
0088524-020WO0 SYNERGISTIC ANTIPARASITIC COMPOSITIONS
AND SCREENING METHODS FIELD OF THE INVENTION [0001]
The presently-disclosed subject matter relates to
methods for treating parasitic infections and
compositions useful for treating parasitic infections.
It also relates to screening systems and methods for
developing agents and compositions useful for treating
parasitic infections BACKGROUND [0002] Parasitic
infections of plants, humans, and other animals pose a
worldwide problem. For example, more than 650 million
people are at risk for gastrointestinal parasitic
infection, and about 200 million are actually
infected. Various conditions contribute to the
development and spread of parasitic infections,
including poor sanitary conditions; low host
resistance; population expansion; and inadequate
control of vectors and infection reservoirs. [0003]
Such parasitic infections present an abundance of
medical and social problems. For example, parasitic
infection can undermine child development, educational
achievement, reproductive health, and social and
economic development. Indeed, some parasitic
infections can cause morbidity and mortality.
Notwithstanding the severe impact that parasitic
infections can have, relatively few treatment options
are available. [0004] Available treatments are
limited, and treatments for some parasitic infections
are non-existent. In the 1960s, niclosamide (also
known as yomesan) was identified for use in treating
certain helminthic parasitic infections; however,
niclosamide has certain drawbacks. For example, in
many cases a single dose of niclosamide does not
provide a curative effect, rather, a relapse ensues
because the compound has difficulty accessing
cysticercoids buried deeply within the mucosal villi.
As such, satisfactory results require an extended
treatment with niclosamide for0088524-020WO0
approximately 7 days. See Davis, Drug treatment of
intestinal helminthiasis, World Health Organization
(WHO), Geneva, 1973. [0005] Another drug that has been
used to treat helminthic parasitic infections is
Praziquantel (2-(cyclohexylcarbonyl)-l,2,3,6,7,l
lb-hexahydro-4H-pyrazino(2,l-a)isoquinolin-4- one;
also known as Biltracide). See Pearson and Gurrant,
Praziquantel: a major advance in anthelminthic
therapy. Annals of Internal Medicine, 99:195-198,
1983. Praziquantel can be administered in a single
dose; however, treatment strategies making use of
Praziquantel are at risk because of the possibility of
the development of resistance to Praziquantel.
Accordingly, there remains a need in the art for
non-harmful compositions that are effective for
treating parasitic infections. SUMMARY [0006] The
presently-disclosed subject matter meets some or all
of the above-identified needs, as will become evident
to those of ordinary skill in the art after a study of
the information provided in this document. [0007] This
Summary describes several embodiments of the
presently-disclosed subject matter, and in many cases
lists variations and permutations of these
embodiments. This Summary is merely exemplary of the
numerous and varied embodiments. Disclosure of one or
more representative features of a given embodiment is
likewise exemplary. Such an embodiment can typically
exist with or without the feature(s) mentioned;
likewise, those features can be applied to other
embodiments of the presently-disclosed subject matter,
whether listed in this Summary or not. To avoid
excessive repetition, this Summary does not list or
suggest all possible combinations of such
features.0088524-020WO0 [0008] The presently-disclosed
subject matter includes compositions and methods for
treating parasitic infections, and methods of
screening for and selecting compositions useful for
treating a parasitic infection. [0009] In some
embodiments, the parasitic infections are caused by
parasites classified as endoparasites, ectoparasites,
human parasites, animal parasites, or agricultural
parasites. [0010] In some embodiments, the composition
for treating a parasitic infection in a subject
includes two or more compounds selected from:
trans-anethole, para-cymene, linalool, a- pinene, and
thymol. [0011] In some embodiments, the composition
includes two more compounds selected from:
para-cymene, linalool, a-pinene, and thymol. In some
embodiments, the composition includes three or more
compounds selected from: para-cymene, linalool,
a-pinene, and thymol. In some embodiments, the
composition includes para-cymene, linalool, a-pinene,
and thymol. In some embodiments, the composition
further includes soy bean oil. [0012] In some
embodiments, the composition includes 25-35% by weight
para-cymene, 1-10% by weight linalool, 1-10% by weight
a-pinene, 35-45% by weight thymol, and 20-30% by
weight soy bean oil. In some embodiments, the
composition includes 28.39% by weight paracymene,
6.6%o by weight linalool, 3.8% by weight a-pinene,
37.2% by weight thymol, and 24% by weight soy bean
oil. [0013] In some embodiments, the composition
includes 25-35% by volume para-cymene, 1-10% by volume
linalool, 1-10% by volume a-pinene, 35-45% by volume
thymol and 20-30% by volume soy bean oil. In some
embodiments, the composition includes 30% by volume
paracymene, 7% by volume linalool, 4%> by volume
a-pinene, 35% by volume thymol, and 24% by volume soy
bean oil.0088524-020WO0 [0014] In some embodiments,
the composition includes three or more compounds
selected from: trans-anethole, para-cymene, linalool,
a-pinene, and thymol. In some embodiments, 



the composition includes four or more compounds
selected from: trans-anethole, para-cymene, linalool,
a-pinene, and thymol. In some embodiments, the
composition includes trans-anethole, para-cymene,
linalool, a-pinene, and thymol. [0015] In some
embodiments, the composition includes 15-25% by weight
trans-anethole, 30-40% by weight para-cymene, 1-10% by
weight linalool, 1-10% by weight a-pinene, and 35-45%
by weight thymol. In some embodiments, the composition
includes 18.2% by weight transanethole, 34.4% by
weight para-cymene, 4.7% by weight linalool, 1.9% by
weight a-pinene, and 40.8% by weight thymol. [0016] In
some embodiments, the composition includes 10-20% by
volume transanethole, 30-40% by volume para-cymene,
1-10% by volume linalool, 1-10% by volume a-pinene,
and 35-45% by volume thymol. In some embodiments, the
composition includes 17% by volume trans-anethole, 37%
by volume para-cymene, 5% by volume linalool, 2% by
volume a-pinene, and 39% by volume thymol. [0017] In
some embodiments, the composition includes 15-25% by
weight transanethole, 1-10% by weight para-cymene,
35-45% by weight linalool, 1-10% by weight a-pinene,
and 30-40% by weight thymol. In some embodiments, the
composition includes 18.2% by weight trans-anethole,
1.9% by weight para-cymene, 40.8% by weight linalool,
4.7% by weight a-pinene, and 34.4% by weight thymol.
[0018] In some embodiments, the composition includes
15-25% by volume transanethole, 1-10% by volume
para-cymene, 35-45% by volume linalool, 1-10% by
volume a-pinene, and 30-40% by volume thymol. In some
embodiments, the composition includes 17% by
volume0088524-020WO0 trans-anethole, 2% by volume
para-cymene, 39% by volume linalool, 5% by volume
a-pinene, and 37% by volume thymol. [0019] In some
embodiments, the compounds of the composition together
demonstrate a synergistic anti-parasitic effect. In
some embodiments, the actual percent effect of the
composition is greater than the expected percent
effect of the composition. In some embodiments the
coefficient of synergy relative to a component of the
composition is greater than 5, 10, 25, 50, 75, or 100.
[0020] In some embodiments, the parasitic infection is
by a protozoan parasite. In some embodiments, the
parasite is selected from intestinal protozoa, tissue
protozoa, and blood protozoa. In some embodiments, the
parasite is selected from: Entamoeba hystolytica,
Giardia lamblia, Cryptosporidium muris,
Cryptosporidium parvum, Trypanosomatida gambiense,
Trypanosomatida rhodesiense, Trypanosomatida crusi,
Leishmania mexicana, Leishmania braziliensis,
Leishmania tropica, Leishmania donovani, Toxoplasma
gondii, Plasmodium vivax, Plasmodium ovale, Plasmodium
malariae, Plasmodium falciparum, Trichomonas
vaginalis, and Histomonas meleagridis. [0021] In some
embodiments, the parasitic infection is by a
helminthic parasite. In some embodiments, the parasite
is selected from nematodes. In some embodiments, the
parasite is selected from Adenophorea. In some
embodiments, the parasite is selected from Secementea.
In some embodiments, the parasite is selected from:
Trichuris trichiura, Ascaris lumbricoides, Enterobius
vermicularis, Ancylostoma duodenale, Necator
americanus, Strongyloides stercoralis, Wuchereria
bancrofti, Dracunculus medinensis. In some
embodiments, the parasite is selected from trematodes.
In some embodiments, the parasite is selected from:
blood flukes, liver flukes, intestinal flukes, and
lung flukes. In some embodiments, the parasite is
selected from:0088524-020WO0 Schistosoma mansoni,
Schistosoma haematobium, Schistosoma japonicum,
Fasciola hepatica, Fasciola gigantica, Heterophyes
heterophyes, Paragonimus westermani, and Opishorchis
sinensis. [0022] In some embodiments, the parasite is
selected from cestodes. In some embodiments, the
parasite is selected from Taenia solium, Taenia
saginata, Hymenolepis nana, Echinococcus granulosus,
and Diplyidium caninum. [0023] In some embodiments,
the composition is provided in a formulation. The
formulation can include the composition and a carrier,
such as a food product. In some embodiments the
formulation includes the composition encapsulated or
microencapsulated with an outer shell material. [0024]
The presently-disclosed subject matter includes a
method of treating a parasitic infection in a subject.
In some embodiments, the method includes administering
to the subject an effective amount of a composition as
described herein. [0025] The presently-disclosed
subject matter includes a method for selecting a
composition for use in treating a parasitic infection.
In some embodiments, the method includes: providing a
cell expressing a tyramine receptor; contacting test
compounds to the cell; measuring the receptor binding
affinity of the compounds; measuring at least one
parameter selected from, (i) intracellular cAMP level,
and (ii) intracellular Ca2+ level; identifying a first
compound for the composition that is capable of
altering at least one of said parameters, and which
has a high receptor binding affinity for the tyramine
receptor; identifying a second compound for the
composition that is capable of altering at least one
of said parameters, and which has a low receptor
binding affinity for the tyramine receptor; and
selecting a composition including the first and second
compounds. In some embodiments, the selected
composition demonstrates an anti parasitic effect that
exceeds the anti-parasitic effect of any of the
compounds when used alone.0088524-020WO0 [0026] An
embodiment of the present disclosure provides an
antiparasitic composition, comprising a synergistic
combination of two or more compounds from a blend
listed in Table E. [0027] An embodiment of the present
disclosure provides an antiparasitic composition,
comprising a synergistic combination of three or more
compounds from a blend listed in Table E. 



[0028] An embodiment of the present disclosure
provides an antiparasitic composition, comprising a
synergistic combination of four or more compounds from
a blend listed in Table E. [0029] An embodiment of the
present disclosure provides an antiparasitic
composition, comprising a synergistic combination of
all compounds from a blend listed in Table E. [0030]
An embodiment of the present disclosure provides an
antiparasitic composition wherein the amount of each
compound is within a range obtained by multiplying the
amount in Table E by Factor 1. [0031] An embodiment of
the present disclosure provides an antiparasitic
composition, wherein the amount of each compound is
within a range obtained by multiplying the amount in
Table E by Factor 2. [0032] An embodiment of the
present disclosure provides an antiparasitic
composition, wherein the amount of each compound is
within a range obtained by multiplying the amount in
Table E by Factor 3. [0033] An embodiment of the
present disclosure provides an antiparasitic
composition, wherein the amount of each compound is
within a range obtained by multiplying the amount in
Table E by Factor 4. [0034] An embodiment of the
present disclosure provides an antiparasitic
composition, wherein each compound is present in the
amount stated in Table E.0088524-020WO0 [0035] An
embodiment of the present disclosure provides an
antiparasitic composition, wherein a coefficient of
synergy relative to a component of the composition is
greater than 5, 10, 25, 50, 75, or 100. [0036] An
embodiment of the present disclosure provides an
antiparasitic composition, wherein the composition
exhibits synergistic effects on a parasite selected
from the group consisting of: a protozoan parasite, a
helminthic parasite, a pest of the subclass Acari, a
louse, a flea, or a fly. [0037] An embodiment of the
present disclosure provides an antiparasitic
composition, wherein the composition exhibits
synergistic effects on a parasite having a host
selected from the group consisting of: canola, cat,
dog, goat, horse, man, maize, mouse, ox, pig, poultry,
rabbit, rice, sheep, soybean, tobacco, and wheat.
[0038] An embodiment of the present disclosure
provides any of the above antiparasitic compositions,
additionally comprising an ingredient selected from
the group consisting of a surfactant and a fixed oil.
[0039] An embodiment of the present disclosure
provides an antiparasitic composition, comprising a
synergistic combination of two or more compounds
listed in any of Tables B, Bl, C, D, or E. [0040] An
embodiment of the present disclosure provides a
formulation comprising the composition of any of the
above antiparasitic compositions and a carrier. [0041]
An embodiment of the present disclosure provides the
above formulation, wherein the carrier is a food
product.0088524-020WO0 [0042] An embodiment of the
present disclosure provides any of the above
antiparasitic compositions as a medicament for the
treatment or prevention of parasitic disease or
infestation. [0043] An embodiment of the present
disclosure relates to the any of the above
antiparasitic compositions as an antiparasitic agent
for the treatment or prevention of parasitic disease
or infestation. [0044] An embodiment of the present
disclosure relates to a method of treating a parasitic
infection in a subject, comprising administering an
effective amount of any of the above antiparasitic
compositions to the subject. [0045] An embodiment of
the present disclosure relates to the above metho,
where the parasitic infection is caused by a parasite
in a classification selected from the group consisting
of endoparasites, ectoparasites, human parasites,
animal parasites, or agricultural parasites. [0046] An
embodiment of the present disclosure relates to a
method of selecting a composition for use in treating
a parasitic infection, comprising: providing a cell
expressing a receptor selected from the group
consisting of a tyramine receptor and a receptor of
the olfactory cascade; contacting test compounds to
the cell; measuring the receptor binding affinity of
the compounds; measuring at least one parameter
selected from (i) intracellular cAMP level; and (ii)
intracellular Ca2+ level; identifying a first compound
for the composition that is capable of altering at
least one of said parameters, and which has a high
receptor binding affinity for the receptor; and
identifying a second compound for the composition that
is capable of altering at least one of said
parameters, and which has a low receptor binding
affinity for the receptor; and selecting a composition
including the first and second compounds. [0047] An
embodiment of the present disclosure relates to a
method of selecting a composition for use in treating
a parasitic infection, comprising: providing a cell
expressing a0088524-020WO0 receptor selected from the
group consisting of the receptors listed in Table F;
contacting test compounds to the cell; measuring the
receptor binding affinity of the compounds; measuring
at least one parameter selected from (i) intracellular
cAMP level; and (ii) intracellular Ca2+ level;
identifying a first compound for the composition that
is capable of altering at least one of said
parameters, and which has a high receptor binding
affinity for the receptor; and identifying a second
compound for the composition that is capable of
altering at least one of said parameters, and which
has a low receptor binding affinity for the receptor;
and selecting a composition including the first and
second compounds. [0048] An embodiment of the present
disclosure relates to a method of selecting a 



composition for use in treating a parasitic infection,
comprising: providing a cell comprising a molecular
target selected from the group consisting of the
molecular targets listed in Table G; contacting test
compounds to the cell; measuring the binding affinity
of the compounds for the molecular target; measuring
at least one parameter selected from (i) intracellular
cAMP level; and (ii) intracellular Ca2+ level;
identifying a first compound for the composition that
is capable of altering at least one of said
parameters, and which has a high binding affinity for
the molecular target; and identifying a second
compound for the composition that is capable of
altering at least one of said parameters, and which
has a low binding affinity for the molecular target;
and selecting a composition including the first and
second compounds. BRIEF DESCRIPTION OF THE DRAWINGS
[0049] Figure 1 is a bar graph demonstrating cure
rates of animals infected with H. nana and treated
with compounds disclosed herein. [0050] Figure 2 is a
series of line graphs demonstrating effective killing
of S. mansoni in vitro by differing concentrations of
compounds disclosed herein. LTlOO = lethal time
required to0088524-020WO0 induce 100% mortality among
treated worms, ppm = mg (weight) in 1 L (volume). For
example 100 ppm equal 100 mg (weight) in IL (volume)
saline. [0051] Figure 3 is a bar graph demonstrating
effective killing of S. mansoni in vitro by 100 ppm
concentration of compounds disclosed herein, either
alone or in combination with one another. LTlOO =
lethal time required to induce 100% mortality among
treated worms. [0052] Figure 4 is a series of line
graphs demonstrating effective killing of H.
meleagridis in vitro by differing concentrations of
compounds disclosed herein. [0053] Figure 5 is a
series of line graphs demonstrating effective killing
of H. meleagridis in vitro by differing concentrations
of compounds disclosed herein. [0054] Figures 6-14
show photographs and graphs depicting examples related
to testing performed on T. spiralis and A.
lumbricoides. DESCRIPTION OF EXEMPLARY EMBODIMENTS
[0055] The details of one or more embodiments of the
presently-disclosed subject matter are set forth in
this document. Modifications to embodiments described
in this document, and other embodiments, will be
evident to those of ordinary skill in the art after a
study of the information provided in this document.
The information provided in this document, and
particularly the specific details of the described
exemplary embodiments, is provided primarily for
clearness of understanding and no unnecessary
limitations are to be understood therefrom. In case of
conflict, the specification of this document,
including definitions, will control.0088524-020WO0
[0056] The presently-disclosed subject matter includes
compositions and methods for treating parasitic
infections, and methods of screening for and selecting
compositions useful for treating a parasitic
infection. [0057] As used herein, the term "parasitic
infection" refers to the infection of a plant or
animal host by a parasite, such as a successful
invasion of a host by an endoparasite, including for
example a protozoan parasite or a helminthic parasite.
[0058] As used herein, the term "parasite" includes
parasites, such as but not limited to, protozoa,
including intestinal protozoa, tissue protozoa, and
blood protozoa. Examples of intestinal protozoa
include, but are not limited to: Entamoeba
hystotytica, Giardia lamblia,Cryptosporidium muris,
and Cryptosporidium parvum. Examples of tissue
protozoa include, but are not limited to:
Trypanosomatida gambiense, Trypanosomatida
rhodesiense, Trypanosomatida crusi, Leishmania
mexicana, Leishmania braziliensis, Leishmania tropica,
Leishmania donovani, Toxoplasma gondii, and
Trichomonas vaginalis. Examples of blood protozoa
include, but are not limited to Plasmodium vivax,
Plasmodium ovale, Plasmodium malariae, and Plasmodium
falciparum. Histomonas meleagridis is yet another
example of a protozoan parasite. [0059] As used
herein, the term "parasite" further includes, but is
not limited to: helminthes or parasitic worms,
including nematodes (round worms) and platyhelminthes
(flat worms). Examples of nematodes include, but are
not limited to: animal and plant nematodes of the
adenophorea class, such as the intestinal nematode
Trichuris trichiura (whipworm) and the plant nematode
Trichodorus obtusus (stubby-root nematode); intestinal
nematodes of the secementea class, such as Ascaris
lumbricoides, Enterobius vermicularis (pinworm),
Ancylostoma duodenale (hookworm), Necator americanus
(hookworm), and Strongyloides stercoralis; and
tissue0088524-020WO0 nematodes of the secementea
class, such as Wuchereria bancrofti {Filaria
bancrofti) and Dracunculus medinensis (Guinea worm).
Examples of plathyeminthes include, but are not
limited to: Trematodes (flukes), including blood
flukes, such as Schistosoma mansoni (intestinal
Schistosomiasis), Schistosoma haematobium, and
Schistosoma japonicum; liver flukes, such as Fasciola
hepatica, and Fasciola gigantica; intestinal flukes,
such as Heterophyes heterophyes; and lung flukes such
as Paragonimus westermani. Examples of platheminthes
further include, but are not limited to: Cestodes
(tapeworms), including Taenia solium, Taenia saginata,
Hymenolepis nana, and Echinococcus granulosus. [0060]
Furthermore, the term "parasite" further includes, but
is not limited to those organisms and classes of
organisms listed in the following Table A: Protozoa
(sub-groups: rhizopods, flagellates, ciliate,
sporozoans)0088524-020WO00088524-020WO00088524-020WO0
Trematodes Cestodes0088524-020WO0
Nematodes0088524-020WO00088524-020WO0 Fungi 



Acarina - Mites And Ticks Lice and Fleas0088524-020WO0
Trichodectes and Lice problems in small companion
animals caused by chewing lice. Role Felicola as
intermediate host of Dipylidium tapeworm. Lipeurus,
Two families of chewing lice on birds. All bird lice
are chewing lice Cuclotogaster, causing irritation and
production losses. Menopon Ctenocephalidesfelis
Cat/Dog flea; one of the most abundant and widespead
fleas in the world. and C. canis Ceratophyllus and
Parasitizes mainly rodents and birds. Echidnophaga
Flies Parasite Context Muscid flies Importance of
flies with sponging mouthparts a nuisance leading to
production losses in dairy cattle and as mechanical
vectors of pathogens such as Moraxella bacteria.
Haematobia and Horn fly; H. irritans is a bloodsucking
fly dangerous to livestock. Stomoxys Tabanid flies
Examples of biting stress caused by flies with complex
slashing and sponging blood feeding mouthparts.
Example of life cycle of flies with complete
metamorphosis. Melophagus ovinus Louse flies or keds;
obligate parasite of mammals and birds - can serve as
the vector of pigeon malaria. Culicoides midges
Example of how flies act as vectors. Mosquitoes
Vectors of viral, protozoal and nematode pathogens.
Phlebotomus sand Vector of Leishmania protozoa. flies
Lucilia cuprina Example of facultative myiasis -
blowfly strike. blowfly Hypoderma bovis Example of
obligate myiasis - warble fly. Example of low
reproduction / high survival system. Gasterophilus and
Illustration of these forms of myiasis. Oestrus
bots0088524-020WO0 Parasite list by host Canola
(Brassicarapa) Fungal Diseases Alternaria black spot
Alternariabrassicae = Dark pod spot (UK)
AAlltteerrnnaarriiaajbarpaossniicciacola =Alternaria
raphani Anthracnose Colletotrichum gloeosporioides
Glomerellacingulata fteleomorph] Colletotrichum
higginsianum Leptosphaeriamaculans Black leg = stem
canker (UK) Phomalingam [anamorph] Rhizopus stolonifer
Black mold rot Aphanomyces rap hani Black root Brown
girdling root rot Rhizoctoniasolani Thanatephorus
cucumeris [teleomorph] Cercospora leaf spot Cercospora
brassicicola Clubroot Plasmodiophora brassicae Downy
mildew Peronospora parasitica Fusarium wilt Fusarium
oxysporumf.sp. conglutinans Gray mold Botrgtis cinerea
Botrgotinia fuckeliana [teleomorph] Head rot
Rhizoctonia solani Thanatephorus cucumeris
[teleomorph] Leaf spot Alternaria alternata Ascochgta
spp. Light leaf spot Pg renopeziza brassicae
Cglindrosporium concentricum [anamorph] Pod rot
Alternaria alternata Cladosporium spp. Powdery mildew
Erysiphe polggoni Erysiphe cruciferarum Ring spot
Mgcosphaerella brassicicola Asteromella brassicae
[anamorph] Root rot Alternaria alternata Fusarium spp.



Macrophomina phaseolina Phgmatotrichopsis omnivora
Phgtophthora megasperma Pythium debaryanum Pythium
irregulare Rhizoctonia solani Thanatephorus cucumeris
[teleomorph] Sclerqtium rolfsii Athelia rolfsii
[teleomorph]0088524-020WO0 Sclerotinia stem rot
Sclerotinia sclerotiorum Seed rot, damping-off
Alternaria spp. Fusarium spp. Gliocladium roseum
Nectria ochroleuca [teleomorph] Pgthium spp.
Rhizoctonia solani Thanatephorus cucumeris
[teleomorph] Rhizopus stolonifer Sclerotium rolfsii
Root gall smut Urocystis brassicae Southern blight
(leaf, root and Sclerotium rolfsii seed rot)
Verticillium wilt Verticillium longisporum White
blight Rhizoctonia solani Thanatephorus cucumeris
[teleomorph] White leaf spot = grey
Pseudocercosporella capsellae stem (Canada) =
Cercosporella brassicae Mycosphaerella capsellae
[teleomorph] White rust = staghead Albugo Candida
=Albugo cruciferarum (Peronospora sp. commonly present
in staghead phase) Yellows Fusarium oxysporum Cat
(Felis catus) Apicomplexa : Besnoitia sp. (oocysts)
Isospora felis Isospora rivolta Sarcocystis gigantea
(sporocysts) Sarcocystis hirsuta (sporocysts)
Sarcocystis medusijormis (sporocysts) Sarcocystis
muris (sporocysts) Sarcocystis sp. (sporocysts)
Toxoplasma gondii (cysts) Toxoplasma gondii (oocysts)
Sarcomasti gophora: Giardia intestinalis Dog (Canis
familiaris) Apicomplexa: Hammondia heydorni (oocysts)
Isospora canis0088524-020WO0 Isospora ohioensis
Neospora caninum Sarcocystis arieticanis (sporocysts)
Sarcocystis capracanis (sporocysts) Sarcocystis cruzi
(sporocysts) Sarcocystis tenella (sporocysts)
Sarcocystis sp. (sporocysts) Toxoplasma gondii (cysts)
Sarcomastigophora: Giardia intestinalis Goat (Capra
hircus) Apicomplexa: Cryptosporidium sp. Eimeria
alijevi Eimeria apsheronica Eimeria arloingi Eimeria
capralis Eimeria caprina Eimeria caprovina 



Eimeria charlestoni Eimeria christenseni Eimeria hirci
Eimeria jolchejevi Eimeria masseyensis Eimeria
ninakohlyakimovae Eimeria punctata Eimeria tunisiensis
Sarcocystis capracanis (cysts) Toxoplasma gondii
(cysts) Sarcomastigophora: Giardia sp.0088524-020WO0
Horse (Equus caballus) Apicomplexa: Eimeria leuckarti
Klossiella equi Sarcocystis sp. (cysts) Man (Homo
sapiens) Apicomplexa : Cryptosporidium sp. Isospora
hominis* Plasmodium sp.* Toxoplasma gondii (cysts)
Sarcomastigophora: Chilomastix mesnili
Dientamoebafragilis Endolimax nana Entamoeba coli
Entamoeba hartmanni Entamoeba histolytica Giardia
intestinalis Iodamoeba buetschlii Leishmania donovani*
Trichomonas hominis Trichomonas vaginalis Maize (Zea
mays) Fungal Diseases Colletotrichum graminicola
Anthracnose leaf blight Glomerella graminicola
Glomerella tucumanensis Anthracnose stalk rot
Glomerellafalcatum Aspergillus ear and kernel rot
Aspergillus flavus Rhizoctonia solani =Rhizoctonia
microsclerotia Banded leaf and sheath spot
Thanatephorus cucumeris0088524-020WO0 Black bundle
disease Acremonium striatum = Cephalosporium
acremonium Black kernel rot Lasiodiplodia theobromae
=Botryodiplodia theobromae Borde bianco Marasmiellus
sp. Brown spot Black spot Physoderma maydis Stalk rot
Cephalosporium kernel rot Acremonium striatum =
Cephalosporium acremonium Charcoal rot Macrophomina
phaseolina Corticium ear rot Thanatephorus cucumeris =
Corticium sasakii Curvularia clavata C eragrostidis =
C maculans Cochliobolus eragrostidis Curvularia leaf
spot Curvularia inaequalis C intermedia Cochliobolus
intermedius Curvularia lunata Cochliobolus lunatus
Curvularia pallescens Cochliobolus pallescens
Curvularia senegalensis C tuberculata Cochliobolus
tuberculatus 



Didymella leaf spot Didymella exitalis Diplodia ear
rot and stalk rot Diplodiafrumenti Botryosphaeria
festucae Diplodia ear rot Stalk rot Seed rot Diplodia
maydis Seedling blight Diplodia leaf spot or leaf
streak Stenocarpella macrospora =Diplodia macrospora
Downy mildews Brown stripe downy mildew Sclerophthora
rayssiae0088524-020WO0 Crazy top downy mildew
Sclerophthora macrospora =Sclerospora macrospora Green
ear downy mildew Sclerospora graminicola Graminicola
downy mildew Java downy mildew Peronosclerospora
maydis =Sclerospora maydis Philippine downy mildew
Peronosclerospora philippinensis =Sclerospora
philippinensis Sorghum downy mildew Peronosclerospora
sorghi =Sclerospora sorghi Spontaneum downy mildew
Peronosclerospora spontanea =Sclerospora spontanea
Sugarcane downy mildew Peronosclerospora sacchari
=Sclerospora sacchari Dry ear rot Nigrospora oryzae
Khuskia oryzae Cob, kernel and stalk rot Alternaria
alternata =A. tenuis Aspergillus glaucus A. niger
Aspergillus spp. Botrytis cinerea
Botryotiniafuckeliana Cunninghamella sp. Curvularia
pallescens Ear rots, minor Doratomyces stemonitis =
Cephalotrichum stemonitis Fusarium culmorum
Gonatobotrys simplex Pithomyces maydicus Rhizopus
microsporus R. stolonifer =R. nigricans Scopulariopsis
brumptii Ergot Claviceps gigantea Horse's tooth
Sphacelia sp. Eyespot Aureobasidium zeae =Kabatiella
zeae Fusarium ear and stalk rot Fusarium subglutinans
=F. moniliforme0088524-020WO0 Fusarium kernel, root
and stalk rot, seed rot and Fusarium moniliforme
seedling blight Gibberellafujikuroi Fusarium stalk rot
Fusarium avenaceum Seedling root rot Gibberella
avenacea Gibberella ear and stalk rot Gibberella zeae
Fusarium graminearum Gray ear rot Botryosphaeria zeae
=Physalospora zeae Macrophoma zeae Gray leaf spot
Cercospora sorghi = C. sorghi Cercospora leaf spot C.
zeae-maydis Exserohilum pedicellatum =Helminthosporium
Helminthosporium root rot pedicellatum Setosphaeria
pedicellata Cladosporium cladosporioides =
Hormodendrum ear rot Hormodendrum cladosporioides
Cladosporium rot C. herbarum Mycosphaerella tassiana
Hyalothyridium leaf spot Hyalothyridium maydis Late
wilt Cephalosporium maydis Alternaria alternata
[[Ascochyta maydis]] A. tritici A. zeicola 



Bipolaris victoriae =Helminthosporium victoriae
Cochliobolus victoriae C sativus Bipolaris sorokiniana
=H sorokinianum =H sativum Epicoccum nigrum Leaf
spots, minor Exserohilum prolatum =Drechslera prolata
Setosphaeria prolata Graphium penicillioides
Leptosphaeria maydis Leptothyrium zeae Ophiosphaerella
herpotricha Scolecosporiella sp. Paraphaeosphaeria
michotii Phoma sp. Septoria zeae0088524-020WO0 S.
zeicola S. zeina Northern corn leaf blight White blast
Setosphaeria turcica Crown stalk rot Exserohilum
turcicum =Helminthosporium Stripe turcicum Northern
corn leaf spot Cochliobolus carbonum Helminthosporium
ear rot (race 1) Bipolaris zeicola =Helminthosporium
carbonum Penicillium ear rot Penicillium spp. Blue eye
P. chrysogenum Blue mold P. expansum P. oxalicum
Phaeocytostroma stalk rot and root rot Phaeocytostroma
ambiguum = Phaeocytosporella zeae Phaeosphaeria leaf
spot Phaeosphaeria maydis =Sphaerulina maydis
Physalospora ear rot Botryosphaeria festucae
=Physalospora zeicola Botryosphaeria ear rot Diplodia
frumenti Purple leaf sheath Hemiparasitic bacteria and
fungi Pyrenochaeta stalk rot and root rot Phoma
terrestris =Pyrenochaeta terrestris Pythium spp.
Pythium root rot P. arrhenomanes P. graminicola
Pythium stalk rot Pythium aphanidermatum =P. butleri
Red kernel disease Epicoccum nigrum Ear mold, leaf and
seed rot Rhizoctonia ear rot Rhizoctonia zeae
Sclerotial rot Waitea circinata Rhizoctonia solani
Rhizoctonia root rot and stalk rot R.
zeae0088524-020WO0 Alternaria alternata Cercospora
sorghi Dictochaetafertilis Fusarium acuminatum
Gibberella acuminata F. equiseti G. intricans F.
oxysporum F.pallidoroseum F.poae Root rots, minor F.
roseum G. cyanogena F. sulphureum Microdochium bolleyi
Mucor sp. Periconia circinata Phytophthora cactorum P.
drechsleri P. nicotianae Rhizopus arrhizus Rostratum
leaf spot Helminthosporium leaf disease, ear and stalk
Setosphaeria rostrata =Helminthosporium rot rostratum 



Rust, common corn Puccinia sorghi Rust, southern corn
Puccinia polysora Physopella pallescens Rust, tropical
corn P. zeae =Angiopsora zeae Sclerotium ear rot
Sclerotium rolfsii Southern blight Athelia rolfsii
Bipolaris sorokiniana B. zeicola =Helminthosporium
carbonum Diplodia maydis Exserohilum pedicillatum
Exserohilum turcicum =Helminthosporium turcicum
Fusarium avenaceum F. culmorum F. moniliforme Seed
rot-seedling blight Gibberella zeae0088524-020WO0 F.
graminearum Macrophomina phaseolina Penicillium spp.
Phomopsis spp. Pythium spp. Rhizoctonia solani
[Rhizoctonia zeae\R. zeae Sclerotium rolfsii Spicaria
spp. Selenophoma leaf spot Selenophoma sp. Sheath rot
Gaeumannomyces graminis Shuck rot Myrothecium
gramineum Silage mold Monascus purpureus M. ruber
Smut, common Ustilaso zeae = U. maydis Smut, false
Ustilasinoidea virens Smut, head Sphacelotheca
reiliana =Sporisorium holcisorghi Southern corn leaf
blight and stalk rot Cochliobolus heterostrophus
Bipolaris maydis =Helminthosporium maydis Southern
leaf spot Stenocarpella macrospora =Diplodia
macrospora Cercospora sorghi Fusarium episphaeria F.
merismoides F. oxysporum F.poae F. roseum Stalk rots,
minor F. solani Nectria haematococca F. tricinctum
Mariannaea elegans Mucor spp. Rhopographus zeae
Spicaria spp. Storage rots Aspergillus spp.
Penicillium spp. and other fungi Tar spot Phyllachora
maydis Trichoderma ear rot and root rot Trichoderma
viride = T. lignorum Hypocrea sp. White ear rot, root
and stalk rot Stenocarpella maydis =Diplodia zeae
Yellow leaf blight Ascochvta ischaemi0088524-020WO0
Phyllosticta maydis Mycosphaerella zeae-maydis Zonate
leaf spot Gloeocercospora sorghi Nematodes
Dolichodorus spp. Awl D. heterocephalus Bulb and stem
Ditylenchus dipsaci Burrowing Radopholus similis
Heterodera avenae Cyst H. zeae Punctodera chalcoensis
Dagger Xiphinema spp. X. Americanum X. mediterraneum 



False root-knot Nacobbus dorsalis Lance, Columbia
Hoplolaimus Columbus Lance Hoplolaimus spp. H.
galeatus Lesion Pratylenchus spp. P. brachyurus P.
crenatus P. hexincisus P. neglectus P.penetrans P.
scribneri P. thornei P. zeae Longidorus spp. Needle L.
breviannulatus Criconemella spp. Ring C. ornata
Meloidogyne spp. Root-knot M. chitwoodi M. incognita
M.javanica Spiral Helicotylenchus spp. Sting
Belonolaimus spp. B. longicaudatus Stubby-root
Paratrichodorus spp. P. christiei0088524-020WO0 P.
minor Quinisulcius acutus T chodorus spp. Stunt
Tvlenchorhvnchus dubius Mouse (Mus musculus)
Apicomplexa: Hepatozoon musculi Sarcocystis muris
(cysts) Sarcomastigophora: Giardia intestinalis
Giardia muris Ox (Bos tarus) Apicomplexa:
Cryptosporidium sp. Eimeria alabamensis Eimeria
auburnensis Eimeria bovis Eimeria brasiliensis Eimeria
bukidnonensis Eimeria canadensis Eimeria cylindrica
Eimeria ellipsoidalis Eimeria subspherica Eimeria
wyomingensis Eimeria zurnii Isospora sp. Neospora
caninum Sarcocystis cruzi (cysts) Sarcocystis hirsuta
(cysts) Theileria orientalis Sarcomasti gophora :
Tritrichomonasfoetus Ciliophora: Balantidium
coli0088524-020WO0 Pig (Sus scrofa) Apicomplexa:
Cryptosporidium sp. Eimeria cerdonis Eimeria debliecki
Eimeria neodebliecki Eimeria porci Eimeria scabra 



Eimeria suis Isospora suis Sarcocystis sp. (cysts)
Toxoplasma gondii (cysts) Ciliophora: Balantidium coli
Poultry (Gallus gallus) Endoparasites: Protozoa:
Histomonas meleagridis Hexamita meleagridis Eimeria
spp. Helminths: Ascaridia galli Ascaridia dissimilis
Ascardidia columbae Capillaria contorta Capillaria
obsingata Capillaria caudinflata Heterakis gallinarum
Heterakis isolonche Syngamus trachea Ectoparasites:
Mites: Cnemidocoptes mutans Cnemidocoptes gallinae
Dermanyssus gallinae Lamiosioptes cysticola
Ornithonvssus slvvarium0088524-020WO0 Fleas:
Ceratophyllus gallinae Echindnophaga gallinacea Lice:
Menacanthus stramineus Rabbit (Otyctolagus cuniculus)
Apicomplexa: Eimeriaflavescens Eimeria irresidua
Eimeria media Eimeria petforans Eimeria pyriformis
Eimeria stiedae Hepatozoon cuniculi Sarcocystis sp.
(cysts) Toxoplasma gondii (cysts) Rice (Oryza sativa)
Fungal diseases Aggregate sheath spot Ceratobasidium
oryzae-sativae Rhizoctonia oryzae-sativae Black kernel
Curvularia lunata Cochliobolus lunatus Blast (leaf,
neck [rotten neck], nodal and collar) Pyricularia
grisea =Pyricularia oryzae Magnaporthe grisea Brown
spot Cochliobolus miyabeanus Bipolaris oryzae Crown
sheath rot Gaeumannomyces graminis Downy mildew
Sclerophthora macrospora Eyespot Drechslera gigantea
False smut Ustilaginoidea virens Kernel smut Tilletia
barclayana =Neovossia horrida Leaf smut Entyloma
oryzae0088524-020WO0 Leaf scald Microdochium oyvzae
=Rhynchosporium oryzae Narrow brown leaf spot
Cercosporajanseana = Cercospora oryzae Sphaerulina
oryzina 



Pecky rice (kernel spotting) Damage by many fungi
including Cochliobolus miyabeanus Curvularia spp.
Fusarium spp. Microdochium oryzae Sarocladium oryzae
and other fungi. Root rots Fusarium spp. Pythium spp.
Pythium dissotocum Pythium spinosum Seedling blight
Cochliobolus miyabeanus Curvularia spp. Fusarium spp.
Rhizoctonia solani Sclerotium rolfsii Athelia rolfsii
Sheath blight Thanatephorus cucumeris Rhizoctonia
solani Sheath rot Sarocladium oryzae =Acrocylindrium
oryzae Sheath spot Rhizoctonia oryzae Stackburn
(Alternaria leaf spot) Alternaria padwickii Stem rot
Magnaporthe salvinii Sclerotium oryzae Water-mold
(seed-rot and seedling disease) Achlya conspicua
Achlya klebsiana Fusarium spp. Pythium spp. Pythium
dissotocum Pythium spinosum Nematodes, parasitic Crimp
nematode, summer Aphelenchoides besseyi Root-knot
Meloidogyne spp. Root nematode, rice Hirschmanniella
oryzae0088524-020WO0 Stem nematode, rice Ditylenchus
angustus Sheep (Ovis aries) Apicomplexa:
Ctyptosporidium sp. Eimeria ahsata Eimeria crandallis
Eimeria faurei Eimeria granulosa Eimeria intricata
Eimeria ovinoidalis Eimeria ovis Eimeria pallida
Eimeria pama Eimeria punctata Eimeria weybridgensis
Sarcocystis arieticanis (cysts) Sarcocystis gigantea
(cysts) Sarcocystis medusiformis (cysts) Sarcocystis
tenella (cysts) Toxoplasma gondii (cysts) Soybean
(Glycine max) Fungal diseases Alternaria leaf spot
Alternaria spp. Anthracnose Collelotrichum truncatum
Collelotrichum demaliumf. truncatum Glomerella
glycines Colletotrichum destructivum Black leaf blight
Arkoola nigra Black root rot Thielaviopsis basicola
Chalara elegans [synanamorph] Brown spot Septoria
glycines Mycosphaerella usoenskajae Brown stem rot
Phialophora gregata = Cephalosporium gregatum Charcoal
rot Macrophomina phaseolina 



Choanephora leaf blight Choanephora infundibulifera
Choanephora trispora Damping-off Rhizoctonia solani
Thanatephorus cucumeris Pythium
aphanidermatum0088524-020WO0 Pythium debaryanum
Pythium irregulare Pythium myriotylum Pythium ultimum
Downy mildew Peronospora manshurica Drechslera blight
Drechslera glycines Frogeye leaf spot Cercosvora
sojina Fusarium root rot Fusarium spp.
Leptosphaerulina leaf spot Leptosphaerulina trifolii
Mycoleptodiscus root rot Mycoleptodiscus terrestris
Neocosmospora stem rot Neocosmospora vasinfecta
Acremonium spp. Phomopsis seed decay Phomopsis spp.
Phytophthora root and stem rot Phytophthora sojae
Phyllosticta leaf spot Phyllosticta sojaecola
Phymatotrichum root rot = cotton root rot
Phymatotrichopsis omnivora =Phymatotrichum omnivorum
Pod and stem blight Diaporthe phaseolorum Phomopsis
sojae Powdery mildew Microsphaera diffusa Purple seed
stain Cercospora kikuchii Pyrenochaeta leaf spot
Pyrenochaeta glycines Pythium rot Pythium
aphanidermatum Pythium debaryanum Pythium irregulare
Pythium myriotylum Pythium ultimum Red crown rot
Cylindrocladium crotalariae Calonectria crotalariae
Red leaf blotch = Dactuliophora leaf spot
Dactuliochaeta glycines =Pyrenochaeta glycines
Dactuliophora glycines [synanamorph] Rhizoctonia
aerial blight Rhizoctonia solani Thanatephorus
cucumeris Rhizoctonia root and stem rot Rhizoctonia
solani Rust Phakopsora pachyrhizi Scab Spaceloma
glycines Sclerotinia stem rot Sclerotinia sclerotiorum
Southern blight (damping-off and stem Sclerotium
rolfsii rot) = Sclerotium blight Athelia rolfsii Stem
canker Diaporthe phaseolorum Diaporthe phaseolorum
var. caulivora Phomopsis phaseoli Stemphylium leaf
blight Stemphylium botryosum Pleospora tarda Sudden
death syndrome Fusarium solani f.sp. glycines Target
spot Corynespora cassiicola0088524-020WO0 Yeast spot
Nematospora coryli Nematodes, parasitic Lance nematode
Hoplolaimus columbus Hoplolaimus galeatus Hoplolaimus
magnistylus Lesion nematode Pratylenchus spp. Pin
nematode Paratylenchus projectus Paratylenchus
tenuicaudatus Reniform nematode Rotylenchulus
reniformis Ring nematode Criconemella ornata Root-knot
nematode Meloidogyne arenaria Meloidogyne hapla
Meloidogyne incognita Meloidogyne javanica Sheath
nematode Hemicycliophora spp. Soybean cyst nematode
Heterodera glycines Spiral nematode Helicotylenchus
spp. Sting nematode Belonolainus gracilis Belonolainus
longicaudatus 



Stubby root nematode Paratrichodorus minor Stunt
nematode Quinisulcius acutus Tylenchorhynchus spp.
Tobacco (Nicotiana tabacum) Fungal diseases
Anthracnose Collelotrichum destructivum Glomerella
glycines Barn spot Cercospora nicotianae Barn rot
Severalfungi and bacteria Black root rot Thielaviopsis
basicola Black shank Phytophthora nicotianae Blue mold
(downy mildew) Peronospora tabacina =Peronospora
hyoscyamif.sp. tabacina Brown spot Alternaria
alternata Charcoal root Macrophomina phaseolina Collar
rot Sclerotinia sclerotiorum Damping-off, Pythium
Pythium spp. Pythium aphanidermatum Pythium ultimum
Frogeye leaf spot Cercospora nicotianae Fusarium wilt
Fusarium oxysporum0088524-020WO0 Gray mold Botrytis
cinerea Botryotinia fuckeliana Mycosphaerella leaf
spot Mycosphaerella nicotianae Olpidium seedling
blight Olpidium brassicae Phyllosticta leaf spot
Phyllosticta nicotiana Powdery mildew Erysiphe
cichoracearum Ragged leaf spot Phoma exigua var.
exigua =Ascochyta phaseolorum Scab Hymenula qffnis
=Fusarium affine Sore shin and damping-off Rhizoctonia
solani Thanatephorus cucumeris Southern stem rot
Sclerotium rolfsii Southern blight Athelia rolfsii
Stem rot of tranplants Pythium spp. Target spot
Rhizoctonia solani Verticillium wilt Verticillium
albo-atrum Verticillium dahliae Nematodes, parasitic
Bulb and stem (stem break) Ditylenchus dipsaci Cyst
Globodera solanacearum = Globodera virginiae Globodera
tabacum Dagger, American Xiphinema americanum Foliar
Aphelenchoides ritzemabosi Lesion Pratylenchus
brachyurus Pratylenchus penetrans Pratylenchus spp.
Reniform Rotylenchulus reniformis Root-knot
Meloidogvne arenaria Meloidogvne hapla Meloidogvne
incognita Meloidogvne javanica Spiral Helicotylenchus
spp. Stubby-root Paratrichodorus spp. Trichodorus spp.
Stunt Merlinius spp. Tylenchorhynchus
spp.0088524-020WO0 Wheat (Triticum spp.) Fungal
diseases Alternaria leaf blight Alternaria triticina
Anthracnose Colletotrichum graminicola Glomerella
graminicola Ascochyta leaf spot Ascochyta tritici
Aureobasidium decay Microdochium bolleyi
=Aureobasidium bolleyi Black head molds = sooty molds
Alternaria spp. Cladosporium spp. 



Epicoccum spp. Sporobolomyces spp. Stemphylium spp.
and other genera Cephalosporium stripe Hymenula
cerealis = Cephalosporium gramineum Common bunt =
stinking smut Tilletia tritici = Tilletia caries
Tilletia laevis = Tilletiafoetida Common root rot
Cochliobolus sativus Bipolaris sorokiniana
=Helminthosporium sativum Cottony snow mold Coprinus
psychromorbidus Crown rot = foot rot, seedling blight,
Fusarium spp. dryland root rot Fusarium
pseudograminearum Gibberella zeae Fusarium graminearum
Group II Gibberella avenacea Fusarium avenaceum
Fusarium culmorum Dilophospora leaf spot = twist
Dilophospora alopecuri Downy mildew = crazy top
Sclerophthora macrospora Dwarf bunt Tilletia
controversa Ergot Claviceps purpurea Sphacelia segetum
Eyespot = foot rot, strawbreaker Tapesia vallundae
Ramulispora herpotrichoides =Pseudocercosporella
herpotrichoides Wpathotype T acuformis Ramulispora
acuformis =Pseudocercosporella herpotrichoides
var.0088524-020WO0 acuformis R-pathotype False eyespot
Gibellina cerealis Flag smut Urocystis agropyri Foot
rot = dryland foot rot Fusarium spp. Halo spot
Pseudoseptoria donacis =Selenophoma donacis Karnal
bunt = partial bunt Tilletia indica =Neovossia indica
Leaf rust = brown rust Puccinia triticina Puccinia
recondita f.sp. tritici Puccinia tritici-duri
Leptosphaeria leaf spot Phaeosphaeria herpotrichoides
=Leptosphaeria herpotrichoides Stagonospora sp. Loose
smut Ustilaso tritici = Ustilaeo segetum var. tritici
Ustilaso segetum var. nuda Ustilaso segetum var.
avenae Microscopica leaf spot Phaeosphaeria
microscopica =Leptosphaeria microscopica Phoma spot
Phoma spp. Phoma glomerata Phoma sorghina =Phoma
insidiosa Pink snow mold = Fusarium Microdochium
nivale patch =Fusarium nivale Monographella nivalis
Platyspora leaf spot Clathrospora pentamera
=Platyspora pentamera Powdery mildew Erysiphe graminis
f.sp. tritici Blumeria graminis =Erysiphe graminis
Oidium monilioides Pythium root rot Pythium
aphanidermalum Pythium arrhenomanes Pythium
graminicola Pythium myriotylum Pythium volutum
Rhizoctonia root rot Rhizoctonia solani Thanalephorus
cucumeris 



Ring spot = Wirrega blotch Pyrenophora seminiperda
=Drechslera campanulata Drechslera wirreganensis Scab
= head blight Fusarium spp. Gibberella zeae Fusarium
graminearum Group II Gibberella avenacea Fusarium
avenaceum0088524-020WO0 Fusarium culmorum Microdochium
nivale =Fusarium nivale Monographella nivalis
Sclerotinia snow mold = snow Myriosclerotinia borealis
scald =Sclerotinia borealis Sclerotium wilt (see
Southern Sclerotium rqlfsii blight) Athelia rolfsii
Septoria blotch Septoria tritici Mycosphaerella
graminicola Sharp eyespot Rhizoctonia cerealis
Ceratobasidium cereale Snow rot Pythium spp. Pythium
aristosporum Pythium iwayamae Pythium okanoganense
Southern blight = Sclerotium Sclerotium rolfsii base
rot Athelia rolfsii Speckled snow mold = gray Typhula
idahoensis snow mold or Typhula blight Typhula
incarnata Typhula ishikariensis Typhula ishikariensis
var. canadensis Spot blotch Cochliobolus sativus
Bipolaris sorokiniana =Helminthosporium sativum
Stagonospora blotch Phaeosphaeria avenariaf.sp.
triticae Stasonospora avenaef.sp. triticae =Septoria
avenaef.sp. triticea Phaeosphaeria nodorum
Slagonospora nodorum =Septoria nodorum Stem rust =
black rust Puccinia graminis =Puccinia graminis f.sp.
tritici Storage molds Aspergillus spp. Penicillium
spp. and others Stripe rust = yellow rust Puccinia
striiformis Uredo glumarum Take-all Gaeumannomgces
graminis var. tritici Gaeumannomvces graminis var.
avenae Tan spot = yellow leaf spot, red Pgrenophora
tritici-repentis smudge Drechslera tritici-repentis
Tar spot Phvllachora graminis Linochora
graminis0088524-020WO0 Wheat Blast Masnaporthe grisea
Zoosporic root rot Lagena radicicola Ligniera pilorum
Olpidium brassicae Rhizophydium graminis [0061]
Compositions of the invention can be used to treat
parasitic infections. In some embodiments, the
compositions can include compounds that are generally
regarded as safe (GRAS compounds). In some
embodiments, the compositions can include compounds of
a plant origin, such as plant essential oils or
monoterpenoids of plant essential oils. In some
embodiments, the compositions include two or more
compounds. In some embodiments, the compositions can
include any of the following oils, or mixtures
thereof:0088524-020WO00088524-020WO0 [0062] In other
embodiments, methods can be used to assess or screen
the anti-parasitic effect of a particular small
molecule other than the essential oils described
above. These small molecules can include, for example,
any of the following small molecules, or the like, or
any other small molecules that include these groups,
or different groups of the like. In the following
table, the bolded designations indicate generic terms
for small molecules sharing particular
characteristics, while non-bolded terms following the
bolded generic terms indicate individual small
molecules within the genus described by the bolded
term. 



TABLE Bl Cumulenes: pyridine Polycyclic heteroarenes:
butatriene Allenes: pyrimidine isoquinoline
buta-l,2-diene Pseudohalogens: thiophene lH-indole
oxalonitrile thiocyanogen selenophene quinoline
selenocyanogen selenophene pteridine Monocyclic
heterarnes: tellurophene oxanthrene pyrazole pyrazine
2H-isoindole pyridazine Functional Classes:
isochromenylium0088524-020WO0 lH-pyrrole imides
acridine 3H-pyrrole imines phthalazine 2H-pyrrole
ethers cinnoline furan oximes quinazoline isoxazole
thiols quinolizinylium isothiazole amines phenazine
lH-arsole Carboxylic acids Benzo[g]pyrazine 2H-arsole
Hydroxamic acids 1-benzazpine 3H-arsole esters
benzotriazine triazine quinones lH-benzimidazole
thiazole thioketones Heteroaryl groups: imidazole
2-thienyl group 3-thienyl group octaphenylene
ethylbenzene Arynes: acene p-cymene
l-methoxycyclohexa-l,3-dien- dibenz[a,h]anthracene 1
-ethyl-2-methlybenzene 5-yne 2-methoxycyclohexa-l,3
-dien- helicene 3-ethyltoluene 5-yne Polycyclic
Arenes: dibenzannulene cumene fluorene picene
heptaphene phenanthrene pentaphene hexaphenylene
biphenylene tetraphenylene nonaphene triphenylene
tetranaphthylene octaphene chrysene hexaphene
nonaphene tetraphene trinaphtylene
teteranphthylene0088524-020WO0 octaphene
dibenzo[a,l]pyrene phenyl group Organic Hetro pyrene
biphenyl-4-yl group Monocyclic Compounds benzo [b]
fluranthene Aryl b-D-glucosides: aziridines Monocyclic
Arenes: salcin diazoles benzene phlorizin pyrrolines
diflurobenze syringin furan thiazole Alicyclic
compounds perylene azetidene cyclic olefins coronene
triazinane cyclic acetylenes acenaphtylene
pentathiepane benzynes phenalene pentathiepane
alicyclic ketones fluoranthene sec-butylbenzene
penarns acephenanthrylene methylbenzene cephams
pleiadene isobutylbenzene indolizines ovalene
butylbenzene quinazolines rubicene hexaflurobenzene
pyrazolopyrimidines pyranthrene Aryl groups:
3-methycholanthrene piperazine arsolane
pyrrolopyrimidines 



piperidine tetrazocane oxazolopyridines pyran axocane
phthalazine pyridine diazepane indazoles pyrrole
diazepane Heteroaryl Groups:0088524-020WO0 Organic
2-thienyl group oxolane Heterobicyclic Compounds:
selenophene thiazolidine benzimidazole 3-thienyl group
tetrazole benzodiazepine Monocyclic Heteroarenes:
triazole benzopyran pyrazole oxazole benzopyrrole
imidazole triazine isoquinolines pyridine pyrrolidine
pteridines thiophene diazolidine quinolines
selenophene diazine quinclidines tellurophene thiazine
quinuclidines pyrazine oxazolidine benzofurans
pyridazine arsole benzazepines pyrrole tellurophene
imidazopyrimidines furan isoxazole Alkanes: butane
oxazole heptadecane pentane tetrazole methane
tetradecane pyrylium octane decane arsole propanes
ethane triazine 9-crown-3 1,4,8,1 1-
tetraazacyclotetradecan thiazoles 15-crown-5 e
triazole dibenzo- 18-crown-6 1,4,7-triazonane Crown
Compounds: benzo- 15-crown-5 Alicyclic Compounds:
18-crown-6 1,4,7,10- Cycloakanes 12-crowh-4
tetraazacyclododecane cyclic olefins0088524-020WO0
cyclic heptacosane Hydrocarbylidene acetylenes
tridecane Groups: benzynes alkenylidenes dotriacontane
Organoheteryl allenylidene groups Carboacyl groups
Groups: alkylidene groups Alkyamino groups Arylene
groups Nucleosidyl groups Alkyloxy groups Phenylene
group Carboxyl groups Ureido group Organyl Groups
Carbonyl Group Oxaloamino group Glycoloyl group
Hydrocarbyl groups dodecane Alkenylidene Groups
heptane petadecane Oaxalooxy group icosane hexane
Allylic groups hexadecane neopentane Ethenylidene
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methylidyne Hexacosane farnesane[0063] In some
embodiments, compositions include two or more
compounds selected from the following compounds:
[0064] In some embodiments of the compositions that
include lilac flower oil, one or more of the following
compounds can be substituted for the lilac flower oil:
tetrahydrolinalool; ethyl linalool; heliotropine;
hedion; hercolyn D; and triethyl citrate. DWT
12249011vl 0088524-020PR20088524-020WO0 [0065] In some
embodiments of the compositions that include black
seed oil, one or more of the following compounds can
be substituted for the black seed oil: a-thujene,
a-pinene, b- pinene, p-cymene, limonene, and
tert-butyl-p-benzoquinone. [0066] In some embodiments
of the compositions that include thyme oil, one or
more of the following compounds can be substituted for
the thyme oil: thymol, a-thujone; a-pinene, camphene,
b-pinene, p-cymene, a-terpinene, linalool, borneol,
and b-caryophyllene. In some embodiments of the
compositions that include thymol, thyme oil can be
substituted. In some embodiments of the compositions
that include thyme oil, it can be desirable to include
a specific type of thyme oil. In this regard, thyme
oil (white) is preferred to thyme oil (red) because
the latter has been found to cause negative side
effects for the subject or host. [0067] Compounds used
to prepare embodiments of the compositions can be
obtained, for example, from the following sources:
Millennium Chemicals, Inc. (Jacksonville, FL), Ungerer
Company (Lincoln Park, NJ), SAFC (Milwaukee, WI), IFF
Inc. (Hazlet, NJ); Sigma Chemical Co. (St. Louis, MO);
and The Lebermuth Company, Inc. (Southbend, IN).
[0068] In some embodiments of the compositions, it can
be desirable to include a naturally-occurring version
or a synthetic version of a compound. For example, in
certain embodiments it can be desirable to include
Lime Oil 410, a synthetic lime oil that can be
obtained, for example, from Millennium Chemicals, Inc.
In certain exemplary compositions, it can be desirable
to include a compound that is designated as meeting
Food Chemical Codex (FCC), for example, geraniol Fine
FCC or Tetrahydrolinalool FCC, which compounds can be
obtained, for example, from Millennium Chemicals,
Inc.0088524-020WO0 [0069] In some embodiments of the
compositions, it can be desirable to include a
compound having a specific purity. In some embodiments
of the compositions, it can be desirable to include
compounds each having a purity of at least about 80%,
81%, 82%, 83%), 84%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%. For
example, in some embodiments of the compositions
including a-pinene, an a-pinene that is at least about
98% pure can be selected. For another example, in
embodiments of the compositions including linalool, a
linalool that is at least about 97-99% pure (e.g.,
linalool coeur) can be selected. [0070] In some
embodiments of the compositions, it can be desirable
to include compounds each having a purity of about
60%, 65%, 70%, 75%, 80%, 85%, 90%, or 95%. For
example, in some embodiments of the compositions that
include geraniol, it can be desirable to include a
geraniol that is at least about 60%, 85% or 95%) pure.
In some embodiments, it can be desirable to include a
specific type of geraniol. For example, in some
embodiments, the compositions can include: geraniol
60, geraniol 85, or geraniol 95. When geraniol is
obtained as geraniol 60, geraniol 85, or geraniol 95,
then forty percent, fifteen percent, or five percent
of the oil can be Nerol. Nerol is a monoterpene
(CioHigO), which can be extracted from attar of roses,
oil of orange blossoms, and oil of lavender. [0071] In
some embodiments, compositions include two or more
compounds selected from the following compounds:
linalool, thymol, a-pinene, para-cymene, and
trans-anethole. In some embodiments, compositions
include three or more compounds selected from the
following compounds: linalool, thymol, a-pinene,
para-cymene, and Trans-Anethole. In some embodiments,
compositions include four or more compounds selected
from the following compounds: linalool, thymol,
a-pinene, para-cymene, and Trans-Anethole. In some
embodiments, compositions include: linalool, thymol,
a-pinene, para-cymene, and Trans-Anethole. In some
embodiments, it is0088524-020WO0 preferred that an
a-pinene that is at least about 98% pure is used. In
some embodiments, it is preferred that a linalool that
is a linalool coeur is used. In some embodiments, the
composition can further include soy bean oil. [0072]
In some embodiments, compositions include two or more
compounds selected from the following compounds:
linalool, thymol, a-pinene, and para-cymene. In some
embodiments, compositions include three or more
compounds selected from the following compounds:
linalool, thymol, a-pinene, and para-cymene. In some
embodiments, compositions include: linalool, thymol,
a-pinene, and para-cymene. In some embodiments, it is
preferred that an a-pinene that is at least about 98%
pure is used. In some embodiments, it is preferred
that a linalool that is a linalool coeur is used. In
some embodiments, the composition can further include
soy bean oil. [0073] In some embodiments, each
compound can make up between about 1% to about 99%o,
by weight (wt/wt %) or by volume (vol/vol %), of the
composition. For example, composition can comprises
about 1% a-pinene and about 99% thymol. As used
herein, % amounts, by weight or by volume, of
compounds are to be understood as referring to
relative amounts of the compounds. As such, for
example, a composition including 7% linalool, 35%
thymol, 4% a-pinene, 30% para-cymene, and 24%o soy
bean oil (vol/vol %) can be said to include a ratio of
7 to 35 to 4 to 30 to 24 linalool, thymol, a-pinene,
para-cymene, and soy bean oil, respectively (by
volume). As such, if one compound is removed from the
composition, or additional compounds or other
ingredients are added to the composition, it is
contemplated that the remaining compounds can be 



provided in the same relative amounts. For example, if
soy bean oil was removed from the exemplary
composition, the resulting composition would include 7
to 35 to 4 to 40 linalool, thymol, a-pinene, and
para-cymene, respectively (by volume). This resulting
composition would0088524-020WO0 include 9.21%
linalool, 46.05% thymol, 5.26% a-pinene, and 39.48%
para-cymene (vol/vol %). For another example, if
safflower oil was added to the original composition to
yield a final composition containing 40% (vol/vol)
safflower oil, then the resulting composition would
include 4.2% linalool, 21% thymol, 2.4% a-pinene, 18%
para-cymene, 14.4% soy bean oil, and 40% safflower oil
(vol/vol %). [0074] In some embodiments, the
composition includes about 1-5%, about 5-10%, about
10-15%, about 15-20%, about 20-25%, about 25-30%,
about 30-35%, about 35-40%, about 40- 45%, about
45-50%, about 50-60%, about 60-75%, or about 75-99%
linalool, as measured by volume (vol/vol %). In some
embodiments, the composition includes about 4.5 -5.5%
linalool, as measured by volume. In some embodiments,
the composition includes about 5%o linalool, as
measured by volume. In some embodiments, the
composition includes about 6.5-7.5% linalool, as
measured by volume. In some embodiments, the
composition includes about 7% linalool, as measured by
volume. In some embodiments, the composition includes
about 38-40% linalool, as measured by volume. In some
embodiments, the composition includes about 39%o
linalool, as measured by volume. [0075] In some
embodiments, the composition includes about 1-5%,
about 5-10%, about 10-15%, about 15-20%, about 20-25%,
about 25-30%, about 30-35%, about 35-40%, about 40-
45%, about 45-50%, about 50-60%, about 60-75%, or
about 75-99% linalool, as measured by weight (wt/wt
%). In some embodiments, the composition includes
about 4 ..2-5.2% linalool, as measured by weight. In
some embodiments, the composition includes about 4.7%
linalool, as measured by weight. In some embodiments,
the composition includes about 6.1-7.1% linalool, as
measured by weight. In some embodiments, the
composition includes about 6.6% linalool, as measured
by weight. In some embodiments, the composition
includes about 40.3-41 .3% linalool,0088524-020WO0 as
measured by weight. In some embodiments, the
composition includes about 40.8% linalool, as measured
by weight. [0076] In some embodiments, the composition
includes about 1-5%, about 5-10%, about 10-15%, about
15-20%, about 20-25%, about 25-30%, about 30-35%,
about 35-40%, about 40- 45%, about 45-50%, about
50-60%, about 60-75%, or about 75-99% thymol, as
measured by volume (vol/vol %). In some embodiments,
the composition includes about 38-40% thymol, as
measured by volume. In some embodiments, the
composition includes about 39% thymol, as measured by
volume. In some embodiments, the composition includes
about 36-38% thymol, as measured by volume. In some
embodiments, the composition includes about 37%
thymol, as measured by volume. In some embodiments,
the composition includes about 34-36% thymol, as
measured by volume. In some embodiments, the
composition includes about 35% thymol, as measured by
volume. [0077] In some embodiments, the composition
includes about 1-5%, about 5-10%, about 10-15%, about
15-20%, about 20-25%, about 25-30%, about 30-35%,
about 35-40%, about 40- 45%, about 45-50%, about
50-60%, about 60-75%, or about 75-99% thymol, as
measured by weight (wt/wt %). In some embodiments, the
composition includes about 40.3-41.3% thymol, as
measured by weight. In some embodiments, the
composition includes about 40.8% thymol, as measured
by weight. In some embodiments, the composition
includes about 33.9-34.9% thymol, as measured by
weight. In some embodiments, the composition includes
about 34.4% thymol, as measured by weight. In some
embodiments, the composition includes about 36.7-37.7%
thymol, as measured by weight. In some embodiments,
the composition includes about 37.2% thymol, as
measured by weight.0088524-020WO0 [0078] In some
embodiments, the composition includes about 1-5%,
about 5-10%, about 10-15%, about 15-20%, about 20-25%,
about 25-30%, about 30-35%, about 35-40%, about 40-
45%, about 45-50%, about 50-60%, about 60-75%, or
about 75-99% a-pinene, as measured by volume (vol/vol
%). In some embodiments, the composition includes
about 1.5-2.5% a-pinene, as measured by volume. In
some embodiments, the composition includes about
2%a-pinene, as measured by volume. In some
embodiments, the composition includes about 4.5-5.5%
a-pinene, as measured by volume. In some embodiments,
the composition includes about 5% a-pinene, as
measured by volume. In some embodiments, the
composition includes about 3.5-4.5% a-pinene, as
measured by volume. In some embodiments, the
composition includes about 4%a-pinene, as measured by
volume. [0079] In some embodiments, the composition
includes about 1-5%, about 5-10%, about 10-15%, about
15-20%, about 20-25%, about 25-30%, about 30-35%,
about 35-40%, about 40- 45%, about 45-50%, about
50-60%, about 60-75%, or about 75-99% a-pinene, as
measured by weight (wt/wt %). In some embodiments, the
composition includes about 1.4-2.4% a-pinene, as
measured by weight. In some embodiments, the
composition includes about 1.9% a-pinene, as measured
by weight. In some embodiments, the composition
includes about 4 ..2-5.2% a-pinene, as measured by
weight. In some embodiments, the composition includes
about 4.7% a-pinene, as measured by weight. In some
embodiments, the composition includes about 3.3-4.3%
a-pinene, as measured by weight. In some embodiments,
the composition includes about 3.8% a-pinene, as
measured by weight. [0080] In some embodiments, the
composition includes about 1-5%, about 5-10%, about
10-15%, about 15-20%, about 20-25%, about 25-30%,
about 30-35%, about 35-40%, about 40- 45%o, about
45-50%, about 50-60%, about 60-75%, or about 75-99%
para-cymene, as measured by0088524-020WO0 



volume (vol/vol %). In some embodiments, the
composition includes about 36.5-37.5% paracymene, as
measured by volume. In some embodiments, the
composition includes about 37% paracymene, as measured
by volume. In some embodiments, the composition
includes about 29.5- 30.5% para-cymene, as measured by
volume. In some embodiments, the composition includes
about 30% para-cymene, as measured by volume. In some
embodiments, the composition includes about 1.5-2.5%
para-cymene, as measured by volume. In some
embodiments, the composition includes about 2%
para-cymene, as measured by volume. [0081] In some
embodiments, the composition includes about 1-5%,
about 5-10%, about 10-15%, about 15-20%, about 20-25%,
about 25-30%, about 30-35%, about 35-40%, about 40-
45%, about 45-50%, about 50-60%, about 60-75%, or
about 75-99% para-cymene, as measured by weight (wt/wt
%). In some embodiments, the composition includes
about 33.9-34.9%o paracymene, as measured by weight.
In some embodiments, the composition includes about
34.4% para-cymene, as measured by weight. In some
embodiments, the composition includes about 1A- 2.4%
para-cymene, as measured by weight. In some
embodiments, the composition includes about 1.9%
para-cymene, as measured by weight. In some
embodiments, the composition includes about 27.9-28.9%
para-cymene, as measured by weight. In some
embodiments, the composition includes about 28.4%
para-cymene, as measured by weight. [0082] In some
embodiments, the composition includes about 1-5%,
about 5-10%, about 10-15%, about 15-20%, about 20-25%,
about 25-30%, about 30-35%, about 35-40%, about 40-
45%, about 45-50%, about 50-60%, about 60-75%, or
about 75-99% trans-anethole, as measured by volume
(vol/vol %). In some embodiments, the composition
includes about 16.5-1 7.5%o transanethole, as measured
by volume. In some embodiments, the composition
includes about 17% trans-anethole, as measured by
volume.0088524-020WO0 [0083] In some embodiments, the
composition includes about 1-5%, about 5-10%, about
10-15%, about 15-20%, about 20-25%, about 25-30%,
about 30-35%, about 35-40%, about 40- 45%, about
45-50%, about 50-60%, about 60-75%, or about 75-99%
trans-anethole, as measured by weight (wt/wt %). In
some embodiments, the composition includes about
17.7-18.7% transanethole, as measured by weight. In
some embodiments, the composition includes about 18.2%
trans-anethole, as measured by weight. [0084] In some
embodiments, the composition includes the following
compounds in the following relative amounts, where the
relative amounts of the compounds are expressed as %
wt/wt: 15-25% trans-anethole, 30-40% para-cymene,
1-10% linalool, 1-10% a-pinene, and 35-45% thymol. In
some embodiments, the composition includes the
following compounds in the following relative amounts,
where the relative amounts of the compounds are
expressed as % wt/wt: 18.2% trans-anethole, 34.4%
para-cymene, 4.7% linalool, 1.9% a-pinene, and 40.8%
thymol. [0085] In some embodiments, the composition
includes the following compounds in the following
relative amounts, where the relative amounts of the
compounds are expressed as % vol/vol: 10-20%
trans-anethole, 30-40% para-cymene, 1-10% linalool,
1-10% a-pinene, and 35-45% thymol. In some
embodiments, the composition includes the following
compounds in the following relative amounts, where the
relative amounts of the compounds are expressed as %
vol/vol: 17% trans-anethole, 37% para-cymene, 5%
linalool, 2% a-pinene, and 39% thymol. [0086] In some
embodiments, the composition includes the following
compounds in the following relative amounts, where the
relative amounts of the compounds are expressed as %
wt/wt: 15-25% trans-anethole, 1-10% para-cymene,
35-45% linalool, 1-10% a-pinene, and 30-40% thymol. In
some embodiments, the composition includes the
following compounds in the0088524-020WO0 following
relative amounts, where the relative amounts of the
compounds are expressed as % wt/wt: 18.2%
trans-anethole, 1.9% para-cymene, 40.8% linalool, 4.7%
a-pinene, and 34.4% thymol. [0087] In some
embodiments, the composition includes the following
compounds in the following relative amounts, where the
relative amounts of the compounds are expressed as %
vol/vol: 15-25% trans-anethole, 1-10% para-cymene,
35-45% linalool, 1-10% a-pinene, and 30-40% thymol. In
some embodiments, the composition includes the
following compounds in the following relative amounts,
where the relative amounts of the compounds are
expressed as % vol/vol: 17% trans-anethole,
2%para-cymene, 39% linalool, 5% a-pinene, and 37%
thymol. [0088] In some embodiments, the composition
includes the following compounds in the following
relative amounts, where the relative amounts of the
compounds are expressed as % wt/wt: 25-35%
para-cymene, 1-10% linalool, 1-10% a-pinene, 20-30%
soy bean oil, and 35-45% thymol. In some embodiments,
the composition includes the following compounds in
the following relative amounts, where the relative
amounts of the compounds are expressed as % wt/wt:
28.39% para-cymene, 6.6% linalool, 3.8% a-pinene, 24%
soy bean oil, and 37.2% thymol. [0089] In some
embodiments, the composition includes the following
compounds in the following relative amounts, where the
relative amounts of the compounds are expressed as %
vol/vol: 25-35% para-cymene, 1-10% linalool, 1-10%
a-pinene, 20-30% soy bean oil, and 35-45% thymol. In
some embodiments, the composition includes the
following compounds in the following relative amounts,
where the relative amounts of the compounds are
expressed as % vol/vol: 30% para-cymene, 7% linalool,
4% a-pinene, 24% soy bean oil, and 35% thymol. [0090]
In some embodiments the composition can include, for
example, any of the following compounds from Table D,
or active components of any of the compositions listed
as "blends" in Table E, or the like:0088524-020WO0
TABLE D: COMPOUNDS t-anethole allyl sulfide allyl
trisulfide allyl-disulfide artemisia alcohol acetate 



benzaldehyde benzoic acid benzyl acetate benzyl
alcohol bergamotene 3-bisabolene bisabolene oxide
a-bisabolol bisabolol oxide bisobolol oxide 3 bornyl
acetate 3-bourbonene black seed oil a-cadinol camphene
(BSO) a-campholene a-campholene camphor carvacrol
d-carvone aldehyde 1-carvone caryophyllene trans- corn
oil 3-costol oxide caryophyllene cryptone cumin oil
curzerenone p-cymene davanone diallyl diethyl
phthalate dihydropyrocurzer dihydrotagentone b-elemene
tetrasulf  de e none gamma-elemene Elmol Estragole
2-ethyl-2-hexen- 1- eugenol ol eugenol acetate
a-farnesene (Z,E)-a-farnesene E-p-farnesene fenchone
furanodiene furanoeudesma- 1,3-diene furanoeudesma-
furano germacra 1,4-diene l,10(15)-diene-6- lilac
flower oil lime oil d-limonene linalool linalyl
acetate (LFO) linalyl lindestrene lindenol linseed oil
methyl-allylanthranilate trisulfide menthol menthone
2-methoxy menthyl acetate methyl cinnamate furanodiene
methyl citrate methyl di- menthyl salicylate mineral
oil musk ambrette hydrojasmonate myrcene myrtenal
neraldimethyl nerolidol nonanone acetate gamma-
piperonal piperonyl piperonyl acetate piperonyl
alcohol nonalactone piperonyl amine prenal pulegone
quinine rosemary oil sabinene sabinyl acetate
safflower oil a-santalene santalol sativen 5-selinene
sesame oil P- silicone fluid sodium lauryl soybean oil
spathulenol sesquphelandrene0088524-020WO0 sulfate
tagetone tangerine oil a-terpinene terpinene 900
a-terpineol a-terpinolene anise oil p-cymene amyl
butyrate eucalyptus oil geraniol oil castor oil cedar
oil chamazulene 1,8-cineole cinnamaldehyde cinnamyl
alcohol cinnamon oil citral A citral B isopropyl
citrate citronellal citronella oil citronellol
citronellyl acetate citronellyl formate clove oil
a-copaene cornmint oil germacrene D furanosesquiterpe
garlic oil ne geraniol geraniol acetate a-ionone
germacrene B grapefruit oil a-gurjunene a-humulene
iso-pulegone b-ionone isoborneol isofuranogermacr
iso-menthone oil of pennyroyal jasmone lecithin e ne
lemon oil lemon grass oil Z ocimenone olive oil orange
sweet oil 1-octanol E ocimenone perillyl alcohol
3-octanone ocimene octyl acetate peanut oil phenyl
peppermint oil a-phellandrene acetaldehyde
P-phellandrene phenethyl gamma-terpineol a-pinene
P-pinene propionate pine oil trans-pinocarveol thymol
a-terpinyl acetate 2-tert-butyl-pquinone a-thujone
thyme oil trans-verbenol thymyl methyl gammaether
undecalactone valeric anhvHriHe vanillin cis-verbenol
verbenone white mineral oil yomogi alcohol
zingiberene0088524-020WO00088524-020WO00088524-020WO00
088524-020WO00088524-020WO00088524-020WO00088524-020WO
00088524-020WO00088524-020WO00088524-020WO00088524-020
WO00088524-020WO00088524-020WO00088524-020WO00088524-0
20WO00088524-020WO00088524-020WO00088524-020WO00088524
-020WO00088524-020WO00088524-020WO00088524-020WO000885
24-020WO00088524-020WO00088524-020WO00088524-020WO0008
8524-020WO0 [0091] Furthermore, in addition to the
specific amounts of ingredients listed for each blend
inn Table E above, ranges of amounts are also
contemplated that may be derived by0088524-020WO0
multiplying each specific amount by the following four
factors: Factor 1 (200%); Factor 2 (100%); Factor 3
(40%); and Factor 4 (10%). The resulting ranges will
not, of course, containg any values less than 0% or
greater than 100%. [0092] In some embodiments,
compositions are specifically contemplated that
comprise a synergistic combination of at least two
compounds listed in any of Tables B, Bl, C, D, or E
above. [0093] Surprisingly, by blending certain
compounds in certain relative amounts, the resulting
composition demonstrates an anti-parasitic effect that
exceeds the anti-parasitic effect of any component of
the composition. As used herein, "component of a
composition" refers to a compound, or a subset of
compounds included in a composition, e.g., the
complete composition minus at least one compound. As
used herein, an "anti-parasitic effect" refers to any
measurable parameter related to the efficacy of a
composition for treating a parasitic infection. The
effect can be a parameter related to viability,
killing, prophylaxis, or another useful and
quantifiable parameter for a set time point, or it can
be time to achieve a defined result, e.g., time to
achieve 100% killing with a set dose. In this regard,
when a first effect and a second effect are compared, 



the first effect can indicate a greater efficacy for
treating a parasitic infection if it exceeds the
second effect. For example, when the effect being
measured is a time to achieve 100% killing, a shorter
time is an anti-parasitic effect that exceeds a longer
time. For another example, when the effect being
measured is a % killing of target parasites, a greater
% killing is an anti-parasitic effect that exceeds a
lesser % killing. Effects that can be measured
include, but are not limited to: time to kill a given
percentage of a target parasite in vivo or in vitro;
percent viability or percent killing of a target
parasite in vivo or in vitro; percent viability of
eggs of a target parasite; percent of a host
population that is cured of an infestation by a target
parasite; percent of a host population that is
protected against infection by a target parasite
(prophylactic effect); perturbation of a cell
message0088524-020WO0 or cell signal in a target
parasite, such as, e.g., calcium, cyclic-AMP, and the
like; and diminution of activity or downstream effects
of a molecular target in a target parasite. [0094] An
exemplary in vivo method for assessing the
anti-parasitic effect of a particular composition, or
component of the composition, can be conducted using
host animals. The host animals are infected with a
target parasite. The composition or component of
interest is administered to the host animal.
Administration of the composition or component of
interest can be initiated at various times before
and/or after infection of the host animal, depending
on the target parasite being tested. The eggs
generated by the parasite in the host animal are
quantified. For example, the eggs in a stool sample
collected from the animal can be quantified. The
quantification of eggs generated by the parasite in
the host animal receiving the composition or component
of interest can be compared the quantification of eggs
generated by the parasite in another host animal, such
as a host animal receiving another composition or
component of interest, or a host animal serving as a
control, e.g., uninfected control, or untreated
control. [0095] An exemplary in vitro method for
assessing the anti-parasitic effect of a particular
composition or component can be conducted using target
parasites provided in test plates. The composition or
component of interest is contacted with the target
parasites, and the effect is observed, e.g., the
effect of the composition or component of interest on
the vitality of the target parasites. The effect of
the treatment on the target parasites can be compared
to the effect of another treatment on target
parasites, such as target parasites treated with
another composition or component of interest, or
target parasites serving as a control, e.g.,
uninfected control, or untreated control. [0096] Other
methods can be used to assess the anti-parasitic
effect of a particular composition or component, which
methods will be evident to one of ordinary skill in
the art, or can0088524-020WO0 be can be determined for
use in a particular case by one of ordinary skill in
the art using only routine experimentation. Additional
information related to assessing anti-parasitic effect
can be found in the Examples set forth in this
document. [0097] In some embodiments, a synergistic
anti-parasitic effect is achieved when certain
compounds are blended, and the synergistic effect can
be enhanced when certain compounds are blended in
certain relative amounts or ratios. In other words,
the compositions including certain combinations of the
compounds can have an enhanced ability to treat
parasitic infections, as compared to each of the
compounds taken alone. [0098] As used herein,
"synergy" and "synergistic effect" can refer to any
substantial enhancement, in a composition of at least
two compounds, of a measurable effect, e.g., an anti
parasitic effect, when compared with the effect of a
component of the composition, e.g., one active
compound alone, or the complete blend of compounds
minus at least one compound. Synergy is a specific
feature of a blend of compounds, and is above any
background level of enhancement that would be due
solely to, e.g., additive effects of any random
combination of ingredients. [0099] In some
embodiments, a substantial enhancement of a measurable
effect can be expressed as a coefficient of synergy. A
coefficient of synergy is an expression of a
comparison between measured effects of a composition
and measured effects of a comparison composition. The
comparison composition can be a component of the
composition. In some embodiments, the synergy
coefficient can be adjusted for differences in
concentration of the complete blend and the comparison
composition. [00100] Synergy coefficients can be
calculated as follows. An activity ratio (R) can be
calculated by dividing the % effect of the composition
(AB) by the % effect of the comparison composition
(Xn), as follows:0088524-020WO0 R = A /Xn Formula 1
[00101] A concentration adjustment factor (F) can be
calculated based on the concentration (Cn), i.e., %
(wt/wt) or % (vol/vol), of the comparison composition
in the composition, as follows: F=100/Cn Formula 2
[00102] The synergy coefficient (S) can then be
calculated by multiplying the activity ratio (R) and
the concentration adjustment factor (F), as follows: S
= (R)(F) Formula 3 [00103] As such, the synergy
coefficient (S) can also by calculated, as follows: S
= [(Ab/Xn)(100)]/Cn Formula 4 [00104] In Formula 4, AB
is expressed as % effect of the blend, Xn is expressed
as % effect of the comparison composition (Xn), and Cn
is expressed as %(wt/wt) or % (vol/vol) concentration
of the comparison composition in the blend. [00105] In
some embodiments, a coefficient of synergy of about
1.1, 1.2, 1.3, 1.4, or 1.5 can be substantial and
commercially desirable. In other embodiments, the
coefficient of synergy can be from about 1.6 to about
5, including but not limited to about 1.8, 2.0, 2.5,
3.0, 3.5, 4.0, and 



4.5. In other embodiments, the coefficient of synergy
can be from about 5 to 50, including but not limited
to about 10, 15, 20, 25, 30, 35, 40, and 45. In other
embodiments, the coefficient of synergy can be from
about 50 to about 500, or more, including but not
limited to about 50, 75, 100, 125, 150, 200, 250, 300,
350, 400, and 450. Any coefficient of synergy above
500 is also contemplated within embodiments of the
compositions. [00106] Given that a broad range of
synergies can be found in various embodiments describe
herein, it is expressly noted that a coefficient of
synergy can be described as being0088524-020WO0
"greater than" a given number and therefore not
necessarily limited to being within the bounds of a
range having a lower and an upper numerical limit.
Likewise, in some embodiments described herein,
certain low synergy coefficients, or lower ends of
ranges, are expressly excluded. Accordingly, in some
embodiments, synergy can be expressed as being
"greater than" a given number that constitutes a lower
limit of synergy for such an embodiment. For example,
in some embodiments, the synergy coefficient is equal
to or greater than 25; in such an embodiment, all
synergy coefficients below 25, even though
substantial, are expressly excluded. [00107] In some
embodiments, synergy or synergistic effect associated
with a composition can be determined using
calculations similar to those described in Colby, S.
R., "Calculating synergistic and antagonistic
responses of herbicide combinations," Weeds (1967)
15:1, pp. 20-22, which is incorporated herein by this
reference. In this regard, the following formula can
be used to express an expected % effect (E) of a
composition including two compounds, Compound X and
Compound Y: E = X + Y-(X*Y/l 00) Formula 5 [00108] In
Formula 5, X is the measured actual % effect of
Compound X in the composition, and Y is the measured
actual % effect of Compound Y of the composition. The
expected % effect (E) of the composition is then
compared to a measured actual % effect (A) of the
composition. If the actual % effect (A) that is
measured differs from the expected % effect (E) as
calculated by the formula, then the difference is due
to an interaction of the compounds. Thus, the
composition has synergy (a positive interaction of the
compounds) when A > E. Further, there is a negative
interaction (antagonism) when A < E. [00109] Formula 5
can be extended to account for any number of compounds
in a composition; however it becomes more complex as
it is expanded, as is illustrated by the
following0088524-020WO0 formula for a composition
including three compounds, Compound X, Compound Y, and
Compound Z: E = X + Y + Z-((XY + XZ + YZyiOO) +
(X*Y*Z/10000) Formula 6 [00110] An easy-to-use formula
that accommodates compositions with any number of
compounds can be provided by modifying Formulas 5 and
6. Such a modification of the formula will now be
described. When using Formulas 5 and 6, an untreated
control value (untreated with composition or compound)
is set at 100%, e.g., if the effect being measured is
the amount of target parasites killed, the control
value would be set at 100% survival of target
parasite. In this regard, if treatment with Compound A
results in 80% killing of a target parasite, then the
treatment with Compound A can be said to result in a
20% survival, or 20%> of the control value. The
relationship between values expressed as a percent
effect and values expressed as a percent-of-control
are set forth in the following formulas, where E' is
the expected %of control of the composition, Xn is the
measured actual % effect of an individual compound
(Compound Xn) of the composition, Xn' is the % of
control of an individual compound of the composition,
and A' is the actual measured % of control of the of
the composition. E = IOO-E' Formula 7 Xn=IOO=Xn'
Formula 8 A = IOO-A' Formula 9 [00111] By substituting
the percent-of-control values for the percent effect
values of Formulas 5 and 6, and making modifications
to accommodate any number (n) of compounds, the
following formula is provided for calculating the
expected % of control (E') of the
composition:0088524-020WO0 Formula 10 [00112]
According to Formula 10, the expected % of control
(E') for the composition is calculated by dividing the
product of the measured actual % of control values
(Xn') for each compound of the composition by 100n l .
The expected % of control (E') of the composition is
then compared to the measured actual % of control (A')
of the composition. If the actual % of control (A')
that is measured differs from the expected % of
control (E') as calculated by the Formula 10, then the
difference is due to an interaction of the compounds.
Thus, the composition has synergy (a positive
interaction of the compounds) when A' < E'. Further,
there is a negative interaction (antagonism) when A'>
E'. [00113] Compositions containing two or more
compounds in certain ratios or relative amounts can be
tested for a synergistic effect by comparing the
anti-parasitic effect of a particular composition of
compounds to the anti-parasitic effect of a component
the composition. Additional information related to
making a synergy determination can be found in the
Examples set forth in this document. [00114] It is
contemplated that the compositions of the
presently-disclosed subject matter can be formulated
for and delivered by carriers, including food
products. For example, additives are added to baked
goods, such as cookies, breads, cakes, etc., to
enhance or modify flavor or color, increase shelf
life, enhance their nutritional value, and generally
produce a desired effect. Similarly, compositions of
the presently-disclosed subject matter can be
formulated with food products as carriers and
delivered by ingestion to produce their desired
effect. Of course,0088524-020WO0 



numerous types of foods can be used to deliver the
compositions, including but not limited to: beverages,
breakfast cereals, and powdered drink mixes. [00115]
Further, the compositions disclosed herein can take
such forms as suspensions, solutions or emulsions in
oily or aqueous carriers, and can contain formulatory
agents such as suspending, stabilizing and/or
dispersing agents. For oral administration, the
compositions can take the form of, for example,
tablets or capsules prepared by a conventional
technique with pharmaceutically acceptable excipients
such as binding agents (e.g., pregelatinized maize
starch, polyvinylpyrrolidone or hydroxypropyl
methylcellulose); fillers (e.g., lactose,
microcrystalline cellulose or calcium hydrogen
phosphate); lubricants (e.g., magnesium stearate, talc
or silica); disintegrants (e.g., potato starch or
sodium starch glycollate); or wetting agents (e.g.,
sodium lauryl sulphate). The tablets can be coated by
methods known in the art. For example, a composition
disclosed herein can be formulated having an enteric
or delayed release coating which protects the
composition until it reaches the colon. [00116] Liquid
preparations for oral administration can take the form
of, for example, solutions, syrups or suspensions.
Such liquid preparations can be prepared by
conventional techniques with pharmaceutically
acceptable additives such as suspending agents (e.g.,
sorbitol syrup, cellulose derivatives or hydrogenated
edible fats); emulsifying agents (e.g. lecithin or
acacia); non-aqueous vehicles (e.g., almond oil, oily
esters, ethyl alcohol or fractionated vegetable oils);
and preservatives (e.g., methyl or
propyl-p-hydroxybenzoates or sorbic acid). Liquid
preparations for oral administration can also be
formulated for delayed release, such as for example in
"gel caps". [00117] In certain embodiments, the
compositions can be provided in an encapsulated or
microencapsulated form. Microencapsulation is a
process where small particles of the
composition0088524-020WO0 are coated or encapsulated
with an outer shell material for controlling the
release of the composition or for protecting the
composition. Exemplary outer shell material includes
proteins, polysaccharides, starches, waxes, fats,
natural and synthetic polymers, and resins.
Microencapsulation can be done either chemically or
physically. For example, physical methods of
encapsulating the compositions can include: spray
drying, spray chilling, pan coating, or coextrusion.
Chemical methods of encapsulation can include
coacervation, phase separation, solvent extraction, or
solvent evaporation. [00118] As one example, for
coextrusion of a liquid core, liquid core and shell
materials are pumped through concentric orifices, with
the core material flowing in the central orifice, and
the shell material flowing through the outer annulus.
An enclosed compound drop is formed when a droplet of
core fluid is encased by a layer of shell fluid. The
shell is then hardened by appropriate means; for
example, by chemical cross-linking in the case of
polymers, cooling in the case of fats or waxes, or
solvent evaporation. Additional information about
methods and systems for providing compositions
formulated for and delivered via food products can be
found in U.S. Patent Nos. 5,418,010, 5,407,609, 4,21
1,668, 3,971,852, and 3,943,063, each of which is
incorporated herein by this reference. [00119] The
compositions of the presently-disclosed subject matter
can be used for treating parasitic infections. The
presently-disclosed subject matter includes methods
for treating a parasitic infection in a subject,
including administering an effective amount of a
composition described herein. [00120] As used herein,
the terms "host" and "subject" are used
interchangeably and refer to a plant or an animal
capable of being infected by a parasite. The animal
can be a vertebrate. The vertebrate can be
warm-blooded. The warm-blooded vertebrate can be a
mammal. The0088524-020WO0 mammal can be a human. The
human can be an adult or a child. As used herein, the
terms "host" and "subject" include human and animal
hosts and subjects. Thus, veterinary therapeutic uses
are provided in accordance with the
presently-disclosed subject matter. As such, the
presentlydisclosed subject matter provides for the
treatment of mammals such as humans, as well as those
mammals of importance due to being endangered, such as
Siberian tigers or snow leopards; of economic
importance, such as animals raised on farms for
consumption by humans; and/or animals of social
importance to humans, such as animals kept as pets or
in zoos. Examples of such animals include but are not
limited to: carnivores such as cats and dogs; swine,
including pigs, hogs, and wild boars; ruminants and/or
ungulates such as cattle, oxen, sheep, giraffes, deer,
goats, bison, and camels; and horses. Also provided is
the treatment of birds, including the treatment of
those kinds of birds that are endangered and/or kept
in zoos, as well as fowl, and more particularly
domesticated fowl, i.e., poultry, such as turkeys,
chickens, ducks, geese, guinea fowl, and the like, as
they are also of economic importance to humans. Thus,
also provided is the treatment of livestock,
including, but not limited to, domesticated swine,
ruminants, ungulates, horses (including race horses),
poultry, and the like. [00121] As used herein, the
terms "treat," "treating," and "treatment" refer to:
conferring protection against infection; preventing
infection; alleviating infection; reducing the
severity of symptoms and/or sequelae of infection;
eliminating infection; and/or preventing relapse of
infection. As used herein, the terms "treat,"
"treating," and "treatment" also refer to conferring
protection against, preventing, alleviating, reducing
the severity of, eliminating, and/or preventing
relapse associated with a disease or symptoms caused
by a parasitic infection. [00122] As used herein, the
term "effective amount" refers to a dosage sufficient
to provide treatment for a parasitic infection. The
exact amount that is required can vary,
for0088524-020WO0 example, depending on the target
parasite, the treatment being affected, age and
general condition of the subject, the particular
formulation being used, the mode of administration,
and the like. As 



such, the effective amount will vary based on the
particular circumstances, and an appropriate effective
amount can be determined in a particular case by one
of ordinary skill in the art using only routine
experimentation. [00123] The presently-disclosed
subject matter includes methods of screening for
compositions useful for treating a parasitic
infection. In some embodiments, the screening method
is useful for narrowing the scope of possible
compounds that are identified as components for a
composition for treating a parasitic infection.
[00124] In some embodiments, a method of selecting a
composition for use in treating a parasitic infection
includes the following. A cell expressing a tyramine
receptor is provided and is contacted with test
compounds. The receptor binding affinity of the
compounds is measured. At least one parameter selected
from the following parameters is measured:
intracellular cAMP level, and intracellular Ca2+
level. A first compound for the composition is
identified, which is capable of altering at least one
of the parameters, and which has a high receptor
binding affinity for the tyramine receptor; and a
second compound for the composition is identified,
which is capable of altering at least one of the
parameters, and which has a low receptor binding
affinity for the tyramine receptor. A composition is
selected that includes the first and second compounds.
In some embodiments, a composition is selected that
includes the first and second compounds and
demonstrates an anti-parasitic effect that exceeds the
anti-parasitic effect of any of the compounds when
used alone. [00125] The cell used for the method can
be any cell capable of being transfected with and
express a Tyramine Receptor (TyrR). Examples of cells
include, but are not limited to: insect0088524-020WO0
cells, such as Drosophila Schneider cells, Drosophila
Schneider 2 cells (S2 cells), and Spodoptera
frugiperda cells (e.g., Sf9 or Sf21); or mammalian
cells, such as Human Embryonic Kidney cells (HEK-293
cells), African green monkey kidney fibroblast cells
(COS-7 cells), HeLa Cells, and Human Keratinocyte
cells (HaCaT cells). Additional information about
preparing cells expressing receptors can be found in
U.S. Patent Application Serial Nos. 10/832,022;
11/086,615; and 11/365,426, which are incorporated
herein in their entirety by this reference. [00126]
The tyramine receptor (TyrR) can be a full-length
TyrR, a functional fragment of a TyrR, or a functional
variant of a TyrR. A functional fragment of a TyrR is
a TyrR in which amino acid residues are deleted as
compared to the reference polypeptide, i.e.,
full-length TyrR, but where the remaining amino acid
sequence retains the binding affinity of the reference
polypeptide for tyramine. A functional variant of a
TyrR is a TyrR with amino acid insertions, amino acid
deletions, or conservative amino acid substitutions,
which retains the binding affinity of the reference
polypeptide for tyramine. A "conservative amino acid
substitution" is a substitution of an amino acid
residue with a functionally similar residue. Examples
of conservative substitutions include the substitution
of one non-polar (hydrophobic) residue such as
isoleucine, valine, leucine or methionine for another;
the substitution of one polar (hydrophilic) residue
for another such as between arginine and lysine,
between glutamine and asparagine, between glycine and
serine; the substitution of one basic residue such as
lysine, arginine or histidine for another; or the
substitution of one acidic residue, such as aspartic
acid or glutamic acid for another. A conservative
amino acid substitution also includes replacing a
residue with a chemically derivatized residue,
provided that the resulting retains the binding
affinity of the reference polypeptide for tyramine.
Examples of TyrRs include, but are not limited to:
TyrRs, such as, Drosophila melanogaster
TyrR0088524-020WO0 (GENBANK(r) accession number (GAN)
CAA38565), Locusta migratoria TyrR (GAN: Q25321),
TyrRs of other invertebrates, and TyrRs of nematodes,
including Ascaris. [00127] In some embodiments, other
receptors, such as G-protein coupled receptors
(GPCRs), whether having native affinity for tyramine
or other ligands, can be employed in methods of
screening for compositions useful for treating a
parasitic infection. Examples of receptors that can be
used include, but are not limited to: Anopheles
gambiae (GAN: EAA07468), Heliothis virescens (GAN:
Q25188), Mamestra brassicae (GAN: AAKl 4402),
Tribolium castaneum (GAN: XP_970290), Aedes aegypti
(GAN: EAT41524), Boophilus microplus (GAN: CAA09335);
Schistosoma mansoni (GAN: AAF73286); and Schistosoma
mansoni (GAN: AAW21822). [00128] In some embodiments,
receptors of the nuclear hormone receptor superfamily
can be employed in methods of screening for
compositions useful for treating a parasitic
infection. Examples of receptors that can be used
include, but are not limited to receptors from
parasites or invertebrates that are analogous to the
DAF family of nuclear receptors such as DAF-2 and DAF-
12. In other embodiments, nuclear receptor proteins
from Drosophila or other invertebrate can be employed,
such as: nuclear receptors of subfamily 1 such as E78,
E75, DHR3, EcR, and DHR96; nuclear receptors of
subfamily 2 such as USP, DHR78, HNF4, SVP, TLL, DSF,
DHR51, or DHR83; nuclear receptors of subfamily 3 such
as ERR, nuclear receptors of subfamily 4 such as
DHR38; nuclear receptors of subfamily 5 such as FTZ-Fl
or DHR39; or nuclear receptors of subfamily 6 such as
DHR4. In other embodiments, invertebrate or parasite
nuclear receptor proteins analogous to certain human
nuclear receptors can be employed, such as: nuclear
receptors of subfamily 1 such as PPAR, RAR, TR,
REV-ERB, ROR, FXR, LXR, VDR, SXR, or CAR; nuclear
receptors of subfamily 2 such as RXR, TR2/TR4, HNF4,
COUP-TFJLX, or PNR; nuclear0088524-020WO0 receptors of
subfamily 3 such as ERR, ER, or MR/PR/AR/GR; nuclear
receptors of subfamily 4 such as NURRI/NGFIB; nuclear
receptors of subfamily 5 such as LRH/SF1; or nuclear
receptors of subfamily 6 such as GCNF. In other
embodiments, invertebrate or parasite nuclear receptor
proteins having as their native ligand naturally
occurring hormones such as Ia, 25(OH)2-vitamin D3,
17p-oestradiol, testosterone, progesterone, Cortisol,
aldosterone, all-trans retinoic acid, 3,5,3'- 



L-triiodothyronine, cc-ecdysone, or brassinolide,
among others, can be employed. [00129] In other
embodiments, invertebrate or parasite nuclear receptor
proteins analogous to certain human nuclear receptors
can be employed, such as the receptors listed in Table
F below. In the Table, a, b and g correspond to the
Greek letters a, b and gamma,
respectively.0088524-020WO088524-020WO00088524-020WO0
[00130] When such nuclear receptors are employed in a
screening platform, known downstream effects of the
receptors can be used as indicative of an effect of an
agent or blend of agents on the receptor. For example,
levels of RNA transcribed from known targets of
activated receptors can be assessed, or downstream
effects of known regulatory cascades can be assessed.
[00131] Other molecular targets of interest include
those listed in Table G: TABLE G Organism Molecular
Target Reason for targeting0088524-020WO0METHODS AND
SYSTEMS FOR UNIVERSAL CARRIER SCREENING
CROSS-REFERENCE [0001] This application claims the
benefit of U.S. Provisional Application No.
61/053,926, filed May 16, 2008, which application is
incorporated herein by reference. BACKGROUND OF THE
INVENTION [0001] Genetic testing of prospective
parents can be used to predict the chances that
offspring of a couple will have particular genetic
diseases. Persons for whom such testing is attractive
include those for whom genetic diseases run in the
family or those from ethnic groups that have high
incidence of genetic diseases. The results of such
testing can provide a couple with information they can
use to make decisions about becoming parents. For
example, a couple may decide to make preparations for
special care that might be needed to raise a child
with special needs, or the couple may explore options
for assisted reproduction. [0002] Many genetic
diseases are rare in a population, for example, with
frequencies of less than 1 in 1000. Yet, if a genetic
disease is caused by a single recessive allele of a
gene and both prospective parents are carriers of the
recessive allele, then the probability that a child of
the couple will have the disease is likely 25%. [0003]
The incidence of alleles for a certain genetic
conditions is different across different populations.
For example, in persons with Ashkenazi Jewish
ancestry, the carrier frequency for Tay- Sachs disease
is 1:30; for Canavan disease it is 1:40; for
Niemann-Pick disease type A it is 1:90; for Fanconi
anemia type C it is 1:89; for Bloom syndrome it is
1:100; for Gaucher disease type 1 it is 1:12. In
persons of Southeast Asian ancestry, the carrier
frequency of alpha-thalassemia is as high as 1:20. In
Caucasians, the carrier frequency of cystic fibrosis
is 1:25. [0004] While such diseases may be
individually rare, there are a sufficient number of
them so the probability that any individual is a
carrier for at least one of is significantly greater.
For example, it has been estimated that 70% of the
Ashkenazi Jewish population has at least one disease
causing allele. Estimates of genetic load indicate
that every human carries approximately 8 to 30
deleterious recessive alleles. [0005] Carrier
screening can decrease the incidence of genetic
diseases in a population. For example, as a result of
carrier screening, the incidence of Tay Sachs disease
among the Ashkenazi Jewish population has decreased in
recent years. Another example of a genetic Mendelian
disease is cystic fibrosis (CF). Cystic fibrosis is
often fatal, debilitating, incurable, and costly to
treat. CF can be characterized by autosomal recessive
inheritance and carried by asymptomatic individuals
caused by hundreds of different mutations, each of
which varies in frequency across ethnic groups. The
American College of Medical Genetics (ACMG) recommends
carrier screening by genetictesting for all
prospective parents for a number of Mendelian
diseases. Since 1998, panethnic population-wide
screening for cystic fibrosis carrier status has been
recommended by ACMG. The list of diseases that ACMG
recommends testing is continually expanding as a
function of new discoveries related to genetic
diseases. Carrier screening has been adopted because
the health benefits outweigh the financial costs of
testing by a definitive margin. [0006] Presently,
screening of prospective parents for carrier status is
selective. It is indicated for couples belonging to
populations at increased risk for particular
conditions. There is a need in the art for universal
testing for a wide variety of genetic conditions for
individuals of any ancestry. SUMMARY OF THE INVENTION
[0007] In an aspect, a method is disclosed herein that
comprises: testing a subset of biological relatives of
a child or potential child to determine a presence of
a plurality of causal genetic variants corresponding
to at least one rare genetic disease and a presence of
at least one ancestry informative marker (AIM); and
predicting a probability of a phenotype of the child
or potential child from the subset of biological
relatives with respect to the at least one rare
genetic disease based at least in part on the presence
of the plurality of causal genetic variants and the
presence of the at least one AIM. In some instances,
predicting comprises performing a fully probabilistic
analysis on data collected on said casual genetic
variants. In some instances, predicting is further
based on phenotypic information about at least one
member of the subset of biological relatives. The
method can further comprise providing genetic
counseling services to at least one member of the
subset of biological relatives. The method can further
comprise delivering the probability of the phenotype
of the child to a physician referral service. [0008]
In an aspect, a computer readable medium comprises:
logic configured to predict a probability of a
phenotype of a child or potential child from a subset
of biological relatives with respect to at least one
rare genetic disease based at least in part on the
results of a test of the subset of biological
relatives for the presence of a plurality of causal
genetic variants and at least one ancestry informative
marker (AIM). In some instances, the logic performs a
fully probabilistic analysis. In some instances, the
computer readable medium provides an output in the
form of a report detailing the presence of the at
least on AIM and the presence of any of the plurality
of causal 



genetic variants in any member of the subset of
biological relatives. [0009] In an aspect, a computer
readable medium comprises: logic configured to perform
a fully probabilistic analysis on data corresponding
to a plurality of causal genetic variants from a male
and a female to predict a probability of a phenotype
of a child, wherein the male and the female are
potential parents of the child. In some instances, the
causal genetic variants from each of the male and
female comprise one or more ancestry informative
markers (AIMs), one or more causal genetic variants
corresponding to a rare genetic disease, one or more
causal genetic variants corresponding to a personality
trait, or both. In some instances, fully probabilistic
analysis incorporates a pluralityof sources of
statistical uncertainty in the probability. A computer
readable medium herein can further comprise logic for
receiving input from a phenotype battery and assigning
a weighting function to the plurality of causal
genetic variants based on said input. In some
instances, the input from the phenotype battery
comprises: height, weight, and family disease history.
In some instances, the computer readable medium
provides an output in the form of a report detailing a
probability distribution over child risks or
phenotypes. [0010] In an aspect, a system is described
herein for predicting a child phenotype that
comprises: a nucleic acid detection device configured
to detect a plurality of causal genetic variants
corresponding to at least one rare genetic disease and
at least one ancestry informative marker (AM), wherein
the device is in contact with a sample from a
biological relative of a child or potential child; a
reader configured to read data from the devices; and
computer readable instructions, wherein the
instructions when executed utilize the data from the
reader corresponding to the plurality of causal
genetic variants and data from the at least one AIM to
predict a probability of a phenotype of the child with
respect to the at least one rare genetic disease, hi
some instances, the biological relative is a
prospective mother or prospective father of the child
or potential child. In some instances, the nucleic
acid detection device comprises a plurality of nucleic
acid probes that selectively bind to the plurality of
causal genetic variants and the at least one AIM.
[0011] In an aspect, a system for predicting a child
phenotype comprises: a nucleic acid detection device
configured to detect a plurality of causal genetic
variants corresponding to more than 85 rare genetic
diseases, wherein the device is in contact with a
sample from a biological relative of the child or
potential child; a reader configured to read data from
the devices; and computer readable instructions,
wherein the instructions when executed utilize the
data from the reader corresponding to the plurality of
causal genetic variants to predict a probability of a
phenotype of the child or potential child with respect
to the more than 85 rare genetic diseases. In some
instances, the biological relative is a prospective
mother or prospective father of the child or potential
child. In some instances, the nucleic acid detection
device comprises a plurality of nucleic acid probes
that selectively bind to the plurality of causal
genetic variants corresponding to more than 85 rare
genetic diseases. In some instances, the nucleic acid
detection device further comprises a plurality of
nucleic acid probes that selectively bind to at least
one ancestry informative marker (AIM). In some
instances, the computer readable instructions when
executed utilize the data from the reader
corresponding to the at least one ATM to predict the
probability of a phenotype of the child. [0012] In an
aspect, a system for indicating if a subject is a
carrier of a rare genetic disease comprises: a reader
configured to read data from a nucleic acid detection
device configured to detect a plurality of causal
genetic variants corresponding to at least one rare
genetic disease and at least one ancestry informative
marker (AIM); and computer readable instructions,
wherein the instructions when executed utilize the
data from the reader corresponding to the plurality of
causalgenetic variants and the at least one ancestry
informative marker to predict a plurality of
probabilities of the subject being a carrier for each
of the plurality of causal genetic variants. [0013] In
an aspect, a method comprises: receiving a sample from
a user; testing the sample with a nucleic acid
detection device configured to test for a plurality of
causal genetic variants of rare genetic diseases and
at least one ancestry informative marker (AIM);
calculating a plurality of probabilities for the
possible user genotypes at each location of the
plurality of causal genetic variants based on results
from the testing step relating to the plurality of
causal genetic variants and the at least one AIM; and
delivering to the user the plurality of probabilities
corresponding to the user being a carrier. The method
can further comprise: receiving a sample from a second
user; testing the sample from the second user with a
device configured to test for a plurality of causal
genetic variants of rare genetic diseases and at least
one ancestry informative marker (AIM); calculating a
probability of a child phenotype corresponding to the
rare genetic diseases based on results from testing
the user and the second user; and delivering the
probability of the child phenotype to at least one of
the user and the second user. The method can further
comprise providing genetic counseling service to at
least one of the user and the second user. The method
can be carried out as part of a child phenotype
prediction service. The method can further comprise
obtaining phenotypic information from the user; and
using the phenotypic information from the user in the
calculating steps. The method can further comprise
obtaining family history from the user; and using the
family history from the user in the calculating steps.
[0014] In an aspect, a nucleic acid detection device
is configured to test a sample for a plurality of
causal genetic variants corresponding to at least one
rare genetic disease and one or more ancestry
informative markers (AIMs). In some instances, the
device comprises a plurality of nucleic acid probes
that selectively bind to the plurality of causal
genetic variants and the one or more AIMs. In some
instances, the device comprises a bead array that
selectively binds to the plurality of causal genetic
variants and the one or more AIMs. [0015] In another
aspect, a nucleic acid detection device is configured
to test a sample for a plurality of causal genetic
variants corresponding more than 85 rare genetic
diseases. The device can be further configured to test
a sample for at least one ancestry informative marker
(AIM). In some instances, the device comprises a
plurality of nucleic acid probes that selectively bind
to a plurality 



of causal genetic variants corresponding to more than
85 rare genetic diseases. The device can further
comprise a plurality of nucleic acid probes that
selectively bind to at least one ancestry informative
marker (AIM). The device can comprise a bead array
that selectively binds to a plurality of causal
genetic variants corresponding to more than 85 rare
genetic diseases. The device can further comprise a
bead array that selectively binds to at least one
ancestry informative marker (AIM). In some instances,
the device comprises a resequencing assay to detect
the plurality of causal genetic variants corresponding
to the more than 85 rare genetic diseases. In some
instances, thedevice further comprises a resequencing
assay to detect at least one ancestry informative
marker (AIM). [0016] In some instances, the at least
one AIM is not a causal genetic variant. In some
instances, at least two of the rare genetic diseases
occur at frequencies that differ by at least 10-fold
in at least two distinct populations, wherein the at
least two distinct populations are differentiated by
the at least one AIM. [0017] In an aspect, a method
comprises: marketing a genetic testing service
comprising predicting a probability of a child
phenotype from a subset of biological relatives of the
child or potential child, wherein the prediction is
based at least in part on the presence of a plurality
of causal genetic variants in each of the subset of
biological relatives and based at least in part on the
inferred ancestries of each of the subset of
biological relatives; and delivering a probability of
the child phenotype for a fee. The marketing can be
conducted in connection with a dating or marriage
service. The method can further comprise referring at
least one member of the subset of biological relatives
to a physician. In some instances, the inferred
ancestries are inferred by a test for at least one
ancestry informative marker (AIM). [0018] In an
aspect, a set of nucleic acid pools is disclosed for
validating a nucleic acid sequence detection device
comprising a set of causal genetic variant probes,
wherein each nucleic acid pool comprises a plurality
of nucleic acid segments that selectively bind a
different subset of the set of causal genetic variant
probes. In some instances, a first pool of the set
comprises a first nucleic acid segment that interferes
during detection with a second nucleic acid segment of
a second pool of the set, and wherein the first pool
does not comprise the second nucleic acid segment and
the second pool does not comprise the first nucleic
acid segment. In some instances, the nucleic acid
segments of each pool are single stranded nucleic acid
molecules. In some instances, the nucleic acid
segments comprise one or more plasmids. [0019] In an
aspect, a method of validating a lot of manufactured
nucleic acid sequence detection devices comprises:
contacting each of a plurality of nucleic acid
sequence detection devices from the lot with a
different nucleic acid pool, wherein each nucleic acid
pool comprises a plurality of nucleic acid segments
that selectively bind a plurality of causal genetic
variant probes on said detection devices, and wherein
each nucleic acid pool binds a different set of the
plurality of causal genetic variant probes; and
detecting presence or absence of the plurality of
causal genetic variant probes on the plurality of
nucleic acid detection devices, wherein the lot of
manufactured devices is validated if all of the
plurality of causal genetic variant probes are present
on the plurality of nucleic acid detection devices.
[0020] . In some instances, the method further
comprises delivering the lot of manufactured devices
when the devices are validated. In some instances, the
lot of manufactured devices is rejected if not all of
the plurality of causal genetic variant probes are
present. In some instances, the lot ofmanufactured
devices is modified and the method is repeated if not
all of the plurality of causal genetic variant probes
are present. INCORPORATION BY REFERENCE [0021] All
publications and patent applications mentioned in this
specification are herein incorporated by reference to
the same extent as if each individual publication or
patent application was specifically and individually
indicated to be incorporated by reference. BRIEF
DESCRIPTION OF THE DRAWINGS [0022] Many features of
the invention are set forth with particularity in the
appended claims. A better understanding of the
features and advantages herein will be obtained by
reference to the following detailed description that
sets forth illustrative embodiments, in which many
principles are utilized, and the accompanying drawings
of which: [0023] Figure 1 provides a table of causal
genetic variants. [0024] Figure 2 provides a list of
exemplary populations. [0025] Figure 3 provides a
number of AIMs that distinguish different populations.
The entries refer to items in the dbSNP database, a
database of genetic variants maintained by the US
government: http://www.ncbi.nhn.nih.gov/projects/SNP/.
Curated records in dbSNP contain information that
describes the sequence and location of genetic
variants, and where available the frequency of alleles
of those variants in different populations rs numbers
(for example, rs332, rs25, etc.) are the ID numbers
used to index the portion of the dbSNP database.
[0026] Figure 4 illustrates a population 1 as a group
which has a hypothetical A/G SNP with the given
flanking sequence. [0027] Figure 5 illustrates
population 2 has exactly the same variant with the
same flanking sequence as Figure 4, but different
proportions of each genotype (0.16, 0.48, 0.36 rather
than 0.25, 0.50, 0.25). [0028] Figure 6 illustrates
population 3 has a different flanking sequence than
Figures 4 and 5 with an extra G. [0029] Figure 7
considers populations by gender, wherein Figures 4-6
consider populations in terms of geographic ancestry.
[0030] Figure 8 shows an intensity scatterplot for the
beta thalassemia deletion allele similar to the
scatterplots in Figures 4-7. 



[0031] Figure 9 shows that calling of points near the
boundary is aided by the use of ancestry information.
[0032] Figure 10 shows that a raw intensity
measurement at a causal locus is not the only value
that matters. [0033] Figure 11 illustrates a source
code example that is useful in calling.[0034] Figure
12 shows a straightforward modification to the
expression for the posterior probability of whether an
individual is in a given cluster. [0035] Figure 13
shows a measured genotype may have measurement error
as represented by a false positive and false negative
rate. [0036] Figure 14 shows the inferred genotype is
unphased. [0037] Figure 15 shows how to generate a
distribution over possible recombinants and hence
possible gametes from the possible haplotypes. [0038]
Figure 16 shows how to repeat this process for both
mother and father to obtain a probability distribution
over gametic unions, corresponding to phased child
genotypes (aka haplotypes). [0039] Figure 17 shows
several different kinds of genotype-to-phenotype maps
that can be used with the distribution over child
haplotypes to produce a distribution over possible
child phenotypes. [0040] Figure 18 depicts equations
for obtaining the distribution over estimated child
phenotypes given parental genotypes. [0041] Figure 19
demonstrates examples of nucleic acid segments and
pools of nucleic acids. [0042] Figures 20-23
demonstrate exemplary processes of delivering a
probability that a user is a carrier of rare genetic
disease. [0043] Figure 24 illustrates exemplary the
input and output steps for report generation for two
hypothetical parents: Mama Hen and Papa Hen. DETAILED
DESCRIPTION OF THE INVENTION [0044] Described herein
are methods, computer readable instructions, software,
systems, and devices that are utilized for detecting
genotypes of individuals. Herein, the genotypes relate
to detecting specific causal genetic variants that
cause or can cause rare genetic diseases. In many
instances, the rare genetic diseases are Mendelian
diseases, wherein an individual is a carrier of a
trait (recessive or dominant) corresponding to
primarily related to single gene. The methods,
computer readable instructions, software, systems, and
devices can be used for family genomics, such as
generating probability distributions for many family
members in a family including without limitation:
grandparents, parents, children, aunts, and uncles.
The family members may be alive, dead, embryonic, or
not yet conceived. The genotype and/or phenotype of
any family member may be utilized to gain information
about other family members. The methods, computer
readable instructions, software, systems, and devices
can be utilized as a screen for predicting the
probability of the phenotype of a child or potential
child from two individuals. In many instances, the
child phenotype is predicted before conception based
upon the genotypes (and sometimes phenotypes) of the
potential father and potential mother. Child phenotype
prediction can be useful in a variety of circumstances
as described herein and provides an opportunity for an
individual to make a decision or take action based
upon his personal genotype.I. METHODS OF TESTING AND
PREDICTION [0045] In an aspect, a method comprises:
testing each member of a set of parents or potential
parents to determine presence of a plurality of causal
genetic variants corresponding to at least one rare
genetic disease and the presence of at least one
ancestry informative marker (AIM); and predicting a
probability of a phenotype of a child from the set of
parents or potential parents with respect to the at
least one rare genetic disease based at least in part
on results of the presence of the plurality of causal
genetic variants and the at least one AIM. In some
instances the predicting step is further based on
phenotypic information about at least one member of
the set of parents or potential parents, or genotypic
and/or phenotypic information on other biological
relatives of the child. In some instances the method
further comprises providing genetic counseling
services. In some instances, a probability about a
person's genotype, phenotype, or potential phenotype
can be delivered to a physician referral service. In
some instances the method further comprises delivering
the probability of the phenotype of the child
phenotype to a physician referral service. [0046] The
prediction of a probability of a phenotype herein can
be a probability distribution over a variety of risks
for traits. The probability distribution can be
categorical or continuous for any probability
prediction herein. As an example of a probability
distribution over child risks, the prediction could be
P(D=I) = 0.80 and P(D=O) = 0.20, representing an 80%
probability that a child will be affected (D=I) by a
Mendelian disease. As an example of a probability
distribution over child phenotypes, the prediction
could be a normal distribution with specified mean and
variance over the possible height of the child as an
adult. [0047] A genetic disease can be any disease
that is influenced by a known causal genetic variant.
In some instances, a rare genetic disease is a disease
that is present at a rate 1 per 100 in the human
population. In other instances, a rare genetic disease
is a disease that is present at a rate 1 per 1000 in
the human population. In yet other instances, a rare
genetic disease is a disease that is present at a rate
1 per 10,000, 1 per 100,000, 1 per 1,000,000, or 1 per
10,000,000 in the human population. In some instances,
the rare genetic disease may be present at a rate much
higher than 1 per 100 in a specific ethnic or
ancestral human population, for example, 1 per 50, 1
per 20, 1per 10, or 1 per 5 in a specific population.
A. Rare Genetic Disease [0048] Methods, systems,
software, and devices herein can test or be configured
to test for phenotypic traits (also referred to simply
as traits), i.e., a distinct form of a characteristic
of an organism. For example, eye color is a physical
characteristic; brown, green and blue are phenotypic 



traits. Some physical characteristics relating to
health have, as associated traits, abnormal and
normal, such as Huntington's disease (abnormal) and
non-Huntington's disease (normal). Traits may be
morphological, developmental, biochemical,
physiological, or behavioral. The collection of
aplurality of phenotypic traits exhibited by an
individual is usually referred to as the individual's
phenotype. [0049] Mendelian traits are traits that are
inherited by way of a single gene or influenced
primarily by a single gene. Mendelian diseases are
diseases inherited as a Mendelian trait. Typical
Mendelian traits can be autosomal dominant, autosomal
recessive or sex-linked (X-linked or Y-linked).
Mendelian traits can also be atypical, including
traits with atypical inheritance patterns (for
example, cytoplasmic inheritance or incomplete
penetrance) and including traits that arise as a
result of spontaneous but predictable mutations (for
example, repeat polymorphism expansions or mutational
hot spots). Mendelian traits include both typical
Mendelian traits and atypical Mendelian traits.
Typically, the percentage of variance in a Mendelian
trait that is explained by genotype is very high, for
example, at least 99%. However, the percentage of
variance in phenotype in an atypical Mendelian trait
that is explained by genotype can be lower. [0050] In
certain instances, two different genes cause traits
that appear similar or identical. In this case it is
typical to define sub-types of the trait such that a
single gene is associated with a trait single
sub-type. For example, the disease
Mucopolysaccharidosis is typically further described
as being of a particular type, such as
Mucopolysaccharidosis Type I or Mucopolysaccharidosis
Type vp. [0051] Non-Mendelian traits, also called
complex traits, are inherited by way of more than one
gene. Typically, for non-Mendelian traits the
percentage of variance in phenotype explained by
explicit genotypic markers is low, often less than
50%. A non-Mendelian trait differs from an atypical
Mendelian trait in that differences between
individuals in a complex trait are due to differences
in more than one gene whereas differences between
individuals for an atypical Mendelian trait are due
primarily to differences in one gene. Not all
non-Mendelian traits have genotypically-explained
variance of less than 99% (Friedman, Naomi P.; Miyake,
Akira; Young, Susan E.; DeFries, John C ; Corley,
Robin P.; Hewitt, John K. Individual differences in
executive functions are almost entirely genetic in
origin. Journal of Experimental Psychology: General.
2008 May VoI 137(2) 201-225). Examples of
non-Mendelian traits are height, weight, and skin
color. [0052] An individual's genotype for a Mendelian
trait is the identity of the genes (or gene in the
case of sex-linked traits) responsible for the trait
that the individual carries, for example, homozygous
for the gene responsible for the trait, homozygous for
a gene responsible for a different trait, or
heterozygous. [0053] Rare genetic diseases as
described herein are a type of trait. A rare genetic
disease for the purposes herein is a disease that is a
trait that can be inherited genetically by a child
from a set of parents. The disease or trait can then
manifest itself in the phenotype of the child. [0054]
Rare genetic diseases that can be tested according to
this invention include, but are not limited to:21
-Hydroxylase Deficiency, ABCC8-Related
Hyperinsulinism, ARSACS,Achondroplasia, Achromatopsia,
Adenosine Monophosphate Deaminase 1, Agenesis of
Corpus Callosum with Neuronopathy, Alkaptonuria,
Alpha-1-Antitrypsin Deficiency, Alpha-Mannosidosis,
Alpha-Sarcoglycanopathy, Alpha-Thalassemia,
Alzheimers, Angiotensin II Receptor, Type 1,
Apolipoprotein E Genotyping, Argininosuccinicaciduria,
Aspartylglycosaminuria, Ataxia with Vitamin E
Deficiency, Ataxia-Telangiectasia, Autoimmune
Polyendocrinopathy Syndrome Type 1, BRCAl Hereditary
Breast/Ovarian Cancer, BRCA2 Hereditary Breast/Ovarian
Cancer, Bardet- Biedl Syndrome, Best Vitelliform
Macular Dystrophy, Beta-Sarcoglycanopathy,
Beta-Thalassemia, Biotinidase Deficiency, Blau
Syndrome, Bloom Syndrome, CFTR-Related Disorders,
CLN3- Related Neuronal Ceroid-Lipofuscinosis,
CLN5-Related Neuronal Ceroid-Lipofuscinosis, CLN8-
Related Neuronal Ceroid-Lipofuscinosis, Canavan
Disease, Carnitine Palmitoyltransferase IA Deficiency,
Carnitine Palmitoyltransferase II Deficiency,
Cartilage-Hair Hypoplasia, Cerebral Cavernous
Malformation, Choroideremia, Cohen Syndrome,
Congenital Cataracts, Facial Dysmorphism, and
Neuropathy, Congenital Disorder of Glycosylationla,
Congenital Disorder of Glycosylation Ib, Congenital
Finnish Nephrosis, Crohn Disease, Cystinosis, DFNA 9
(COCH), Diabetes and Hearing Loss, Early-Onset Primary
Dystonia (DYTl), Epidermolysis Bullosa Junctional,
Herlitz-Pearson Type, FANCC-Related Fanconi Anemia,
FGFRl -Related Craniosynostosis, FGFR2-Related
Craniosynostosis, FGFR3-Related Craniosynostosis,
Factor V Leiden Thrombophilia, Factor V R2 Mutation
Thrombophilia, Factor XI Deficiency, Factor XIII
Deficiency, Familial Adenomatous Polyposis, Familial
Dysautonomia, Familial Hypercholesterolemia Type B,
Familial Mediterranean Fever, Free Sialic Acid Storage
Disorders, Frontotemporal Dementia with Parkinsonism-
17, Fumarase deficiency, GJB2-Related DFNA 3
Nonsyndromic Hearing Loss and Deafness, GJB2-Related
DFNB 1 Nonsyndromic Hearing Loss and Deafness,
GNE-Related Myopathies, Galactosemia, Gaucher Disease,
Glucose-6-Phosphate Dehydrogenase Deficiency,
Glutaricacidemia Type 1, Glycogen Storage Disease Type
Ia, Glycogen Storage Disease Type Ib, Glycogen Storage
Disease Type p, Glycogen Storage Disease Type HI,
Glycogen Storage Disease Type V, Gracile Syndrome,
HFE- Associated Hereditary Hemochromatosis, Haider
AIMs, Hemoglobin S Beta-Thalassemia, Hereditary
Fructose Intolerance, Hereditary Pancreatitis,
Hereditary Thymine-Uraciluria, Hexosaminidase A
Deficiency, Hidrotic Ectodermal Dysplasia 2,
Homocystinuria Caused by Cystathionine Beta-Synthase
Deficiency, Hyperkalemic Periodic Paralysis Type 1,
Hyperornithinemia-Hyperammonemia-Homocitrullinuria
Syndrome, Hyperoxaluria, Primary, Type 1,
Hyperoxaluria, Primary, Type 2, Hypochondroplasia,
Hypokalemic Periodic Paralysis Type 1, Hypokalemic
Periodic Paralysis Type 2, Hypophosphatasia, Infantile
Myopathy and Lactic Acidosis (Fatal and Non-Fatal
Forms), Isovaleric Acidemias, Krabbe Disease, LGMD2I,
Leber Hereditary Optic Neuropathy, Leigh Syndrome, 



French-Canadian Type, Long Chain 3-Hydroxyacyl-CoA
Dehydrogenase Deficiency, MELAS, MERRF, MTHFR
Deficiency, MTHFR Thermolabile Variant, MTRNRl
-Related Hearing Loss andDeafness, MTTSl -Related
Hearing Loss and Deafness, MYH-Associated Polyposis,
Maple Syrup Urine Disease Type IA, Maple Syrup Urine
Disease Type IB, McCune- Albright Syndrome, Medium
Chain Acyl-Coenzyme A Dehydrogenase Deficiency,
Megalencephalic Leukoencephalopathy with Subcortical
Cysts, Metachromatic Leukodystrophy, Mitochondrial
Cardiomyopathy, Mitochondrial DNA-Associated Leigh
Syndrome and NARP, Mucolipidosis IV,
Mucopolysaccharidosis Type I, Mucopolysaccharidosis
Type IHA, Mucopolysaccharidosis Type Vp, Multiple
Endocrine Neoplasia Type 2, Muscle-Eye-Brain Disease,
Nemaline Myopathy, Neurological phenotype,
Niemann-Pick Disease Due to Sphingomyelinase
Deficiency, Niemann- Pick Disease Type Cl, Nijmegen
Breakage Syndrome, PPTl -Related Neuronal Ceroid-
Lipofuscinosis, PROPl -related pituitary hormome
deficiency, Pallister-Hall Syndrome, Paramyotonia
Congenita, Pendred Syndrome, Peroxisomal Bifunctional
Enzyme Deficiency, Pervasive Developmental Disorders,
Phenylalanine Hydroxylase Deficiency, Plasminogen
Activator Inhibitor I, Polycystic Kidney Disease,
Autosomal Recessive, Prothrombin G20210A
Thrombophilia, Pseudovitamin D Deficiency Rickets,
Pycnodysostosis, Retinitis Pigmentosa, Autosomal
Recessive, Bothnia Type, Rett Syndrome, Rhizomelic
Chondrodysplasia Punctata Type 1, Short Chain Acyl-CoA
Dehydrogenase Deficiency, Shwachman-Diamond Syndrome,
Sjogren- Larsson Syndrome, Smith-Lemli-Opitz Syndrome,
Spastic Paraplegia 13, Sulfate Transporter- Related
Osteochondrodysplasia, TFR2-Related Hereditary
Hemochromatosis, TPPl -Related Neuronal
Ceroid-Lipofuscinosis, Thanatophoric Dysplasia,
Transthyretin Amyloidosis, Trifunctional Protein
Deficiency, Tyrosine Hydroxylase-Deficient DRD,
Tyrosinemia Type I, Wilson Disease, X-Linked Juvenile
Retinoschisis and Zellweger Syndrome Spectrum. B.
Causal Genetic Variants [0055] Causal genetic variants
are genetic variants for which there is statistical,
biological, and/or functional evidence of association
with a disease or trait such that the variant is
likely to play a role in etiology. A single causal
genetic variant can be associated with more than one
trait. A causal genetic variant can be associated with
a Mendelian trait or a non-Mendelian trait or both.
[0056] Although it is typical to refer to genetic
variants that occur at a frequency of greater than or
equal to 1% as polymorphisms and refer to a less
common variants as mutations, these terms are used
interchangeably and without intending to refer to a
particular frequency, unless specified. For example, a
SNP is a single nucleotide polymorphism, and it can
occur at any frequency. An example of a causal genetic
variant that is a SNP is the Hb S variant of
hemoglobin that causes sickle cell anemia. A DIP is a
deletion/insertion polymorphism, and it can occur at
any frequency. DIPs can also be referred to as indels.
An example of a causal genetic variant that is a DIP
is the delta508 mutation of the CFTR gene which causes
cystic fibrosis. A CNV is a copy number variant, and
it can occur at any frequency. An example of a causal
genetic variant that is a CNV is trisomy 21, which
causes Downs syndrome. A STR is a short tandem repeat
variation, and it can occur at anyfrequency. STRs are
also called repeat polymorphisms. An example of a
causal genetic variant that is an STR is tandem repeat
that causes Huntington's disease. [0057] Causal
genetic variants can manifest as variations in a DNA
polynucleotide, such as results from a SNP, DIP, CNV,
STR, or heritable epigenetic modification (for
example, DNA methylation). Multiple instantiations of
a causal genetic variant can be recognized as such
because they are identical-by-state and/or
identical-by-descent. A causal genetic variant may
also be a set of closely related causal genetic
variants. Some causal genetic variants may exert
influence as sequence variations in RNA
polynucleotides. At this level, some causal genetic
variants are also indicated by the presence or absence
of a species of RNA polynucleotides. Also, some causal
genetic variants result in sequence variations in
protein polypeptides. At this level, some causal
genetic variants are also indicated by the presence or
absence of a species of protein polypeptides. [0058J
The nomenclature for cataloging and describing causal
genetic variants was developed on an ad hoc basis over
many years. Causal genetic variants can be described
by more than one name. For example, causal genetic
variants can be labeled with both a common name and a
systematic name. Systematic names are based on an
evolving notation developed by the Human Genome
Variation Society. [0059] Causal genetic variants are
distinguished from indirectly associated genetic
variants, which are associated with a trait or disease
as a result of correlated coinheritance with a causal
genetic variant. [0060] Causal genetic variants can be
the cause of Mendelian and non-Mendelian traits. In
many instances, causal genetic variants that determine
deleterious Mendelian traits and Mendelian diseases
can be rare and occur at a frequency less than 1% of a
population. However, some causal genetic variants that
determine deleterious Mendelian traits and Mendelian
diseases occur at frequencies in the range of 1% to
10%. In some cases, causal genetic variants that
determine deleterious Mendelian traits and Mendelian
diseases occur at frequencies greater than 10%. [0061]
Causal genetic variants can be originally discovered
by statistical and molecular genetic analyses of the
genotypes and phenotypes of individuals, families, and
populations. The causal genetic variants for Mendelian
traits are typically identified in a two-stage
process. In the first stage, families in which
multiple individuals who possess the trait are
examined for genotype and phenotype. Genotype and
phenotype data from these families is used to
establish the statistical association between the
presence of the Mendelian trait and the presence of a
number of genetic markers, which typically are
indirectly associated genetic variants that are
physically proximal to a causal genetic variant on the
chromosome. This association establishes a candidate
region in which the causal genetic variant is likely
to map. In a second stage, the causal genetic variant
itself is identified. The second step typically
entails sequencing the candidate region. More
sophisticated, 



one-stage processes are possible with more advanced
technologies which permit the directidentification of
a causal genetic variant or the identification of
smaller candidate regions. After one causal genetic
variant for a trait is discovered, additional variants
for the same trait can be discovered by simple
methods. For example, the gene associated with the
trait can be sequenced in individuals who possess the
trait or their relatives. The invention of new methods
for discovering causal genetic variants is an active
area of research. The application of existing methods
and the incorporation of new methods is expected to
continue to result in the discovery of additional
causal genetic variants which can be used or tested
for by the devices, systems, and methods herein. Many
causal genetic variants are cataloged in databases
including the Online Mendelian Inheritance in Man
(OMIM) and the Human Gene Mutation Database (HGMD).
Causal genetic variants are also reported in the
scholarly literature, at conferences, and in personal
communications between scholars. [0062] In diploid
organisms, including humans and other mammals, a
causal genetic variant can be present in zero, one, or
two copies. In some cases, the causal genetic variant
can be present in more than two copies. Methods for
detecting the presence of a causal genetic variant
typically also determine the number of copies of the
variant that are present. [0063] In an embodiment at
least one of the causal genetic variants causes a
trait having an incidence of no more than 1% in a
first of the populations and at least one other of the
causal genetic variants causes a trait having an
incidence of no more than 1% in a second of the
populations. In another embodiment at least one of the
causal genetic variants causes a trait having an
incidence of no more than 1/10,000 in a first of the
populations and at least one other of the causal
genetic variants causes a trait having an incidence of
no more than 1/10,000 in a second of the populations.
[0064] Figure 1 provides a table of exemplary causal
genetic variants for rare genetic diseases. C.
Populations [0065] In some instances, devices,
methods, and systems herein are configured to test for
causal genetic variants for traits, wherein the traits
differ in frequency between populations. Populations
are groups of individuals of the same species, such as
humans or other mammals. Human populations are often
given particular names which can form the basis for
social identities. [0066] A human population can be a
group of people sharing a common genetic inheritance,
such as an ethnic group (for example, Caucasian). A
human population can be a haplotype population or
group of haplotype populations (for example, haplotype
Hl , M52). A human population can be a national group
(for example, Americans, English, Irish). A human
population can be a demographic population such as
those delineated by age, sex, and socioeconomic
factors. Human populations can be historical
populations. [0067] A population can consist of
individuals distributed over a large geographic area
such that individuals at extremes of the distribution
may never meet one another. The individuals of a
population can be geographically dispersed into
discontinuous areas. Populations can be
informativeabout biogeographical ancestry. The labels
used to identify populations do not need to contain an
explicit geographic or ancestry reference for the
populations to be informative about ancestry, for
example, a personal identification of race. [0068]
Populations can also be defined by ancestry. Genetic
studies can define populations. As defined by ancestry
and genetics, the major human populations correspond
to continental scale groupings, which include Western
Eurasian, sub-Saharan African, East Asian, and Native
American. Most humans can be assigned to at least one
of these populations on the basis of ancestry. A
number of smaller populations are also distinguished
as continental groups, including Indigenous
Australian, Oceanian, and Bushmen. [0069] Very often,
populations can be further decomposed into
sub-populations. The relationship between populations
and subpopulations can be hierarchical. For example,
the Oceanian population can be further sub-divided
into sub-populations including Polynesians,
Melanesians and Micronesians. The Western Eurasian
population can be further sub-divided into
sub-populations including European, Western/Central
Asian, South Asian, and North African. The European
population can be further sub-divided into
sub-populations including North- Western European,
Southern European, and Ashkenazi Jewish populations.
The North- Western European population can be further
sub-divided into national populations including
English, Irish, German, Finnish, and the like. The
East Asian population can be further sub-divided into
Chinese, Japanese, and Korean subpopulations. The
South Asian population can be further sub-divided into
Indian and Pakistani populations. The Indian
population can be further sub-divided into Dravidian
people, Brahui people, Kannadigas, Malayan' s, Tamils,
Telugus, Tuluvas, and Gonds. [0070] An individual can
self-identify to one or more reference populations
(for example, to an ethnic group) on the basis of
their ancestry. A person may identify their ancestry
based on the identity of their four biological
grandparents. The ancestry of some individuals
(sometimes called their individual ancestry or
individual biogeographical ancestry) can be described
as coming from more than one distinct population.
Admixture is defined relative to a set of reference
populations. The ancestry of an individual can be
classified in terms of admixture of a set of reference
populations. These reference populations can vary
depending on the application. It is common to refer to
admixture in term of the four major continental groups
because these groups can be readily distinguishable
genetically and phenotypically. [0071] Figure 2
provides a list of exemplary populations. D. Ancestry
Informative Markers [0072] Ancestry informative
markers (AIMs) are genetic variants that differ in
frequency between populations. Almost all common
genetic variants differ both within and between
populations. However, individual variants are found
across a spectrum of variance distributions. In an
instance,variants that differ within but not between
populations are typically not AIMs. In another
instance, variants that differ between but not within
populations are especially informative. 



[0073J A variety of kinds of genetic variants can be
AIMs, including SNPs, DIPs, CNVs, and STRs. AIMs can
also be sequence variations in RNA polynucleotides.
Some AIMs can also be indicated by the presence or the
concentration of a species of RNA polynucleotides.
Some AIMs can also be sequence variations in protein
polypeptides. Some AIMs can also be indicated by the
presence or absence of a species of protein
polypeptides. [0074] A number of ancestry informative
markers are identified in Figure 3. Others also are
described in US 2007/0037182 (Gaskin et al.). [0075]
Ancestry informative markers can be discovered by
determining the frequency of genetic variants in a
plurality of populations. This may be achieved by
determining the frequency of already known variants in
individuals from various populations. It may also be
achieved intrinsically during the process of variant
discovery. Both tasks were undertaken by the
International HapMap project, which catalogued SNP
polymorphisms. [0076] Ancestry informative markers can
be ranked by a variety of measurements which judge
thenpredictive power. One measurement is Wright's
F-statistic, called Fst or FST. This variable is known
by other names, including Fixation index. Another
metric for ranking ATMs is informativeness. Another
method of ranking AIMs is the PCA-correlated SNPs
method of Paschou et al. (Paschou et al.
PCA-correlated SNPs for structure identification in
worldwide human populations. PLoS Genet (2007) vol. 3
(9) pp. 1672-86). [0077] To achieve a pre-selected
degree of confidence in ancestry inference on the
basis of ancestry informative markers, and to achieve
ancestry inference for a plurality of populations, it
is typically necessary to examine more than one
ancestry informative marker. A sufficiently large
panel of randomly selected genetic variants can be
used to infer ancestry. A targeted set of especially
appropriate AIMs can be constructed. Many researchers
have published lists of suggested ancestry informative
markers (for example: Seldin et al. Application of
ancestry informative markers to association studies in
European Americans. PLoS Genet (2008) vol. 4 (1) pp.
e5; Haider et al. A panel of ancestry informative
markers for estimating individual biogeographical
ancestry and admixture from four continents: utility
and applications. Hum Mutat (2008) vol. 29 (5) pp.
648-58; Tian et al. Analysis and application of
European genetic substructure using 300 K SNP
information. PLoS Genet (2008) vol. 4 (1) pp. e4;
Price et al. Discerning the ancestry of European
Americans in genetic association studies. PLoS Genet
(2008) vol. 4 (1) pp. e236; Paschou et al.
PCA-correlated SNPs for structure identification in
worldwide human populations. PLoS Genet (2007) vol. 3
(9) pp. 1672-86; and Bauchet et al. Measuring European
population stratification with microarray genotype
data. Am J Hum Genet (2007) vol. 80 (5) pp. 948-56.).
These and similar lists can be used to build a panel
of AIMs for which a device or method herein can be
configured to test for.[0078] Some AIMs are also
causal genetic variants. For example, the Duffy Null
(FY*0) genetic variant causes an absence of a blood
antigen. This variant is at nearly 100% frequency in
sub- Saharan African populations and at nearly 0%
frequency in populations outside of sub-Saharan
Africa. Many causal genetic variants associated with
pigmentation are also AIMs. Conversely, AIMs that are
not causal genetic variants can be indirectly
associated with traits caused by other AIMs. When
selecting a set of causal genetic variants and
ancestry informative markers, it is useful for the
AIMs to be different than the causal genetic variants.
p.SYSTEMS [0079] hi an aspect, a computer readable
medium comprises logic that predicts a probability of
a phenotype of a child from a set of parents or
potential parents with respect to at least one rare
genetic disease based at least in part on the presence
or absence of a plurality of causal genetic variants
in a first parent, the presence or absence of a
plurality of causal genetic variants in a second
parent, at least one AIM from the first parent and at
least one AIM from the second parent. In another
aspect, a computer readable medium comprises: logic
for performing a fully probabilistic analysis on data
corresponding to a plurality of causal genetic
variants from a male and a female to predict a
probability of a phenotype of a child, wherein the
male and the female are potential parents of the
child. In some instances, performing a fully
probabilistic analysis comprises carrying statistical
noise throughout the entire process, hi some
instances, the causal genetic variants from each of
the male and female comprise one or more ancestry
informative markers (ATMs), one or more causal genetic
variants corresponding to a rare genetic disease, one
or more causal genetic variants corresponding to a
personality trait, or both hi some instances, the
computer readable medium further comprises logic for
receiving input from a questionnaire completed by said
male and/or female and assigning a weighting function
to the plurality of causal genetic variants based on
said input, hi yet another instance, the information
from the questionnaire comprises one or more of the
following types of information regarding the male or
female: height, weight, and family disease history.
The computer readable medium can provide an output in
the form of a report detailing the probability of the
phenotype of the child. Logic can be computer readable
instructions as described herein. [0080] In an aspect,
computer readable instructions for predicting a
phenotype of a child are provided that when executed:
perform a fully probabilistic analysis on data from a
male and a female corresponding to a plurality of
causal genetic variants to predict a probability
distribution over child phenotypes, wherein the male
and the female are potential parents of the child, hi
some instances, a fully probabilistic analysis is an
analysis that does not make a determination based on a
probability at one step, but rather carries the
probability throughout the entire analysis. For
example, if genotype AA has a probability of 9 1% and
genotype AT has a probability of 9% then when
calculating child risk in subsequent steps, the
probabilities of 91% and 9% are carried through tothat
calculation step, instead of using the most probably
genotype AA. In some instances, this can be an
important model for alleles that have low probability
but very high relative risk. The variants from each of
the male and female can comprise one or more ancestry
informative markers (AIMs), 



one or more causal genetic variants corresponding to a
rare genetic disease, or both. The instructions can
receive input from information from a phenotype
battery from said male and female and assign a
weighting function to the plurality of causal genetic
variants to predict the probability of the phenotype
of the child. The phenotype battery can be collected
by a variety of items or means, including without
limitation: questionnaires, surveys, tests (such as IQ
tests), medical records, and games. The information
from the phenotype battery used when executed by the
instructions can be height, weight, and family disease
history. Elements of the phenotype battery can
include, but is not limited to: age at first
menopause, agreeableness, airway histamine
responsiveness, alcohol dependence, birth weight,
blood pressure, body mass index, cannabis dependence,
chronic pelvic pain, coffee consumption, complete
blood count, conscientiousness, DSM-IV major
depressive disorder, depth of sleep, endometriosis,
exercise participation, extraversion, fainting, family
history of disease, fatigue, finger ridge count,
fitness, forced expiratory volume, harm avoidance, hay
fever, height, Immunoglobulin E levels, incisor
geometry, individual alpha frequency (EEG), inspection
time, insulin concentration, IQ, liability to
appendectomy, liability to asthma, liability to
tonsillectomy, male baldness, mole size and count,
mouth ulcers, neuroticism, novelty seeking, openness,
osteoarthritis in women, parietal P300 latency,
parietal slow wave amplitude, performance IQ,
persistence, prefrontal P300 latency, prefrontal slow
wave amplitude, premature parturition for any birth,
presence of eating disorder, psychosis proneness,
quality of sleep, reward dependence, smoking
initiation, stuttering, susceptibility to migraine,
tea consumption, total cholesterol, triglycerides,
weight, verbal IQ, voting behavior, and V02max. The
instructions can provide an output in the form of a
report detailing the probability of the phenotype of
the child. [0081] In an aspect, a system for
predicting a child phenotype comprises: at least two a
nucleic acid detection devices configured to detect a
plurality of causal genetic variants corresponding to
at least one rare genetic disease and at least one
ancestry informative marker (AIM), wherein a first
device is in contact with a sample from a female and
wherein a second device is in contact with a sample
from a male, wherein the male and the female are
parents or potential parents of a child; a reader
configured to read data from the devices; and computer
readable instructions, wherein the instructions when
executed utilize the data from the reader
corresponding to the plurality of causal genetic
variants and the at least one ancestry informative
marker to predict a probability of a phenotype of the
child with respect to the at least one rare genetic
disease. The at least two nucleic acid detection
devices can comprise a plurality of nucleic acid
probes that selectively bind to the plurality of
causal genetic variants and the at least one
AIM.[0082] In an aspect, a system for predicting a
child phenotype comprises: at least two a nucleic acid
detection devices configured to detect a plurality of
causal genetic variants corresponding to more than 85
rare genetic diseases, wherein a first device is in
contact with a sample from a female and wherein a
second device is in contact with a sample from a male,
wherein the male and the female are parents or
potential parents of a child; a reader configured to
read data from the devices; and computer readable
instructions, wherein the instructions when executed
utilize the data from the reader corresponding to the
plurality of causal genetic variants to predict a
probability of a phenotype of the child with respect
to the more than 85 rare genetic diseases. The at
least two nucleic acid detection devices can comprise
a plurality of nucleic acid probes that selectively
bind to the plurality of causal genetic variants
corresponding to more than 85 rare genetic diseases.
The at least two nucleic acid detection devices can
further comprise a plurality of nucleic acid probes
that selectively bind to at least one ancestry
informative marker (AIM). The computer readable
instructions when executed can utilize the data from
the reader corresponding to the at least one AIM to
predict the probability of a phenotype of the child.
[0083] In an aspect, a system for indicating if a
subject is a carrier of a rare genetic disease
comprises: a reader configured to read data from a
nucleic acid detection device configured to detect a
plurality of causal genetic variants corresponding to
at least one rare genetic disease and at least one
ancestry informative marker (AIM); and computer
readable instructions, wherein the instructions when
executed utilize the data from the reader
corresponding to the plurality of causal genetic
variants and the at least one ancestry informative
marker to predict a plurality of probabilities of the
subject being a carrier for each of the plurality of
causal genetic variants. A. Genotyping Individuals
[0084] There are many different ways of acquiring
information about an individual's genetic sequence.
Discussed herein are exemplary methods for analyzing
genotype data produced by SNP chips. Some of the
methods relate directly to solving some of the issues
with identifying causal genetic variants for rare
genetic diseases, for example: minimizing the false
negative rate (for example, the probability that the
test comes back negative when the couple is at risk
for having a child with the disease) while keeping the
false positive rate below a specified threshold.
However, the same concepts can be generalized to other
methods for producing sequence data (such as
resequencing by sequence capture and
sequencing-by-synthesis) or for ascertaining sequence
information indirectly (for example by making
measurements on RNA or protein proxies). [0085]
Genotype calling for biallelic SNPs is traditionally
done by clustering. Given alleles X and Y, a
scatterplot of the normalized signals for the X and Y
allele can be created. The XX, XY, and YY genotypes
manifest themselves as distinct clusters of points in
this scatterplot. Other types of variants such as
insertions, deletions, and triallelic SNPs can be
accommodated by using multiplebiallelic probes.
Genotype calling can proceed by clustering in a higher
dimensional space, in which more than two axes are
present. [0086] A false negative call can correspond
to informing a couple that they are not at risk when
in reality they are. This is a failure of a screening
test and may result in a child with a disease. In cost
terms, the standard measure for the price of treating
a child with a rare Mendelian disorder is
approximately $ 1 million. 



[0087] Suppose that the wild type allele is X and the
disease allele is Y at a given locus. At this locus,
most couples will be XX (normal) or XY (carriers),
though incomplete penetrance/expressivity may lead to
a few YY individuals. The determination of an
individual's ancestral group from AIMs and
self-reported ethnicity (as described in claim B
below) provides prior probabilities for the XX, XY,
and YY genotype frequencies at the disease locus. In
many embodiments, ancestry determination is important
because many Mendelian disease loci are much more
frequent in one population than another. [0088] Most
genotype calling software uses the prior probabilities
for genotype frequencies as the cluster priors, as the
calling algorithm is optimized to minimize
misclassifcation probability. For example, for a
biallelic SNP, if A is the ancestral group which is
being assayed, MX is the measured normalized signal in
the X channel and MY is the measured normalized signal
in the Y channel, the clustering procedure for
genotyping calling is equivalent to estimating
P(G|MX,MY,A). The optimal way to do this is with
Bayes' rule as shown in Figures 8-12. [0089] In many
instances, the devices and systems herein can be
designed err on the side of identifying people as
carriers or no call if there is any doubt about them
being wild type. Geometrically, what this corresponds
to are looser cluster boundaries where we are more
aggressive in calling XY than baseline carrier
probabilities would suggest. This may be desirable
because false positives may only require followup
tests, while false negatives may represent a failure
of a screening test. [0090] Mathematically, the exact
geometry is determined by the choosing the boundary
which minimizes a measure of cost (for example
expected or median cost) rather than the one which
minimizes misclassif cation probability.
Computationally, this may require specialized software
(such as the computer readable instructions provided
herein) to process the raw chip readout. [0091] In
order to attain a desired false positive rate of 1/100
or less, and false negative rate of 1/10000 or less
for a multiplexed assay, the following protocol can be
carried out: a) infer ancestry to obtain population
specific cluster parameters as shown in Figure s4-7,
b) assay each variant several times on the same chip,
and c) use a control sample with each batch of chips
to confirm manufacturing validity. [0092] The use of
repeated measurements allows these false positive and
negative rates to be achieved. As an example, consider
an assay for a variant with an average accuracy of
99%, wherethe accuracy is the probability that the
actual genotype is the same as the called genotype.
With symmetric error (for example, with default
genotype calling) this corresponds to a false positive
and false negative rate of 1%. If C is the called
genotype and G the actual genotype, then formally we
have: the false positive rate: P(C=XX|G=XY) = 0.01,
and the false negative rate: P(C=XY|G=XX) = 0.01.
[0093] If three of these assays are used in parallel
and have independent failure rates, a combined
best-of-three vote for genotype calling can achieve
much better false positive and negative rates. Suppose
that Cl, C2, C3 are the genotype calls of these three
assays. Then the probability that all three assays
produce false negatives at the same time is:
P(C1=XX,C2=XX,C3=XX|G=XY) =
P(C1=XX|G=XY)P(C2=XX|G=XY)P(C3=XX|G=XY) = (.01)L3 = 1
* 10A-6. This is now one in one million, which is much
less than one in 100, and achieves the false negative
rates necessary for a feasible multiplexed assay.
[0094] It is possible to achieve approximately
independent failure rates by locating probes in
different regions of the chip or by using multiple
chips or assay types. However, the assumption of
independent failure can be compromised if there is
systematic error, either in the design of unreliable
probes or the presence of samples with extremely low
DNA levels. [0095] In practice, probe reliability can
be guaranteed by using a funnel approach, by starting
with many redundant probes and triaging those probes
which perform poorly in a representative training set.
Specifically, a combination of random samples,
engineered plasmids, and samples from DNA repositories
like Coriell may be used to empirically determine
sensitivity and specificity for each variant of the
assay. Variants with poor calling statistics are not
used for risk calculation. A control sample or samples
may also be prepared and run alongside customer DNA to
ensure that each batch of assays/chips has been
manufactured properly. B. Inferring Ancestry [0096]
Given a set of measurements of N ancestrally
informative markers X l through X N, we can infer
membership in a given ancestry group through standard
classification techniques. For example, we can use
expectation-maximization based clustering or similar
algorithms to achieve probabilistic classification
into categories, using assayed variants as features
and self-reported ancestry as training data. Often
individuals who have four grandparents hailing from
the same geographic area or ethnic group are preferred
as training points. Those whose grandparents hail from
different regions or ethnic groups are then considered
admixed. This analysis can be naturally extended to
the case where the ancestral categories are
hierarchical and/or overlapping. For example, it is
possible to define multiple types of ancestry:
continental scale (European, Asian, African), national
(English, French, German), linguistic (French
Canadian), and so on. Differentclassifiers employing
different combinations of ancestrally informative
markers can be used to distinguish between virtually
any such collection of categories. [0097] For the
purposes herein, the categories which are most
relevant are those that correspond to populations with
significantly increased rates of endogamy or
frequencies of particular disease causing alleles.
AIMs to identify all of these populations can be
included on the chip. [0098] AIMs in general are
useful because ancestral self-report, while a useful
starting point, can be misleading or incomplete. In
North America, for example, many Caucasians do not
know their admixture proportions. Given that
populations like Italians and English differ in their
frequencies for 



disease alleles like the Mediterranean variant for
beta thalassemia (higher in Italians:
http://www.genome.gov/10001221), AIMs can provide
significant and useful information beyond that
provided by self report. In particular, for admixed
individuals it is also possible to assign ancestry on
a more granular basis to particular regions of DNA
(http://www.genome.org/cgi/content/abstract/gr.072850.
107). [0099] Ultimately, AIMs are useful for the
muliplexed chip for uncommon Mendelian traits because
knowledge of ancestry provides a prior distribution
over genotype frequencies, thereby reducing the
misclassification probability. For example, someone
who is not Ashkenazi Jewish is unlikely to be a
carrier for familial dysautonomia
(http://en.wikipedia.org/wiki/Familial_dysautonomia),
and the extra information on ancestry provides an
independent check in addition to the direct results of
the assay. C. Determining Genetic Risk [00100] Risk
calculation in the context of an assay for rare
genetic diseases can be that the false positive and
false negative rates be held to within acceptable
parameters. The discussion on genotyping above is the
primary means of achieving this. Given reliable
genotyping strategies with false positive rates on the
order of 1% or less and false negative rates on the
order of 0.001% or less, standard risk calculation
methods can be applied to determine the risk that a
couple will have a child with a given genetic disease.
Application of such methods requires at a minimum
knowledge of the mode of inheritance of the disease.
For many traits, risk calculations may involve more
complex assessments involving the possibility of
incomplete penetrance or expressivity, de novo or
recurrent mutations, genetic anticipation, and similar
complicating factors. [00101] Survey questions,
including an online family history, may be important
for augmenting risk calculations in the event that an
assay result alone is not dispositive. However, for
many of the Mendelian diseases assayed on the chip, a
traditional consultation may not provide much extra
information because carriers are often asymptomatic
and most carriers do not have immediate family members
with a rare Mendelian disease. Any positive result
from a device herein may be subject to a specialized
followup test in the event that the false positive
rate is non-negligible.D. Predicting Phenotype from
Parental Genotype and Phenotype [00102] The devices
and systems herein provide genotype data that can be
used to forecast the risk of having a child with a
given disease. Conceptually, this forecasting is
possible because of the predictable mode of
inheritance of a Mendelian trait and the generally
high correlation between having a variant and having
the condition, notwithstanding the issues involved
with variable expressivity and penetrance. For complex
traits, it is still difficult to predict their values
from genotype measurements alone. It may be possible
to do this in the future by measuring CNVs, from
resequencing data, or by combining multiple assay
modalities (for example methylation, expression,
etcetera), but the results from SNP chips alone have
not explained much of the variance. For example, a
recent whole genome association study of IQ found that
only 1% of the variance in IQ could be predicted by a
measurement of 500000 SNPs
(http://www.blackwellsynergy. com/doi/abs/10.1
11l/j.l601-183X.2007.00368.x). Similarly low values
have been found for other traits like height, where
large studies involving 30000 plus individuals have
found SNPs explaining only 3.7% of the variance in
height. [00103] Importantly, while it is difficult to
predict the values of an individual's complex traits
from genotype information, it is often easy to predict
the values of a child's complex traits from phenotype
information on the parents. That is, for phenotypes
with high heritability, a measurement of mother and
father trait values is sufficient to provide excellent
predictive power for child traits. For example, the
narrow sense heritability of height is on the order of
0.70 to 0.80, depending on the population and
environmental background
(http://www.sciam.com/article.cfm?id=how-much-ofhuman-
height). This means that the proportion of child
variance explained by two measurements (the mother
height and father height) ranges from 49% to 64%, a
number which is far in excess of what has been
achieved with SNP based predictions of individual
height as of May 2008. It is thus possible to exploit
this phenomenon for the purposes of child prediction.
For traits with nonzero heritabilities, child trait
values can be forecast from parental measurements with
low error rates. [00104]A survey of parental and child
risks or phenotypes from a random sample of 1000
people from a target population may be used to provide
empirical training data for regression equations
relating parental and child characteristics. AIMs may
also be collected to facilitate identification of
members of this population. It is also possible to
include data from other family members, such as
grandparents, uncles, and aunts, as additional
predictive features for predicting child traits. These
regression equations may be more sophisticated than
the simple linear models employed in quantitative
genetics. Any kind of regression algorithm may be
employed to predict child phenotype from the
measurements of parental phenotypes. For example, this
is of demonstrable utility in the case of longevity,
which has a highly nonlinear inheritance pattern
(http://longevityscience.
org/Genetics-Australia.html). Importantly, the
nonlinearity of longevity inheritance results in a
deceptively low heritability coefficient of
0.10.[00105] Standard heritability estimates may thus
underestimate the ability to predict offspring traits
from parental values, indicating that it may be useful
to assay any trait of potential commercial relevance
on a large number of parent/child trios from a given
population and determine empirically whether
prediction is feasible or infeasible. As before, it
may be useful to assay other relatives besides
immediate parents. It may also be useful to return
confidence intervals or quantiles in addition to point
estimates. The regression equations for predicting
complex child risks or phenotypes from parental
phenotype and the risk calculation algorithms for
predicting child disease risk from parental genotype
form a unified suite of algorithms for child
prediction. From an input/output perspective, parents
provide survey data and saliva samples, and algorithms
return child predictions of both Mendelian disease
risks and complex traits. 



[00106] As described herein, population information
can determine cluster parameters. Figures 4-7
illustrate a theoretical basis by which population
information (as revealed by AIMs and/or selfreport)
can inform cluster parameters and genotype calling,
and thereby influence the accuracy of carrier testing
and child phenotype prediction. Population 1 is a
group which has a hypothetical A/G SNP with the given
flanking sequence in Figure 4. If 1000 individuals
from this population are genotyped, 1000 measurements
are obtained of the normalized intensities of the A
and G channel probes at that SNP. These intensity
values can be depicted in a scatterplot as shown,
where each point represents an individual and the X
and Y axes correspond to the A and G channels. In this
example, three clusters arise, corresponding to the
AA, AG, and GG genotypes. Parametric models of various
kinds can be fit to these clusters. One of the most
popular is the expectation maximization (EM) model, in
which a multivariate gaussian distribution with
parameters mu (the mean vector) and sigma (the
covariance matrix) is fit to each cluster. In this
example, there are three mu vectors of dimension 2,
and three sigma matrices of dimension 2 x 2 (in this
case the identity matrices). The relative area under
each multivariate gaussian is given by the pi
parameter, corresponding to the proportion of points
which lie in that cluster. In Figure 5, population 2
has exactly the same variant with the same flanking
sequence, but different proportions of each genotype
(0.16, 0.48, 0.36 rather than 0.25, 0.50, 0.25).
Because the molecular biology of the variant and the
flanking sequence is the same, the clusters are in the
same position and only pi differs. In Figure 6,
population 3 has a different flanking sequence with an
extra G. The molecular biology differences in the
flanking sequence can cause shifts in the positions
and orientations of the clusters, for example by
translating clusters upwards on the G-axis or
introducing more variance along the G axis. In such a
case, the mu and sigma parameters may also differ
along with the pi parameters. The previous Figures 4-6
have been considering populations in terms of
geographic ancestry, however Figure 7 considers
populations by gender. Specifically, suppose that
population 4 is composed of males, that the locus
under consideration is on the X-chromosome, and that
all members of previous populations were females. In
this case the intensity plot for males would look
quite different. In particular, only twoclusters are
possible (A/- and G-/) rather than three (AA, AG, GG).
Thus the cluster parameters mu, sigma, and pi are
different from that of population 1. These examples
illustrate the importance of taking population
information (for example as informed by gender or
ethnicity) into account when training calling models.
[00107] In many instances, population information aids
genotype calling. Figures 8-12 demonstrate an example
of how population information influences genotype
calling and risk calculation in the context of
beta-thalassemia, which sharply differs in frequency
between two phenotypically similar populations:
Italians and Caucasians from the general population.
The carrier frequency for the deleterious
beta-thalassemia variant differs starkly between
Northern European and Italian populations, who are
otherwise phenotypically similar and highly admixed in
countries like the United States. For example, the
carrier frequency in Northern Europeans is less than 1
per 1000, whereas the carrier frequency in Italians is
greater than 1 per 100. The plot in Figure 8 shows an
intensity scatterplot for the beta thalassemia
deletion allele similar to the scatterplots in Figures
4-7. For simplicity only two clusters are shown,
corresponding to the wildtype and carrier genotypes
and excluding the homozygote. A key question is how to
classify points with intensities that are not
extremely close to the means of their respective
clusters, such as 'A' in Figure 8. In Figure 9, it is
shown that calling of points near the boundary is
aided by the use of ancestry information. The
numerical example in Figure 10 shows that a raw
intensity measurement at a causal locus is not the
only value that matters. Coupling this measurement (X)
with knowledge of ancestry (A) can change the
probability of being a carrier by almost 60 fold. A
source code example is provided in Figure 11. In
practice one will not have complete knowledge of
ancestry. AIMs help in this situation. One may use
signal from AIMs to produce a distribution over
populations, obtaining the probability that a given
locus is inherited from an ancestor of a given
population group. As shown in Figure 12, this requires
a straightforward modification to the expression for
the posterior probability of whether an individual is
in a given cluster. Instead of assuming that the value
of the ancestry parameter is known with probability 1,
a distribution can be used over ancestries. This
technique of using AIMs to improve calling at causal
loci provides a substantial gain in classification
power and is particularly useful for assays such as
those described herein, as it is indicated for many
different ancestry groups. [00108] There are several
possible sources of noise that should be accounted for
when performing child phenotype predictions using
genotype information. Figures 13-18 illustrate the
process of fully probabilistic prediction of a
distribution over child risks and phenotypes. The
process accounts for several possible sources of
uncertainty, including genotype calling error, phasing
uncertainty, recombination, gametic union, and a noisy
genotype-to-phenotype map. First, as shown in Figure
13, a measured genotype may have measurement error as
represented by a false positive and false negative
rate, but more generally one would specify a confusion
matrix that gave theprobability of predicting genotype
i given a true genotype j . Given a measured genotype,
the result is a distribution over possible true
genotypes. Next, as shown in Figure 14, the inferred
genotype is unphased. That is, adjacent heterozygote
loci may be in either cis or trans and this is
unknown. One can model phase uncertainty by either:
using an appropriate database of population haplotype
frequencies at the given locus; or using one of
several haplotype inference algorithms, such as
Clark's algorithm or model based haplotype inference.
Figure 15 shows how to generate a distribution over
possible recombinants and hence possible gametes from
the possible haplotypes. Figure 16 then shows how to
repeat this process for both mother and father to
obtain a probability distribution over gametic unions,
corresponding to phased child genotypes (aka
haplotypes). This results in a distribution over child
haplotypes. Finally, Figure 17 reviews several
different kinds of genotype-to-phenotype maps that can
be used with the distribution over child 



haplotypes to produce the desired quantity: a
distribution over possible child risks or phenotypes.
[00109] Figure 18 depicts equations for obtaining the
distribution over estimated child risks or phenotypes
given parental genotypes, formalizing the flow
diagrams of Figures 13-17. This expression is useful
in that it is exact and can be approximated for any
given locus. This can be done via simulation or by
noting that certain steps collapse; for example,
predicting child phenotype based on a single locus
trait need not deal with recombination. It is notable
that each conditional distribution can be expressed as
a matrix and the series of sums can be expressed in
terms of repeated matrix multiplications, a
formulation which allows rapid computer
implementation. [00110] In the future, as resequencing
costs drop, it is important to note that parent
phenotypes and genotypes determined in this manner can
then be regressed upon each other. That is, the
voluntary large scale provision of parental genotype
and phenotype information for the purposes of
predicting child traits can be used as a source of
data for extremely large scale association studies.  .
Biological Relatives Genomics [00111] The methods
herein can be utilized for family genomics. In some
aspects, the methods can be utilized to determine
probabilities of phenotypes or probabilities that
family member has or had a rare genetic disease based
upon genetic screening of other family members. For
example, a subset of biological relatives can be
screened as carriers for a plurality of causal genetic
variants of at least one rare genetic disease. The
data from the subset can then be utilized to predict
the probability of phenotype of another biological
relative that was not a member of the subset tested.
For example, three children can be tested and the
probability that a parent, living or deceased, has a
particular phenotype or rare genetic disease as
described herein can be calculated. These methods may
be useful for postmortem determination of relative
that may have had an unclear diagnosis of a disease at
the time of death or did not have the tests available
to him to determine if he had a rare genetic
disease.[00112] In some instances, the devices and
systems as described herein that can be used to
predict child phenotype probabilities can be utilized
to predict probabilities of living relatives having
certain traits or diseases or phenotypes. Relatives
can include grandparents, great grandparents, aunts,
uncles, mothers, fathers, siblings, children, and any
other biological family member. [00113] In some
instances, a relative who was not included in the
subset of biological relatives that were genotyped
with regards to causal genetic variants can be
referred to a genetic counselor and/or physician. In
an instance, a relative who is a member or not member
of the subset of biological relatives can pursue a
course of medical action based on the results of the
tests. For example, aspirin can be prescribed for
heart disease to a family member based on risk
calculated by a method or system herein. Information
can also be collected from a phenotype battery, such
as that discussed herein, for some or all of the
subset of biological relatives and utilized in the
calculations of the probabilities for other relatives.
The risk of developing a disease for any biological
relatives can be calculated and adjusted based upon
family genomics, such as described herein. The results
can be delivered to the relative and actionable
methods can be carried out. For example, a genomic
family tree can be created and utilized to factor into
a probability of risk of disease for one, some, or all
members of their family tree. m.DEVICES [00114]
Described herein is a universal carrier screen device
and methods of utilizing the device. Also disclosed is
computer software and code for translating data from
the devices and methods to probabilities that a user
is a carrier or that a set of parents have a
probability of having a child with a genetic disease.
A device herein can be configured to test for a
plurality of rare genetic diseases or at least 5, 10,
85, 100, 200, 500, or 1000 of rare genetic diseases.
[00115] In an aspect, a nucleic acid detection device
is configured to test a sample for a plurality of
causal genetic variants corresponding more than 85
rare genetic diseases. The device can be further
configured to test a sample for at least one ancestry
informative marker (AIM). In some instances, the
device comprises a plurality of nucleic acid probes
that selectively bind to a plurality of causal genetic
variants corresponding to more than 85 rare genetic
diseases. The device can further comprise a plurality
of nucleic acid probes that selectively bind to at
least one ancestry informative marker (AIM). The
device can comprise a bead array that selectively
binds to a plurality of causal genetic variants
corresponding to more than 85 rare genetic diseases.
The device can further comprise a bead array that
selectively binds to at least one ancestry informative
marker (AIM). In some instances, the at least one AIM
is not a causal genetic variant. In some instances, at
least two of the rare genetic diseases occur at
frequencies that differ by at least 10-fold in at
least two distinct populations, wherein the at least
two distinct populations are differentiated by the at
least one AIM. In some instances, the device comprises
a sequence capture assay to detect a plurality of
causal genetic variants corresponding to more than 85
rare genetic diseases.[00116JIn some instances, the
device simultaneously detects 85, 100, 150, 200, 500,
1000 or more rare causal genetic variants. In many
instances, the causal genetic variants indicate a
Mendelian disease in which a single gene is
responsible for a disease. Often times, Mendelian
diseases have a recessive inheritance pattern as
demonstrated in Figures 4-7 and a person has two
recessive alleles to develop the disease. Individuals
with one mutant and one non-mutant allele can be
described as carriers because they carry the causal
genetic variant but do not have the disease. If
parents are both carriers for the same disease, their
children are at a risk for inheriting two copies of
the mutant gene and thus developing the disease. For
an exemplary Mendelian disease, one quarter of the
children of two carriers will be expected to inherit
the disease. Because the risk of having an affected
child is a deterministic function of the genes of the
parent, genetic tests are commonly used to
preemptively identify parents who are carriers. These
tests are considered screening tests because they are
given to otherwise healthy individuals. If a couple is
found to be at high risk for having a child with a
Mendelian disease, in an example a genetic counselor
or physician can help them consider 



their reproductive choices. Many Mendelian diseases
that are understood at a molecular level are severe,
resulting in early death or serious debilitation
[00117] A device herein can be a single test intended
for panethnic population screening for a panel of
Mendelian diseases. [00118] Described herein is a
device configured to test for causal genetic variants,
for example, genetic variants that cause a particular
phenotype. The device also can be configured to test
for the presence of ancestry informative markers
(AIMs), that is, genetic markers that correlate with
populations, in particular human populations, coming
from specific geographic locations. Causal genetic
variants contrast with genetic markers in that certain
markers may be highly correlated with the expression
of a trait without actually causing the trait. In some
instances, causal genetic variants can be selected
wherein some populations (for example, populations
that can be distinguished by AIMs) have different
frequencies for traits or diseases caused by the
causal genetic variants. Herein, a device can be
configured to test for one or more AIMs and the AIMs
can provide prior knowledge about the user of the
device and to which populations) to which he belongs.
The prior knowledge of the population background of a
user can then be utilized by the software and methods
described herein to adjust the probability that the
user is a carrier for a specific trait or a plurality
of traits. For example, if a person tests positive for
an allele that causes Tay Sachs disease and also tests
positive for an AIM associated with Ashkenazi Jews,
then the probability that the person is a carrier for
the Tay Sachs gene can be calculated. On the other
hand, if a person tests positive for an allele that
causes Tay Sachs disease and tests negative for an AIM
associated with Azhenazi Jews, then there may be
reason to believe that the Tay Sachs results is a
false positive and that can be reflected in the
probability calculation as described herein.[00119] In
an example, two users (one male, one female) receive
their probability of being a carrier for a plurality
of causal genetic variants as described herein and the
probability of the child of the two users developing
traits from the causal genetic variants can be
calculated using the methods and systems herein.
[00120] In some instances, a device comprises tests
for causal genetic variants for traits for which
different populations are at increased risk, as well
as tests for AIMs for these populations. The traits
can be Mendelian traits having low incidence in a
population. [00121] Devices herein are configured to
test for genetic variants and/or ancestry informative
markers. Many such devices for these purposes are
known. They include, without limitation, nucleic acid
arrays (including oligonucleotide arrays, spotted
arrays, photolithographically generated arrays, random
arrays and complete genomic hybridization arrays) and
nucleic acid sequencers. These devices detect genetic
variants or ancestry informative markers in a variety
of ways. Such ways include sequencing by
hybridization, sequencing by ligation, sequencing by
extension, Sanger sequencing, Maxam Gilbert sequencing
and pyrosequencing. These devices and methodologies
are all well known in the art. Knowledge of the
specific sequence or variant one wishes to detect can
provide the information necessary to configure the
device. [00122]A device herein can be created from,
for example, nucleic acid arrays (for example,
Affymetrix DNA microarrays or Illumina bead arrays),
single molecule sequence by synthesis methods (for
example, Helicos BioSciences Corporation),
amplification of nucleic acid molecules on a bead (for
example, 454 Lifesciences), clonal single molecule
arrays technology (for example, Solexa, Inc.), single
base polymerization using enhanced nucleotide
fluorescence (for example, Genovoxx GmbH) and single
molecule nucleic acid arrays (for example, Drmanac,
U.S. Patent Application No. 2007/0099208). [00123]
Methods and devices are described in many patents
including for example, United States Patent 7368265
(Brenner et al. Selective genome amplification),
United States Patent 7361468 (Liu et al. Methods for
genotyping polymorphisms), United States Patent
7332277 (Dhallan, Methods for detection of genetic
disorders), United States Patent 6576424 (Fodor,
nucleic acid arrays) and United States Patent 7323305
(Leamon et al., Methods of amplifying and sequencing
nucleic acids). A. Device Types and Methodology
[00124] With the exception of stable epigenetic
modifications, genetic variants and markers at the
level of DNA are typically detected as variations in
the sequence in DNA nucleotides. The processing of
detecting variations in the sequence in DNA
nucleotides is also called genotyping. Genotyping of
DNA in a sample is performed by contacting the sample
with a device or devices. [00125] It is possible to
detect variations in the sequence in DNA nucleotides
by randomly sequencing until such a point that
sufficient coverage is achieved. Random sequencing is
usually not truly random but pseudorandom, and may be
biased. A number of technologies permit
randomsequencing. It is preferable for the sequencing
technology to excel on a number of performance
standards, including accuracy. A commercial sequencing
technology can be used to facilitate meeting high
performance standards. However, a non-commercial
platform can be used as well. [00126] In another
embodiment the variants are tested by SNP analysis,
complementary genomic hybridization, gene sequencing,
sequence capture, DIP analysis, STR analysis, and CNV
analysis. In another embodiment the sub-devices
comprise a nucleic acid array, a bead arrays, a CGH
array, a collection of molecular inversion probes, a
collection of allele specific oligonucleotide (ASO)
probes, pyrosequencing, Sanger sequencing, sequencing
by synthesis and sequencing by hybridization. In
another embodiment the causal genetic variant is a SNP
(for example, missense, nonsense, splicing, or
regulatory), DIP (for example, small deletion, small
insertion, gross deletion, or gross insertion), CNV,
repeat polymorphism, or complex rearrangements.
[00127] Sequencing can be performed by pyrosequencing.
This technique is based on the detection of released
pyrophosphate (Hyman, 1988. A new method of sequencing
DNA. Anal Biochem. 174:423-36; and Ronaghi, 2001.
Pyrosequencing sheds light on DNA sequencing. Genome
Res. 1 1:3-l 1). Sequencing can be performed by
sequencing by synthesis. Sequencing by synthesis is
also 



called sequencing by incorporation (United States
Patent 7344865). Sequencing can be performed by
sequencing by ligation. The Applied Biosystems SOLiD
sequencing system performs sequencing by ligation.
Sequencing can be performed by Sanger sequencing.
Sanger sequencing is also called dideoxy chain
termination sequencing. Sequencing can be performed by
single-molecule sequencing, which is a broad class of
sequencing technologies in various stages of
development. [00128] Random sequencing can be an
inefficient method of detecting particular variations
in DNA sequence. To increase efficient coverage of
particular variants, random sequencing can be
augmented by a selective amplification of the regions
of DNA that contain the variants of interest. A number
of technologies permit selective amplification. It is
preferable for the selective amplification technology
to excel on a number of performance standards,
including fidelity. A commercial selective
amplification technology can be used to facilitate
meeting high performance standards. With appropriate
validation and optimization, a non-commercial
technology can be used. The aim of selective
amplification is to enrich for particular sequences
within a complex mixture. [00129] Selective
amplification can be performed by polymerase chain
reaction (PCR). PCR can be multiplexed. Multiples
reactions can be performed in parallel. PCR requires
optimization of reaction conditions, a standard
laboratory practice. [00130] Selective amplification
can be performed by sequence capture. Sequence capture
involves the use of hybridization to enrich for
sequences of interest. Sequence capture can be
performed using a microarray (Albert TJ, et al. Direct
selection of human genomic loci by microarray
hybridization. Nature Methods. 2007 Nov; 4(1 1):903-5;
Okou DT, et al. Microarray-based genomic selection for
high-throughput resequencing. Nature Methods 2007 Nov;
4(1 1):907-9; and Hodges E,et al. Genome-wide in situ
exon capture for selective resequencing. Nature
Genetics 2007 Dec; 39(12): 1522-7). For example, the
NimbleGen Sequence Capture technology can be used for
selective amplification. Selective amplification can
be performed by rolling circle amplification.
Selective amplification can be performed by cloning.
Cloning can involve the use of a restriction
endonuclease to cleave a complex mixture of DNA into
fragments of predictable lengths. [00131] It is also
possible to detect particular variations in the
sequence of DNA nucleotides by targeted genotyping. A
number of technologies permit targeted genotyping. A
number of technologies permit selective amplification.
It is preferable for the selective amplification
technology to excel on a number of performance
standards, including fidelity. A commercial selective
amplification technology can be used to facilitate
meeting high performance standards. With appropriate
validation and optimization, a non-commercial
technology can be used. The efficiency of targeted
genotype techniques can also be augmented selective
amplification of the regions of DNA that contain the
variants of interest, including PCR, sequence capture,
rolling circle amplification, and cloning. [00132]
Targeted genotyping can be performed by sequencing by
hybridization. Sequencing by hybridization can be
performed using a microarray. Targeted genotyping can
be performed by microarrays. An example of a
technology that allows targeted genotyping by
microarray is the Affymetrix Genome-Wide Human SNP
Array 6.0. Targeted genotyping can be performed by
bead arrays. An example of a technology that allows
targeted genotyping by bead arrays is the Illumina
HumanlM BeadChip. Targeted genotyping can be performed
by comparative genome hybridization (CGH) arrays. CGH
arrays involve the co-hybridization of a reference
sample and a target sample to the same array. Targeted
genotyping can be performed by molecular inversion
probes. An example of a technology that allows
targeted genotyping by molecular inversion probes is
the Affymetrix GeneChip Targeted Genotyping platform.
Targeted genotyping can be performed by allele
specific oligonucleotide (ASO) probes. The design of
ASO probes permits a number of large number of
permutations. ASO probes can be 15 to 2 1 nucleotides
in length. ASO probes can contain zero, one, two,
three, or more mismatches compared to the variants
being detected. ASO probes can contain continuous
stretches nucleotides at one end with zero or one
mismatches to the variants being detected. Targeted
genotyping can be performed by allele specific PCR.
Targeted genotyping can be performed by TaqMan assays.
Targeted genotyping can be performed by single base
extension. Targeted genotyping can be performed by
restriction length fragment polymorphism (RFLP)
typing. Targeted genotyping can be performed by
diagnostic PCR. A variety of diagnostic PCR techniques
have been developed. In one example, PCR amplification
of a region flanking a DIP will produce fragments of
different sizes according to presence or absence of
the DIP. In another example, PCR amplification of a
region flanking a STR will produce fragments of
different sizes according to which alleles of the STR
are present.[00133] To increase efficiency, a
multiplex genotyping technique can be used. Most
genotyping technologies intrinsically permit multiplex
genotyping. Those technologies which do not
intrinsically multiplex can be made to perform like
multiplex genotyping by performing multiple singular
genotyping procedures in parallel or serial. This
fashion of genotyping may also be described as
high-throughput. [00134] The nucleotide occurrence of
a SNP in a sample can be determined by a variety of
technologies, including a number not explicitly listed
here. CGH arrays are generally not suitable for SNP
genotyping. The nucleotide occurrence of a DIP in a
sample can be determined by a variety of technologies,
depending on the size of the deletion/insertion. In
general, small deletions/insertions, for example those
less than 20 nucleotides in size, can be genotyped
with technologies used to genotype SNPs. Larger DIPs
may be treated as CNVs. The nucleotide occurrence of a
CNV in a sample can be determined by a number of
technologies. SNP genotyping technologies have been
adapted for use in CNV genotyping. CGH arrays are also
often suitable for CNV genotyping. The nucleotide
occurrence of a STR in a sample can be determined by a
number of technologies. STRs are most commonly
genotyping by diagnostic PCR. [00135] Stable
epigenetic modifications, such as methylation, can be
detected be detected by a 



number of technologies for example, as disclosed in
United States Patent 7364855. For example, the
Illumina GoldenGate Methylation Panel and the Illumina
HumanMethylation27 BeadChip can be used to detect
methylation differences. Bisulfite sequencing can be
used to determine the presence of methylation.
Methylation can be detected by pyrosequencing,
methylation-sensitive single-strand conformation
analysis (MS-SSCA), high-resolution melting analysis
(HRM), methylation-sensitive single nucleotide primer
extension (MS-SnuPE), base-specific
cleavage/MADLI-TOF, methylationspecific PCR (MSP), and
others. [00136] A panel of genetic variants and
markers could be genotyped by combining several
different technologies into a single system. [00137]
Some genetic variants and markers can be detected at
the level of RNA polynucleotides. Reverse
transcription polymerase chain reaction (RT-PCR) can
be used in lieu of PCR or in addition to PCR to detect
genetic variants at the level of RNA polynucleotides.
Genetic variants can alter the sequence of an RNA
polynucleotide. Detecting genetic variants that affect
the sequence of an RNA polynucleotide is essentially
equivalent to detecting genetic variants that affect
the sequence of a DNA polynucleotide. Genetic variants
can be detected as the presence of absence of an RNA
polynucleotide, or more generally as the concentration
of an RNA polynucleotide. A number of techniques can
be used to determine the presence, absence, or
concentration of an RNA polynucleotide. RT-PCR can be
used to determine the presence, absence, or
concentration of an RNA polynucleotide. Spotted
microarrays, oligo microarrays, and bead arrays can be
used to determine the presence, absence, or
concentration of an RNA polynucleotide.[00138] A
device can be constructed that detects genetic
variants and markers at both the level of DNA and the
level of RNA. [00139] Some genetic variants and
markers can be detected at the level of protein
polypeptides. Genetic variants can alter the sequence
of a protein polypeptide. Genetic variants can be
detected as the presence of absence of a protein
polypeptide, or more generally as the concentration of
a protein polypeptide. B. Causal Genetic Variants
[00140] The devices herein are configured to test for
causal genetic variants and/or for ancestry
informative markers. Detecting the presence of a
variant or marker includes, by implication, detecting
its absence. In some instances, the devices are
configured to perform genotyping on the trait, not
merely the presence of one polymorphic form of the
variant or gene. The tests selected can include
variants for a plurality of different at-risk
populations; for example, at least 2 different
populations, at least 5 different populations, at
least 10 different populations, at least 25 different
populations, at least 50 different populations or at
least 100 different populations. For example, the
device could be configured to test for one or more
causal genetic variants for which the Western Eurasian
population is at increased risk, one or more causal
genetic variants for which the sub- Saharan African
population is at increased risk, one or more causal
genetic variants for which the East Asian population
is at increased risk and one or more causal genetic
variants for which the Native American population is
at increased risk. [00141] In an aspect, a device is
disclosed that tests for a plurality (for example, at
least 100, at least 500 at least 1000) of traits.
Diseases occur in populations with different
prevalence. Traits or diseases can be ranked according
to prevalence, many will be grouped among rare traits,
for example, traits having prevalence of 1/1000 or
less or 1/10,000 or less. Such traits are said to
inhabit the long tail, of such a ranking. The concept
of a long tail is easily visualized by a bar chart in
which the Y axis indicates prevalence and the traits
are ordered along the X axis from most to least
prevalent. In certain embodiments, the number and
traits and the incidence of each trait can be chosen
so that the collective incidence of the rare diseases
tested for amount to at least 1%, at least 2%, at
least 4%, or at least 5%. [00142] In certain devices
the causal genetic variants tested for have different
incidence in different populations or sub-populations.
The difference in incidence is at least statistically
significant (p < 0.05) and may be increased by at
least 10%, at least 100%, at least 5 times, at least
10 times, at least 100 times at least 1000 times or at
least 10,000 in two different populations. A variant
may cause a trait having the same incidence in two
different populations, but it typically will have
different incidence in at least two different
populations represented on the device. C. Ancestry
Informative Markers[00143] Ancestry informative
markers that a device tests for typically are selected
with reference to the variants being tested for. In
certain embodiments, the device tests for causal
genetic variants that have different incidence in
different populations or sub-populations. ATMs can
distinguish between two populations for which one of
the causal genetic variants exhibits a difference in
incidence. The ATM also can classify a person as
belonging to or not belonging to the population that
is at increased risk for one of the causal genetic
variants, for example, the AIM can be diagnostic for
the population in which the trait is at increased
prevalence. In certain instances the AIM may
distinguish between populations with finer
granularity, for example, between sub-continental
groups or related ethnic groups. In this example, a
device comprises a test for a causal genetic variant
having different incidence between these
sub-populations. [00144] Because causal genetic
variants can have different frequencies in different
populations they have some level of predictive value
about the population from which the individual comes.
In certain embodiments the AIMs used on the device are
not, themselves, causal genetic variants. In other
embodiments the AIM or collection of AIMs used to
predict the source population is/are selected to have
a predictive value of at least 80%, 90%, 95%, 98%, or
99%. [00145] In another embodiment the AIMs are
selected to classify at least three different
populations. In another embodiment the AIMs are
selected to classify at least four different
continental scale groupings. The AIMs can be selected
to classify at least three different populations from
the same 



continent. In another embodiment the AIMs are selected
to classify at least ten sub-continental groupings hi
another embodiment the AIMs are selected to classify
three populations selected from Europeans, East
Asians, South Asians, Sub-Saharan Africans, and Native
Americans. In another embodiment the AIMs are located
on at least 11 different human chromosomes. D. Device
Validation [00146] In an aspect herein, methods and
sets of nucleic acid pools are provided to validate
the devices described herein. Genomic DNA samples are
not publicly available for many rare genetic diseases.
Therefore it can be difficult to validate or quality
control a device configured to test for more than 85
rare genetic diseases simultaneously. [00147] In an
aspect, a set of nucleic acid pools is disclosed for
validating a nucleic acid sequence detection device,
wherein each nucleic acid pool comprises a plurality
of nucleic acid segments that selectively bind a
plurality of causal genetic variant probes, and
wherein each pool binds a different plurality of said
probes. In some instances, a first pool of the set
comprises a first nucleic acid segment that interferes
during detection with a second nucleic acid segment of
a second pool of the set, and wherein the first pool
does not comprise the second nucleic acid segment and
the second pool does not comprise the first nucleic
acid segment. In some instances, the nucleic acid
segments of each pool are a single nucleic acid
molecule hi some instances, the nucleic acid segments
comprise one or more plasmids.[00148] In an aspect, a
method of validating a lot of manufactured nucleic
acid sequence detection devices comprises: contacting
a plurality of nucleic acid sequence detection devices
from the lot with a set of nucleic acid pools for
validating a nucleic acid sequence detection device,
wherein each nucleic acid pool comprises a plurality
of nucleic acid segments that selectively bind a
plurality of causal genetic variant probes, and
wherein each pool binds a different plurality of said
probes; and detecting a presence of the plurality of
causal genetic variant probes of the nucleic acid
detection devices, wherein the lot of manufactured
devices is validated if all of the plurality of causal
genetic variant probes are present. In some instances,
the method further comprises delivering the lot of
manufactured devices when the devices are validated.
In some instances, the lot of manufactured devices is
rejected if not all of the plurality of causal genetic
variant probes are present. In some instances, the lot
of manufactured devices is modified and the method is
repeated if not all of the plurality of causal genetic
variant probes are present. [00149]As described
herein, DNA samples representing these rare genetic
diseases can be generated by synthesis. Double
stranded DNA can be synthesized de novo and cloned
into standard high-copy plasmid vectors. This approach
has also been recognized by the FDA guidance document
"Pharmacogenetic Tests and Genetic Tests for Heritable
Markers". The plasmids provide a renewable resource of
DNA for use in validation and for use as controls for
patient genotyping. Plasmids will be pooled, creating
an artificial patient sample. The mutant alleles for
each causal genetic variant herein can be synthesized.
[00150] In an instance, all of the plasmids comprising
all of the causal genetic variants to be tested for by
a device herein can be placed into a single large pool
or sample. In many cases, many of the causal genetic
variants are closely spaced together. In these cases,
plasmids generated to test one variant are also
templates for other nearby variants and the templates
will generate a wildtype signal. This can make it
difficult to appropriately simulate the causal genetic
variant signal in the off-target probes they interact
with. In an instance, overlapping sequences are split
into different pools of plasmids that make up a set of
nucleic acid segments. For example, variants in the
same block are placed in different pools. In another
example, the total number of pools needed in a set of
pools is equal to the size of the largest block.
[00151] Examples of nucleic acid segments and pools of
nucleic acids are demonstrated in Figure 19. Figure 19
illustrates the sequence architecture of the
validation sample pools. The basic issue is that
validation of a multiplex nucleic acid assay benefits
from the use of non-interfering templates to train
genotyping call boundaries. [00152] For detecting
causal genetic variants to validate a device described
herein, plasmid pools are generated by combining one
group from each block size (for example, one group
each of size 1, 2, 3, 4, 5, 6, 7, 8, 10, 12, and 34)
in the appropriate concentration. Thus, each pool
contains 455 synthetic variants. For example: Pool 1
comprises: Size 1 Group 0 + Size 2 Group 0 + Size 3
Group 0 + Size 4 Group 0 + Size 5 Group 0 + Size 6
Group 0 + Size 7 Group 0 + Size 8 Group 0 + Size 10
Group 0 + Size 12 Group 0 + Size 34 Group 0.  Pool 2
comprises: Size 1 Group 0 + Size 2 Group 1 + Size 3
Group 1 + Size 4 Group 1 + Size 5 Group 1 + Size 6
Group 1 + Size 7 Group 1 + Size 8 Group 1 + Size 10
Group 1 + Size 12 Group 1 + Size 34 Group 1.  Pool 3
comprises: Size 1 Group 0 + Size 2 Group 0 + Size 3
Group 2 + Size 4 Group 2 + Size 5 Group 2 + Size 6
Group 2 + Size 7 Group 2 + Size 8 Group 2 + Size 10
Group 2 + Size 12 Group 2 + Size 34 Group 2. rv.
BUSINESS METHODS [00153] In an aspect, a method
comprises: receiving a sample from a user; testing the
sample with a nucleic acid detection device configured
to test for a plurality of causal genetic variants of
rare genetic diseases and at least one ancestry
informative marker (AIM); calculating a plurality of
probabilities corresponding to the user being a
carrier for each of the plurality of causal genetic
variants based on results from the testing step
relating to the plurality of causal genetic variants
and the at least one AIM; and delivering to the user
the plurality of probabilities corresponding to the
user being a carrier. The method can further comprise:
receiving a sample from a second user; testing the
sample from the second user with a device configured
to test for a plurality of causal genetic variants of
rare genetic diseases and at least one ancestry
informative marker (AIM); 



calculating a probability of a child phenotype
corresponding to the rare genetic diseases based on
results from testing the user and the second user; and
delivering the probability of the child phenotype to
at least one of the user and the second user. The
method can further comprise providing genetic
counseling service to at least one of the user and the
second user. The method can be carried out as part of
a child phenotype prediction service. The method can
further comprise obtaining phenotypic information from
the user; and using the phenotypic information from
the user in the calculating steps. The method can
further comprise obtaining family history from the
user; and using the family history from the user in
the calculating steps. [00154] In an aspect, a method
comprises: marketing a genetic testing service
comprising predicting a probability of a child
phenotype from a set of parents or potential parents,
wherein the prediction is based at least in part on
the presence of a plurality of causal genetic variants
for more than 85 rare genetic diseases of each of the
members of the set of parents or potential parents and
based at least in part on the inferred ancestries of
each of the members of the set of parents or potential
parents; and delivering a probability of the child
phenotype from the set of parents or set of potential
parents with respect to the more than 85 rare genetic
diseases for a fee. The marketing can be conducted in
connection with a dating or marriage service. The
method can further comprise referring at least
onemember of the set of parents or set of potential
parents to a physician. In some instances, the
inferred ancestries are inferred by a test for at
least one ancestry informative marker (AIM). A.
Genetic Testing and Genetic Counseling Referral System
[00155]An exemplary business method allows for the
provision of a genetic testing service that can
predict the probability that an offspring of a couple
will have each of a plurality of Mendelian traits. In
addition to the results of the genetic testing,
referrals to genetic counselors and/or other relevant
medical professionals can be provided in order to
provide for follow up testing and consultation.
[00156] In an embodiment of a business method, genetic
testing of a customer begins with a customer order,
wherein the a customer pays a fee in exchange for, for
example genetic testing materials and referrals to
genetic counselors and/or other relevant medical
professionals. A customer can be, for example and
without limitation, a physician, a genetic counselor,
a medical center, an individual, an insurance company,
a website, a dating service, a matchmaking service, a
pharmaceutical company, a laboratory testing service
provider, or a diagnostic platform manufacturer. For
example, a customer can be a couple of prospective
parents who seek to learn whether their offspring will
be at risk for developing some sort of Mendelian
disease or rare Mendelian disease. After a customer
places an order, a DNA collection kit can be sent to
the customer. In an embodiment of a business method of
the invention, a customer can deposit a sample into
the collection kit. Any sample that would be obvious
to one skilled in the art can be deposited into or
onto a collection kit. A sample can be any chemical
compound that would be obvious to one skilled in the
art, such as bodily fluid like saliva or a breath
sample containing correlated chemical compounds (see
for example,
http://www.popularmechanics.com/blogs/science_news/422
01 96.html), from which it is possible to identify and
extract the required Raw Genotypic Information (as
discussed herein). The collection kit can then be
returned to the company for sending to a genotyping
lab or can be returned directly to the genotyping lab
for processing. A genotyping lab, either internal
within the company, contracted to work with the
company, or external from the company, can isolate the
customer's DNA from the provided sample. After the DNA
has been isolated from the sample, an exemplary device
of the invention can test the DNA for the presence of
(i) ancestry informative markers and (ii) causal
genetic variants (the combination of (i) and (ii) are
also referred to herein as, Raw Genotypic
Information). In an embodiment, the DNA does not have
to be isolated from the sample to test the DNA for the
presence of Raw Genotypic Information. [00157] The Raw
Genotypic Information can be processed to infer the
ancestry of the customer and to confirm or deny the
presence of causal genetic variants (also referred to
herein as, Processed Genotypic Information). In an
embodiment, Processed Genotypic Information can be
transmitted to a system of the invention or another
calculation system as would be obvious to one skilled
in the artto predict the probability that an offspring
of the customer will have each of a plurality of
traits caused by causal genetic variants found to be
present in the customer's DNA. [00158] After analysis
of the genotypic testing, the results of the test can
be provided to the customer. The results provided to a
customer can inform the customer of the carrier status
of an individual for a particular Mendelian disease
and/or the chances that the individual's future
offspring will develop Mendelian disease. In an
embodiment, the customer also receives, for example,
a) direct phone consultation with a genetic counselor
employed by the company, or b) contact information for
genetic counselors and/or other medical professionals
who can provide the customer with follow up testing
and consultation. [00159] In another aspect this
invention provides a method comprising marketing a
genetic testing service in connection with a dating or
marriage service, wherein the genetic testing service
comprises: (a) predicting the probability that an
offspring of the couple will have each of a plurality
of traits caused by causal genetic variants, wherein
the prediction is determined based on the respective
genotypes of the two individuals in the couple and
their respective genetically inferred ancestries; and
(b) referring the couple to a genetic counselor and/or
other medical professional (for example, medical
geneticist or obstetrician/gynecologist) based on
results of genetic testing. In another embodiment the
method further comprises co-marketing a service
comprising: c) predicting the probable phenotype of an
offspring of a couple for at least one trait, wherein
the probability is determined based on the respective
phenotypes of the individuals in the couple. In
another embodiment the service is an on-line service.
[00160] In another component of a business method, a
complete list of all genetic counselors and/or other
medical professional for follow up testing for all
disease conditions can be stored in a 



database. The people in the database can be those who
have previously consented to have thennames and
contact information used in connection with the
genetic testing service. In an embodiment, a
particular set of referrals provided to any particular
customer can vary and depend on the results of the
genetic testing. For example, certain genetic
counselors and/or other medical professionals are
relevant to display to a customer only in connection
with certain Mendelian genetic diseases; such as those
for which they have a specialty, for example. So
certain referrals will only be shown in connection
with certain results of testing. B. Genetic Testing
and Dating/Marriage Services [00161] Matchmaking
services ultimately aim to connect two people
typically for the purposes of dating and/or marriage.
One may think of any one user of a matchmaking service
as evaluating various other users of the matchmaking
service to determine the likelihood of a positive
match, for example, the likelihood that any two users
will be compatible long-term mates. As with any
screening process of this kind, numerous factors are
evaluated to determine if a match will be successful,
for example attractiveness, socio-economic
backgrounds, shared interests, shared almamater are a
selected few. As described herein, genetic testing can
allow for the evaluation of potential candidates in
connection with a matchmaking service according to
another important factor: the potential health of
future offspring resulting from a given match. [00162]
In an aspect of a business method of the invention, a
genetic testing service can be offered to a customer
in connection with a matchmaking service, for example
through a single company or a co-marketing or
partnership relationship. A user of a matchmaking
service can order genetic testing to determine the
probability that an offspring resulting from the
potential match between the user and a prospective
candidate will have each of a plurality of Mendelian
traits caused by causative genetic variants found to
be present in the respective DNA of the user and the
candidate. The user can then use this information to
aid in evaluating the candidate for a potential match.
The matchmaking service can be an on-line service,
such as Shaadi.com, eHarmony.com and Match.com.
[00163] In an embodiment, genetic testing begins with
a customer order, wherein the customer pays a fee in
exchange for genetic testing. For example, a customer
can be a user of a matchmaking service who is
interested in evaluating another user for a suitable
match. Such a customer can use genetic testing to
learn whether the potential offspring of a match
between said customer and a potential candidate will
be at risk for developing Mendelian disease. After
selecting a candidate to evaluate, a customer can pay
for both the customer's and the candidate's genetic
testing with the candidate's consent. The customer and
the candidate can also pay separately for genetic
testing. After a customer places an order, a DNA
collection kit can be sent to the customer. In an
embodiment of a business method of the invention, a
customer can deposit a sample into the collection kit.
Any sample that would be obvious to one skilled in the
art can be deposited into or onto a collection kit. A
sample can be any chemical compound that would be
obvious to one skilled in the art ~ such as bodily
fluid like saliva or a breath sample containing
correlated chemical compounds (see for example,
http://www.popularmechanics.com/blogs/science_news/422
0196.html) -from which it is possible to identify and
extract the required Raw Genotypic Information. The
collection kit can then be returned to the company for
sending to a genotyping lab or can be returned
directly to the genotyping lab for processing. A
genotyping lab, either internal within the company,
contracted to work with the company, or external from
the company, can isolate the customer's DNA from the
provided sample. After the DNA has been isolated from
the sample, a exemplary device of the invention can be
used or other genotyping device can be used to test
the DNA for the presence of Raw Genotypic Information.
In an embodiment, the DNA does not have to be isolated
from the sample to test the DNA for the presence of
Raw Genotypic Information. [00164] The Raw Genotypic
Information can be processed to infer the ancestry of
the customer and to confirm or deny the presence of
causal genetic variants (also referred to herein as,
ProcessedGenotypic Information). In an embodiment,
Processed Genotypic Information can be transmitted to
a system of the invention or another calculation
system as would be obvious to one skilled in the art
to predict the probability that an offspring of the
customer will have each of a plurality of traits
caused by causal genetic variants found to be present
in the customer's DNA. The results of the testing will
then be provided to the customer and the candidate. At
this point the customer and the candidate can know the
probability that future offspring resulting from a
match between the customer and the candidate will
develop Mendelian disease. [00165] In another aspect
this invention provides a method comprising marketing
a genetic testing service in connection with a dating
or marriage service, wherein the genetic testing
service comprises: (a) predicting the probability that
an offspring of the couple will have each of a
plurality of traits, wherein the prediction is
determined based on the respective phenotypes and/or
family histories of the two individuals in the couple.
In another embodiment the method further comprises (b)
referring the couple to a genetic counselor and/or
other medical professional (for example, medical
geneticist or obstetrician/gynecologist) based on
results of genetic testing. C. Predicting Offspring
Phenotypes from Parental Phenotypes [00166] Genetic
testing can allow potential parents or mates to
determine the probability that future offspring
resulting from their union will develop Mendelian
genetic disease. Conceptually, this forecasting is
possible because of the predictable mode of
inheritance of a Mendelian trait and the generally
high correlation between having a variant and having
the condition, notwithstanding the issues involved
with variable expressivity and penetrance. For complex
and/or non-Mendelian traits, it is still difficult to
predict their values from genotype measurements alone.
Although it is difficult to predict the values of an
individual's complex traits from genotype information,
it is often easy to predict the values of a child's
complex traits from phenotype information on the
parents. That is, for 



phenotypes with high heritability, a measurement of
mother and father trait values is sufficient to
provide excellent predictive power for child traits
(http://www.amazon.com/Genetics-Analysis-
Quantitative-Traits-Michael/dp/08789348 12). [00167]
In another aspect this invention provides a method
comprising predicting the probable phenotype of an
offspring of a couple for at least 10 non-Mendelian
traits, wherein the probability is determined based on
the respective phenotypes of the individuals in the
couple. In one embodiment the phenotypic traits
include a member selected from the group consisting of
height, weight, cognitive ability, academic
achievement, extraversion, neuroticism, agreeableness,
conscientiousness, openness, religiosity and
conservatism. [00168] In an embodiment,
phenotype-phenotype predictions can be offered for
free in connection with genetic testing as a means to
allow prospective parents or mates to learn about the
non- Mendelian traits that their future offspring may
have.[00169] A customer can provide information
describing his/her phenotype as well as information
describing his/her partner's phenotype (Parental
Phenotypes). In an embodiment, these Parental
Phenotypes can be transmitted to a system of the
invention or another calculation system as would be
obvious to one skilled in the art to predict the
probable phenotype of an offspring of the customer and
his/her partner based on the input Parental Phenotypes
(Offspring Phenotype). The Offspring Phenotype can
then be provided to the customer for free or for a
fee. D. Computer Systems [00170] In another aspect
this invention provides a method comprising offering a
first and second service, wherein: a) the first
service comprises predicting the probability that an
offspring of the couple will have each of a plurality
of traits caused by causal genetic variants, wherein
the prediction is based on the respective genotypes of
the two individuals in the couple; and b) the second
service comprises predicting the probable phenotype of
an offspring of the couple for a plurality of traits,
wherein the probability is determined based on the
respective phenotypes and/or the family history of the
individuals in the couple. In one embodiment at least
one prediction is further based on the respective
genetically inferred ancestries of the individuals. In
another embodiment the first service is offered as a
service for a fee and the second service is offered as
a free service. [00171] In another aspect this
invention provides a method comprising: a) taking into
computer memory responses to a quiz about family
history of each individual of a couple; b) taking into
computer memory genetic information about each
individual of the couple; c) displaying: i) at least
one individual's carrier status for at least one trait
determinable by the genetic information or the family
history or ii) traits of offspring of the couple
determinable by the family histories and/or the
genetic information. In one embodiment the carrier
status is displayed on a website. [00172] In another
aspect this invention provides a system comprising: a)
computer readable medium configured to store family
history information from each member of a couple; b)
computer readable medium configured to store data
comprising genetic information about each member of
the couple; c) computer readable medium comprising
computer code that, when executed: i) predicts each
individual's carrier status with respect to traits
caused by alleles identified in the genetic
information; or ii) predicts probable traits of
offspring of the couple determinable by the family
histories and/or the genetic information; and d) a
display that displays: i) carrier status of at least
one member of the couple or ii) probable traits of the
offspring. In one embodiment the system further
comprises e) a webpage configured to accept an offer
to purchase a DNA test kit. In another embodiment the
display is electronic, for example, a webpage. In
another embodiment the system further comprises e) a
display that displays referrals to a genetic counselor
and/or other medical professional (for example,
medical geneticists or obstetrician/gynecologist)
based on the genetic information.[00173] The internet
and the world wide web offer access to and
distribution of information. As such, in an
embodiment, a website can be particularly suited to
efficiently providing various functionality for
allowing customers to purchase genetic testing and
receive the results of genetic testing. The system
typically will include a server on which the website
resides. Users use an interface connected to the
server, such as a computer monitor or a telephone
screen, to interact with the website by clicking or
rolling over links that pop up information or direct
the user to another webpage. Websites typically are
interactive, allowing the user to input information or
a query and obtain a response on the interface.
[00174] In an aspect of a system and business method,
a website can allow a customer to purchase, manage,
and view the results of genetic testing as well as to
learn more generally about the probability that
potential offspring will develop Mendelian disease.
For example, a customer can be a couple of prospective
parents who seek to learn whether their offspring will
be at risk for developing Mendelian disease. [00175]
After a customer creates an account with the company
on the website, the customer can first choose to take
advantage of a free service that predicts the
probability that offspring of the customer will have a
trait caused by causative genetic variants. In another
embodiment, the previously mentioned service is
provided for a fee. The service can be offered to the
customer in the form an online quiz that is promoted
and accessible via the website. The quiz can also be a
quiz that is ordered and physical mailed or emailed to
a customer. A quiz can ask the customer a series of
questions related to family history and ethnicity that
a customer can answer. Once the responses are given by
a customer, the responses can be sent to a server for
storage and processing. In an example, computer code
executes on the server to compute (i) the carrier
status of the customer, if any; and (ii) the
probability that an offspring of the customer will
develop each of a plurality of Mendelian traits, based
on the responses provided by the customer to the quiz.
The results of this operation are then sent to a
server for storage. The server can electronically
transmit this information to a user 



interface, such as the website or an email, for
display to the customer. In a particular embodiment,
the results of the quiz are presented to the customer
in the results section of the website. The results of
the quiz comprise (i) the carrier status of the
customer, if any; and (ii) a listing of the
probability that an offspring of the customer will
develop each of a plurality of Mendelian traits.
[00176] The customer can then be presented with the
offer to purchase genetic testing to determine (i) the
carrier status of the customer; and (ii) the
probability that an offspring of the customer will
develop each of a plurality of Mendelian traits, based
on the causative genetic variants to be found present
in the customer's DNA. [00177] If the customer chooses
to purchase genetic testing, then the customer may pay
a fee, for example through an online credit card
transaction, in exchange for genetic testing, direct
phone consultation with a genetic counselor on the
company's staff and/or referrals to genetic
counselorsand/or other relevant medical professionals.
The genetic testing and referrals can be paid for by a
fee at the point of purchase or can be included in an
initial user registration fee. In an embodiment, the
services are free and revenue is generated by the
company by advertising other products in conjunction
with a particular product. For example, after a
customer places an order online, the order is sent to
a server for processing. Once payment has been
verified, the order processing server can send an
electronic notification to a shipping vendor to mail a
DNA collection kit to the customer. In an embodiment,
the DNA collection kit is separate from the genetic
testing service or the user or customer already has or
obtains the DNA collection kit from another source.
Notifications can also periodically be sent
electronically to the customer comprising order
confirmation and updates on order and shipping status.
Once the customer receives the collection kit, the
customer can use it to obtain Raw Genotypic
Information (as defined below). In an embodiment of a
business method of the invention, a customer can
deposit a sample into the collection kit. Any sample
that would be obvious to one skilled in the art can be
deposited into or onto a collection kit. A sample can
be any chemical compound that would be obvious to one
skilled in the art, such as bodily fluid like saliva
or a breath sample containing correlated chemical
compounds (see for example,
http://www.popularmechamcs.com/blogs/science news/4220
196.html), from which it is possible to identify and
extract the required Raw Genotypic Information (as
defined below). The collection kit can then be
returned to the company for sending to a genotyping
lab or can be returned directly to the genotyping lab
for processing. A genotyping lab, either internal
within the company, contracted to work with the
company, or external from the company, can isolate the
customer's DNA from the provided sample. After the DNA
has been isolated from the sample, a exemplary device
of the invention can be used or other genotyping
device can be used to test the DNA for the presence of
(i) ancestry informative markers and (ii) causal
genetic variants (the combination of (i) and (ii) are
also referred to herein as, Raw Genotypic
Information). In an embodiment, the DNA does not have
to be isolated from the sample to test the DNA for the
presence of Raw Genotypic Information. [00178] Raw
Genotypic Information can be sent electronically to a
server for storage and processing. Computer code on
the server can execute on the Raw Genotypic
Information to infer the ancestry of the customer and
to confirm the presence of causal genetic variants, if
any. The Processed Genotypic Information can then be
electronically sent to a server, where computer code
on the server can execute on the Processed Genotypic
Information to predict the probability that an
offspring of the customer will have each of a
plurality of traits caused by causal genetic variants
found to be present in the customer's Processed
Genotypic Information. Results can then be
electronically transmitted to a server for storage.
[00179] In an example, a notification can be sent to
the customer to alert the customer to the availability
of the results. The notification can be electronic,
such as for example without limitation,a text message,
an email, or other data packet; or the notification
can be non-electronic, such as for example without
limitation, a phone call from a genetic counselor or
printed communication such as a report sent through
the mail. The results provided to a customer can
inform the customer of the carrier status of the
customer for a particular Mendelian disease and/or the
chances that the customer's future offspring will
develop Mendelian disease. After the customer has
received results and referrals, the customer's order
can be considered fulfilled, and results and referrals
can remain accessible to the customer through an
online website account. The customer can then choose
to further pursue a referral offline if the customer
so desires but outside of the purview of the website.
[00180] While preferred embodiments of the present
invention have been shown and described herein, it
will be obvious to those skilled in the art that such
embodiments are provided by way of example only.
Numerous variations, changes, and substitutions will
now occur to those skilled in the art without
departing from the invention. It should be understood
that various alternatives to the embodiments of the
invention described herein may be employed in
practicing the invention. It is intended that the
following claims define the scope of the invention and
that methods and structures within the scope of these
claims and their equivalents be covered thereby.
EXAMPLE 1 [00181]A method is provided herein of
validating or quality controlling a lot of
manufactured devices configured to test for causal
genetic variants for more than 85 rare genetic
diseases. Genomic DNA samples are not publicly
available for many rare genotypes, hence it can be
difficult to get a proper number samples to test the
device. It may also be desirable to avoid dilution of
the test with wild type alleles and to avoid requiring
a large number of devices to test the manufactured
lot. In this example, DNA samples representing the
causal genetic variants were generated by synthesis.
Double stranded DNA were synthesized de novo and
cloned into standard high-copy plasmid vectors. These
samples represent 662 disease-causing variants and 139
diseases. This approach has been described in a number
of recent reports related to CF carrier testing
(Berwouts et al., 2008; Christensen et al., 2007). All
plasmids were sequence verified to contain zero errors
by 



double stranded, primer walk, BigDye methodology.
[00182] The nucleic acid segments of the causal
genetic variants were organized into blocks to avoid
interference during detection of any of the causal
genetic variants. Variants in the same block were
placed in different pools. The total number of pools
needed is equal to the size of the largest block.
Using a maximal probe overlap of 50% sequence
similarity, the largest block is size 34 in this
example. [00183] The counts by block sizes are: 320
blocks of size 1 (singleton variants); 84 of size 2; 2
1 of size 3; 12 of size 4; 2 of size 5; 7 of size 6; 3
of size 7; 1 of size 8; 1 of size 10; 3 of size 12;
and 1 of size 34.[00184] Inserts were divided into
sets that can be combined into one or more plasmids
for synthesis. The first set is the group of 320
inserts with no overlapping regions. The next 2 sets
are the groups of inserts from blocks of size two
(each with 84 inserts). The next is 3 groups of 21
inserts each for block size 3. The next is 4 groups of
12 inserts each, and so on such that there are n
groups generated by the blocks of size n. In total, 92
groups of inserts were created for plasmid synthesis.
EXAMPLE 2 [00185] Exemplary processes of delivering a
probability that a user is a carrier of rare genetic
disease are demonstrated in Figures 20-23. Figures
20-21 illustrate pipelines for order fulfillment for
web and medical customers respectively. An order can
be placed by a physician or a consumer. An order can
be placed for a single test or for a couple or family.
The order can be accepted through a web site. The
ordering system can accept contact information,
demographic details and billing information. Contact
information can include, without limitation, name,
address, telephone number, and email addresses.
Demographic information can include, without
limitation, sex, date of birth, and self-reported
ethnicity. An order confirmation notification can be
sent using the provided contact information.
Acceptable orders are added to a database, and the
states of these orders can be subsequently maintained
by a state machine. [00186]A sample collection kit is
then sent to the user. A sample is collected that is
any human tissue or fluid. The sample can also be
isolated DNA from a human. Examples of samples useful
for this example include, but are not limited to:
saliva, blood, urine, buccal cells, amniotic fluid,
cell scrapings, and cell culture. The sample is then
genotyped using a device described herein. Phenotype
solicitation, for example, retrieving
self-identification of phenotypic traits of a user,
can be performed in parallel with sample processing.
[00187] Sample collection can be performed at home, in
a physician's office, or at a specialized collection
site. Sample collection and return can be tracked by
advancing the state of the ordertracking state
machine. Samples received by the accessioning facility
can be registered in the database system by advancing
their state in the state machine. After acceptance at
the accessioning facility, samples can be delivered to
the genotyping facility. The genotyping facility can
return raw genome data to a secure data storage server
by secure file transfer protocols. File upload can
trigger an advance of the state machine. This advance
can trigger a server configured to perform genotype
calling to retrieve the raw genome data from the data
storage server as well as any phenotype data
associated with the order. The genotyping algorithm
can produce a fully probabilistic genotype call.
[00188] Figures 22-23 illustrate the high level sample
processing pipeline and detailed computational
pipeline respectively. The algorithms described in the
previous Figures and the processing step as shown in
Figure 22 outlined in Figure 23. Batches of chips are
received and measured for quality control purposes
(Batch passes QC). Information such as family history,
gender, or self-reported ancestry is used to serve as
an independent check on calling for each
sample(Phenotype data retrieved for batch samples). In
parallel with this process, a report with child
predictions is constantly updated. First pre-test risk
calculations are delivered, based on phenotype (such
as family history and other answers to an online
questionnaire). Once a genotype sample is received and
processed, post-test calculations are given. The
report is then generated and sent to the final stages
of the pipeline, for laboratory staff and physician
approval as shown in Figure 22. [00189] Quality
control metrics can be generated from the calling
process. An example quality control metric is the
percentage of probabilistic genotype calls in which at
least one genotype has a posterior probability greater
than a threshold value. A batch of samples is
processed together. When processed as a batch, the
individual probabilistic genotype calls can be used to
generate batch-level quality control statistics.
Probabilistic genotype calls can be stored in a
database. Successful genotype calling can trigger an
advance of the order state. For a couple or family
order, the state machine can hold for completion of
the entire order, else single orders can be passed to
the next state. If phenotype data is required for risk
calculation, then the state machine can delay
processing until all phenotype data is collected. The
state machine can also trigger a notification to the
patient that phenotype data is required. If all
genotype and phenotype data are ready, then the state
machine can advance, trigger the risk calculation
server to perform risk calculation. The results of
risk calculation can be serialized and transferred to
a results reporting system. This is a machine-readable
format of the results. The state machine can advance
the order when the transfer is completed. The results
reporting server can combine the probabilistic risk
calculation with appropriate text and formatting to
generate a human-readable report. This human readable
report can be further formatted for display on a
website. This human readable report can be formatted
for other media such as PDF files for printing. The
final results reports can be automatically released
using an autoverification system. A human can review
the reports for release. In one instantiation the
reviewers are a clinical laboratory scientist and a
physician. The results are accessed via a web portal
which links to a view of the results and a summary of
the quality control metrics. Acceptance of the report
by the clinical laboratory scientist releases the
results to the physician. The physician can review the
results in a similar portal and approve the final
release of the results. EXAMPLE 3 



[00190] Figure 24 illustrates exemplary the input and
output steps for report generation for two
hypothetical parents: Mama Hen and Papa Hen. A child
prediction is produced that incorporates mother and
father genotypes, mother and father phenotypes, and
relative genotypes and phenotypes. Any or all of these
variables can be missing values, with defaults
initialized from demographically similar individuals
(and if this is not known, from the world population).
The resulting child prediction may include not only
disease risk, but also other variables such as height
and weight. Different variables in the child
prediction will use different weights of genotype and
phenotype.CLAIMS WHAT IS CLAIMED IS: 1. A method
comprising: a) testing a subset of biological
relatives of a child or potential child to determine a
presence of a plurality of causal genetic variants
corresponding to at least one rare genetic disease and
a presence of at least one ancestry informative marker
(AIM); and b) predicting a probability of a phenotype
of the child or potential child from the subset of
biological relatives with respect to the at least one
rare genetic disease based at least in part on the
presence of the plurality of causal genetic variants
and the presence of the at least one AM. 2. The method
of claim 1, wherein said predicting comprises
performing a fully probabilistic analysis on data
collected on said casual genetic variants. 3. The
method of claim 1, wherein predicting in step b) is
further based on phenotypic information about at least
one member of the subset of biological relatives. 4.
The method of claim 1 further comprising providing
genetic counseling services to at least one member of
the subset of biological relatives. 5. The method of
claim 1 further comprising delivering the probability
of the phenotype of the child to a physician referral
service. 6. A computer readable medium comprising:
logic configured to predict a probability of a
phenotype of a child or potential child from a subset
of biological relatives with respect to at least one
rare genetic disease based at least in part on the
results of a test of the subset of biological
relatives for the presence of a plurality of causal
genetic variants and at least one ancestry informative
marker (AIM). 7. The computer readable medium of claim
6, wherein the logic performs a fully probabilistic
analysis. 8. The computer readable medium of claim 6,
wherein the computer readable medium provides an
output in the form of a report detailing the presence
of the at least on AIM and the presence of any of the
plurality of causal genetic variants in any member of
the subset of biological relatives. 9. A computer
readable medium comprising:logic configured to perform
a fully probabilistic analysis on data corresponding
to a plurality of causal genetic variants from a male
and a female to predict a probability of a phenotype
of a child, wherein the male and the female are
potential parents of the child. 10. The computer
readable medium of claim 9, wherein the causal genetic
variants from each of the male and female comprise one
or more ancestry informative markers (AIMs), one or
more causal genetic variants corresponding to a rare
genetic disease, one or more causal genetic variants
corresponding to a personality trait, or both. 11. The
computer readable medium of claim 7 or 9, wherein the
fully probabilistic analysis incorporates a plurality
of sources of statistical uncertainty in the
probability. 12. The computer readable medium of claim
6 or 9 further comprising logic for receiving input
from a phenotype battery and assigning a weighting
function to the plurality of causal genetic variants
based on said input. 13. The computer readable medium
of claim 12, wherein the input from the phenotype
battery comprises: height, weight, and family disease
history. 14. The computer readable medium of claim 6
or 9, wherein the computer readable medium provides an
output in the form of a report detailing a probability
distribution over child risks or phenotypes. 15. A
system for predicting a child phenotype comprising: a
nucleic acid detection device configured to detect a
plurality of causal genetic variants corresponding to
at least one rare genetic disease and at least one
ancestry informative marker (AIM), wherein the device
is in contact with a sample from a biological relative
of a child or potential child; a reader configured to
read data from the devices; and computer readable
instructions, wherein the instructions when executed
utilize the data from the reader corresponding to the
plurality of causal genetic variants and data from the
at least one AIM to predict a probability of a
phenotype of the child with respect to the at least
one rare genetic disease. 16. The system of claim 15,
wherein the biological relative is a prospective
mother or prospective father of the child or potential
child.17. The system of claim 15, wherein the nucleic
acid detection device comprises a plurality of nucleic
acid probes that selectively bind to the plurality of
causal genetic variants and the at least one AIM. 18.
A system for predicting a child phenotype comprising:
a nucleic acid detection device configured to detect a
plurality of causal genetic variants corresponding to
more than 85 rare genetic diseases, wherein the device
is in contact with a sample from a biological relative
of the child or potential child; a reader configured
to read data from the devices; and 



computer readable instructions, wherein the
instructions when executed utilize the data from the
reader corresponding to the plurality of causal
genetic variants to predict a probability of a
phenotype of the child or potential child with respect
to the more than 85 rare genetic diseases. 19. The
system of claim 18, wherein the biological relative is
a prospective mother or prospective father of the
child or potential child. 20. The system of claim 18,
wherein the nucleic acid detection device comprises a
plurality of nucleic acid probes that selectively bind
to the plurality of causal genetic variants
corresponding to more than 85 rare genetic diseases.
21. The system of claim 20, wherein the nucleic acid
detection device further comprises a plurality of
nucleic acid probes that selectively bind to at least
one ancestry informative marker (AIM). 22. The system
of claim 21, wherein the computer readable
instructions when executed utilize the data from the
reader corresponding to the at least one AIM to
predict the probability of a phenotype of the child.
23. A system for indicating if a subject is a carrier
of a rare genetic disease comprising: a reader
configured to read data from a nucleic acid detection
device configured to detect a plurality of causal
genetic variants corresponding to at least one rare
genetic disease and at least one ancestry informative
marker (AIM); and computer readable instructions,
wherein the instructions when executed utilize the
data from the reader corresponding to the plurality of
causal genetic variants and the at least one ancestry
informative marker to predict a plurality of
probabilities of the subject being a carrier for each
of the plurality of causal genetic variants. 24. A
method comprising:receiving a sample from a user;
testing the sample with a nucleic acid detection
device configured to test for a plurality of causal
genetic variants of rare genetic diseases and at least
one ancestry informative marker (AIM); calculating a
plurality of probabilities for the possible user
genotypes at each location of the plurality of causal
genetic variants based on results from the testing
step relating to the plurality of causal genetic
variants and the at least one AIM; and delivering to
the user the plurality of probabilities corresponding
to the user being a carrier. 25. The method of claim
24 further comprising: receiving a sample from a
second user; testing the sample from the second user
with a device configured to test for a plurality of
causal genetic variants of rare genetic diseases and
at least one ancestry informative marker (AIM);
calculating a probability of a child phenotype
corresponding to the rare genetic diseases based on
results from testing the user and the second user; and
delivering the probability of the child phenotype to
at least one of the user and the second user. 26. The
method of claim 25 further comprising providing
genetic counseling service to at least one of the user
and the second user. 27. The method of claim 25,
wherein the method is carried out as part of a child
phenotype prediction service. 28. The method of claim
25 further comprising obtaining phenotypic information
from the user; and using the phenotypic information
from the user in the calculating steps. 29. The method
of claim 25 further comprising obtaining family
history from the user; and using the family history
from the user in the calculating steps. 30. A nucleic
acid detection device configured to test a sample for
a plurality of causal genetic variants corresponding
to at least one rare genetic disease and one or more
ancestry informative markers (AIMs). 31. The device of
claim 30, wherein the device comprises a plurality of
nucleic acid probes that selectively bind to the
plurality of causal genetic variants and the one or
more AIMs.32. The device of claim 30, wherein the
device comprises a bead array that selectively binds
to the plurality of causal genetic variants and the
one or more AIMs. 33. A nucleic acid detection device
configured to test a sample for a plurality of causal
genetic variants corresponding more than 85 rare
genetic diseases. 34. The device of claim 33, wherein
the device is further configured to test a sample for
at least one ancestry informative marker (AIM). 35.
The device of claim 33, wherein the device comprises a
plurality of nucleic acid probes that selectively bind
to the plurality of causal genetic variants
corresponding to more than 85 rare genetic diseases.
36. The device of claim 35, wherein the device further
comprises a plurality of nucleic acid probes that
selectively bind to the at least one ancestry
informative marker (AIM). 37. The device of claim 33,
wherein the device comprises a bead array that
selectively binds to the plurality of causal genetic
variants corresponding to more than 85 rare genetic
diseases. 38. The device of claim 37, wherein the
device further comprises a bead array that selectively
binds to the at least one ancestry informative marker
(AIM). 39. The device of claim 33, wherein the device
comprises a resequencing assay to detect the plurality
of causal genetic variants corresponding to the more
than 85 rare genetic diseases. 



40. The device of claim 39, wherein the device further
comprises a resequencing assay to detect at least one
ancestry informative marker (AIM). 41. The device of
claim 30, 34, 36, 38, or 40, wherein the at least one
AIM is not a causal genetic variant. 42. The device of
claim 30, 34, 36, 38, or 40, wherein at least two of
the rare genetic diseases occur at frequencies that
differ by at least 10-fold in at least two distinct
populations, wherein the at least two distinct
populations are differentiated by the at least one
AIM. 43. A method comprising: marketing a genetic
testing service comprising predicting a probability of
a child phenotype from a subset of biological
relatives of the child or potential child, wherein the
prediction is based at least in part on the presence
of a plurality of causal genetic variants ineach of
the subset of biological relatives and based at least
in part on the inferred ancestries of each of the
subset of biological relatives; and delivering a
probability of the child phenotype for a fee. 44. The
method of claim 43, wherein the marketing is conducted
in connection with a dating or marriage service. 45.
The method of claim 43 further comprising referring at
least one member of the subset of biological relatives
to a physician. 46. The method of claim 43, wherein
the inferred ancestries are inferred by a test for at
least one ancestry informative marker (AIM). 47. A set
of nucleic acid pools for validating a nucleic acid
sequence detection device comprising a set of causal
genetic variant probes, wherein each nucleic acid pool
comprises a plurality of nucleic acid segments that
selectively bind a different subset of the set of
causal genetic variant probes. 48. The set of claim
47, wherein a first pool of the set comprises a first
nucleic acid segment that interferes during detection
with a second nucleic acid segment of a second pool of
the set, and wherein the first pool does not comprise
the second nucleic acid segment and the second pool
does not comprise the first nucleic acid segment. 49.
The set of claim 47, wherein the nucleic acid segments
of each pool are single stranded nucleic acid
molecules. 50. The set of claim 47, wherein the
nucleic acid segments comprise one or more plasmids.
51. A method of validating a lot of manufactured
nucleic acid sequence detection devices comprising:
contacting each of a plurality of nucleic acid
sequence detection devices from the lot with a
different nucleic acid pool, wherein each nucleic acid
pool comprises a plurality of nucleic acid segments
that selectively bind a plurality of causal genetic
variant probes on said detection devices, and wherein
each nucleic acid pool binds a different set of the
plurality of causal genetic variant probes; and
detecting presence or absence of the plurality of
causal genetic variant probes on the plurality of
nucleic acid detection devices,wherein the lot of
manufactured devices is validated if all of the
plurality of causal genetic variant probes are present
on the plurality of nucleic acid detection devices.
52. The method of claim 51 further comprising
delivering the lot of manufactured devices when the
devices are validated. 53. The method of claim 51,
wherein the lot of manufactured devices is rejected if
not all of the plurality of causal genetic variant
probes are present. 


