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Abstract.
BACKGROUND: Understanding the genetics of flowering in the strawberry (Fragaria × ananassa) will aid in the development
of breeding strategies.
OBJECTIVE: To search for quantitative trait loci (QTL) associated with remontancy and weeks of flowering in the strawberry.
METHODS: Previously collected phenotypic data from two non-remontant ‘Honeoye’ × remontant ‘Tribute’ strawberry pop-
ulations and simple sequence repeats (SSR) markers were used to search for QTL associated with repeat flowering, weeks of
flowering and runner production, as well as the ability to produce flowers and runners at 17, 20 and 23◦C.
RESULTS: As was discovered in other studies, we found a major QTL that regulated remontancy and weeks of flowering on
homeologous linkage group IV of ‘Tribute’. This QTL also had a negative effect on runner production and a positive influence on
flower production under high temperatures. A number of additional QTL were discovered that significantly (LOD >3.0) influenced
flower and runner production.
CONCLUSIONS: Remontancy/non-remontancy is controlled by a major gene/locus and several minor modifying ones.
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1. Introduction

The seasonal flowering response of strawberry cultivars (Fragaria × ananassa Duchesne ex Rozier), has classically
been described as short day (June-bearers), day-neutral and long-day (everbearing) [1, 2]. However, evidence is
accumulating that the classification of strawberry genotypes based on their photoperiodic response is complicated
by the effect of temperature [3–7]. Genotypes previously classified as short-day, will flower under long days when
temperatures are cool, and genotypes that have been called day-neutral do not flower at all under warm temperatures
above a threshold [1, 8]. For this reason, day-neutrals are more accurately described as remontant and short-day types
as non-remontant.
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Genetic control of day-neutrality or remontancy in the octoploid strawberry has long been debated and several
hypotheses have been proposed including a single dominant gene [9, 10], a single major gene with modifier genes [11],
dominant complementary genes [12], and polygenic control [5, 13, 14].

In the last decade, molecular marker and QTL approaches have been used to identify the genes associated with
remontancy in F. × ananassa and a major gene and several minor genes have been identified. Sugimoto et al.
[10] studied a population derived from ‘Ever berry’ (remontant) and ‘Toyonoka’ (non-remontant) and identified
a RAPD (Randomly Amplified Polymorphic DNA) marker associated with remontancy. Weebadde et al. [5] used
amplified fragment length polymorphisms (AFLPs) to identify QTL regulating remontancy in a population of non-
remontant ‘Honeoye’ × remontant ‘Tribute’ (H × T) phenotyped at five locations across the USA. They identified
one QTL associated with remontancy that was common to the eastern states Minnesota (MN), Michigan (MI), and
Maryland (MD), in addition to three QTL specific to MN, and one QTL specific to MI and California (CA).

Castro et al. [15] used SSR markers to identify QTL for remontancy and runner production using the phenotypic
data collected in the ‘Honeoye’ × ‘Tribute’ population of Weebadde et al. [5]. They scored day-neutrality qualitatively
as repeat flowering after July 17 and quantitatively as number of weeks of flowering. When qualitatively scored, they
found a QTL that mapped on LG IV of the ‘Tribute’ map, regardless of planting location. QTL for weeks of flowering
were also found on LG IV in MD and CA, and for stolon production in MN, MI and OR.

In another population segregating for remontancy (non-remontant ‘CF1116’ × remontant ‘Capitola’), Gaston et al.
[16] identified a single major QTL on LG IV that controlled the length of flowering and runner production. The QTL
had opposite effects on flowering (positive effect) and runnering (negative effect), suggesting that both traits share a
common physiological control. Gaston et al. [16] also found several minor QTL regulating what they called “perpetual
flowering” on other linkage groups.

All of the above studies were done in ambient field conditions, so they provide little information on the influence
of temperature on the expression of remontancy. To directly test the influence of temperature in the regulation of
flowering in F. × ananassa, Mookerjee et al. [17] made the same cross as Weebadde et al. [5] and evaluated the
flowering patterns of a different set of progeny under three temperature regimes (17, 20, and 23◦C) in a greenhouse
under long days. In addition, replicates of the same genotypes were grown under field conditions in MI and OR and
were evaluated for their flowering patterns. Their data indicated that high temperature tolerance plays a role in the
expression of remontancy, as most of the progeny that produced more flowers at 23◦C than at 17 ◦C in the greenhouse
were remontant in the field in MI and OR.

Herein, we describe a QTL analysis for remontancy and runner production on the two H×T populations generated
by Weebadde et al. [5] and Mookerjee et al. [17] using many of the same SSR markers used by Lewers et al.
[18] and Gaston et al. [16]. The goals of this study were to: 1) further validate the existence of a major QTL for
remontancy and weeks of flowering in F. × ananassa on LG IV, 2) determine if the level of floral heat tolerance in
Mookerjee et al.’s [17] H × T population co-segregates with a QTL determining remontancy and weeks of flowering,
and 3) determine whether the QTL for remontancy in the H × T population also regulates runner production as in the
‘CF1116’ × ‘Capitola’ of Gaston et al. [16].

2. Material and methods

2.1. Mapping population

DNA from a Pseudo testcross population of 174 progeny of ‘Honeoye’ (non-remontant) × ‘Tribute’ (remontant)
was used to build the linkage map [5]. Out of this mapping population, 112 genotypes had been phenotyped in the
field by Weebadde et al. [5] in 2005 and 2006. We also extracted DNA from the 54 progeny of the same cross made
in 2009 by Mookerjee et al. [17], which had also been phenotyped in the field and greenhouse in 2011.

2.2. Phenotypic evaluations

The phenotypic data collected previously by Weebadde et al. [5] were used to determine QTL, along with the more
recent data collected in the field and greenhouse in 2011 [17]. The presence and absence of flowers was recorded every
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Table 1

Traits subjected to quantitative trait loci (QTL) analyses in two ‘Honeoye’ × ‘Tribute’ families. Information is included on the number of

progeny in each family, where the families were grown (greenhouse or field), state in the United States where they were evaluated

(CA – California, MA – Maryland, MI – Michigan, MN – Minnesota and OR – Oregon) and the year the data were collected

Trait Description Location State and year No. of Individuals

Flowers at 17◦C Number of flowers produced by the progeny at 17◦C Greenhouse MI, 2011 54

Flowers at 20◦C Number of flowers produced by the progeny at 20◦C MI, 2011 54

Flowers at 23◦C Number of flowers produced by the progeny at 23◦C MI, 2011 54

Flowers at 17/23◦C Ratio of flowers produced at 17◦C vs. 23◦C MI, 2011 54

Repeat flowering Whether progeny flowered in the spring and again after 23 July Open field CA, 2005 65

MD, 2005 65

MI, 2005 65

MI, 2006 65

MI, 2011 54

MN, 2005 65

OR, 2005 65

Weeks of flowering Number of weeks progeny flowered during the growing season Open field OR. 2005 65

OR, 2011 54

MI, 2005 65

MI, 2011 54

Total runner number Number of runners produced by progeny during the growing season Open field OR. 2005 65

OR, 2011 54

MI, 2005 65

MI, 2011 54

Runners at 23◦C Number of runners produced by the progeny at 23◦C Greenhouse MI, 2011 54

week from the beginning of flowering until at least early August. Progeny that flowered in the spring (May-June)
and in the long days of summer after 23 July were categorized as remontant. Progeny that flowered only in the spring
(May-July 22) before the longest day of the year were categorized as non-remontant (Table 1).

In the greenhouse studies by Mookerjee et al. [17], three replicates of each genotype were grown in a completely
randomized design in temperature controlled greenhouses at 17◦C, 20 ◦C, and 23◦C, and under 16 hr photoperiod
using supplemental lights. The number of flowers and runners were counted every week from Dec 2010 to Mar 2011.
All open flowers and runners were removed after counting every week (Table 1).

2.3. Genotyping

2.3.1. Selection of SSRs
SSR loci developed from F. × ananassa, F. vesca L., F. nubicola (Hook. f.) Lindl. ex Lacaita, and F. viridis Weston,

[18–26] were screened for production of polymorphic bands in a subset of 54 progeny and the parents. Of the 157
SSR markers that were screened, 118 were selected based on the presence of polymorphism and distinct scorable
bands on 6% polyacrylamide gels.

2.3.2. DNA amplification
Young leaf samples from the parents and progeny were collected from greenhouse grown plants. DNA was extracted

using the DNeasy Plant mini kit (Qiagen, Valencia, CA) following the manufacturer’s protocol. DNA amplification
was performed in 20 �L reactions containing 1 × GoTaq® Green Master Mix (Promega Corporation, Madison, WI),
0.5 mM of forward and reverse primer, and 1 �L of 60 ng/�l DNA template. Amplifications were performed in a
C1000TM Thermal Cycler (Biorad, Hercules, CA) using the PCR protocol: Initial denaturation: 94◦C for 2 min; 34
cycles of 1 min at 94◦C, 1 min at annealing temperature ( = Tm+2◦C), 1.5 min at 72◦C; and a final extension step of
10 min at 72 ◦C, hold at 15◦C.
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2.3.3. Polyacrylamide gel electrophoresis
PCR amplified products were size separated using a 6% denaturing polyacrylamide gel (15 mL of 40% Acry-

lamide/Bis Solution; BioRad, Hercules, CA), 10 mL 10 × TBE buffer, 42 g Ultra Pure Urea (Invitrogen, Carlsbad,
CA), 500 �L 10% APS, 100 mL TEMED (BioRad, Hercules, CA). The PCR amplicons were denatured (95◦C for
5 min, hold at 4◦C) and loaded on to 38 cm × 50 cm Sequi-Gen GT system (BioRad, Hercules, CA) that was preheated
for 20–30 min. The gels were run at 80 W for 3.5 hrs, and visualized with silver staining [27]. The fragment sizes
were estimated by comparing with 10 and 50 bp ladders (Invitrogen, Carlsbad, CA).

2.3.4. Linkage map
The Single Dose Restriction Fragment (SDRF) [28] approach was used for scoring the markers. Each segregating

fragment was treated as an individual allele and the genotypes were scored for presence/absence of the allele. Markers
present in both the parents that segregated in a 3:1 ratio were coded as dominant markers and those that segregated
in a 1:1 ratio were coded as codominant markers. The dominant and codominant markers were used to develop the
linkage map using JoinMap v 3.0 [29], with a minimum threshold LOD score value of 2.8, maximum recombination
frequency of 0.3, and the Kosambi mapping function. The linkage groups were visualized using MapChart 2.2 [30].

2.4. QTL identification

MapQTL v 5.0 [31] was utilized for QTL identification using the Multiple QTL Mapping (MQM) or Composite
Interval Mapping (CIM) approach. The population was derived from two heterozygous parents and was coded as CP
to include the three types of marker data: 1: codominant markers segregating in ‘Honeoye’, 2: codominant markers
segregating in ‘Tribute’, 3: Dominant markers present in both parents. Markers identified as significant by the Kruskal-
Wallis test were used as cofactors. The significant LOD score at p ≤ 0.05 was determined from 1000 permutations
with the dataset. Significant QTL regions along with the linkage groups were visualized using MapChart 2.2 [30].

3. Results and discussion

The 118 SSR markers resulted in the amplification of 704 segregating SDRF. Out of the 704 segregating SDRF,
396 were present only in ‘Honeoye’ and 308 were present only in ‘Tribute’. The 396 SDRF in ‘Honeoye’ cover
962.8 cM in 19 linkage groups with the average distance between makers of 9.9 cM (Table 2). The 308 markers in
‘Tribute’ cover 922.3 cM in 23 linkage groups with the average distance between markers of 11.8 cM (Table 2). The
linkage groups of ‘Honeoye’ and ‘Tribute’ were named from I to VII using the markers previously placed on the
diploid Fragaria vesca map by Sargent et al. [23] (Table 2).

As in the work of Castro et al. [15], we found a major QTL for repeat flowering and weeks of flowering on LG IV
in the families of ‘Honeoye’ × ‘Tribute’ generated by Weebadde et al. [5] and Mookerjee et al. [17]. Gaston et al. [16]
also found a major QTL on LG IV for the number of inflorescences emerging from the end of May to the beginning
of August. The marker locus ChFam011 129 on LG IV was associated with remontancy in the open fields of CA-05,
MD-05, MN-05, MI-05, MI-06, MI-11, OR-05, and OR-11 (Table 3). The r2 varied from 12.6 to 34.0, and the effect
ranged from 0.3 to 0.6. The same marker locus was also associated with weeks of flowering in the open fields of
MI-05 and OR-05, with r2 varying from 11.1 to 16.7 and effects ranging from 1.4 to 4.4. In addition, ChFam011 129
was associated with the number of flowers produced in the greenhouse trials at all temperatures, with r2 ranging from
24.1 to 30.1, and effects varying from 74.5 to 113. Castro et al. (2014) also found a QTL on LG VI associated with
remontancy and weeks of flowering in ‘Tribute’ with the marker ChFam011 129.

It appears that the QTL represented by ChFam011 129 or closely associated genes also regulate runner production
antagonistically, as the same marker locus was associated negatively with runner production in the open field trials of
MN-05 and OR-11, with r2 varying from 14.5 to 14.9 and effects ranging from –8.3 to –15.4. In the greenhouse tem-
perature trials, ChFam011 129 was also found to be negatively associated with runner production at 23◦C (r2 = 34.4
effect = –25.4) (Table 3).

Besides the major QTL regulating remontancy and weeks of flowering, we identified a number of other QTL
regulating these traits in both ‘Tribute’ and ‘Honeoye’, suggesting that the control of remontancy is by one major
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Table 2

Size and position of SSR bands linked in the mapping population of ‘Honeoye’ × ‘Tribute’ (Fragaria × anannasa). The proposed linkage

groups (LG) are based on the diploid Fragaria vesca linkage map of Sargent et al., [23]. The markers came from previously published papers

including Sargent et al., [19, 23], Zorrilla-Fontanesi et al., [26]

Proposed LG in Marker LG in F. vesca GenBank ID cM position in Polymorphic bands

H × T Pop H or T mapc mapped (bp size)

I-H-1a EMFn152 I AM051335.1 0.0 148

ChFaM032 I GU815794.1 24.5 210, 205

EMFn230 –b – 27.7 225

UFFxa16H07 I NW 004440457.1 47.4 262

FAC-001 VII FAC-001 58.9 211

ChFam061 I GU815808.1 72.3 220

I-H-2 ChFaM039 – GU815799.1 0.0 205, 196

EMFn128 I AM051330.1 24.6 157, 155

SF5C08 – – 52.8 410

ChFaM151 I GU815865.1 101.5 475, 223

UFFax20H10 – – 97.7 260

I-H-3 ChFaM003 I GU815784.1 0.0 400

ChFaM151 I GU815865.1 52.5 325, 218, 210

ChFaM076 – GU815820.1 52.6 103

ChFaM086 – – 59.4 230

II-H-1 UAFv8216 – – 0.0 101

ChFaM004 II – 9.5 132

UaFv9094 – 17.8 390

EMFn134 II AM051331.1 24.8 214

ChFaM088 II GU815829.1 37.7 106

ChFaM067 GU815814.1 47.7 161

ChFaM104 II GU815841.1 54.9 197

II-H-2 SFGRP7 – – 0.0 125

EMFn198 – – 20.4 161

SF6E02 – – 30.2 119

EMFn235 II AM051352.1 42.6 219

ChFaM103 II GU815840.1 55.3 215, 190

EMFn148 II AM051333.1 67.9 189

II-H-3 ChFaM103 II GU815840.1 0.0 450

UaFv8216 – – 21.4 182

EMFn134 II AM051331.1 46.5 160

EMFn160 II AM051337.1 63.6 160

II-H-4 ChFaM101 II GU815839.1 0.0 139, 137

ChFaM063 – GU815810.1 21.6 131, 111, 90

II-H-5 EMFn134 II AM051331.1 0.0 192, 185

UAFv8216 – – 26.4 239

UFFax03B05 II – 54.3 214

III-H-1 ARSFL027 III – 0.0 200

ChFaM056 – GU815805.1 13.3 130

BFACT036 III AM889106.1 23.2 160

III- H-2 ChFaM129 III GU815855.1 0.0 500

EMFvi104 – – 5.8 80

TRF033 – – 12.7 310

(Continued)
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Table 2

(Continued)

Proposed LG in Marker LG in F. vesca GenBank ID cM position in Polymorphic bands

H × T Pop H or T mapc mapped (bp size)

EMFn170 III AM051339.1 15.0 240

ChFaM080 III GU815824.1 16.6 219

BFACT036 III AM889106.1 18.8 195

ChFaM040 III GU815800.1 20.9 95

ARSFL98 – – 25.3 205

III-H-3 ChFaM040 III GU815800.1 0.0 315, 300

CFVCT035 III DQ117042.1 29.7 112

UDF003 V – 33.7 300

UDF004 III – 40.2 136

ARSFL8 – – 58.0 301

III-H-4 ChFaM040 III GU815800.1 0.0 143

UDF004 III – 36.6 143

ChFaM080 III GU815824.1 44.3 220

IV-H-1 EMFn225 – AM051349.1 0.0 259

ChFaM017 IV GU815788.1 57.7 525, 250, 211, 147, 86

EMFn184 V AM051342.1 54.8 260

IV-H-2 EMFvi136 IV AJ564350.1 0.0 157

ChFaM111 II GU815848.1 23.6 400, 189, 176, 150

EMFvi104 – – 38.7 127

V-H-1 ChFaM046 – GU815803.1 0.0 128

EMFn010 V AJ639622.1 18.9 270

TRF017 – – 35.6 210

SF5G02 – – 55.6 273, 260

V-H-2 UFFax20D02 – – 0.0 109

EMFn181 V AM051340.1 10.3 221, 170

SF5C08 – – 19.9 325

VI-H-1 ChFaM095 – GU815835.1 0.0 400, 320

EMFn123 VI AM051328.1 38.4 200

– SF5G02 – – 0.0 250

ChFaM046 – GU815803.1 20.1 157

– BFACT050 – AM889117.1 0.0 202, 184

I-T-1 ChFaM151 I GU815865.1 0.0 375, 228

UFFxa16H07 I NW 004440457.1 36.4 270

ChFaM076 – GU815820.1 60.5 101

ChFaM003 I GU815784.1 81.9 495, 400

I-T-2 UFFa02F02 I AJ870441.1 0.0 209

UFFa18H04 – – 20.9 143, 121

ChFaM092 – GU815832.1 57.2 140

I-T-3 EMFn115 I AM051324.1 0.0 163, 133

II-T-1 ChFaM104 II GU815841.1 0.0 197, 196

ChFaM004 II – 68.9 230

II-T-2 ChFaM103 II GU815840.1 0.0 450

UAFv8216 – – 26.1 182, 161

ChFaM088 II GU815829.1 40.9 300

EMFn134 II AM051331.1 46.7 160

EMFn160 – AM051337.1 58.5 161, 160

(Continued)
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Table 2

(Continued)

Proposed LG in Marker LG in F. vesca GenBank ID cM position in Polymorphic bands

H × T Pop H or T mapc mapped (bp size)

II-T-3 ChFaM063 – GU815810.1 0.0 106, 90

EMFn121 II AM051327.1 17.5 243

ChFaM101 II GU815839.1 26.0 153, 137, 136

II-T-4 ChFaM111 II GU815848.1 0.0 210, 195

ChFaM078 II GU815822.1 12.3 140

UaFv8936 – – 44.7 410

II-T-5 SF6E02 – – 0.0 149

ChFaM103 II GU815840.1 14.2 124

UFFax03B05 II – 18.9 210

III-T-1 ChFaM040 III GU815800.1 0.0 155, 143, 100

EMFn170 III AM051339.1 56.7 215

BFACT036 III AM889106.1 65.9 150

ChFaM056 – GU815805.1 71.4 112

III-T-2 ChFaM098 III GU815837.1 0.0 226

ChFaM094 GU815834.1 20.0 120

EMFn170 III AM051339.1 43.3 208

III-T-3 ChFvM049 III – 0.0 153

FvNES1 – – 40.5 105

IV-T-1 ChFaM011 – GU815787.1 0.0 129

EMFvi136 IV AJ564350.1 8.4 159

V-T-1 EMFn184 V AM051342.1 0.0 260, 245

SF5G02 – – 28.6 228

V-T-2 ChFaM031 – GU815793.1 0.0 190, 138

ChFaM018 V GU815789.1 11.2 460

V-T-3 UFFax20H10 V – 0.0 198

ChFaM046 – – 26.9 152, 135

VI-T-1 ChFaM095 – GU815835.1 0.0 150

EMFn198 – – 9.4 169

EMFn117 VI AM051325.1 29.7 188, 157, 129

EMFvi104 – – 48.8 130

VI-T-2 ChFaM035 – GU815796.1 0.0 245

EMFn123 VI AM051328.1 69.0 154

VII-T-1 UFFxa14A11 – – 0.0 105

EMFn213 VII AM051347.1 25.9 320, 310

VII-T-2 ChFaM085 VII GU815828.1 0.0 155

EMFn198 – – 34.7 189

– ChFaM032 I GU815794.1 0.0 210

– FAC-001 VII – 25.3 211

– ChFaM081 – GU815825.1 0.0 300, 152

– ChFaM076 – GU815820.1 0.0 139

– UFFax20H10 – – 4.0 247

– ChFaM147 IV GU815863.1 0.0 219, 210

– EMFn181 V AM051340.1 78.0 240

aH = ‘Honeoye’, T = ‘Tribute’. bBand not reported in diploid mapping population of Sargent et al., [23]. cPosition indicates the distance in cM of

QTL from the top of the linkage group.
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Table 3

Quantitative Trait Loci (QTL) detected in ‘Tribute’ with significant (p ≤ 0.05) LOD scores >2.8. Significance was determined from 1000

permutations with the dataset

Location Trait State and year Marker locus band (bp) LGa in F. vesca LODb r2c Effectd

Greenhouse Flowers at 17◦C MI-11 ChFam011 129 IV 3.2 24.1 +74.5

Flowers at 20◦C MI-11 ChFam011 129 IV 4.2 30.1 +76.0

Flowers at 23◦C MI-11 ChFam011 129 IV 3.8 27.4 +113.0

Runners at 23◦C MI-11 ChFam011 129 IV 5.0 34.4 – 25.4

Open field Repeat flowering MI-11 ChFam011 129 IV 5.2 34.0 +0.6

MD-05 ChFam011 129 IV 7.0 30.6 +0.6

CA-05 ChFam011 129 IV 2.9 12.6 +0.3

MI-05 ChFam011 129 IV 7.3 28.5 +0.6

MN-05 ChFam011 129 IV 7.5 30.1 +0.6

OR-05 SF5G02 228 V 3.1 13.4 +0.4

MI-06 ChFam011 129 IV 5.2 21.1 +0.3

OR-11 ChFam011 129 IV 4.6 28.8 +0.6

Weeks of flowering MI-11 ChFam011 129 IV 5.3 33.8 +3.5

OR-05 ChFaM040 155 III 4.0 15.3 +2.9

MI-05 ChFaM040 100 III 2.8 10.0 +0.6

MI-05 ChFam011 129 IV 2.8 11.1 +1.4

OR-05 EMFn170 215 III 3.8 14.7 – 0.2

OR-05 ChFam011 129 IV 4.5 16.7 +4.4

OR-05 ChFaM040 100 III 3.5 13.5 +2.9

Number of runners CA-05 ChFaM151 375 I 4.3 18.4 +1.1

MN-05 ChFam011 129 IV 3.4 14.5 – 15.4

OR-05 ChFaM104 196 II 3.9 16.3 – 3.1

OR-11 ChFam011 129 IV 3.5 14.9 – 8.3

aLG = Linkage group. bLOD is the log-likelihood at that position. cr2 is the percentage of phenotypic variation explained by the QTL. dMean

effect on a trait mean value of the presence of one allele at a marker by comparison with the presence of the second allele. The + and − indicates

the direction of the additive effect.

Table 4

Quantitative Trait Loci (QTL) detected in ‘Honeoye’ with significant (p ≤ 0.05) LOD scores > 2.8. Significance was determined from 1000

permutations with the dataset

Location Trait State and year Marker locus band (bp) LGa in F. vesca LODb r2c Effectd

Greenhouse Flowers at 17/23◦C MI-11 ARSFL19 295 V 6.8 59.0 +1.8

Runners at 17◦C MI-11 ChFaM088 106 II 4.3 30.5 –1.1

Open field Weeks of flowering MI-11 ChFaM151 210 I 3.1 21.7 –3.1

aLG = Linkage group. bLOD is the log-likelihood at that position. cr2 is the percentage of phenotypic variation explained by the QTL. dMean

effect on a trait mean value of the presence of one allele at a marker by comparison with the presence of the second allele. The + and − indicates

the direction of the additive effect.

gene and a number of modifiers as proposed by Shaw and Famula, [11]. In OR-05, a QTL was identified on LG V
of ‘Tribute’ with an r2 of 13.4% and an effect of +0.4. Several QTL for weeks of flowering were identified in MI-05,
MI-11 and OR-05 for weeks of flowering on LG III of ‘Tribute’. Their r2 varied from 10.1 to 15%, and their effects
from 0.1 to 2.9 weeks of flowering. A negative QTL for weeks of flowering was identified on LG I of ‘Honeoye’
with an r2 of 21.7 and effect of –3.1 (Table 4).

Like remontancy, runner production appears to be regulated as a polygenic trait, as several QTL were identified
that regulated this trait. QTL for number of runners were identified on LG I and II of ‘Tribute’ in the open field trials
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in CA-05 and OR-05, with r2 ranging from 16.3 to 18.4 and effects from –3.1 to +1.1. Two QTL were also identified
on LG II of ‘Honeoye’ at 17

◦
C in the greenhouse trails. The r2 values ranged from 29.6 to 30.5 % and their effects

ranged from –1.0 to –1.1 (Table 4).
It appears that heat tolerance plays a role in the expression of remontancy and duration of flowering. In the

greenhouse temperature trials, the presence of the allele represented by ChFam011 129 had a dramatic effect of
+113 on total numbers of flowers at 23◦C, and a negative effect of –25.4 on runner production. An antagonistic QTL
(marker locus band ARSFL19 295) was found in ‘Honeoye’ that had an effect of +1.8 on the ratio of flowers at 17 ◦C
vs. 23◦C, meaning that fewer flowers were produced at 23◦C vs 17 ◦C in the presence of this allele (Table 4).

In summary, as in the work of Castro et al. [15] and Gaston et al. [16], we identified a major QTL regulating
remontancy and weeks of flowering. This QTL or genes closely linked to it also regulated runner production in
an antagonistic fashion and influenced the ability to produce flowers under high temperatures. There were also
several additional QTL identified regulating flower and runner production, suggesting that these traits are controlled
polygenically, with a major gene and several minor modifying genes.
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