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(57) ABSTRACT 

The invention provides seed and plants of carrot hybrid 
07100375 and the parent lines thereof. The invention thus 
relates to the plants, seeds and tissue cultures of carrot hybrid 
07100375 and the parent lines thereof, and to methods for 
producing a carrot plant produced by crossing such plants 
with themselves or with another carrot plant, such as a plant 
of another genotype. The invention further relates to seeds 
and plants produced by such crossing. The invention further 
relates to parts of such plants, including the roots and gametes 
of such plants. 

25 Claims, No Drawings 



US 8,217,229 B2 
1 

CARROT HYBRID 07100375 

FIELD OF THE INVENTION 

The present invention relates to the ?eld of plant breeding 
and, more speci?cally, to the development of carrot hybrid 
07100375 and the inbred carrot lines RDP 71 -4969C and RE 
71 -491 1A. 

BACKGROUND OF THE INVENTION 

The goal of vegetable breeding is to combine various desir 
able traits in a single variety/hybrid. Such desirable traits may 
include any trait deemed bene?cial by a groWer and/ or con 
sumer, including greater yield, resistance to insects or dis 
ease, tolerance to environmental stress, and nutritional value. 

Breeding techniques take advantage of a plant’ s method of 
pollination. There are tWo general methods of pollination: a 
plant self-pollinates if pollen from one ?oWer is transferred to 
the same or another ?oWer of the same plant or plant variety. 
A plant cross-pollinates if pollen comes to it from a ?oWer of 
a different plant variety. 

Plants that have been self-pollinated and selected for type 
over many generations become homozygous at almost all 
gene loci and produce a uniform population of true breeding 
progeny, a homozygous plant. A cross betWeen tWo such 
homozygous plants of different genotypes produces a uni 
form population of hybrid plants that are heterozygous for 
many gene loci. Conversely, a cross of tWo plants each het 
erozygous at a number of loci produces a population of hybrid 
plants that differ genetically and are not uniform. The result 
ing non-uniformity makes performance unpredictable. 

The development of uniform varieties requires the devel 
opment of homozygous inbred plants, the crossing of these 
inbred plants, and the evaluation of the crosses. Pedigree 
breeding and recurrent selection are examples of breeding 
methods that have been used to develop inbred plants from 
breeding populations. Those breeding methods combine the 
genetic backgrounds from tWo or more plants or various other 
broad-based sources into breeding pools from Which neW 
lines and hybrids derived therefrom are developed by sel?ng 
and selection of desired phenotypes. The neW lines and 
hybrids are evaluated to determine Which of those have com 
mercial potential. 

While breeding efforts to date have provided a number of 
useful carrot lines With bene?cial traits, there remains a great 
need in the art for neW lines With further improved traits. Such 
plants Would bene?t farmers and consumers alike by improv 
ing crop yields and/or quality. 

SUMMARY OF THE INVENTION 

In one aspect, the present invention provides a carrot plant 
of the hybrid designated 07100375, the carrot line RDP 
71-4969C or carrot line RF 71-4911A. Also provided are 
carrot plants having all the physiological and morphological 
characteristics of such a plant. Parts of these carrot plants are 
also provided, for example, including pollen, an ovule, scion, 
roots, and a cell of the plant. 

In another aspect of the invention, a plant of carrot hybrid 
07100375 and/or carrot lines RDP 71-4969C and RF 
71-4911A comprising an added heritable trait is provided. 
The heritable trait may comprise a genetic locus that is, for 
example, a dominant or recessive allele. In one embodiment 
of the invention, a plant of carrot hybrid 07100375 and/or 
carrot lines RDP 71-4969C and RF 71-4911A is de?ned as 
comprising a single locus conversion. In speci?c embodi 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
ments of the invention, an added genetic locus confers one or 
more traits such as, for example, herbicide tolerance, insect 
resistance, disease resistance, and modi?ed carbohydrate 
metabolism. In further embodiments, the trait may be con 
ferred by a naturally occurring gene introduced into the 
genome of a line by backcrossing, a natural or induced muta 
tion, or a transgene introduced through genetic transforma 
tion techniques into the plant or a progenitor of any previous 
generation thereof. When introduced through transformation, 
a genetic locus may comprise one or more genes integrated at 
a single chromosomal location. 
The invention also concerns the seed of carrot hybrid 

07100375 and/or carrot lines RDP 71-4969C and RF 
71-4911A. The carrot seed of the invention may be provided 
as an essentially homogeneous population of carrot seed of 
carrot hybrid 07100375 and/or carrot lines RDP 71-4969C 
and RF 71-4911A. Essentially homogeneous populations of 
seed are generally free from substantial numbers of other 
seed. Therefore, seed of hybrid 07100375 and/or carrot lines 
RDP 71 -4969C and RF 71-4911A may be de?ned as forming 
at least about 97% of the total seed, including at least about 
98%, 99% or more of the seed. The seed population may be 
separately groWn to provide an essentially homogeneous 
population of carrot plants designated 07100375 and/or car 
rot lines RDP 71-4969C and RF 71-4911A. 

In yet another aspect of the invention, a tissue culture of 
regenerable cells of a carrot plant of hybrid 07100375 and/or 
carrot lines RDP 71-4969C and RF 71-4911A is provided. 
The tissue culture Will preferably be capable of regenerating 
carrot plants capable of expressing all of the physiological 
and morphological characteristics of the starting plant, and of 
regenerating plants having substantially the same genotype as 
the starting plant. Examples of some of the physiological and 
morphological characteristics of the hybrid 07100375 and/or 
carrot lines RDP 71-4969C and RF 71-4911A include those 
traits set forth in the tables herein. The regenerable cells in 
such tissue cultures may be derived, for example, from 
embryos, meristems, cotyledons, pollen, leaves, anthers, 
roots, root tips, pistils, ?oWers, seed and stalks. Still further, 
the present invention provides carrot plants regenerated from 
a tissue culture of the invention, the plants having all the 
physiological and morphological characteristics of hybrid 
07100375 and/or carrot lines RDP 71-4969C and RF 
71-491 1A. 

In still yet another aspect of the invention, processes are 
provided for producing carrot seeds, plants and roots, Which 
processes generally comprise crossing a ?rst parent carrot 
plant With a second parent carrot plant, Wherein at least one of 
the ?rst or second parent carrot plants is a plant of carrot line 
RDP 71 -4969C or carrot line RF 71-4911A. These processes 
may be further exempli?ed as processes for preparing hybrid 
carrot seed or plants, Wherein a ?rst carrot plant is crossed 
With a second carrot plant of a different, distinct genotype to 
provide a hybridthat has, as one of its parents, a plant of carrot 
line RDP 71-4969C or carrot line RF 71-4911A. In these 
processes, crossing Will result in the production of seed. The 
seed production occurs regardless of Whether the seed is 
collected or not. 

In one embodiment of the invention, the ?rst step in “cross 
ing” comprises planting seeds of a ?rst and second parent 
carrot plant, often in proximity so that pollination Will occur 
for example, mediated by insect vectors. Alternatively, pollen 
can be transferred manually. Where the plant is self-polli 
nated, pollination may occur Without the need for direct 
human intervention other than plant cultivation. 
A second step may comprise cultivating or groWing the 

seeds of ?rst and second parent carrot plants into plants that 
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bear ?owers. A third step may comprise preventing self 
pollination of the plants, such as by emasculating the ?owers 
(i.e., killing or removing the pollen). 
A fourth step for a hybrid cross may comprise cross-polli 

nation betWeen the ?rst and second parent carrot plants. Yet 
another step comprises harvesting the seeds from at least one 
of the parent carrot plants. The harvested seed can be groWn 
to produce a carrot plant or hybrid carrot plant. 

The present invention also provides the carrot seeds and 
plants produced by a process that comprises crossing a ?rst 
parent carrot plant With a second parent carrot plant, Wherein 
at least one of the ?rst or second parent carrot plants is a plant 
of carrot hybrid 07100375 and/or carrot lines RDP 71 -4969C 
and RP 71 -491 1A. In one embodiment of the invention, carrot 
seed and plants produced by the process are ?rst generation 
(F1) hybrid carrot seed and plants produced by crossing a 
plant in accordance With the invention With another, distinct 
plant. The present invention further contemplates plant parts 
of such an F 1 hybrid carrot plant, and methods of use thereof. 
Therefore, certain exemplary embodiments of the invention 
provide an F1 hybrid carrot plant and seed thereof. 

In still yet another aspect, the present invention provides a 
method of producing a plant derived from hybrid 07100375 
and/or carrot lines RDP 71-4969C and RF 71-4911A, the 
method comprising the steps of: (a) preparing a progeny plant 
derived from hybrid 07100375 and/ or carrot lines RDP 
71-4969C and RF 71-4911A, Wherein said preparing com 
prises crossing a plant of the hybrid 07100375 and/or carrot 
lines RDP 71 -4969C and RF 71-4911A With a second plant; 
and (b) crossing the progeny plant With itself or a secondplant 
to produce a seed of a progeny plant of a subsequent genera 
tion. In further embodiments, the method may additionally 
comprise: (c) groWing a progeny plant of a subsequent gen 
eration from said seed of a progeny plant of a subsequent 
generation and crossing the progeny plant of a subsequent 
generation With itself or a second plant; and repeating the 
steps for an additional 3-10 generations to produce a plant 
derived from hybrid 07100375 and/ or carrot lines RDP 
71-4969C and RF 71-4911A. The plant derived from hybrid 
07100375 and/or carrot lines RDP 71-4969C and RF 
71-4911A may be an inbred line, and the aforementioned 
repeated crossing steps may be de?ned as comprising su?i 
cient inbreeding to produce the inbred line. In the method, it 
may be desirable to select particular plants resulting from step 
(c) for continued crossing according to steps (b) and (c). By 
selecting plants having one or more desirable traits, a plant 
derived from hybrid 07100375 and/ or carrot lines RDP 
71-4969C and RF 71-4911A is obtained Which possesses 
some of the desirable traits of the line/hybrid as Well as 
potentially other selected traits. 

In certain embodiments, the present invention provides a 
method of producing food or feed comprising: (a) obtaining a 
plant of carrot hybrid 07100375 and/or carrot lines RDP 
71-4969C and RF 71-4911A, Wherein the plant has been 
cultivated to maturity, and (b) collecting roots from the plant. 

In still yet another aspect of the invention, the genetic 
complement of carrot hybrid 07100375 and/or carrot lines 
RDP 71-4969C and RF 71-4911A is provided. The phrase 
“genetic complement” is used to refer to the aggregate of 
nucleotide sequences, the expression of Which sequences 
de?nes the phenotype of, in the present case, a carrot plant, or 
a cell or tissue of that plant. A genetic complement thus 
represents the genetic makeup of a cell, tissue or plant, and a 
hybrid genetic complement represents the genetic make up of 
a hybrid cell, tissue or plant. The invention thus provides 
carrot plant cells that have a genetic complement in accor 
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4 
dance With the carrot plant cells disclosed herein, and seeds 
and plants containing such cells. 

Plant genetic complements may be assessed by genetic 
marker pro?les, and by the expression of phenotypic traits 
that are characteristic of the expression of the genetic comple 
ment, e.g., isoZyme typing pro?les. It is understood that 
hybrid 07100375 and/or carrot lines RDP 71-4969C and RF 
71-491 1A could be identi?ed by any of the many Well knoWn 
techniques such as, for example, Simple Sequence Length 
Polymorphisms (SSLPs) (Williams et al., 1990), Randomly 
Ampli?ed Polymorphic DNAs (RAPDs), DNA Ampli?ca 
tion Fingerprinting (DAF), Sequence Characterized Ampli 
?ed Regions (SCARs), Arbitrary Primed Polymerase Chain 
Reaction (AP-PCR), Ampli?ed Fragment Length Polymor 
phisms (AFLPs) (EP 534 858, speci?cally incorporated 
herein by reference in its entirety), and Single Nucleotide 
Polymorphisms (SNPs) (Wang et al., 1998). 

In still yet another aspect, the present invention provides 
hybrid genetic complements, as represented by carrot plant 
cells, tissues, plants, and seeds, formed by the combination of 
a haploid genetic complement of a carrot plant of the inven 
tion With a haploid genetic complement of a second carrot 
plant, preferably, another, distinct carrot plant. In another 
aspect, the present invention provides a carrot plant regener 
ated from a tissue culture that comprises a hybrid genetic 
complement of this invention. 

In still yet another aspect, the invention provides a plant of 
an hybrid carrot that exhibits a combination of traits compris 
ing a slightly longer and more cylindrically-shaped root; a 
red-colored root; an improved root texture and sWeet ?avor; 
an increased total solids and total sugar content coupled With 
high brix scores; a root that is useful in cut and peel market 
sales. In certain embodiments, the combination of traits may 
be de?ned as controlled by genetic means for the expression 
of the combination of traits found in carrot hybrid 07100375. 

In still yet another aspect, the invention provides a method 
of determining the genotype of a plant of carrot hybrid 
07100375 and/or carrot lines RDP 71-4969C and RF 
71-491 1A comprising detecting in the genome of the plant at 
least a ?rst polymorphism. The method may, in certain 
embodiments, comprise detecting a plurality of polymor 
phisms in the genome of the plant. The method may further 
comprise storing the results of the step of detecting the plu 
rality of polymorphisms on a computer readable medium. 
The invention further provides a computer readable medium 
produced by such a method. 
Any embodiment discussed herein With respect to one 

aspect of the invention applies to other aspects of the inven 
tion as Well, unless speci?cally noted. 

The term “about” is used to indicate that a value includes 
the standard deviation of the mean for the device or method 
being employed to determine the value. The use of the term 
“or” in the claims is used to mean “and/or” unless explicitly 
indicated to refer to alternatives only or the alternatives are 
mutually exclusive. When used in conjunction With the Word 
“comprising” or other open language in the claims, the Words 
“a” and “an” denote “one or more,” unless speci?cally noted 
otherWise. The terms “comprise,” “have” and “include” are 
open-ended linking verbs.Any forms or tenses of one or more 
of these verbs, such as “comprises,” “comprising,” “has,” 
“having,” “includes” and “including,” are also open-ended. 
For example, any method that “comprises,” “has” or 
“includes” one or more steps is not limited to possessing only 
those one or more steps and also covers other unlisted steps. 
Similarly, any plant that “comprises,” “has” or “includes” one 
or more traits is not limited to possessing only those one or 
more traits and covers other unlisted traits. 
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Other objects, features and advantages of the present 
invention Will become apparent from the following detailed 
description. It should be understood, hoWever, that the 
detailed description and any speci?c examples provided, 
While indicating speci?c embodiments of the invention, are 
given by Way of illustration only, since various changes and 
modi?cations Within the spirit and scope of the invention Will 
become apparent to those skilled in the art from this detailed 
description. 

DETAILED DESCRIPTION OF THE INVENTION 

The invention provides methods and compositions relating 
to plants, seeds and derivatives of carrot hybrid 07100375, 
carrot line RDP 71 -4969C and carrot line RF 71-4911A. The 
hybrid 07100375 is produced by the cross of parent lines RDP 
71-4969C and RF 71-4911A. The parent lines shoW unifor 
mity and stability Within the limits of environmental in?u 
ence. By crossing the parent lines, uniform seed hybrid 
07100375 can be obtained. 

The development of carrot hybrid 07100375 and its parent 
lines can be summarized as folloWs. 

A. ORIGIN AND BREEDING HISTORY OF 
CARROT HYBRID 07100375 

The parents of hybrid 07100375 are RDP 71-4969C and 
RF 71 -491 1A. The development of carrot line RF 71-4911A 
can be summarized as folloWs: 

September. Year 0 Planted Nutri-red and Orange male ster 
ile seed in Imperial Valley. 

February Year 1 Harvested roots of Nutri-red and orange 
male steriles for F1 hybrids. Planted individual roots 
selected from Nutri-red and made crosses With the male 
steriles, establishing neW sub-line populations of Nutri 
red With their respective hybrids. 

September. Year 1 Planted hybrid seed and neW sub-lines in 
California. 

February Year 2 Harvested hybrids of Nutri-red sub-lines 
and Orange roots (all orange) in preparation of ?rst 
backcross to the respective sub-lines. 

September. Year 2 Planted BC 1 seed in California With the 
respective sub-lines. 

February Year 3 Selected red roots Within the BC 1 popula 
tion and prepared for backcrossing, again, to the Nutri 
red sub-lines. 

September. Year 3 Planted BC2 seed in California With the 
respective sub-lines. 

February Year 4 Most backcrosses appeared to be nearly 
stable, though some orange roots caused concern about 
the possible genetic inheritance. Red roots Were again 
selected and prepared for backcrossing to Nutri-red sub 
lines. 

September. Year 4 Planted BC3 seed in California With the 
respective sub-lines. 

FebruaryYear 5 Harvested roots and found that 100% of all 
backcross populations had complete expression of lyco 
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pene. Selected best lines for hybrid production and pos 
sible increase, one set of lines being RF 71-4911A & B. 

September. Year 5/6 Planted neW hybrids and backcross 
lines for potential advancement and seed increase. 

FebruaryYear 6/7 Evaluated and selected best hybrid com 
binations, including 0710 0325 and 0710 0339. 
The development of carrot line RDP 71 -4969C can be 

summarized as folloWs: 
September. Year 1 Planted parental lines of Nutrired and 
S-D813B in Imperial Valley steckling bed. 

February Year 2 Selected best parental roots Within popu 
lations of Nutrired and S-D813B for fertile><fertile 
crossing pattern. 

September. Year 2 Planted F1 seed from fertile><fertile 
crossing system. 

February Year 3 Selected knoWn hybrid roots Within the 
population for advancement to the F1M population. 

September. Year 3 Planted F1M seed from the F1 selected 
roots in Imperial Valley, Calif. 

FebruaryYear 4 Selected F1M roots With slender, cylindri 
cal shape targeting the cut and peel processing market. 
Also tasted each individual root for direct eating quality 
evaluation. Planted in a sib-mating breeding system. 

September. Year 4 Planted F 1 M2 population seed in Impe 
rial Valley, Calif. 

February Year 5 Evaluated F1M2 population roots and 
selected for cylindrical shape, good eating quality and 
qualities for cut and peel processing. Found an indi 
vidual root With exceptional eating quality and placed 
into a self pollinated scheme. 

September. Year 5 Planted F1M2S population seed in 
Imperial Valley, Calif. 

February Year 6 Evaluated the selfed line and decided to 
select Within a small mass population for continued line 
improvement. 

September. Year 6 Planted F1M2SM population seed in 
Imperial Valley, Calif. 

February Year 7 Evaluated the small mass populations. 
Identi?ed one particular line and designated it RDP 
71-4969C With improved eating quality and color uni 
formity. The decision Was to test in a hybrid combination 
scheme. 

September. Year 7 Planted neW hybrids made from polli 
nator RDP 71-4969C in Imperial Valley, Calif. 

FebruaryYear 8/9 Evaluated and selected best hybrid com 
binations, including PS 0710 0375 for advancement. 

B. PHYSIOLOGICAL AND MORPHOLOGICAL 
CHARACTERISTICS OF CARROT HYBRID 
07100375, CARROT LINE RDP 71 -4969C AND 

CARROT LINE RF 71-4911A 

In accordance With one aspect of the present invention, 
there is provided a plant having the physiological and mor 
phological characteristics of carrot hybrid 07100375 and the 
parent lines thereof. A description of the physiological and 
morphological characteristics of such plants is presented in 
Tables 1-3. 

TABLE 1 

Physiological and Morphological Characteristics of Hybrid 07100375 and a 
Comparison Variety 

CHARACTERISTIC 07100375 Nutri-red 

1. Type Imperator Imperator 
2. Region of Adaptation in the USA. Most regions Most regions 
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Physiological and Morphological Characteristics of Hybrid 07100375 and a 
Comparison Variety 

CHARACTERISTIC 07100375 Nutri-red 

. Market maturity 

. Plant top (at harvest stage) 
Habit 
Plant top height (from shoulder 
to top of croWn) 
Plant top neck diameter 
Top attachment 

. Leaf (at harvest stage) 
Name ofcolor chart 
Blade color 
Color chart value 
Blade divisions 
Blade length (Without petiole) 
Petiole length from croWn to 
?rst pinna 
Petiole anthocyanin 
Petiole pubescence 

. Root (at market maturity) 
Cortex (phloem) thickness 
(midpoint cross-section) 
Core (xylem) thickness 
(midpoint cross-section) 
Carrot length (minus taproot) 
Length of taproot 
Diameter at shoulder 
Diameter at midpoint 
Amount exposed (above 
ground) 
Shape 
Collar 
Shoulder 
Base 
Surface smoothness 
Number of secondary root scars 
Appearance of secondary root 
scars 

Halo (cross-section shoWing 
color difference betWeen xylem 
and phloem) 
Zoning (longitudinal cut 
shoWing color difference 
betWeen xylem and phloem) 
Flavor harshness 
Flavor sWeetness 
Above ground exterior color: 
shoulder 

Above ground exterior color: 
skin 

BeloW ground exterior color: 
shoulder 

BeloW ground exterior color: 
skin 

Cross-section interior color: 

xylem (core) 

Cross-section interior color: 
phloem 

. FloWer 

Color 

Male fertility 
Anthers 

. Seed 

Height of seed stalk 
Stalk pubescence 
Diameter of ?rst order umbel 

Days from seeding to 
harvest: 1 10 

Semi-erect 
55 cm 

12 mm 

Single 

RHS Colour chart 
Dark green 
132B 
Medium 
30 cm 

15 cm 

Abs ent 
Abs ent 

28 cm 

20 mm 

25 mm 

20 mm 

None 

Conic 
Level 
Sloping 
Medium 
Dimpled or corrugated 
FeW 
Prominent 

Faint 

Faint 

Moderately harsh 
Moderately sWeet 
Light red/ 
RHS color chart value: 
54A 
Light red/ 
RHS color chart value: 
54A 
Light red/ 
RHS color chart value: 
54A 
Light red/ 
RHS color chart value: 
54A 
Light red/ 
RHS color chart value: 
54C 
Light red/ 
RHS color chart value: 
54B 

Green/ 
RHS color chart value: 
194C 
Male-sterile 
Petaloid 

115 cm 

Little 
125 mm 

Days to market 
maturity: 120 

Semi-erect 
50 cm 

10 mm 

Single 

RHS Colour chart 
Dark green 
N134A 
Medium 
30 cm 

20 cm 

Abs ent 
Abs ent 

10 mm 

10 mm 

24 cm 

20 mm 

32 mm 

22 mm 

None 

Conic 
Level 
Sloping 
Pointed 
Dimpled or corrugated 
FeW 
Prominent 

Faint 

Faint 

Very harsh 
Not sWeet 

Dark red/ 
RHS color chart value: 
59D 
Dark red/ 
RHS color chart value: 
59D 
Dark red/ 
RHS color chart value: 
59D 
Dark red/ 
RHS color chart value: 
59D 
Red/ 
RHS color chart value: 
63B 
Red/ 
RHS color chart value: 
63A 

White/ 
RHS color chart value: 
N155D 
Fertile 
Normal 

95 cm 

Little 
120 mm 
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Physiological and Morphological Characteristics of Hybrid 07100375 and a 
Comparison Variety 

CHARACTERISTIC 07100375 Nutri-red 

Seed spines Present Present 
Weight per 100 seeds 220 mg 210 mg 

8. Disease reactions 
Alternaria blight Susceptible 
Aster yelloWs Susceptible 
Cavity spot Susceptible 
Motley dWarf virus Susceptible 
PoWdery mildeW Susceptible 
Pylhium root dieback Susceptible 
Schlerolinia decay Susceptible 

9. Insect reactions 
Root knot nematode Susceptible Susceptible 

10. Physiological reactions 
Bolting Susceptible Resistant 
Root splitting Susceptible Resistant 

TABLE 2 

*These are typical values. Values may vary due to environment. Other values that are substantially equivalent 
are also Within the scope ofthe invention. 

Physiological and Morphological Characteristics ofLine RDP 71-4969C and a 
Comparison Variety 

CHARACTERISTIC RDP 71-4969C Nutri-red 

1. Type Imperator Imperator 
2. Region of Adaptation in the USA. Most regions Most regions 
3. Market maturity 

Days from seeding to Days to market 
harvest: 120 maturity: 120 

4. Plant top (at harvest stage) 
Habit Semi-erect Semi-erect 
Plant top height (from shoulder 40 cm 50 cm 
to top of croWn) 
Plant top neck diameter 12 mm 10 mm 
Top attachment Single Single 

5. Leaf (at harvest stage) 
Name ofcolor chart RHS Colour chart RHS Colour chart 
Blade color Dark green Dark green 
Blade color chart value 132B N134A 
Blade divisions Medium Medium 
Blade length (Without petiole) 25 cm 30 cm 
Petiole length from croWn to 15 cm 20 cm 

?rst pinna 
Petiole anthocyanin Absent Absent 
Petiole pubescence Absent Absent 

6. Root (at market maturity) 
Cortex (phloem) thickness 8 mm 10 mm 

(midpoint cross-section) 
Core (Xylem) thickness 6 mm 10 mm 

(midpoint cross-section) 
Carrot length (minus taproot) 28 cm 24 cm 
Length of taproot 20 mm 20 mm 
Diameter at shoulder 26 mm 32 mm 

Diameter at midpoint 22 mm 22 mm 

Amount exposed (above None None 
ground) 
Shape Conic Conic 
Collar Level Level 
Shoulder Sloping Sloping 
Base Medium Pointed 
Surface smoothness Dimpled or corrugated Dimpled or corrugated 
Number of secondary root scars FeW FeW 
Appearance of secondary root Prominent Prominent 
scars 

Halo (cross-section shoWing Faint Faint 
color difference betWeen Xylem 
and phloem) 
Zoning (longitudinal cut Faint Faint 
shoWing color difference 
betWeen Xylem and phloem) 
Flavor harshness Moderately harsh Very harsh 
Flavor sWeetness Moderately sWeet Not sWeet 
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Physiological and Morphological Characteristics ofLine RDP 71-4969C and a 
Comparison Variety 

CHARACTERISTIC RDP 71-4969C Nutri-red 

Above ground exterior color: Light red/ Dark red/ 
shoulder RHS color chart value: RHS color chart value: 

54A 59D 
Above ground exterior color: Light red/ Dark red/ 
skin RHS color chart value: RHS color chart value: 

54A 59D 
BeloW ground exterior color: Light red/ Dark red/ 
shoulder RHS color chart value: RHS color chart value: 

54A 59D 
BeloW ground exterior color: Light red/ Dark red/ 
skin RHS color chart value: RHS color chart value: 

54A 59D 
Cross-section interior color: Light red/ Red/ 
xylem (core) RHS color chart value: RHS color chart value: 

54C 63B 
Cross-section interior color: Light red/ Red/ 
phloem RHS color chart value: RHS color chart value: 

54B 63A 
7. FloWer 

Color White/ White/ 
RHS color chart value: RHS color chart value: 
N155D N155D 

Male fertility Fertile Fertile 
Anthers Normal Normal 

7. Seed 
Height ofseed stalk 110 cm 95 cm 
Stalk pubescence Little Little 
Diameter of ?rst order umbel 130 mm 120 mm 
Seed spines Present Present 
Weight per 100 seeds 226 mg 210 mg 

8. Disease reactions 
Alternaria blight Susceptible 
Aster yelloWs Susceptible Susceptible 
Cavity spot Susceptible 
Motley dWarf virus Susceptible 
PoWdery mildeW Susceptible 
Pylhium root dieback Susceptible 
Schlerolinia decay Susceptible Susceptible 

9. Insect reactions 
Root knot nematode Susceptible Susceptible 

10. Physiological reactions 
Bolting Susceptible Resistant 
Root splitting Susceptible Resistant 

*These are typical values. Values may vary due to environment. Other values that are substantially equivalent 
are also Within the scope ofthe invention. 

TABLE 3 

Physiological and Morphological Characteristics of Line RF 71-4911A and a 
Comparison Variety 

CHARACTERISTIC RF 71-4911A Nutri-red 

1. Type Imperator Red Imperator 
2. Region ofBest Adaptation in USA. Most Regions Most Regions 
3. Market Maturity No. Days from No. Days to Market 

Seeding to Harvest: Maturity: 120 
120 

4. Plant Top (At Harvest Stage) 
Habit: Erect Erect 

Height from Plant Top Height: 50 cm 
Shoulder to Top of 
CroWn: 45 cm 

Neck Diameter 120 mm 
Plant Top Diameter 30 cm 
Top Attachment: Single Single 

5. Leaf (At Harvest Stage) 
Name ofColor Chart: RHS Colour 
Chart 
Leaf Blade Color Dark Green Dark Green 
Color Chart Notation 132B N134A 
Blade Divisions Medium Medium 
Blade Length (Without Petiole) 28 cm 30 cm 
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Physiological and Morphological Characteristics of Line RF 71-4911A and a 
Comparison Variety 

CHARACTERISTIC RF 71-4911A Nutri-red 

Petiole Length from CroWn to First 18 cm 20 cm 
Pinna 
Petiole Anthocyanin Absent Absent 
Petiole Pubescence Absent Absent 

6. Root (At Market Maturity) 
Cortex (Phloem) Thickness (Midpoint 18 mm 10 mm 

Cross-Section) 
Core (Xylem) Thickness (Midpoint 13 mm 10 mm 

Cross-Section) 
Carrot Length (Minus Taproot) 24 cm 24 cm 
Length ofTaproot 20 mm 20 mm 
Diameter at Shoulder 36 mm 32 mm 

Diameter at Midpoint 31 mm 22 mm 

Amount Exposed (Above Ground) None None 
Root Shape Conic Conic 
Collar Level Level 
Shoulder Sloping Sloping 
Base Medium Pointed 
Surface Smoothness Dimpled or Dimpled or 

Corrugated Corrugated 
Number of Secondary Root Scars FeW FeW 
Appearance of Secondary Root Scars Not Prominent 
Appearance of Secondary Roots Prominent 
Halo Faint Faint 
Zoning Faint Faint 
Flavor Harshness Moderate Harsh Very harsh 
Flavor SWeetness Moderate SWeet Very sWeet 
Above Ground Exterior Color: Light Red (Color Light Red (Color 
Shoulder Chart Notation Chart Notation 59D) 

184C) 
Above Ground Exterior Color: Skin Light Red (Color Light Red (Color 

Chart Notation Chart Notation 59D) 

184C) 
BeloW Ground Exterior Color: Light Red (Color Light Red (Color 
Shoulder Chart Notation Chart Notation 59D) 

184C) 
BeloW Ground Exterior Color: Skin Light Red (Color Light Red (Color 

Chart Notation Chart Notation 59D) 

184C) 
Cross-Section Interior Color: Xylem Light Red (Core) Light Red (Color 

(Color Chart Chart Notation 63B) 
Notation 184D) 

X-Section Interior Color: Phloem Light Red (Color Light Red (Color 
Chart Notation Chart Notation 63A) 

184D) 
7. FloWer 

FloWer Color Green (Color Chart White (Color Chart 
Notation 194C) Notation: N155D) 

Male Fertility Male-Sterile Fertile 
Anthers Petaloid Normal 

8. Seed 
Height of Seed Stalk 125 cm 95 cm 
Stalk Pubescence Little Little 
Diameter ofFirst Order Umbel 120 mm 120 mm 

Seed Spines Present Present 
Weight per 100 Seeds 210 mg 210 mg 

9. Disease Reaction 
Alternaria Blight Susceptible Susceptible 
AsterYelloWs Susceptible Susceptible 
Cavity Spot Susceptible 
Motley Dwarf Virus Susceptible 
PoWdery MildeW Susceptible 
Pylhium Root Dieback Susceptible 
Sclerol‘inia Decay Susceptible Susceptible 

10. Insect Reaction 
Root Knot Nematode Susceptible Susceptible 

11. Physiological Reaction 
Bolting Resistant Resistant 
Root Splitting Resistant Resistant 

*These are typical values. Values may vary due to environment. Other values that are substantially equivalent are 
also Within the scope ofthe invention. 
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c. BREEDING CARROT PLANTS 

One aspect of the current invention concerns methods for 
producing seed of carrot hybrid 07100375 involving crossing 
carrot lines RDP 71-4969C and RF 71 -491 1A. Alternatively, 
in other embodiments of the invention, hybrid 07100375, line 
RDP 71-4969C, or line RF 71-4911A may be crossed With 
itself or With any second plant. Such methods can be used for 
propagation of hybrid 07100375 and/or the carrot lines RDP 
71 -4969C and RF 71-491 1A, or can be used to produce plants 
that are derived from hybrid 07100375 and/or the carrot lines 
RDP 71-4969C and RF 71-4911A. Plants derived from 
hybrid 07100375 and/ or the carrot lines RDP 71-4969C and 
RF 71-4911A may be used, in certain embodiments, for the 
development of neW carrot varieties. 

The development of neW varieties using one or more start 
ing varieties is Well knoWn in the art. In accordance With the 
invention, novel varieties may be created by crossing hybrid 
07100375 folloWed by multiple generations of breeding 
according to such Well knoWn methods. NeW varieties may be 
created by crossing With any second plant. In selecting such a 
second plant to cross for the purpose of developing novel 
lines, it may be desired to choose those plants Which either 
themselves exhibit one or more selected desirable character 

istics or Which exhibit the desired characteristic(s) When in 
hybrid combination. Once initial crosses have been made, 
inbreeding and selection take place to produce neW varieties. 
For development of a uniform line, often ?ve or more gen 
erations of sel?ng and selection are involved. 

Uniform lines of neW varieties may also be developed by 
Way of double-haploids. This technique alloWs the creation of 
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transferred from the non-recurrent parent. After ?ve or more 
backcross generations With selection for the desired trait, the 
progeny have the characteristic being transferred, but are like 
the superior parent for most or almost all other loci. The last 
backcross generation Would be selfed to give pure breeding 
progeny for the trait being transferred. 

The plants of the present invention are particularly Well 
suited for the development of neW lines based on the elite 
nature of the genetic background of the plants. In selecting a 
second plant to cross With 07100375 and/ or carrot lines RDP 
71-4969C and RF 71-4911A for the purpose of developing 
novel carrot lines, it Will typically be preferred to choose 
those plants Which either themselves exhibit one or more 
selected desirable characteristics or Which exhibit the desired 
characteristic(s) When in hybrid combination. Examples of 
desirable traits may include, in speci?c embodiments, high 
seed yield, high seed germination, seedling vigor, high yield, 
disease tolerance or resistance, and adaptability for soil and 
climate conditions. Consumer-driven traits, such as a root 
properties, color, texture, and taste are other examples of 
traits that may be incorporated into neW lines of carrot plants 
developed by this invention. 

D. PERFORMANCE CHARACTERISTICS 

As described above, hybrid 07100375 exhibits desirable 
agronomic traits. The performance characteristics of carrot 
hybrid 07100375 and carrot lines RDP 71-4969C and RF 
71-4911A Were the subject of an objective analysis of the 
performance traits relative to other varieties. The results of 
the analysis are presented beloW. 

TABLE 4 

Performance Characteristics For 07100375 and/or Carrot lines RDP 71-4969C and RF 71-4911A 

Brix (g sugar, Total Solids Total 
refractometer (g dry matter/ Fructose (% Glucose (% Sucrose (% Sugar (% Beta 
estimate of 100 grams g sugar, g sugar, g sugar, g sugar, Lutein Lycopene Carotene 

sugar content) fresh sample) Wt/Wt) Wt/Wt) Wt/Wt) Wt/Wt) (ppm) (ppm) (ppm) 

Nutrired 12.09 12.71 0.72 0.76 3.94 5.42 1.2 110.5 22.8 
07100375 17.60 15.22 0.61 0.59 5.04 6.23 4.2 122.4 20.3 
RDP 71-4969C 12.27 13.60 0.77 0.66 4.35 5.79 3.7 114.8 22.1 
RF 71-4911A 12.07 13.02 0.45 0.45 4.36 5.26 1.8 137.4 24.2 
07100303 17.97 14.48 0.36 0.46 5.23 6.05 2.5 139.3 30.3 

45 

true breeding lines Without the need for multiple generations 
of sel?ng and selection. In this manner true breeding lines can 
be produced in as little as one generation. Haploid embryos 
may be produced from microspores, pollen, anther cultures, 
or ovary cultures. The haploid embryos may then be doubled 
autonomously, or by chemical treatments (e.g. colchicine 
treatment). Alternatively, haploid embryos may be groWn into 
haploid plants and treated to induce chromosome doubling. In 
either case, fertile homozygous plants are obtained. In accor 
dance With the invention, any of such techniques may be used 
in connection With a plant of the invention and progeny 
thereof to achieve a homozygous line. 

Backcrossing can also be used to improve an inbred plant. 
Backcrossing transfers a speci?c desirable trait from one 
inbred or non-inbred source to an inbred that lacks that trait. 
This can be accomplished, for example, by ?rst crossing a 
superior inbred (A) (recurrent parent) to a donor inbred (non 
recurrent parent), Which carries the appropriate locus or loci 
for the trait in question. The progeny of this cross are then 
mated back to the superior recurrent parent (A) folloWed by 
selection in the resultant progeny for the desired trait to be 

60 
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E. FURTHER EMBODIMENTS OF THE 
INVENTION 

In certain aspects of the invention, plants described herein 
are provided modi?ed to include at least a ?rst desired heri 
table trait. Such plants may, in one embodiment, be developed 
by a plant breeding technique called backcrossing, Wherein 
essentially all of the morphological and physiological char 
acteristics of a variety are recovered in addition to a genetic 
locus transferred into the plant via the backcrossing tech 
nique. The term single locus converted plant as used herein 
refers to those carrot plants Which are developed by a plant 
breeding technique called backcrossing, Wherein essentially 
all of the morphological and physiological characteristics of 
a variety are recovered in addition to the single locus trans 
ferred into the variety via the backcrossing technique. By 
essentially all of the morphological and physiological char 
acteristics, it is meant that the characteristics of a plant are 
recovered that are otherWise present When compared in the 
same environment, other than an occasional variant trait that 
might arise during backcrossing or direct introduction of a 
transgene. 
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Backcrossing methods can be used With the present inven 
tion to improve or introduce a characteristic into the present 
variety. The parental carrot plant Which contributes the locus 
for the desired characteristic is termed the nonrecurrent or 
donor parent. This terminology refers to the fact that the 
nonrecurrent parent is used one time in the backcross protocol 
and therefore does not recur. The parental carrot plant to 
Which the locus or loci from the nonrecurrent parent are 
transferred is knoWn as the recurrent parent as it is used for 
several rounds in the backcrossing protocol. 

In a typical backcross protocol, the original variety of 
interest (recurrent parent) is crossed to a second variety (non 
recurrent parent) that carries the single locus of interest to be 
transferred. The resulting progeny from this cross are then 
crossed again to the recurrent parent and the process is 
repeated until a carrot plant is obtained Wherein essentially all 
of the morphological and physiological characteristics of the 
recurrent parent are recovered in the converted plant, in addi 
tion to the single transferred locus from the nonrecurrent 
parent. 

The selection of a suitable recurrent parent is an important 
step for a successful backcrossing procedure. The goal of a 
backcross protocol is to alter or substitute a single trait or 
characteristic in the original variety. To accomplish this, a 
single locus of the recurrent variety is modi?ed or substituted 
With the desired locus from the nonrecurrent parent, While 
retaining essentially all of the rest of the desired genetic, and 
therefore the desired physiological and morphological con 
stitution of the original variety. The choice of the particular 
nonrecurrent parent Will depend on the purpose of the back 
cross; one of the major purposes is to add some commercially 
desirable trait to the plant. The exact backcrossing protocol 
Will depend on the characteristic or trait being altered and the 
genetic distance betWeen the recurrent and nonrecurrent par 
ents. Although backcrossing methods are simpli?ed When the 
characteristic being transferred is a dominant allele, a reces 
sive allele, or an additive allele (betWeen recessive and domi 
nant), may also be transferred. In this instance it may be 
necessary to introduce a test of the progeny to determine if the 
desired characteristic has been successfully transferred. 

In one embodiment, progeny carrot plants of a backcross in 
Which a plant described herein is the recurrent parent com 
prise (i) the desired trait from the non-recurrent parent and (ii) 
all of the physiological and morphological characteristics of 
carrot the recurrent parent as determined at the 5% signi? 
cance level When groWn in the same environmental condi 
tions. 
NeW varieties can also be developed from more than tWo 

parents. The technique, knoWn as modi?ed backcrossing, 
uses different recurrent parents during the backcrossing. 
Modi?ed backcrossing may be used to replace the original 
recurrent parent With a variety having certain more desirable 
characteristics or multiple parents may be used to obtain 
different desirable characteristics from each. 
Many single locus traits have been identi?ed that are not 

regularly selected for in the development of a neW inbred but 
that can be improved by backcrossing techniques. Single 
locus traits may or may not be transgenic; examples of these 
traits include, but are not limited to, herbicide resistance, 
resistance to bacterial, fungal, or viral disease, insect resis 
tance, modi?ed fatty acid or carbohydrate metabolism, and 
altered nutritional quality. These comprise genes generally 
inherited through the nucleus. 

Direct selection may be applied Where the single locus acts 
as a dominant trait. For this selection process, the progeny of 
the initial cross are assayed for viral resistance and/or the 
presence of the corresponding gene prior to the backcrossing. 
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Selection eliminates any plants that do not have the desired 
gene and resistance trait, and only those plants that have the 
trait are used in the subsequent backcross. This process is then 
repeated for all additional backcross generations. 

Selection of carrot plants for breeding is not necessarily 
dependent on the phenotype of a plant and instead can be 
based on genetic investigations. For example, one can utiliZe 
a suitable genetic marker Which is closely genetically linked 
to a trait of interest. One of these markers can be used to 
identify the presence or absence of a trait in the offspring of a 
particular cross, and can be used in selection of progeny for 
continued breeding. This technique is commonly referred to 
as marker assisted selection. Any other type of genetic marker 
or other assay Which is able to identify the relative presence or 
absence of a trait of interest in a plant can also be useful for 
breeding purposes. Procedures for marker assisted selection 
are Well knoWn in the art. Such methods Will be of particular 
utility in the case of recessive traits and variable phenotypes, 
or Where conventional assays may be more expensive, time 
consuming or otherWise disadvantageous. Types of genetic 
markers Which could be used in accordance With the invention 
include, but are not necessarily limited to, Simple Sequence 
Length Polymorphisms (SSLPs) (Williams et al., 1990), Ran 
domly Ampli?ed Polymorphic DNAs (RAPDs), DNA 
Ampli?cation Fingerprinting (DAF), Sequence Character 
iZed Ampli?ed Regions (SCARs), Arbitrary Primed Poly 
merase Chain Reaction (AP-PCR), Ampli?ed Fragment 
Length Polymorphisms (AFLPs) (EP 534 858, speci?cally 
incorporated herein by reference in its entirety), and Single 
Nucleotide Polymorphisms (SNPs) (Wang et al., 1998). 

F. PLANTS DERIVED BY GENETIC 
ENGINEERING 

Many useful traits that can be introduced by backcrossing, 
as Well as directly into a plant, are those Which are introduced 
by genetic transformation techniques. Genetic transforma 
tion may therefore be used to insert a selected transgene into 
a plant of the invention or may, alternatively, be used for the 
preparation of transgenes Which can be introduced by back 
crossing. Methods for the transformation of plants that are 
Well knoWn to those of skill in the art and applicable to many 
crop species include, but are not limited to, electroporation, 
microprojectile bombardment, Agrobaclerium-mediated 
transformation and direct DNA uptake by protoplasts. 

To effect transformation by electroporation, one may 
employ either friable tissues, such as a suspension culture of 
cells or embryogenic callus or alternatively one may trans 
form immature embryos or other organiZed tissue directly. In 
this technique, one Would partially degrade the cell Walls of 
the chosen cells by exposing them to pectin-degrading 
enZymes (pectolyases) or mechanically Wound tissues in a 
controlled manner. 

An ef?cient method for delivering transforming DNA seg 
ments to plant cells is microprojectile bombardment. In this 
method, particles are coated With nucleic acids and delivered 
into cells by a propelling force. Exemplary particles include 
those comprised of tungsten, platinum, and preferably, gold. 
For the bombardment, cells in suspension are concentrated on 
?lters or solid culture medium. Alternatively, immature 
embryos or other target cells may be arranged on solid culture 
medium. The cells to be bombarded are positioned at an 
appropriate distance beloW the macroprojectile stopping 
plate. 
An illustrative embodiment of a method for delivering 

DNA into plant cells by acceleration is the Biolistics Particle 
Delivery System, Which can be used to propel particles coated 
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With DNA or cells through a screen, such as a stainless steel 
or Nytex screen, onto a surface covered With target cells. The 
screen disperses the particles so that they are not delivered to 
the recipient cells in large aggregates. Microprojectile bom 
bardment techniques are Widely applicable, and may be used 
to transform virtually any plant species. 

Agrobaclerium-mediated transfer is another Widely appli 
cable system for introducing gene loci into plant cells. An 
advantage of the technique is that DNA can be introduced into 
Whole plant tissues, thereby bypassing the need for regenera 
tion of an intact plant from a protoplast. Modern A grobacle 
rium transformation vectors are capable of replication in E. 
coli as Well as A grobaclerium, alloWing for convenient 
manipulations (Klee et al., 1985). Moreover, recent techno 
logical advances in vectors forAgrobaclerium-mediated gene 
transfer have improved the arrangement of genes and restric 
tion sites in the vectors to facilitate the construction of vectors 
capable of expressing various polypeptide coding genes. The 
vectors described have convenient multi-linker regions 
?anked by a promoter and a polyadenylation site for direct 
expression of inserted polypeptide coding genes. Addition 
ally, A grobaclerium containing both armed and disarmed Ti 
genes can be used for transformation. 

In those plant strains Where A grobaclerium-mediated 
transformation is e?icient, it is the method of choice because 
of the facile and de?ned nature of the gene locus transfer. The 
use of Agrobaclerium-mediated plant integrating vectors to 
introduce DNA into plant cells is Well knoWn in the art (Fraley 
et al., 1985; Us. Pat. No. 5,563,055). 

Transformation of plant protoplasts also can be achieved 
using methods based on calcium phosphate precipitation, 
polyethylene glycol treatment, electroporation, and combina 
tions of these treatments (see, e.g., Potrykus et al., 1985; 
Omirulleh et al., 1993; From et al., 1986; Uchimiya et al., 
1986; Marcotte et al., 1988). Transformation of plants and 
expression of foreign genetic elements is exempli?ed in Choi 
et al. (1994), and Ellul et al. (2003). 
A number of promoters have utility for plant gene expres 

sion for any gene of interest including but not limited to 
selectable markers, scoreable markers, genes for pest toler 
ance, disease resistance, nutritional enhancements and any 
other gene of agronomic interest. Examples of constitutive 
promoters useful for plant gene expression include, but are 
not limited to, the cauli?ower mosaic virus (CaMV) P-35S 
promoter, Which confers constitutive, high-level expression 
in most plant tissues (see, e.g., Odel et al., 1985), including in 
monocots (see, e.g., Dekeyser et al., 1990; Terada and Shi 
mamoto, 1990); a tandemly duplicated version of the CaMV 
35S promoter, the enhanced 35S promoter (P-e35S); the 
nopaline synthase promoter (An et al., 1988); the octopine 
synthase promoter (Fromm et al., 1989); and the ?gWort 
mosaic virus (P-FMV) promoter as described in Us. Pat. No. 
5,378,619 and an enhanced version of the FMV promoter 
(P-eFMV) Where the promoter sequence of P-FMV is dupli 
cated in tandem; the cauli?oWer mosaic virus 19S promoter; 
a sugarcane bacilliform virus promoter; a commelina yelloW 
mottle virus promoter; and other plant DNA virus promoters 
knoWn to express in plant cells. 
A variety of plant gene promoters that are regulated in 

response to environmental, hormonal, chemical, and/or 
developmental signals can also be used for expression of an 
operably linked gene in plant cells, including promoters regu 
lated by (1) heat (Callis et al., 1988), (2) light (e.g., pea 
rbcS-3A promoter, Kuhlemeier et al., 1989; maiZe rbcS pro 
moter, Schaffner and Sheen, 1 991 ; or chlorophyll a/ b -binding 
protein promoter, Simpson et al., 1985), (3) hormones, such 
as abscisic acid (Marcotte et al., 1989), (4) Wounding (e.g., 
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Wunl, SiebertZ et al., 1989); or (5) chemicals such as methyl 
jasmonate, salicylic acid, or Safener. It may also be advanta 
geous to employ organ-speci?c promoters (e. g., Roshal et al., 
1987; Schernthaner et al., 1988; Bustos et al., 1989). 
Exemplary nucleic acids Which may be introduced to 

plants of this invention include, for example, DNA sequences 
or genes from another species, or even genes or sequences 
Which originate With or are present in the same species, but 
are incorporated into recipient cells by genetic engineering 
methods rather than classical reproduction or breeding tech 
niques. HoWever, the term “exogenous” is also intended to 
refer to genes that are not normally present in the cell being 
transformed, or perhaps simply not present in the form, struc 
ture, etc., as found in the transforming DNA segment or gene, 
or genes Which are normally present and that one desires to 
express in a manner that differs from the natural expression 
pattern, e.g., to over-express. Thus, the term “exogenous” 
gene or DNA is intended to refer to any gene or DNA segment 
that is introduced into a recipient cell, regardless of Whether a 
similar gene may already be present in such a cell. The type of 
DNA included in the exogenous DNA can include DNA 
Which is already present in the plant cell, DNA from another 
plant, DNA from a different organism, or a DNA generated 
externally, such as a DNA sequence containing an antisense 
message of a gene, or a DNA sequence encoding a synthetic 
or modi?ed version of a gene. 
Many hundreds if not thousands of different genes are 

knoWn and could potentially be introduced into a carrot plant 
according to the invention. Non-limiting examples of particu 
lar genes and corresponding phenotypes one may choose to 
introduce into a carrot plant include one or more genes for 
insect tolerance, such as a Bacillus Zhuringiensis (B .t.) gene, 
pest tolerance such as genes for fungal disease control, her 
bicide tolerance such as genes conferring glyphosate toler 
ance, and genes for quality improvements such as yield, nutri 
tional enhancements, environmental or stress tolerances, or 
any desirable changes in plant physiology, groWth, develop 
ment, morphology or plant product(s). For example, struc 
tural genes Would include any gene that confers insect toler 
ance including but not limited to a Bacillus insect control 
protein gene as described in WO 99/31248, herein incorpo 
rated by reference in its entirety, U.S. Pat. No. 5,689,052, 
herein incorporated by reference in its entirety, U.S. Pat. Nos. 
5,500,365 and 5,880,275, herein incorporated by reference in 
their entirety. In another embodiment, the structural gene can 
confer tolerance to the herbicide glyphosate as conferred by 
genes including, but not limited to A grobaclerium strain CP4 
glyphosate resistant EPSPS gene (aroAzCP4) as described in 
Us. Pat. No. 5,633,435, herein incorporated by reference in 
its entirety, or glyphosate oxidoreductase gene (GOX) as 
described in Us. Pat. No. 5,463,175, herein incorporated by 
reference in its entirety. 

Alternatively, the DNA coding sequences can affect these 
phenotypes by encoding a non-translatable RNA molecule 
that causes the targeted inhibition of expression of an endog 
enous gene, for example via antisense- or cosuppression 
mediated mechanisms (see, for example, Bird et al., 1991). 
The RNA could also be a catalytic RNA molecule (i.e., a 
riboZyme) engineered to cleave a desired endogenous mRNA 
product (see for example, Gibson and Shillito, 1997). Thus, 
any gene Which produces a protein or mRNA Which expresses 
a phenotype or morphology change of interest is useful for the 
practice of the present invention. 

G. DEFINITIONS 

In the description and tables herein, a number of terms are 
used. In order to provide a clear and consistent understanding 
of the speci?cation and claims, the folloWing de?nitions are 
provided: 
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Allele: Any of one or more alternative forms of a gene 
locus, all of Which alleles relate to one trait or characteristic. 
In a diploid cell or organism, the tWo alleles of a given gene 
occupy corresponding loci on a pair of homologous chromo 
somes. 

Backcrossing: A process in Which a breeder repeatedly 
crosses hybrid progeny, for example a ?rst generation hybrid 
(F1), back to one of the parents of the hybrid progeny. Back 
crossing can be used to introduce one or more single locus 
conversions from one genetic background into another. 

Crossing: The mating of tWo parent plants. 
Cross-pollination: Fertilization by the union of tWo 

gametes from different plants. 
Diploid: A cell or organism having tWo sets of chromo 

somes. 

Emasculate: The removal of plant male sex organs or the 
inactivation of the organs With a cytoplasmic or nuclear 
genetic factor or a chemical agent conferring male sterility. 

Enzymes: Molecules Which can act as catalysts in biologi 
cal reactions. 

Fl Hybrid: The ?rst generation progeny of the cross of tWo 
nonisogenic plants. 

Genotype: The genetic constitution of a cell or organism. 
Haploid: A cell or organism having one set of the tWo sets 

of chromosomes in a diploid. 
Linkage: A phenomenon Wherein alleles on the same chro 

mo some tend to segregate together more often than expected 
by chance if their transmission Was independent. 

Marker: A readily detectable phenotype, preferably inher 
ited in codominant fashion (both alleles at a locus in a diploid 
heterozygote are readily detectable), With no environmental 
variance component, i.e., heritability of 1. 

Phenotype: The detectable characteristics of a cell or 
organism, Which characteristics are the manifestation of gene 
expression. 

Quantitative Trait Loci (QTL): Quantitative trait loci 
(QTL) refer to genetic loci that control to some degree 
numerically representable traits that are usually continuously 
distributed. 

Resistance: As used herein, the terms “resistance” and 
“tolerance” are used interchangeably to describe plants that 
shoW no symptoms to a speci?ed biotic pest, pathogen, abi 
otic in?uence or environmental condition. These terms are 
also used to describe plants shoWing some symptoms but that 
are still able to produce marketable product With an accept 
able yield. Some plants that are referred to as resistant or 
tolerant are only so in the sense that they may still produce a 
crop, even though the plants are stunted and the yield is 
reduced. 

Regeneration: The development of a plant from tissue cul 
ture. 

Self-pollination: The transfer of pollen from the anther to 
the stigma of the same plant. 

Single Locus Converted (Conversion) Plant: Plants Which 
are developed by a plant breeding technique called backcross 
ing, Wherein essentially all of the morphological and physi 
ological characteristics of a carrot variety are recovered in 
addition to the characteristics of the single locus transferred 
into the variety via the backcrossing technique and/or by 
genetic transformation. 

Substantially Equivalent: A characteristic that, When com 
pared, does not shoW a statistically signi?cant difference 
(e.g., p:0.05) from the mean. 

Tissue Culture: A composition comprising isolated cells of 
the same or a different type or a collection of such cells 

organiZed into parts of a plant. 
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22 
Transgene: A genetic locus comprising a sequence Which 

has been introduced into the genome of a carrot plant by 
transformation. 

H. DEPOSIT INFORMATION 

A deposit of carrot hybrid 07100375 and inbred parent 
lines RDP 71-4969C and RF 71-4911A, disclosed above and 
recited in the claims, has been made With the American Type 
Culture Collection (ATCC), 10801 University Blvd., Manas 
sas,Va. 201 10-2209. The dates ofdeposit Were Sep. 22, 2009, 
Sep. 22, 2009 and Sep. 21, 2007, respectively. The accession 
numbers for those deposited seeds of carrot hybrid 07100375 
and inbred parent lines RDP 71 -4969C and RE 71 -491 1A are 
ATCC Accession Number PTA-10353, ATCC Accession 
Number PTA-10352, and ATCC Accession Number PTA 
8642, respectively. Upon issuance of a patent, all restrictions 
upon the deposits Will be removed, and the deposits are 
intended to meet all of the requirements of 37 C.F.R. §1.801 
1 .809. The deposits Will be maintained in the depository for a 
period of 30 years, or 5 years after the last request, or for the 
effective life of the patent, Whichever is longer, and Will be 
replaced if necessary during that period. 

Although the foregoing invention has been described in 
some detail by Way of illustration and example for purposes 
of clarity and understanding, it Will be obvious that certain 
changes and modi?cations may be practiced Within the scope 
of the invention, as limited only by the scope of the appended 
claims. 

All references cited herein are hereby expressly incorpo 
rated herein by reference. 
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What is claimed is: 
1. A carrot plant comprising at least a ?rst set of the chro 

mosomes of carrot line RDP 71-4969C, a sample of seed of 
said line having been deposited underATCC Accession Num 
ber PTA-10352. 

2. A seed comprising at least a ?rst set of the chromosomes 
of carrot line RDP 71-4969C, a sample of seed of said line 
having been deposited underATCC Accession Number PTA 
10352. 

3. The plant of claim 1, Which is hybrid. 
4. The plant of claim 3, Wherein the hybrid plant is carrot 

hybrid 07100375, a sample of seed of said hybridhaving been 
deposited under ATCC Accession Number PTA-10353. 

5. A plant part ofthe plant of claim 1. 
6. The plant part of claim 5, further de?ned as a leaf, a 

ovule, pollen, a root, or a cell. 
7. The plant part of claim 6, further de?ned as a root. 
8. A carrot plant, or a part thereof, having all the physi 

ological and morphological characteristics of the carrot plant 
of claim 1. 

9. A carrot plant, or a part thereof, having all the physi 
ological and morphological characteristics of the carrot plant 
of claim 4. 

10. A tissue culture of regenerable cells of the plant of 
claim 1. 

11. The tissue culture according to claim 10, comprising 
cells or protoplasts from a plant part selected from the group 
consisting of embryos, meristems, cotyledons, pollen, leaves, 
anthers, roots, root tips, pistil, ?oWer, seed and stalks. 

12. A carrot plant regenerated from the tissue culture of 
claim 11, Wherein said regenerated plant expresses all the 
physiological and morphological characteristics of a carrot 
plant comprising at least a ?rst set of chromosomes of carrot 
line RDP 71-4969C. 

13 . A method of vegetatively propagating the plant of claim 
1 comprising the steps of: 

(a) obtaining tissue capable of being propagated from a 
plant according to claim 1; 

(b) cultivating said tissue to obtain proliferated shoots; and 
(c) rooting said proliferated shoots to obtain rooted plant 

lets. 
14. The method of claim 13, further comprising groWing 

plants from said rooted plantlets. 
15. A method of introducing a desired trait into a carrot line 

comprising: 
(a) crossing a plant ofline RDP 71 -4969C, a sample of seed 

of said line having been deposited under ATCC Acces 
sion Number PTA-10352, With a second carrot plant that 
comprises a desired trait to produce F1 progeny; 

(b) selecting an F1 progeny that comprises the desired trait; 
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(c) crossing the selected F1 progeny With a plant of line 
RDP 71-4969C to produce backcross progeny; and 

(d) repeating steps (b) and (c) three or more times to pro 
duce selected fourth or higher backcross progeny that 
comprise the desired trait. 

16. A carrot plant produced by the method of claim 15, 
Wherein the plant comprises the desired trait and otherWise 
comprises essentially all of the morphological and pheno 
typic traits of line RDP 71-4969C, a sample of seed of said 
line having been deposited under ATCC Accession Number 
PTA-10352. 

17. A method of producing a plant comprising a transgene, 
the method comprising introducing a transgene into a plant of 
hybrid 07100375 or line RDP 71-4969C, a sample of seed of 
said hybrid and line having been deposited under ATCC 
Accession Number PTA-10353 and ATCC Accession Num 
ber PTA-10352, respectively. 

18. A plant produced by the method of claim 17. 
19. A method for producing a seed of a plant derived from 

hybrid 07100375 or line RDP 71-4969C comprising the steps 
of: 

(a) crossing a carrot plant of hybrid 07100375 or line RDP 
71 -4969C With a second carrot plant; a sample of seed of 
said hybrid and line having been deposited under ATCC 
Accession Number PTA-10353 and ATCC Accession 
Number PTA-10352, respectively; and 

(b) alloWing seed of a hybrid 07100375 or line RDP 
71 -4969C-derived carrot plant to form. 

20. The method of claim 19, further comprising the steps 
of: 

(c) crossing a plant groWn from said hybrid 07100375 or 
RDP 71-4969C-derived carrot seed With itself or a sec 

ond carrot plant to yield additional hybrid 07100375 or 
RDP 71-4969C-derived carrot seed; 

(d) groWing said additional hybrid 07100375 or RDP 
71-4969C-derived carrot seed of step (c) to yield addi 
tional hybrid 07100375 or RDP 71-4969C-derived car 
rot plants; and 

(e) repeating the crossing and groWing steps of (c) and (d) 
to generate at least a ?rst further hybrid 07100375 or 
RDP 71-4969C-derived carrot plant. 

21. The method of claim 20, Wherein the second carrot 
plant is of an inbred carrot line. 

22. The method of claim 21, further comprising: 
(f) crossing the further hybrid 07100375 or RDP 

71 -4969C-derived carrot plant With a second carrot plant 
to produce seed of a hybrid progeny plant. 

23. A method of producing a carrot comprising: 
(a) obtaining a plant according to claim 1, Wherein the plant 

has been cultivated to maturity; and 
(b) collecting a carrot from the plant. 
24. The method of claim 23, Wherein the plant is a plant of 

carrot hybrid 07100375, a sample of seed of said hybrid 
07100375 having been deposited under ATCC Accession 
Number PTA-10353. 

25. A method of producing seed comprising crossing the 
plant of claim 1 With itself or a second plant. 

* * * * * 


