in one environment only. This kind

of putative QTLs can be environment-specific or

even a “false positive” result (Melchinger et al.

1998), so their significance needs to be verified in

future experiments.

The only locus for �-amylase activity detected

in this study, was located on chromosome 2R. Un-

til now, two QTLs for �-amylase activity have

been detected on chromosome 2R: QAA.2R.2 on

the short arm and QAA.2R.3 on the long arm

(Masojæ and Milczarski 2009).

In conclusion, it is still not definitively solved

which QTLs play a major role in the genetic con-

trol of preharvest sprouting and �-amylase activ-

ity in rye. As the analyzed traits show complex

genetic mechanisms, strongly influenced by exter-

nal conditions, it is necessary to collect data in

multiple environments. However, the results re-

ported here suggest that the QTLs located on the

5RL (for preharvest sprouting) and on chromo-

some 2R (for �-amylase activity) should be con-

sidered during the improvement of rye breeding

materials. A wider knowledge of the inheritance of

both studied traits can be achieved by testing them

in different environmental conditions, using ge-

netically different populations, which is already in

progress.
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