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Abstract

The annual killifish Austrofundulus limnaeusnay enter embryonic diapause
at three distinct points of development, termed diapause I, I, and Ill. Pretuoliesss
suggest a role for steroid hormones in the regulation of diapause in annushkillif
This study concerns the hormonal and genomic components involved in the
developmental decision to enter or escape diapause Il from both a maternal and
embryonic perspective. Steroid hormone levels were measured in tissuesd isolate
from adult female fish that were producing either high or low proportions gh@sca
embryos. Levels of steroid hormones were also measured in new fertilizedbembry
that were known to be on either an escape or diapausing developmental trdjectory.
addition, cDNA microarray gene expression analysis was used to identify gene
sequences that may be associated with the regulation of entry into diapause in this
species. Decreases in maternal estrogen levels associated witla@goorrelated
with decreasing escape embryo production, but there is no direct associatiearnbetw
measured steroid hormone levels and escape embryo production. However, maternal
production of escape embryos is correlated with increased ratiofedditradiol to
testosterone in ovary tissue, and cDNA microarray gene expression aimalistes
differentially regulated sequences associated with escape embryotmoduc
maternal tissues. Both of these independent measures suggest hormonal imtolveme
in the regulation of diapause. Embryonic levels of steroid hormones in newly

fertilized embryos are not correlated with entry or escape from diafjiaatbough



incubation in exogenous cortisol andftéstradiol causes an increase in the
proportion of escape embryos. Gene expression analysis again suggests hormonal
involvement. Interestingly, genes involved in epigenetic control of gene sigpres
though chromatin condensation are differentially regulated in both maternalstiss
producing escape embryos, and in embryos on the different developmental
trajectories. These data suggest that hormonal control of gene expressioh throug
alterations of chromatin condensation may regulate the decision to enterp® esca

diapause II.
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Introduction

The uniting factor of most environments is variability. Even in the most stable
environments, such as Antarctic waters that are constantly at the frpemhgf sea
water, seasonal changes in food availability and photoperiod may perturb an
organism’s function. Often, environmental variation challenges an animal from a
metabolic, thermal, or hydration perspective. In an aquatic environment, a lack of
water availability typically leads to death of the organism and canddaddl
population extinctions. Vertebrates have developed different strategiegpfogc
with extremes in environmental variation; some develop tolerance or adapt to thrive
in these conditions, while others avoid periods of unfavorable environmental
conditions by migration or by entering a state of metabolic dormancy. Those
organisms that use dormancy typically exhibit strategies that consistexfithg
metabolic and physiological set points to reduce energy consumption and thus
prolong survival in the absence of active resource acquisition. Diapausing embryos o
the annual killifish are one of the most extreme examples of metabolic dormancy
among vertebrates. However, very little is known about the physiological or
biochemical underpinnings that control entry into dormancy in this species. The focus
of this thesis is to explore these mechanisms.

Metabolic depression has long fascinated physiologists; Anton van
Leeuwenhoek noted the dormant state of rotifers found in the gutters of house roofs

over 300 years ago (in Guppy, 2004). Dormancy takes many forms in vertebrates, and



is mobilized in reaction to different environmental challenges. In themegtre
seasonality of latitudes approaching the poles, animals may enter hinefoathe
cold season, sleeping away the bitter cold in a den or burrow. For example, when
winter arrives the Ranid froana sylvaticayundergoes biochemical changes that
allow for the survival of freezing temperatures. At more tropical latguelscape

from heat or lack of water through estivation is a common strategy, such as the
Malagasy fat-tailed dwarf lemurs that rest away the hot season in dens@daust.
al., 2004). The African lungfish covers itself in a desiccation resistant cdcoest
through the dry periods of its ephemeral aquatic habitat (Janssens, 1965).

The unifying factor in all of these different strategies of avoiding unfaverabl
conditions is depressed metabolism; to quote the comparative physiologist Kjell
Johanssen, these animals are capable of “turning down to the pilot light” (in
Hochachka et. al, 1997). Through metabolic depression animals “wait out” periods of
extreme environmental challenge and escape from “biological time”, dexg ¢asir
needs for water, oxygen, or heat (Hochachka and Somero, 2002). Indeed, this is an
effective strategy as states of developmental arrest are found insspiegilemajor
animal phyla (Hand, 1991; Yuan et al., 2007).

Environmental physiology is the study of how animals manifest different
responses to their environment, from the molecular and cellular level to that of t
entire organism. These responses may be realized across various taseastgihg
from evolutionary time to almost immediate adjustments. On the more immediate

time scales (less than the lifetime of an organism) the interactioed&etyenotype
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and its external manifestation under different conditions (phenotype) can beadjust
in response to environmental variation. Phenotypic plasticity allows an individual to
manifest varied responses to different environmental conditions. In manyjosisya
developmental arrest in diapause is manifested as a form of phenotypicityla
(Marcus, 1979; Denlinger, 1979; Caceres, 1998; Hairston et al., 1996; Drinkwater and
Crowe, 2005; Gerisch and Antebi, 2004). This is also the case for embryos of
Austrofundulus limnaeusat have recently been shown to exhibit plasticity in
developmental pathways controlled by both environmental and maternal cues
(Podrabsky et al., 2010). The unique life history and the amount of scientific
information available o. limnaeugnake it an ideal candidate for studies on the

factors involved in, and influencing, embryonic diapause.

The Biology of Annual Killifish

Annual killifish persist in an inhospitable environment, eking out a precarious
existence where few other fish could survive. Annual killifish live in savanna and
desert regions in Africa and South America that experience greahsésariation in
rainfall (Wourms, 1972a). Ephemeral ponds inhabited by the South American annual
killifish, Austrofundulus limnaeugxhibit large diurnal fluctuations in temperature,
dissolved oxygen content, and pH values (Podrabsky et. al., 1998). Upon desiccation
of the pools, adult and juvenile fish perish (Myers, 1952). Populations in a given
location persist through the dry season as diapausing embryos buried in.the soill

When rains return and pools refill, fish hatch and repopulate the new aquatic habitat.



4
Annual killifish are named as such due to their short life spans; typically

around a year or less. In the laboratétylimnaeudecome senescent at

approximately one year of age with a maximum life span of about 1.5 years

(Podrabsky, 1999). This is consistent with selection for quick growth and attainment

of sexual maturity with a tradeoff for longevity, as would be expected in arabnim

from such a harsh and temporally limited environment. A species of Africanlannua

killifish, Nothobranchius furzerihas one of the shortest life spans reported, with

animals in the laboratory living less than 12 weeks (Valdesalici and @Gell@003),

and wild type a maximum of 25-32 weeks (Terzibasi et al., 2008). However, the study

reporting the shorter lifespan was performed on extremely inbred labornatgrad

determined by homozygosity of typically polymorphic loci (Terzibasi e2abD8).

The extremely short lifespan of these fish has made them a proposed model in

vertebrate aging research, as well as in studies of experimental evohditirea

effect of lifelong pharmaceutical treatments (reviewed in Genade 208b).

Vertebrates exhibiting such naturally short life spans can be extremely asef

model for other more long-lived vertebrate species, that are significantey mor

difficult to study in a multigenerational context due to the constraints of typica

human time frames.

Diapause in Annual Killifish
Unique among vertebrates, annual killifish exhibit three distinct

developmental stages in which embryonic development may be arrestedfdgese s
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of diapause have been termed diapause |, I, and Il (Wourms, 1972a). Each of these
three stages confers increased resistance to environmental insuliolrs var
combinations, the three different stages of developmental arrest can praghice ei
different developmental trajectories. Ecologically, this staggerirtgvelopmental
progression likely provides security in a varied environment where early araiyti
emergence could otherwise lead to population extinction (Wourms, 1972c).

Diapause | is a developmental arrest interjected between epiboly and

embryogenesis, a time that is typically associated with gastrulatioost species of
fish. During epiboly, blastomeres form two distinct populations; deep blastomeres
that consolidate as a mass and then migrate outwards as amoeboid cells, and outer
blastomeres that form the enveloping cell layer. Epiboly commences in annual
killifish with a low number of blastomeres (200-1000) compared to other teleosts
such as-undulusthat begins epiboly with around 27,500 blastomeres (Wourms,
1972b). Diapause | occurs following dispersion of the embryonic blastomeres shortly
after the completion of epiboly, but prior to the reaggregation of cells that atastit
the embryonic axis. [Austrofundulusarrest at diapause | is facultative and can be
of variable duration, being composed of developmental arrest between stages 20 and
21 (Wourms, 1972c). A comparative study by Wourms (1972b) including 43 species
of both annual and non-annual killifish, found that dispersion and reaggregation of
the blastomeres and diapause | are only common to the Killifish exhibiting an annual
life cycle (i.e. dispersion and reaggregation are missing from specie®that d

exhibit diapause). Three benefits to the dispersion-reaggregation developmental



pattern have been hypothesized: (1) a period of developmental arrest can be
interjected without disruption of neurulation, (2) the enveloping cell layer may
become specialized to confer resistance to desiccation and osmotic stré3g, and
dispersed cells (if totipotent) can be sacrificed without affectingativembryo
survival (Wourms, 1972b).

Arrest at diapause Il has been the most extensively studied of the emabryon
diapause stages in annual killifish. The physiology of anoxia tolerance (@nerr
Podrabsky, 2010; Podrabsky et. al., 2007; Fergusson-Kolmes and Podrabsky, 2007),
desiccation tolerance (Podrabsky et al., 2001), salinity tolerance (Maamédo a
Podrabsky, 2007), bioenergetics (Duerr and Podrabsky, 2010; Podrabsky and Hand,
1999), protein synthesis (Podrabsky and Hand, 2000), and induction of molecular
chaperones (Podrabsky and Somero, 2007), have all been studlidoinnaeus
entering diapause Il. This stage is initiated at approximately 24 dayspdsation
(dpf), in the long-somite embryo stage (Wourms, 1972a; Podrabsky and Hand, 1999).
At this diapause stage, embryos have 38-40 pairs of somites, a beating heart, optic
cups, and other basic elements of the central nervous system (Podrabsky and Hand,
1999). Diapause Il embryos exhibit a depression of up to 90% of the pre-diapause
oxygen consumption and heart rate. Both metabolism and heart rate increase during
early development, and then begin to decline several days prior to cessation of
development in diapause Il (Podrabsky and Hand, 1999). Thus, it appears that the

molecular events that signal for entry into diapause likely occur many daysaori
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the cessation of morphological development associated with diapause Il. This is a
important point to consider when searching for the signals that induce diapause II.

A small proportion of the embryos from a given spawning event will not enter
diapause Il but instead develop through an alternate pathway (Podrabsky et al., 2010).
Wourms (1972c) named these “escape embryos” because they escapedsbof arr
development in diapause Il. Escape embryos can be distinguished morphologically
from diapausing embryos when they reach stages that possess about 18-20 pairs of
somites. Escape embryos exhibit a number of developmental characteristits that
not form until several days after diapause |l breakage in arresting @nbigr
example, escape embryos are covered on the dorsal aspect of the head andhtrunk wi
melanocyte cells, hemoglobin is expressed in circulating red blood cells, the
vasculature of the yolk sac is greatly increased, chondrocyte condensatindits (
primordia) can be observed in the developing otic vesicles, and the earlysestige
the gut have formed. Escape embryos possess lower anaerobic and aerobicatapacity
the termination of development than do embryos that have entered diapause I
(Chennault and Podrabsky, 2010). This may indicate a tradeoff in development,
where the rapidly developing escape embryos reach hatching at fastebuaigith
lower metabolic capabilities when compared to embryos that have arrested
development at diapause Il (Chennault and Podrabsky, 2010).

Diapause lll is a state of arrested development that occurs dpeictlyto
hatching, when the embryos are fully develogeaastrofundulugmbryos entering

diapause Il may remain dormant for over 100 days (Wourms, 1972c). This



developmental arrest is thought to be obligate in most embryasliainaeus,

although small subpopulations1(0%) bypass developmental arrest at diapause Il
and hatch immediately when the embryos are reared in a laboratory environment
(Wourms, 1972c). Like diapause I, diapause Il is also characterizegrfycant
metabolic depression (Podrabsky and Hand, 1999). Interestingly, while metabolism
decreases during this stage of developmental arrest, anaerobic and agratittes
increase (Chennault and Podrabsky, 2010). This may indicate different control
mechanisms compared to diapause Il. Diapause Il may be rapidly texdchiaatl

the immediate capacity to reverse metabolic arrest is likely negdespost-

hatching success (Chennault and Podrabsky, 2010).



Environmental Tolerance During Diapause

Anoxia tolerance in embryos 8f limnaeuss substantial during early
development, and increases to the highest levels during diapause II. At 4 gpf, LT
values for anoxia are near 20 days. At 32 dpf, about a week after the induction of
diapause Il, these values reach over 65 days. This anoxia tolerance cahtiougis
4 days post-diapause Il (dpd), but is largely lost by 8 dpd. Anaerobic metabolic
capacity is high throughout development in embryo&.dimnaeusas evidenced by
high lactate dehydrogenase (LDH) to citrate synthase (CS) ratiosr{@ieand
Podrabsky, 20104t all examined stages of development, embryos entered anoxia
induced quiescence, demonstrated by the cessation of morphological development,
and physiological activity (Podrabsky et. al., 2007). During this anoxia induced
quiescence, embryos in early developmental stages (diapause Il and 4 dpdaseay c
heart contractility, while later embryonic stages suffer severe taeadig (Fergusson-
Kolmes and Podrabsky, 2007). Early embryos demonstrate higher resistance and
recovery rates from anoxic conditions than do later embryos, suggesting thmoessa
of heart contractility plays a role in tolerance of anoxia (Fergussomé&and
Podrabsky, 2007). Embryos in diapause Il show extremely low levels of aerobic
capacity, as measured by CS enzymatic activity. This may indidate sagppression
of mitochondrial metabolism in embryos arresting development at this stage
(Chennault and Podrabsky, 2010).

The ability to resist dehydrating conditions is one of the most pronounced

adaptations that permit the unique lifestyle of annual killifish. Annual kilifrey
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spend the majority of their lives in embryonic diapause under desiccated conditions
(Wourms, 1972c). This tolerance to dehydration reaches its highest levels during
diapause Il (Podrabsky et al., 2004).limnaeussurvive dehydrating conditions by
reducing evaporative water loss to undetectable levels after 32 days of exposur
dehydrating conditions. Embryos show an initial loss of water from the pdnnatel
space (around 50% of the total embryo water), and also an incrg¢ashapt
contacts in the egg envelope with dehydration. These embryos show unprecedented
desiccation tolerance for an aquatic vertebrate, with greater than 40% lsafteva
113 days at 75.5% relative humidity (Podrabsky et. al., 2001).

Consistent with the overall depression of metabolic and physiological
turnover, protein synthesis is decreased in embryos during diapause Il (Podnadbsky
Hand, 1999). Prior to diapause, 36% of ATP utilization is diverted to protein
synthesis; this approaches zero during diapause Il (Podrabsky and Hand, 2000). The
decreased protein synthesis during diapause Il suggests that proteinsraptiferr
environmental tolerance of embryos may be produced during the metabalotalty
period leading up to the cessation of growth. In support of this theory, an inducible 70
kDa-class heat shock protein is constitutively expressed during earlgppieent
and at the highest levels in diapause Il embryos (Podrabsky and Somero, 2007). Heat
shock proteins can act as molecular chaperones, aiding proteins in retaining proper
structure under environmentally challenging regimens. The induction of heat shock
proteins was found to be integral to environmental stress tolerance in the diapause of

the fleshflySarcophaga crassipalp(®inehart et al., 2007), the mdi@samia
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nonagrioidegGkouvitsas et al., 2009), and the brine shrAnigmia fransicana
(Willsie and Clegg, 2001), suggesting the initiation of environmentally progectiv

gene products may be a common factor in developmental arrest.

Regulation of Diapause Induction

Substantial variation exists in the relative ratios of diapauseape&mbryos
produced, both between females under constant conditions, and throughout an
individual’s life (Podrabsky et al., 2010). Despite a population-level pattern for the
reduced production of escape embryos as a female ages, some females may
exclusively produce either escape or diapausing embryos, while others paoduce
mixture of the two types (Podrabsky et al., 2010). In addition, embryos incubated
under identical conditions following fertilization consistently show differen
developmental strategies. Thus, there appears to be significant meternal over
induction of diapause Il. The mode of maternal transfer is currently unknown, but
may include the packaging of proteins or mRNAS into embryos that controlietatry
diapause II.

The specific signaling molecules governing the induction of embryonic
diapause in annual killifish are unknown. However, some evidence suggests a water-
borne factor produced by both male and female adult fish inhibits development at
diapause | and Il in the East African annual killiflsbthobranchius guentheri
(Inglima et al., 1981; Levels, 1988). The factor produced by the lddgltentheri

did not affect the development of a closely related non-annual kilAjgtyosemion
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australewhen the embryos were incubated together. However, incubation of annual
killifish embryos with adults of different non-annual fish species resultedestaat
diapause | and Il, though the effect was diminished. Taken together this evidenc
suggests that some control over the initiation of embryonic diapause | and Il is
exercised through a specialized sensor or increased sensitivity in anifistl kil a
common factor produced by fish. The decreased effect of this common factor
produced in non-annual adults suggests that adult annual killifish may produce these
compounds at higher levels. Alternately, it may be less easily degnadixt a
metabolized, is specialized, or a combination of these factors (InglimaE3&i).
Another study found that homogenates of ovary, and to a lesser magnitude testis,
prolonged dispersion-reaggregatiorNinkorthausewithout affecting incidence of
diapause Il. Embryo homogenates also inhibited development, though the effect was
lost in homogenates prepared from hatchling fish. Boiling the homogenatessettre
the magnitude of the inhibitory effect by an unclear mechanism (Levels, 1988).
Further work found that the factor prolonging dispersion-reaggregation was a polar
hydrophilic agent, although size determination was inconclusive. Interestimgly, t
apolar and hydrophobic purification fractions from adult ovary also contained a
bioactive substance that in this case inhibited diapause Il (Levels, 1988).

The biochemical nature of the substance inhibiting diapause Il led the
researchers to assess the influence of steroid hormones on the different stages of
embryonic diapause. Embryonic incubation in progesterone spiked media (>4 pg/ml)

significantly increased the duration of dispersion-reaggregation. All hormated te
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had an inhibitory effect on diapause I, although ghsstradiol had an effect at
concentrations as low as 0.001 pg/ml. Significantly, of the hormones testdt} only
estradiol and testosterone had inhibitory effects on diapause Il without regulting
developmental anomalies in treated embryos (Levels, 1988).

Hormones are very likely candidates for regulation of diapause in annual

killifish, especially considering their importance in regulating dormanather
systems. Regulation of dormancy in nematodes is an excellent examplenbDprma
in dauer stage larvae of the nemat@delegansis regulated through the insulin
signaling cascade via the insulin receptor-like protein encoded by th®géfe
(Kimura et al., 1997). The endocrine systerCirelegansntegrates environmental
and endogenous signals to affect responses that can include the decision to enter or
bypass the dauer stage diapause (Tatar et al., 2003; Gerisch and Antebi, 2004). In
stressful environments, the Forkhead transcription factor, DAF-16, remains
unphosphorylated, localizes to the nucleus, and affects downstream gene regulation
resulting in induction of the dauer dormancy. In beneficial environments this factor i
phosphorylated, which favors a cytoplasmic localization and thus the absence of
DAF-16 induced gene expression (Henderson and Johnson, 2001; Ogg et al., 1997).
Evidence suggests that this pathway is mediatdddi\9, a cytochrome P450
steroidogenic hydroxylase that produces a hormone integrating the systesol{Ger
and Antebi, 2004). Further studies have identied-9 as one of the most important
aspects of the biosynthetic pathway involved in the production of the lipophilic

steroid hormone involved in the dauer stage, although hormone production is affected
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through a multistep process (Rottiers et al., 2008j-9 produces steroidal acid
ligands (dafachronic acids) that when present inactivate the nuclear hoeneptor
DAF-12; when ligands are absent dauer formation is initiated (Martin et al., 2010).

Hormones clearly play an important role in the regulation of diapause in other
systems as well. Peptidergic neurons in the subeosophageal ganglion éitbesil
Bombyx moriproduce diapause hormone (DH), the initiator of embryonic diapause
(Sato et al., 1993). Diapause hormone consists of 24 amino acid residues amidated at
the carboxyl terminal, with a molecular weight of 2645 daltons, (Imai et al., 1991),
encoded in a polyprotein precursor mRNA that also encodes four other hormones
(Sato et al., 1993). This hormone acts on the ovaries, initiating gene transcription that
ultimately results in the accumulation of glycerol and sorbitol, charaatsranly of
eggs in embryonic diapause (reviewed in Yamashita, 1995). Duration of diapause is
regulated through the ERK and P38 MAP kinase cascades (Fujiwara et al., 2006).
Activation of these cascades through extended low temperature terminatgsrembr
diapause (lwata et al., 2005).

In the fleshfly,Sarcophaga crassipalpia failure to synthesize ecdysone is
thought to arrest development. Concurrently, rhythmic pulses of juvenile hormone
(JH) herald the onset of embryonic diapause. These JH pulses continue through
developmental arrest, and a pulse directly precedes the increase in moltagdéor
that terminates embryonic diapause (Walker and Denlinger, 1980). The interplay of
these hormones modifies their physiological effects, possibly in a regufashion;

this is evidenced by changes in duration and/or onset of developmental arrest, under
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exogenous hormone treatments at different developmental time points (Denlinger,
1976; Zdarek and Denlinger, 1975). High temperature may also terminate diapause,
through the ERK/MAP kinase cascade (Fujiwara and Denlinger, 2007), a likely
candidate for the control of embryonic diapausA.itimnaeusFurthermore, as in
annual killifish, maternal photoperiod affects diapause incidence in progeny of the
fleshfly S. bullata although by an unknown mechanism (Rockey et al., 1989).

Global control of major life history transitions are often controlled by
hormones; these compounds are structurally well conserved and powextdreff
molecules that act to coordinate organism-wide responses. The role of hormones has
been suggested in the regulation of embryonic diapause in annual killifish, and
exogenous hormone treatment found to significantly affect developmental pathways
in embryos oN. korthauséLevels, 1988)To elucidate factors involved in the
control of embryonic diapause & limnaeus| have investigated the role of steroid
hormones in both maternal and embryonic control of diapause, and screened for
changes in gene expression using a cDNA microarray approach. | hypethas
hormone levels in escape and diapause embryos will differ through early
development leading up to dormancy, and the hormonal envirommeterowill
influence the decision to bypass or enter embryonic diapause. This variation in
hormone levels will be accompanied by differences in hormone receptors and their
downstream gene products. Through these processes, ultimate developmental
pathway will be determined, and the suite of metabolic and biochemical traits

essential to different trajectories effected.
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Materials and Methods

Husbandry of Adults and Collection of Embryos

Experimental animals were obtained from an in-house aquatic facility, as
previously described (Podrabsky, 1999). Briefly, breeding paifs ldihnaeusvere
housed in 3.8 L aquaria attached to shared sumps (21 aquaria per sump). Pairs were
kept separate using an internal divider until spawning. Water was changed ftiyice da
(25% each time) weekdays, and once daily on weekends (25%), using City of
Portland tap water that was charcoal filtered, UV treated, and supplemetitesghvi
(Coralife synthetic sea salt, 0.115%). Animals were fed on the same schethaéle as t
water changes, primarily on Bio-pure frozen bloodworms (Hikari-US Koi,,LC&#
30221). Chopped red wiggler worms (Timberline Live Pet Food) were fed on days
immediately prior to spawning. Photoperiod was maintained on a 14 hr of light and
10 hr of dark (14:10 L:D) regimen, and ambient temperature ke@6aC. System

water temperatures normally ranged between 24-26°C.

Embryos were collected twice-weekly, also as described in Podrabsky (1999),
and maintained in embryo medium (10 mM NacCl, 0.1424 mM KCl, 2.15 mM MgCl
0.0013 mM MgSQ@, 0.792 mM CacCl in Nanopure water) containing methylene blue
(0.0001%) until 4 dpf to inhibit fungal and bacterial growth. The embryos were then
bleached in a mild sodium hypochlorite solution (0.03%, 2 x 5 min) as described in

Podrabsky (1999). To ensure neutralization of the bleach, the embryos wererrinsed i
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0.005% sodium thiosulfate for 10 min. Following the bleaching treatment, embryos
were transferred into embryo medium containing gentamicin sulfate (10%nip L
inhibit bacterial growth. Embryos were maintained in 200 mm x 15 mm petri plates
(VWR, Cat#25384-342) at densities of 50-100 embryos per dish. Embryo medium
was changed daily for the first four dpf, and then 6 times a week following. Dishes of
embryos were incubated at constant temperature (25 or 30°C depending on the

experiment) in the dark (VWR growth chambers, model 2015).

Developmental pathway of embryos at 25°C was scored at 18-22 dpf with
bright phase microscopy (Leica DMIRB inverted microscope). The proportion of
escape embryos was quantified through a representative sample of eaefsfemal
clutch allowed to develop normally (10-12 embryos). Females were monitored for

multiple spawning events (>3) before tissue harvesting.

Extraction of Steroid Hormones

Adult tissues

Adult fish were anesthetized in ice water for several mindtdewed by
cervical dislocation. Ovary tissues were quickly harvested, glant 14 ml
polypropylene tubes, and flash frozen in liquid nitrogen. Tissues weeglsat -80°C
until immediately prior to hormone extraction. Hormones were exlaitom whole

tissues by homogenization in 5 ml of ice cold 100% ethanol (SigmachAldr
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Cat#493546) using an IKA rotary homogenizer (IKA Works, Ultra-Turg&0).
After homogenization, the dispersing element was rinsed intsatin@le tube with an
additional 2 ml absolute ethanol. Samples were spun at 0°C in gerafad
centrifuge (Sorvall, Superspeed RC2-B) for 10 min at 3080The supernatant was
collected into baked borosilicate tubes, capped, and stored at -20t@Qarntbne

guantification.

Whole Blood was collected from adult fish through an incision made at the
caudal peduncle, and whole blood from the caudal vein and artery collected into
micro hematocrit tubes (48, heparinized). The tubes were chilled on ice for a
maximum of one hour before centrifugation for 5 min at full speed in a hematocrit
centrifuge (Adams Autocrit). The plasma fraction was isolated, weigimelflash
frozen in liquid nitrogen. Plasma samples were stored &C-80til extraction and

analysis.

Whole Embryos

Embryos were collected onto a mesh screen using a wide-mouth transfer
pipette, blotted dry with kimwipes, weighed, and then flash frozen in liquid nitrogen.
Frozen embryos were stored at -80°C until immediately prior to processitgy&sn
were homogenized and frozen by the same protocol as previously described for

tissues, in either 5 ml absolute ethanol for groups larger than 40, or in 3 ml for groups
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of 20, with the dispersing element rinsed in both cases with 2 ml of absolute ethanol.
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Isolation and Quantification of Steroid Hormones

Steroid hormone levels were quantified according to standard protocols by the
Endocrine Technology and Support Core Lab at the Oregon National Primate
Research Center/Oregon Health & Science University (Rasmusderiésd).

Briefly, ethanol extracts were dried under forced air, then erttagith 300 il of

0.1% bacto-gelatin in 1X PBS and 5 ml redistilled diethyl ether to separate aqueous
and ether soluble materials. The ether soluble fractions were decanted andetthen dri
under forced air. The extract was then re-dissolved in 200 ul of column solvent
(Hexane:benzene:methanol = 62:20:13). Steroid hormones were separated by column
chromatography in a 1 x 6 cm glass column containing 1 g Sephadex LH-20, and
individual hormone fractions collected and dried under forced air. Each hormone was
quantified by specific radioimmunoassay (Antibodiespdstradiol- Dr. G.

Niswender, GDN#344; Androstenedione- ICN Pharmaceuticals, 07109016;
Testosterone- W. Ellinwood, WEE-23; Progesterone- Sandoz Pharmaceuticals, Surve
12; Corticosterone-ICN Pharmaceuticals, 07120017). Final values were abtrecte
account for recovery efficiency as determined by addition of a radiodcines to

the sample (Tracers: Pfestradiol-NEN Radiochemicals, NET317250UC;
Androstenedione-NEN Radiochemicals, NET469250UC; Testosterone-NEN
Radiochemicals, NET370250UC; Progesterone-NEN Radiochemicals,
NET381250UC; Corticosterone-NEN Radiochemicals, NET399250UC). Recovery

efficiencies were typically 60-80%. The limit of sensitivity for féstradiol was 3
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pg/ assay tube, andpg/ assay tube for androstenedione, progesterone,

corticosterone, and testosterone.

Treatment of Embryos with Exogenous Steroid Hormones

17 p-estradiol (E8875-1g) and cortisol (hydrocortisone; H4001-1g) were
purchased from Sigma-Aldrich. Hormones were suspended in absolute ethanol, and
added to embryo medium containing 1% dimethyl sulfoxide (DMSO). DMSO was
used as a permeabilizing agent, to improve hormone movement into the embryos.
Concentrations of 1, 5, 10, and 2@ml of hormone were prepared. Ethanol was
supplemented to control as well as hormone treated embryos to an equal total
(0.133%). Embryos were raised at 25°C, bleached at day 4 as previously described,
then transferred in groups of 20 embryos per well to 6-well plates containing
hormone medium at 6 dpf. The hormone medium was changed every other day, and
the embryos scored as entering diapause Il or as escape embryos at 18 dsf, 12 day

following the commencement of hormone treatment.

Steroid hormone levels were quantified at 6, 10, 14, and 18 days following the
initiation of exogenous hormone treatments. At the time of harvest, the embrygos wer
transferred into clean culture plates, rinsed 3 times with nanopure watexg soa
nanopure water for 10 min to remove hormones from the perivitelline space, and then
rinsed again 3 times. Embryos were pipetted onto a mesh screen, blotted dry, and
flash frozen in liquid nitrogen. Hormones were extracted as previously dekcribe

Dechorionated embryos were treated and rinsed as previously described, then
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deposited onto mesh screens inserted into 1 ml syringes. The syringe-sseeeinl\as
was placed into 15 ml falcon tubes, the plunger inserted to crush the embryos, and the
assembly subjected to centrifugation at 0°C (Sorvall, Superspeed RC2-B) for 10 min
(3000 xg). The dechorionated embryo fraction was flash frozen in liquid nitrogen and

then extracted in ice cold 100% ethanol as previously described.

Steroid Hormones During Normal Development

Levels of 17B-estradiol (E2) and androstenedione (A4) were quantified
during early development in embryosAflimnaeugeared at both 25 and Q0.
Embryos were sampled at the following developmental stages at both temgerature
full epiboly, 5-10 somite, 14-16 somite, and 25-30 somite. Additionally, embryos
were sampled directly after fertilization (newly fertilized), and bothndudiapause
and four dpf in embryos incubated aP@5At full epiboly the blastomeres have
expanded to completely encircle the yolk sack as amoeboid cells, but remain
relatively large and have not yet undergone multiple rounds of mitosis (stage 19;
Wourms, 1972a); diapause | may be initiated directly following this stage. 5-10
somite embryos have a fully developed embryonic axis without a functional heart
(stage 29-30; Wourms, 1972a). At this developmental stage, escape embryo
production sharply increases from background levels under 30°C incubation
(Podrabsky et al., 2010). 14-16 somite embryos have a beating heart and a widened

cephalic region (stage 30-31; Wourms, 1972a). This is the final stage preceding
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morphological divergence between embryos incubated at 256t 8ugh the
majority of embryos incubated at 30°C until this stage will follow the escape
trajectory (Podrabsky et al., 2010). By the 25-30 somite stage embryos atehendiff
incubation temperatures have diverged sharply, both morphologically and
physiologically, with embryos incubated at*@5showing comparable morphological
development only four days post-diapause Il at approximately 45 somites. Dee to t
effects of temperature, embryos reared at 25 ah@ Bfached these developmental
stages at different times. Newly fertilized embryos were htagesithin 4 hours of
being spawned, and fertilization (formation of the perivitelline space) vadidatder
a dissecting scope. Diapause Il embryos were harvested approximéatdby4-
following initiation of diapause and had heart rates lower than 10 beats per minute.
Embryos incubated at 30°C were transferred from 25 to 30°C at approximately 18
hours post fertilization, and cared for by identical protocols as previouslyedetail
Embryonic development was monitored using bright phase microscopy (Leica

DMIRB inverted microscope).

Extraction of RNA

Adult fish were anesthetized in ice water for several minutes, folloywed b

cervical dislocation. Adult female tissues were quickly harvested, plated4 ml

polypropylene tubes, and flash frozen in liquid nitrogen. Embryos were collected onto

a mesh screen using a wide-mouth transfer pipette, blotted dry with kimwipes,
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weighed, and then flash frozen in liquid nitrogen. Embryonic development and escape
embryo proportions were monitored as previously described. Samples were taken
from newly fertilized embryos (within four hours of spawning), and at 14-16 somite
stages in embryos reared at 25 and 30°C. Liver and ovary tissues were sampled fr
spawning females. Frozen embryos and adult tissues were stored at -80°C until

immediately prior to processing.

RNA was extracted from frozen tissue and embryo samples by
homogenization in 10 volumes (by weight) for tissues, and 20 volumes for embryos,
of Trizol reagent (Invitrogen, Cat#15596-018) using an IKA rotary homogenizer
(IKA Works, Ultra-Turrax S10) in 14 ml polypropylene tubes. The samples were
homogenized in Trizol until they had an even consistency, then placed at room
temperature for at least 15 min, allowing nucleoprotein complexes to dissolve.
Samples were subjected to centrifugation at 10,00(8x10°C) in a refrigerated
centrifuge (Sorvall, Superspeed RC2-B) for 30 min to pellet insoluble maiénel
supernatant was decanted into a fresh tube, 0.2 volumes of 100% chloroform added
per initial ml of Trizol used, then the sample gently vortexed until the phases had
completely mixed. The homogenate was then subjected to centrifugation at 10,000 x
g (8-10°C) for 20 min to separate the aqueous and organic phases. The agueous phase
(which contains the RNA) was carefully removed and placed into a fresh 14 ml tube
on ice. The RNA was precipitated using a high salt precipitation which consisted of
adding 0.25 volumes of high salt precipitation solution (0.8 M sodium citrate and 1.2

M sodium chloride) and 0.25 volumes 100% isopropanol to the supernatant for each
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ml of Trizol originally used for the homogenization. The samples were placed at
20°C overnight to allow the RNA to precipitate, then centrifuged at 16 @008-
10°C) for 30 min to pellet the RNA. The supernatant was removed without disturbing
the RNA pellet. The pellet was washed twice with 2 ml 60% ethanol followdd eac
time by centrifugation at 10,000g«<or 20 min. The ethanol was removed and the
pellet was allowed to air dry for 5 to 10 min until clear. The isolated tN& ®as
covered in nuclease free water (20-100 pl) and heated to 55°C for 5 min to aid in
solubilization. Following resuspension, the RNA samples were kept either frozen or
on ice at all times. The amount of total RNA was quantified by UV absorba6€ a
nm using the extinction coefficient of 40 pg/@QpP RNA purity was assessed by
determining the ratio of absorbance at 260 and 280 nm (Range: 1.43-2). RNA quality
was validated by visualization on 1% agarose gels stained with ethidium brdidide (
TBE) (100 V, run time=15 min). RNA samples requiring concentration were
precipitated at -20°C overnight with 0.1 volume 3 M sodium acetate and 2.5 volumes
100% ethanol. After precipitation, RNA was pelleted by centrifugation at 12,800 x
for 20 min and the samples washed twice with 2 ml 80% ethanol followed by
centrifugation at 12,000 g for 20 min (Sorvall, Superspeed RC2-B). The ethanol
was then removed, the RNA pellets allowed to air-dry, and the samples resuspended
by the previously listed method. Aliquots of the RNA sample were frozen in separat

tubes to avoid multiple freeze thaws cycle for each sample.
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Amplification of Total RNA

Embryonic RNA samples were amplified using the MessageAmp 2 aRNA
amplification kit according to the manufacturer’s instructions (Applied Biesys,
Cat#AM1751), based on previously published techniques (Van Gelder et al., 1990).
Full reactions were run on all day 0 embryo samples (1 pg input total RNA), and 1/2
reactions performed on 14-16 somite embryo samples (0.5 pg input total RNA, all
steps 1/2 total volume of following protocol). The average ratio of absorbance
measured at 260 versus 280 nm for each RNA sample used was 1.7 (Range: 1.4-2.0).

All reagents used were provided in the amplification kit unless otherwise noted.

Single-stranded cDNA (ss cDNA) was prepared from 0.5-1.0 pg of total RNA
in a final volume of 20 pl (11 pul RNA + nuclease free water, 1 ul T7 Oligo(dT)
primer, 2 pl 10X first strand buffer, 4 pul dNTP mix, 1 pl RNase inhibitor, 1 pl
Arrayscript reverse transcriptase). The reactions were incubat&dGfor 2 hours
in a thermocycler (Applied Biosystems, Gene Amp 2700) with the thermocycler lid
open. After 2 hours the tubes were removed, placed on ice, then the contents added to
250 pl of cDNA binding buffer. The diluted ss cDNA was applied to a DNA filter
cartridge and centrifuged at 10,00@ for 1 min to bind the DNA to the column
material. The column was washed once with 500 ul wash buffer and centrifuged
again twice, each time at 10,00@ xor 1 min. The filter cartridges were then
transferred to clean tubes and the cDNA eluted from the columns with 18 pl of

nuclease free water (preheated to 55°C) by centrifugation at 10@@0 & min. The
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eluted cDNA was then amplified in a reaction mixture containing 18 ul of s&«cDN
and 24 pul of IVT master mix (IVT master mix; 4 pul T7 ATP, 4 ul T7 CTP, 44ul T
GTP, 4 ul T7 UTP, 4 ul T7 10X Reaction buffer, 4 ul T7 enzyme mix) incubated at
37°C for 14 hours in a thermocycler (Applied Biosystems, Gene Amp 2700). After
the incubation, aRNA samples were brought to a final volume of 100 ul with nuclease
free water, transferred to new nuclease free tubes, and mixed with 350 plAf aRN
binding buffer. The aRNA was mixed with 250 ul of absolute ethanol and applied
onto an aRNA filter cartridge. The samples were centrifuged at 10,§@0r min
to allow the aRNA to bind to the column. The column was then washed with 650 pl
of wash buffer followed by 2 centrifugations at 10,00§fer 1 min each to remove
residual wash buffer. The aRNA was eluted in 200 pl of nuclease free water
(preheated to 55°C) by centrifugation at 10,0@0for 1 min. RNA yield was
quantified by UV absorbance at 260 nm as described above (Shimadzu Pharma Spec
UV-1700). Average yield for newly fertilized embryo amplification saesphas 86
Hg RNA with an average 260/280 nm ratio of 1.99 (Range: 1.7-2.15). Average yield
for 14-16 somite embryos was 81.5 pg RNA with an average 260/280 nm ratio of

2.08 (Range: 1.6-2.2).

Synthesis of Fluorescent Probes

Production of single-stranded amino-allyl cDNA
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Fluorescently labeled probes were synthesized as previouslybeesasing
Cy3 and Cy5 as the dyes (Podrabsky and Somero, 2004). Each expersasyks
was competitively hybridized against a pooled reference RNA saowpisisting of
total RNA from liver and ovary tissues. 15 pg of total RNA (@2Rfkom embryos,
total RNA for adult tissues) was used for the synthesis gfrabes. Single-stranded
cDNA was synthesized in a reaction mixture consisting of 8f|IRNA + nuclease
free water, combined with primers (1 pl of 5 pg/ul oligas¥N, 1 pl of 2.8 pg/ul
random hexamer; Integrated DNA Technologies Inc.) 4 pl of 5Xrseveanscriptase
buffer, 1 pl 20X dNTP/aa-dUTP (20X: 10 mM dATP, 10 mM dCTP, 10 mM dGTP, 5
mM dTTP, 5 mM aa--dUTP), 2 ul 100 mM DTT, 2 ul reverse traptase (40
units), and 1 pl nuclease free water for a total volume of 20hel RINA and primers
were first mixed and heated at 70°C for 10 min and then placedlyioecice. The
rest of the components were then added and the samples incubatedfat 92°@in
in a thermocycler (Applied Biosystems, GeneAmp 2700). After incoibatie RNA
was degraded by adding 6.67 ul 1 M NaOH, and 6.67 ul 0.5 M EDTA atiddea
the samples to 65°C for 15 min. The pH of the solution was neutralizeétdeby
addition of 17 pul of 1 M Tris (pH=7.5). The ss cDNA was purifiechgsa Qiagen
PCR purification kit according to the manufacturer’s instructiorth te exception
that 80% ethanol was used instead of the wash buffer provided (QKAGER
purification kit, Qiagen, 28104). Single-stranded cDNA was eluted by tw
applications of 30 ul of nuclease free water (pH>7) warmed to 8if@wed by

centrifugation at 10,000 g for 1 min following each application. The eluted ss
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cDNA was dried in a speedvac concentrator (ThermoSavant, Spedéac

SC210A).

Fluorescent Labeling of Probes with Cy Dyes

The amino-allyl labeled cDNA pellet was resuspended in 5 plN.1
NaHCGQ;, then combined with 5 pl of Cy3 (Amersham Biosciences, Q13104) or Cy5
mono-reactive dye (Amersham Biosciences, Q15104) dissolved in D8&GOI per
tube dye), and incubated in the dark at room temperature forr1THwureaction was
stopped by a 15 min incubation (at room temperature) following the additias pl
of 4 M hydroxylamine. Each experimental sample was then combwtd a
reference sample labeled with the opposite colored probe. The pohees were
purified using a Qiaquick PCR purification kit according to the mantufar’s
instructions (QIAquick PCR purification kit, Qiagen, 28104). The labetedDNA
probes were eluted from the column with two subsequent applications joff &GO
buffer EB warmed to 37°C followed by centrifugation at 10,0@Pfar 1 min. The
labeled probes were brought to a final volume of 80 pl and adoraentration of
3X SSC, 0.75 mg/ml tRNA (Sigma, R8508-1ML) and 25 mM HEPES (pH=1g,
0.25% SDS. Immediately prior to use the probes were heated far atrhD0°C in a
heat block and allowed to cool at room temperature for 1-2 min. Titerde were

collected into the bottom of the tube by a brief centrifugation (y%ox 10 sec).
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Hybridization of Fluorescent Probes

Microarray hybridizations were conducted on cDNA microarray slides,
fabricated largely as previously published (Podrabsky and Somero, 2004). Tise array
were printed using a GeneMachines Omnigrid Accent robotic array pusitey a 32
pin configuration, with 150 um spot spacing, and over 16,000 spots total. Microarrays
were pre-processed according to standard protocols (Podrabsky and Somero, 2004).
Immediately prior to use, the microarray slides were prepared for pppheadion
by immersion in prehybridization blocking solution for at least 1 hour (blocking
solution; 5X SSC, 1% Bovine serum albumin, 0.1% SDS), then washed twice in
nanopure water (2 min each), and dried by centrifugation at 5369 min
(Eppendorf, 5810R). Probes were applied to the microarray under a LifterSlip cove
slip (Erie Scientific Co., 25x541-2-4901) placed over the array. The slides were
quickly transferred to an array hybridization chamber (Genetix, x2530) that was
preheated and humidified at 65°C. Probes were allowed to hybridize overnight (12-14
hours) at 65°C in a hybridization oven (VWR International, model 5420). Following
hybridization, the coverslip was removed after submersion of the slides inttha was
buffer containing 0.6X SSC and 0.03% SDS. The slides were washed briefly in a
second container of this wash solution followed by a brief wash in 0.06X SSC and

finally in nanopure water. At each washing step the slides were gently glupgend
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down 5-10 times. Slides were dried by centrifugation at 5§@x 9 min at 25°C

(Eppendorf, 5810R).

Fluorescence Quantification and Data Analysis

The microarray slides were scanned on an Axon Genepix 4000B microarray
scanner, using GenePix Pro 5.1 software, at both 635 and 532 nm wavelengths. Laser
power was maintained at 100%, and normalized counts of the intensity distribution
balanced using the PMT gain. Array spots were visually checked, and abpotant s
flagged and disqualified from analysis. Fluorescent intensity was quantified ahd use
to calculate the median ratio of Cy3 to Cy5 for each spot. The background-corrected
ratio of the median intensity for each spot was imported into GeneSpring GX 10.0
software. The overall ratios for each dye were normalized globally andeshang
gene expression analyzed using an unpaired T-Test with asymptotic p-value
computation (Benjamini-Hochberg multiple testing corrections, p<0.05). Clones more
than 2 fold differentially regulated, or with elevated significance vatueslation to
the other clones, were included in the results. It should be noted that the analysis
presented here is of a fraction of the total genes identified as beingrditiye

regulated in different tissues and at different developmental time points.
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DNA sequencing

TheE. coliclones (Invitrogen, DH10B) containing the plasmids of interest
(Clontech, pTriplEx2) were removed from a -80%&ezer and thawed at 4-6°C (for
cDNA library preparation see Podrabsky and Somero, 2004). The clones of interest
were transferred from the cDNA library using 10 ul pipet tips, into 200 pBof L
broth containing 10% glycerol and Ampicillin (50 mg-Lin 96-well Costar round
bottom plates (Fisher, 07-200-105). The plates were wrapped in plastic wrap, placed
into tupperware with moist paper towels, and grown statically at 37°C for 48 hours.
After the first growth period, the clones were transferred to 200 pl of fresh
LB/glycerol medium using a 96 pin replicator tool (V&P Scientific Inc., 250584) a
allowed to grow for 12 hr at 37°C. The plates were sealed with aluminum adhesive
seals (VWR, 100845-646) and frozen at -80°C. The 96-well plates were packed on
dry ice in styrofoam coolers, and shipped overnight to Beckman-Coulter Genomics
(Danvers, MA). The samples were sequenced unidirectionally with the 5'TriplEx2
primer (5 'CTCCGAGATCTGGACGAGC 3, with an average of 678 high quality
base pairs per read. The putative identity of each clones was assessed using the
BlastX multiple alignment tool
(http://www.ncbi.nlm.nih.gov/blast/Blast.cgi?PAGE=Translations&PR@GRblas

tx) against the GenBank non-redundant protein database.
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Graphs and statistical analyses

Statistical analyses were performed using Prism 4.0 softwaapliGad).
Correlation, analysis of variance (ANOVA), Kruskal-Wallis, Mann Whytrandt-
tests were used where appropriate. Tukey's multiple comparison test or Dunn's
multiple comparison test were ugeaist hodo determine significantly different
groups. P-values <0.05 were considered significant. Fractions of escagy@&mbr
were transformed prior to statistical analysis by taking the arc sihe sfjuare root

of the fraction (ArcSinNX).
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Results

Estrogen levels are higher in younger compared to older females

Investigation of 1 B-estradiol levels in females of different age classes
indicated higher levels in ovarian tissue and plasma in younger females (FBy. 1A
This pattern is similar to the pattern observed for production of escape embryos in
females of different age classes, where the youngest females prodboghtiss
proportion of escape embryos. The production of escape embryos decreases through
maternal life, with the lowest level of escape production in the oldest fenidle
youngest age class (90-105 days old) had medekiradiol levels in the ovary of
12,382pg/g + 1,452 and 11,63&/ml + 1,739 in plasma. The mid-age class had
intermediate 1B-estradiol values (while not significantly different from older
females) of 6,328g/g £+ 1,490 in ovarian tissue, and 5,280ml + 1,541 in plasma.
The oldest age class had the lowesp-E&tradiol levels, with 5,088y/g = 873 in
ovary, and 3,204g/ml £744 in plasma. The results indicate a decline of 59% in
ovarian 17B-estradiol concentrations from young to old females, and a decline of

73% in plasma levels.

Hormone panels in ovaries of young females
No significant differences in ovarian hormone levels were discovered between
females producing different ratios of escape embryos (Fig. 2). Howkgez,was a

trend towards higher androstenedione values in females producing less than 8%
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escape embryos compared to those producing a high proportion of escape embryos
(2,952pg/g +628 vs 1,073g/g +603, p=0.0854, t=1.923, df=10). The meaf-17
estradiol level in young females was 11,p81g £1299, levels of progesterone
averaged 49pg/g +84, androstenedione levels were 2844 +524, and
testosterone levels were 83d/g £+217. Interestingly, ratios of Bfestradiol to
testosterone and progesterone exhibit a high degree of correlation with the proportion
of escape embryos produced (Fig.3). Increasdttdstradiol/testosterone and -7
estradiol/progesterone ratios are associated with higher proportions of escap
embryos (Pearson r=0.768, p=0.0035; Pearson r=0.463, p=0.1491, respectively). It is
important to note that in both cases the relationship is influenced by possible outliers.
When these points are removed, the association betwekrstiadiol/testosterone is
weakened although remains significant (Pearson r=0.645, p=0.0323), and the
correlation between 1F-estradiol/progesterone ratios and the production of escape

embryos becomes significant (Pearson r=0.872, p=0.0005).

Embryonic hormone levels

There were no significant differences in hormone levels of newly fediliz
embryos sampled from clutches with high (>85%) and low (0%) proportions of
escape embryos produced (Fig. 4A,B). Therefore, hormone levels are presented as
combined values for both escape and diapause groups. The mean hormone
concentrations were: O@/embryo +0.1 1B-estradiol, 1.3g/embryo+0.2

corticosterone, 0.8g/embryo+0.2 progesterone, @g/embryo+0.1 androstenedione,



36
and 0.3pg/embryo+0.08 testosterone. As a function of tissue mass, the mean values
are 379g/g+25, 542pg/g+92, 311pg/g+82, 177pg/g+63, and 119g/g+35
respectively.

17 B-estradiol levels fall through early development, to a significantly lower
level in 30°C embryos at the 5-10 somite stage (Fig. 5A: Two way ANOVA, p<0.05,
t=2.925).Androstenedione values follow the same pattern gsdstradiol , although
the drop is not significant (Fig. 5B). Hormone levels increase again followirtg-the
10 somite stage. This is the developmental period where 30°C treatment results in a

steep increase in the production of escape embryos.

Embryonic hormone treatments

Exogenous treatment with Bfestradiol and cortisol resulted in significantly
increased numbers of escape embryos (Fig. 6AB). Incubationfiredffadiol caused
the majority of embryos to follow the escape trajectory at concentratione &
pa/ml (Kruskal-Wallis test p=<0.0001, KW statistic=40.64) (Fig. 6A). The
magnitude of this effect did not significantly change by increasingehéntent
concentration from 5 to 10 or 20 pg/ml (escape percentages respectively: 64+7, 757,
and 72+11), suggesting a plateau effect (Fig. 6B). Cortisol treatmenigigaantly
increased the percentage of embryos following the escape trajectory etcatians
above 5 pg/ml (One way ANOVA p<0.0001, F=26.24). However, increasing cortisol
concentrations above this concentration had an additive effect on the number of

escape embryos, unlike the plateau effect seen wifaektradiol treatment.
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17 B-estradiol treatment at levels above 1 pg/ml led to a saturation effect in
embryos. Higher concentrations in treatment levels were not significifidrent at
most points during treatment (Fig. 7). Dechorionated control embryos had estradiol
levels that were not statistically different than hormone levels in 25°C ppsiuda
Il embryos (Fig. 8). Estradiol levels were slightly higher than in 30°C 253@es
embryos, the stage developmentally closest to the dechorionated embryogeklowe
dechorionated embryos were sampled at 18 dpf whereas 25-30 somite embryos were
sampled at 12-14 dpf. Pfestradiol levels in estrogen-treated embryos were
significantly higher than in controls (t-test p=0.0005, t=10.48, df=4).
Androstenedione levels in estrogen treated embryos were also significghty hi
than in controls (p=0.0018, t=7.339, df=4), indicating possible reverse aromatase
activity. Removing the chorion dramatically changed the amount of estrackotekbt
in hormone treated embryos. Measure@¥5tradiol levels decreased by more than

99% after chorion removal, from an average of 38&B® 1299 per embryo.

Differential Expression of Genes Associated with Escape Embryos

A total of 146 genes were identified as differentially expressed in maternal
tissues isolated from females producing escape embryos and embryos ompan esca
trajectory (see appendix for sequences). Sequences identified as défigrenti
expressed are presented in figure 9 organized as a function of tissue. Ofl tdd tota
genes were identified as differentially expressed in escape endjrixoBmnaeus

(Fig. 10 & Table 1,2). Three differentially expressed genes weredshate@een the
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14-16 somite escape embryos and newly fertilized escape embryos: Guanine
nucleotide exchange factor MSS4, 6-phosphofructo-2-kinase/fructose-2,6-
biphosphatase, and variations of histone H2A.V. Guanine nucleotide exchange factor
MSS4 is downregulated in newly fertilized escape embryos and upreguldtéd 6
somite escape embryos. Six-phosphofructo-2-kinase/fructose-2,6-biphosphatase
upregulated in newly fertilized escape embryos and downregulated in esdagesm
at the 14-16 somite stage. Histone H2A. V is downregulated in escape embryos
compared to embryos on a diapause trajectory in both newly fertilized and 14-16
somite embryos. Additionally, two different isoforms of histone acetylteaaise 1,
have been identified in 14-16 somite embryos, one highly expressed in escape
embryos and the other in embryos bound for diapause Il.

In newly-fertilized embryos, a total of 55 genes were identified ag bein
differentially expressed (Table 1,2). Of these genes, 33 (60%) were upedgala
escape embryos and 22 (40%) in embryos that would enter diapause Il. Forty-eight
percent of these differentially expressed sequences have significant hpmilog
sequences in the GenBank non-redundant protein database as determined by the
Blastx search algorithm.

Twenty-two differentially expressed sequences were identified in 14-16
somite embryos on the two developmental trajectories (Table 3). Eleven of these
(50%) were identified as upregulated in embryos on the escape trajeudty a

(50%) were associated with embryos on the diapause Il trajectory. Aplangertion
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(=70%) of these sequences have significant homology with sequences in the

GenBank non-redundant protein database.

Differential Gene Expression in Maternal Tissues

Sixty-ninesequences were identified as differentially expressed in ovary and
liver tissues isolated from female fish producing either high or low propsrab
escape embryos (Table 4 & 5). Of these sequences only one, the membrane-
associated progesterone receptor component 1 (ACQ5838ibfilopoma fimbrig
shared a consistent expression pattern in both ovary and liver tissues. This gene was
~7-fold upregulated in both tissues of females producing escape embryos.dsuer ti
had two differentially regulated sequences in common with newly fertilizedyes)br
one has no significant homology to known proteins (ALD37M09) and the other is an
integrin-linked protein kinase (NP_9568650gnio rerio). These sequences were
downregulated in both embryos and tissues associated with an escape embryo
trajectory. Beta-tubulin was also differentially expressed in both lived 4rib
somite embryos. Upregulation of this sequence was associated with escape embr
production in liver tissue (ALD0O9HO02), but it was downregulated in 14-16 somite
embryos on the escape trajectory (ALD15L11).

Twenty-three sequences were identified as differentially expt@sseaternal
ovary with respect to the production of escape or diapausing embryos. Thirteen
(=57%) of these sequences were upregulated in females producing escape embryos

and 10 £43%) were associated with females producing diapausing embryos (Table
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4). Less than 40% of the differentially expressed sequences identified\eomn
tissue had significant homology with sequences in the GenBank non-redundant
protein database.

Maternal liver tissue exhibited 46 differentially expressed sequences in
females producing escape embryos relative to those producing diapaubiygsem
Twenty-six £57%) of these were upregulated in females producing escape embryos
and 20€43%) were downregulated (Table 5). Interestingly, 3 genes were highly
expressed in liver tissue isolated from females producing diapausingasmbng is
40-fold upregulated and has no significant homology to known protein sequences
(ALD37P02), the second is a Clasp2 protein that is 25-fold upregulated, and the third
is a Chromobox homolog 3 that is induced 24-fold. Of the sequences identified as
differentially expressed in liver tissue60% had significant homology with

sequences in the GenBank non-redundant protein database.
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Figure 1. Levels of 173-estradiol in(A) ovarian tissue an(B) plasma of female
Austrofundulus limnaeuss a function of age. Young females have higher ovarian
levels of 17B-estradiol than older females (ANOVA, p=0.0014, F=8.54, Tukey's
multiple comparison test: 90-105 (n=13) vs 212 (n=8) p<0.05, 90-105 vs 395 (n=8)
p<0.01). Plasma 1fF-estradiol levels are also higher in younger than older females
(Kruskal-wallis test, p=0.0018, KW statistic=12.69, Dunn's multiple comparisbn tes
90-105 (n=12) vs 212 (n=10) p<0.05, 90-105 vs 395 (n=8) p<0.01). Bars represent
mean  s.e.m.
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Figure 2. Hormone levels in ovarian tissues isolated from young femdiennaeus

(90-105 days). Black columns are hormone values for fishes producing less than 8%
escape embryos (n=8) and shaded columns (n=4) represent values for featales t
produced over 48% escape embryos. The proportion of escape embryos produced was
determined over the entire lifetime spawning for that individual fish (total nuaiber
spawns ranges from 3-7). There are no statistically significantetitfes in hormone

levels in ovarian tissue isolated from the two groups. Bars represent meam+ s
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Figure 3. The relationship between the ratio of @-éstradiol to A) testosterone, and
(B) progesterone as a function of lifetime escape embryo production in yonalp$e
(90-105 days). There is a significant correlation between thel7
estradiol/testosterone ratio and lifetime production of escape embryo8@ps0.
Pearson r=0.768).
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Figure 4. Hormone concentrations in newly fertilized embryos presdteder
embryo andB) per g embryo tissue. There are no significant differences between
embryos presumed to be on either developmental trajectory. Bars represant m
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Figure 5. Hormone levels through early developmé&ii) 17 B-estradiol levels fall
through early development, to a significantly lower level in 30°C embryos at the 5-10
somite stage (Two way ANOVA, p<0.05, t=2.9ZB). Androstenedione values

follow the same pattern as B+estradiol , although the drop is not significant.
Hormone levels increase again following the 5-10 somite stage. This is t
developmental period where 30°C treatment results in a steep increase in the
production of escape embryos. Bars represent mean + s.e.m.
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Figure 6. Effect of incubation in exogeno@8) 17 p-estradiol andB) cortisol on the
proportion of embryos that escape diapauséxposure to levels of 1fF-estradiol
greater than 1 pg/ml results in the majority of embryos following eapesembryo
trajectory (Kruskal-Wallis test p<0.0001, KW Statistic=40.64, n=Cayjtisol

treatment induces an increase in the proportion of escape embryos in a more dose-
response typical fashion (ANOVA p<0.0001, F=27.39, n=12). Different numbers
above columns represent statistically significant differences.rBpresent mean +
s.e.m.
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Figure 8. Hormone levels in 1B-estradiol treated and control dechorionated
embryos. Embryos sampled at 18 dpf, after 12 days hormone treatnfeastt@diol
levels are significantly higher in treated embryos ( p=0.0005, t=10.48, df=4).
Androstenedione levels in estradiol-treated embryos are significantly tigirein
control embryos (p=0.0018, t=7.339, df=4). Bars represent mean * s.e.m.
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Figure 9. The distribution of sequences found to be differentially expressed in escape
embryos and tissues isolated from females producing escape embryos bystssee
genes are shared between tissues, thereforg 106o.
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Figure 10. The number of differentially regulated genes identified in each nireypa
experiment to identify sequences unique to production of escape embryos. Maternal
tissues include sequences identified in both ovary and liver tissues. Numbers in
overlapping sections represent the number of differentially regulated gemeson

to both samples.
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[Gene ID__|Correctedp _|p-value _FoldA lidentity _______________________________________[RefstQ____lE-value |
00494 (Guanine nucleotide-binding protein G(z) subunitalpha  NP_001156038.1
M 0.0494 ﬂﬂ No significant homology _
ABL754141
ALD41M22 0.0494 0.0455 4.0 No significant homology _
(I
ALD40NO6 0.0494 0.0066 3.8 No significant homology
| ]
ALD37010 0.0494  0.0363 3.7 Hypothetical protein Ssol98_08391 ZP_06388631.1 8E-16
ALD18B05 0.0494 0.0161 3.5 No significant homology
BAG84239.1 | SES57
ALD12F21 0.0494 0.0313 3.4 No significant homology
AATGA086.1
ALD03A14 0.0494 0.0345 3.1 NADH dehydrogenase subunit 1 YP_001491318.1 ?—58
ALDO5N23 0.0494 0.0020 2.8 No significant homology
XP_001918792.2
ALDO4H19 0.0494 0.0271 2.7 PREDICTED: deoxyguanosine kinase-like XP_002662248.1 ﬂ
ALD37E03 0.0494 0.0343 2.5 No significant homology
BAF45913.1 | 26105
ALD04J15 0.0494 0.0107 2.4 No significant homology
ABF70330.1 | 1E89
ALD07015 0.0494 0.0403 2.3 No significant homology
ALD38F08 0.0494 0.0049 2.3 Deoxyhypusine synthase NP_998387 1E-81
ALDO08I08 0.0494 0.0478 2.2 No significant homology
XP_002666015.1 | 6E94
ALD35F16 0.0494 0.0399 2.1 No significant homology
ALD33B24 0.0494  0.0307 2.0 Transcription factor ZBP-89 NP_001073649.1 9E-69

Table 1.Differentially regulated genes in newly fertilized embryos, fold chaages
relative to embryos on escape developmental trajectory. Only sequencisasitini
(p<0.05) differentially regulated are presented.
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[Gene ID__|Correctedp__Jpvalue JFoldA Jidentity _________[RefSEQ ______|Evalue |
ALD27K10 | 00494 00283  -38Nosignificanthomology
ALD38K20 0.0494 0.0247 -2.6 No significant homology

INP_001005990.1 || 2E90
ALD19DO01 0.0494 0.0021 -2.4 Poly (ADP-ribose) polymerase family, member 12b NP_001108558.1 4E-59
ALD35118 0.0494 0.0341 -2.4 Eukaryotic translation initiation factor 3 subunit 6 AC0O08955.1 8E-128
ALD14G11 0.0494 0.0131 -2.3 Serine hydroxymethyltransferase [Danio rerio] AAX45073.1 1E-118
ALD14K02 0.0494 0.0394 -2.3 No significant homology

I
ALD33F04 0.0494 0.0169 -2.3 PREDICTED: histone H2A.V-like XP_002924084.1 1E-54
ALD24L13 0.0494 0.0127 -2.2 Guanine nucleotide exchange factor MSS4 ACQ58514.1 3E-37
ALD28MO07 0.0494 0.0208 -2.1 Cyclin-dependent kinase 2-interacting protein NP_001134627.1 2E-11
ALDO8K10 0.0494 0.0021 -2.1 No significant homology
ALD26F21 0.0494 0.0359 -2.1 Integrin-linked protein kinase NP_956865.1 2E-73
ALD37M09 0.0494 0.0108 -2.0 No significant homology

I
ALD02J22 0.0494 0.0272 -2.0 PREDICTED: cyclin G1-like isoform 2 XP_002664422.1 3E-87

Table 2.Differentially regulated genes in newly fertilized embryos, fold chaages
relative to embryos on escape developmental trajectory. Only sequemsisasitly
(p<0.05) differentially regulated are presented.
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/ALD23D03 | 00484 00354  S1CXADR  Np0011242531 |  1E72
ALD37112 0.0478 0.0313 4.5 No significant homology
ALD32D03 0.0478 0.0328 4.1 Phenylalanyl-tRNA synthetase alpha chain [Salmo salar]. NP_001133621.1 1.00E-96
ALD36C23 0.0365 0.0001 2.6 No significant homology

I
ALD28M24 0.0406 0.0016 2.2 Phosphate cytidylyltransferase 1, choline, beta b NP_001032451.1 7E-94
ALD39L22 0.0367 0.0003 2.1 Carnosine dipeptidase 1 (metallopeptidase M20 family) NP_001107394.1 1E-74
ALD04P15 0.0464 0.0223 -8.7 6-phosphofructo-2-kinase/fructose-2,6-biphosphatase XP_001919792.2 2E-72
ALD32F04 0.0484 0.0362 -5.9 Histone acetyltransferase type B catalytic subunit NP_001004572.1 4E-110
ALD15H03 0.0469 0.0258 -5.6 Single-stranded DNA binding protein, mitochondrial precursor ACQ59073.1 1.00E-61
ALD28D03 0.0495 0.0472 -4.6 No significant homology

I
ALD34N22 0.0406 0.0025 -4.3 Flavin containing monooxygenase 5 NP_001133267.1 ﬁ
ALD23115 0.0406 0.0021 -3.5 Dimethylaniline monooxygenase 5 NP_001133267.1 5E-178,

Table 3.Differentially regulated genes in 14-16 somite embryos, fold changes are
relative to embryos on escape developmental trajectory. Only sequencisasitini
(p<0.05) differentially regulated are presented.
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Name ____|Correctedp__|p-value [Foldd Jidentity _____|Refstq _____|Evalue |
/ALD26D16 | 00200 00002 7.1 Nosignificanthomology L
ALD38D17 0.0493 0.0307 7.1 Membrane-associated progesterone receptor component 1 ACQ58387.1 3E-30
ALD38C17 0.0493 0.0259 5.2 Brain protein 44 ACQ58713.1 3E-21
ALD28L24 0.0493 0.0376 4.8 No significant homology

[ ]
ALD31H06 0.0500 0.0476 4.3 No significant homology

AcQss0sa.l | 8ET6
ALD29C17 0.0493 0.0335 4.2 No significant homology

[ ]
ALDO1M11 0.0446 0.0021 3.5 No significant homology

ACO100041 | 1E125
ALD11C23 0.0493 0.0093 -8.9 No significant homology

ACM418421 | 6E73
ALDO9K12 0.0493 0.0310 -6.9 No significant homology

AC009921.1 | 3.00E-100
ALD31K17 0.0493 0.0313 -4.8 No significant homology
ALD37K01 0.0493 0.0313 -4.5 Brain protein 44 ACQ58713.1 5E-61
ALD28M08 0.0493 0.0236 -4.2 PREDICTED: SET translocation-like XP_002709599.1 8E-77

Table 4.Differentially regulated genes in ovary of adult fish. Fold changes are
relative to fish producing high proportions of escape embryos. Only sequences
significantly (p<0.05) differentially regulated are presented.
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Name __|correctedp _|p-value _[FoldA lidentity _______________________________________[RefsSeQ_____[E-value |
/ALD41HI3 | 0.0137| 00000  13.0 Nosignificanthomology
ALD21G08 0.0497 0.0251 10.9 Leucine-rich repeat flightless-interacting protein 2 NP_955773.1 1E-134
ALD41B02 0.0497 0.0194 10.5 No significant homology
ALD41D24 0.0408  0.0014 8.0 PREDICTED: neurexophilin-2-like XP_002930275.1 7E-75
ALD40E16 0.0497 0.0032 7.3 No significant homology
ALD38E15 0.0497 0.0165 6.1 Membrane-associated progesterone receptor component 1 ACQ58387.1 1E-75
ALD21F15 0.0497 0.0302 5.2 Novel protein similar to vertebrate WAS protein family, member 1 CAN88174.1 2E-153
ALD32G09 0.0497 0.0083 4.8 No significant homology
ALD28B21 0.0497 0.0241 4.2 Endothelin-converting enzyme 2 NP_001134861.1 2E-45
ALDO9HO02 0.0414 0.0018 2.6 PREDICTED: tubulin beta-4 chain-like isoform 2 XP_002801082.1 5E-12
ALD29MO01 0.0455 0.0025 1.9 No significant homology

]
ALD33L21 0.0455 0.0022 1.7 Putative reverse transcriptase AAK58879.1 %
ALD33D21 0.0455 0.0026 1.5 PREDICTED: acid phosphatase 1, soluble isoform 1 XP_002723233.1 2E-13
ALD04D03 0.0408  0.0015 1.3 Hyccin NP_001026154.1 5E-69

| -39.9 Nosignificanthomology

ALD37P01 0.0497 0.0117  -24.9 Clasp2 protein AAH76002.1 1E-13
ALD28L22 0.0374  0.0006 -10.7 RNA-binding protein 5 NP_001093608.2 5E-37
ALD37M10 0.0497 0.0475 -7.5 No significant homology

NP_001007771.1
ALD37MO09 0.0497 0.0161 -5.7 No significant homology _

Q920553
ALD40D17 0.0497 0.0052 -4.9 NFYA, nuclear transcription factor Y, alpha CAN87934.1 ﬂ
ALD23L08 0.0497 0.0042 -4.6 Unnamed protein product CAF94605.1 0.00002
ALD35M04 0.0497 0.0102 -4.3 N-acetyltransferase NAT13 ACI67677.1 1E-77
ALD28D17 0.0455 0.0024 -2.9 No significant homology

ACi337381 | 2E88
ALD03J18 0.0246 0.0003 -2.3 No significant homology

NP_001167347.1 | 6E62
ALDO9P18 0.0468 0.0028 -1.4 Alkylated DNA repair protein alkB homolog 7 NP_001133859.1 3E-65,

Table 5. Differentially regulated genes in liver of adult fish. Fold changes aaével
to fish producing high proportions of escape embryos. Only sequences significantly
(p<0.05) differentially regulated are presented.
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Discussion

Steroid hormones are powerful modulators of organismal form and function.
Entire suites of phenotypic traits, such as sexual dimorphism, can be coordinately
expressed through the action of these signaling molecules. This studgsfocus
primarily on the role of estrogens on the regulation of diapause in embryos of the
annual killifishA. limnaeusEstrogens play a major role in regulation of reproduction
and metabolism in vertebrates and they are known to have numerous environmentally
protective actions. Thus, | hypothesize that estrogen signaling may pkgyprarate
in the regulation of metabolic dormancy associated with diapause in embios of

limnaeus

The effect of estrogens can be mediated through two major routes, genomic
and non-genomic. Genomic actions depend on hormones binding to specific receptors
initiating a unique gene expression program. Non-genomic actions do not ngcessa
result in the production of new gene products, but rather cause post-translational
alterations in cellular physiology. Non-genomic actions are charasddoiz rapid
initiation (too rapid to be mediated through transcription or translation)cintfeese
effects may be realized in cell types lacking the machinery for preygithesis, and
are unchanged by inhibition of nuclear hormone receptors or the machinery of
translation (Falkenstein et al., 2000; Revelli et al., 1998). Interestinglgffduts are

not blocked by hormone adhesion to elements too large to pass through the cell
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membrane, and thus are likely mediated by membrane-bound receptors. Non-genomic
actions of estrogens are specific, and similar but non-identical hormoneutesle
can exert different magnitudes of response (Persky et al., 2000; Falkehstein e
2000; Revelli et al., 1998). These non-canonical actions of estrogens have been
shown to initiate physiological changes that can protect heart muscle andlskelet
elements from oxidative damage (Persky et al., 2000), and estrogen has also been
shown to protect against ischemic damage (Dubal et al., 1998). Evidence presented
below suggests estrogen may be acting via both genomic and non-genomic routes to

regulate the fate d&. limnaeudo either enter or escape diapause Il.

Maternal Effects on Developmental Trajectory

Overall, the steroid hormone levels reported here for feAdiennaeus
correspond well to published values for other killifish spedt@sdulus heteroclitus
plasma~10,000-30,00@g/ml 17 p-estradiol;Kryptolebias marmoratuplasma
hermaphrodite3,000; male7,000pg/ml 17 p-estradiol), however estrogen levels are
elevated in comparison to other reported values for teleosts (Minamimoto et al., 2005;
Cochran et al., 1988; Webb et al., 2002; Wang et al., 2008; Sisneros et al., 2004;
Bradford and Taylor, 1987; Rahman et al., 2000; Hobby and Pankhurst, 1997; Feist et
al., 1990; Bayunova et al., 2003; Barannikova et al., 2003)-esiradiol is higher in
femaleA. limnaeugplasma (range 292-26,538/ml) when compared to values

reported for other non-killifish teleost speci€®(icthys notatusindetectable-13,888
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pg/ml plasmaAcipenser guel denstae@pring:113.3+22.50, Winter:249.9+48.66
pg/ml plasma). This may be a function of annual killifish continually spawning,
whereas other reported values are for fish spawning seasonally or on a more
intermittent basis (Cochran et al., 1988; Wang et al., 2008; Sisneros et al., 2004,
Bradford and Taylor, 1987). Conversely, testosterone levels are much lower than
estrogen in femal@. limnaeug814pg/g £+217, range 65-2,46{/g ovary tissue),
and also lower than testosterone values reported for some other spenthds
heteroclitus620+330-8,090+2,75pg/ml plasmapPoricthys notatusindetectable-
7,960pg/ml plasmaAcipenser guel denstae@®pring:19,100+6,700,
Winter:18,700+3,32@g/ml plasma), although these values are reported in plasma
(Cochran et al., 1988; Hobby and Pankhurst, 1996; Bayunova et al., Z063).
elevated estrogen levels and relatively low testosterone levels abhseayebe
explained by higher aromatase activityAinlimnaeusvary tissue, but no data is

currently available on aromatase activity in this species

Levels of 17B-estradiol are known to decrease in femfalémnaeusas they
age (Fig. 1), and this trend is correlated with a decrease in the productionpaf esca
embryos in older females (Podrabsky et al., 2010). This observation led me to
hypothesize that differences in the maternal levels @&3tradiol may affect the
developmental trajectory of embryos. However, | found no direct correlatioedetw
estrogen levels in maternal ovary tissue and the production of escape erklgyos (
2). While overall levels of estrogen are not correlated with escape emptmguction,

the ratio of estrogen to testosterone is significantly correlated with theqpiad of
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escape embryos (Fig. 3, r= 0.768) and suggests that steroid hormone metabolism may
indeed still be linked with the production of escape embryos. This correlation
suggests a role for cytochrome P450 aromatases in determining develdpmenta
pathway; greater action by aromatases would result in this highes saud thus
higher production of escape embryos. In teleosts, two aromatase proteins wah simi
catalytic activity are responsible for the production of estrogens throagh th
aromatization of androgens (Callard et al., 2002; Piferrer and Blazquez, 2005).
Interestingly, the membrane associated progesterone receptor component 1
(PGRMC1), that binds and positively regulates cytochrome P450 proteins (Hughes et
al., 2007), is upregulated in ovary and liver of fish producing escape embryos (Table
4 & 5). PGRMCL1 is known to be expressed in the cytoplasm but has also been shown
to localize with cellular membranes in ovary tissue. The protein transduces the
antiapoptotic action of progesterone in the ovary (Peluso, 2006; Peluso et al., 2008),
although it does not directly bind progesterone (Min et al., 2005). The protein is
thought to be involved in steroidogenesis (Zhang et al., 2008) and PGRMCL1 interacts
with multiple cytochrome P450's involved in progesterone and estrogen synthesis
(Rohe et al., 2009). Inactivation of PGRMC1 can decrease the actions of cytochrome
P450's, blocking cholesterol synthesis (Hughes et al., 2007), possibly through its
interactions with a regulator of cholesterol homeostasis, Insig-1 (Suchaalek e
2005). This action results in an increase in toxic sterol intermediates, and also

interferes with pharmaceutical metabolism (Hughes et al., 2007). Thus, the



60
upregulation of PGRMCL1 could change the hormonal environment of the ovary in

females producing escape embryos through alterations in ovarian sterdidlmeta

Other evidence suggests a role for altered ovarian hormone metabolism with
the production of escape embryos. The transcript for a 14kDa apoplipoprotein
involved in cholesterol transport and binding is downregulated in ovary tissue
isolated from females producing escape embryos (Table 4). The aofithiy closely
related apolipoprotein Al is enhanced by estradiol, and decreased by androgens
(Hargrove et al., 1999), providing another link between hormonal levels and altered
steroid metabolism. In chicken granulosa cells (Morley et al., 1992), humare®ocyt
(Tesarik and mendoza, 1995), and rat endometrial tissue (Pietras and Szego, 1975;
Pietras and Szego, 1977), treatment witl-Estradiol resulted in rapid uptake of
ca* (Revelli et al., 1998), which has been shown to inhibit aromatase activity
(Balthazart et al., 2001; Balthazart et al., 2003). Importantly, this estnogeiated
increase in Cd has been demonstrated on unfertilized oocytes (Tesarik and
Mendoza, 1995), providing clear evidence that maternal hormone concentrations can
immediately affect the intracellular milieu of developing oocytes. Atas&a
expression has been demonstrated in embryDBswoio rerio, at different levels
during development (Lassiter et al., 2002), and thus embrydslioinaeusrery
likely have the capacity to respond to steroid hormones through alterations in
cytochrome P450 activity. Future studies should focus on the role of aromatase
activity and steroid hormone metabolism in maternal tissues and their relgtitmshi

the production of escape embryos.
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17 B-estradiol has also been shown to exert affects on other growth related
molecular pathways via non-genomic pathways. The mitogen activated protein kinase
(MAPK) pathway was induced by treatment with conjugated membrane imgiglene
17 p-estradiol, through the phosphorylation of ERK-1 and ERK-2 (Watters et al.,
1997). This pathway governs the duration of diapause in the silkworm (Fujiwara et
al., 2006; Ilwata et al., 2005) and the termination of embryonic diapause in a fleshfly
(Fujiwara and Denlinger, 2007). Through these non-genomic actions, higher maternal
estrogen levels could constitute the basis of profound effects on developing embryos,
through modification of transcript deposition and phosphorylation state of maternally

derived proteins.

In any hormone system, signaling can only be accomplished by the presence
of active hormone and an active cellular receptor. The hormonal environment of
unfertilized eggs has profound influences on the quality of the developing fish
(Brooks et al., 1997; McCormick, 1998). Thus, the effects of estrogen on the
regulation of diapause . limnaeuscould be mediated through the expression of
estrogen receptor variants. In teleosts, three different estrogen redepte been
identified, showing differences in tissue expression and differences in estroge
stimulation based on tissue (Bardet et al., 2002; Greytak and Callard, 2007; Hawkins
et al., 2000; Menuet et al., 2001; Callard et al., 2001; Menuet et al., 2002). Estrogen
receptor activity can also be rapidly modified through phosphorylation (Baitieza
al., 2001). Nothing is currently known about estrogen receptor expression, aotivity

regulation in relation to production of escape embryds. ilmnaeusThis an
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obvious area for future research to focus based on the interesting effettsgedres
on the production of escape embryos, but the lack of a clear relationship between

levels of estrogen and escape embryo production.

The upregulation of the transcript for a nuclear-receptor coactivator, awivat
signal cointegrator-1 (ASC-1), in ovary tissue from females producingesca
embryos suggests an intriguing link between nutritional environment, steroid
hormones, and the production of escape embryos. This protein acts as a
transcriptional coactivator of nuclear receptors, including estrogen rezepibthe
steroid receptor coactivator, SRC-1 (Kim et al., 1999; Lee et al., 2001). ASC-1 binds
target nuclear receptors or transcription factors, and additionally binds the RN
polymerase 2 complex, modifying transcriptional dynamics (Kim et al., 1999). |
addition to enhancing the effects of steroid hormones, this family of coactiaégors
possesses histone acetyltransferase activity and is thus likely involvediatinge
chromatin remodeling directed by steroid hormones (Xu and O'Malley, 2002). Rapid
changes are found in the subcellular localization of ASC-1 under differentonatriti
states. ASC-1 is normally located in the nucleus, however after 24 hoursrof se
deprivation it is largely translocated to the cytoplasm. This change in locatizsti
reversed when SRC-1 or its other coactivators are present, or under serum
supplementation (Kim et al., 1999; Lee et al., 2001). ASC-1 could act as a link
between nutritional status, endogenous hormonal cues, and changes in the ovary that
alter the developmental trajectory of embryos produced. Annual killifish eslogn

also respond to the presence of adults by entering developmental arrest aediapaus



63
or Il (Inglima et al., 1981; Levels, 1986; Levels, 1988). It is tempting to stutges
this signal or a similar one, could function to alter the developmental trajedtory

embryos as a function of nutritional status.

The effect of maternal nutritional status on the production of escape embryos
has not been investigated, but this is a very promising and ecologically relegant c
poor nutritional status of the female would likely cue for an unsuitable environment
for hatching and growth of offspring. Nutritional status is a known to affectneetra
into developmental dormancy in a number of other syst€mslegandarvae enter
the dauer developmental arrest in response to dauer hormone, produced by nearby
juveniles and adults under poor nutritional conditions (Butcher et al., 2007; Tatar et
al., 2003; Gerisch and Antebi, 2004; Patel et al., 2008). Dormargghniahas
also been shown to respond to maternal nutritional status. A poor maternal nutritional
environment can result in a switch from parthenogenetic to bisexual reproduction and
the production of ephippia, two dormant offspring attached to the back of the mother
(LaMontagne and McCauley, 2001; Alekseev and Lampert, 2001; Alekseev and
Lampert, 2004). This effect can be transmitted through multiple generations, and is
also modified by environmental cues such as photoperiod and predator abundance
(Alekseev and Lampert, 2001; Alekseev and Lampert, 2004). There are many
similarities between dormancy in these invertebrate systems and inimygofat
diapause in annual killifish embryos. The results of the present study suggest that

maternal nutritional status may be one way that the production of diapausing embryos
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is regulated. Future studies on the role of maternal nutritional status and the putative

role of ASC-1 in mediating this signal will likely shed light on this possybili

The potential role of epigenetic changes in maternal determination of
developmental pathway, suggested through the interaction of ASC-1 with SRC-1, is
strengthened by differential expression of other sequences identified. The SET
translocation like gene is upregulated in ovary from females producing diagausi
embryos. SET is involved in gene silencing through the inhibition of demethylation.
Specifically, it binds to targets of histone acetyltransferases (Juahg 2002).

Chromobox homologue 3 (Cbx3), also known as heterochromatin proteis 25-

fold upregulated in liver of females producing diapausing embryos compared to those
producing escape embryos. The most common function of this protein is the
production of heterochromatin through histone binding, typically resulting in gene
silencing (Lomberk et al., 2006). Additionally, members of the Cbx family are known
to interact with non-histone proteins involved in transcriptional regulation, DNA
repair, and chromatin modification (Lomberk et al., 2006). These factors could induce
epigenetic changes, resulting in relatively rapid changes in proportions of erabryos

alternate developmental pathways, as seén limnaeus

Embryonic Hormonal Environment and Developmental Trajectory

Exposure to high levels of both estrogen and cortisol can cause embAyos of

limnaeusto shift from a diapausing to an escape developmental trajectory (Fig. 6).
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Quantification of estrogen levels in embryos treated with exogendgiedfradiol
indicate similar levels of hormone accumulated in embryos that is independent of
hormone concentrations exceeding 1 pg/ml concentration (Fig. 7). The levels of
hormone delivered to whole embryos in this manner suggests a massive dosage of
hormones. However, when estrogen levels were measured in embryoistax
to 5 pg/ml estrogen and then dechorionated prior to quantification of hormone levels,
the concentration of hormones in the cellular and yolk compartments of the embryos
are several orders of magnitude lower (Fig. 8). Thus, greater than 99% of the
hormone is absorbed to the chorion, and is not likely active within the embryo, which
results in exogenous exposures that are about 100 times those found in control
embryos (Fig. 8). Importantly, 13#estradiol treatment in embryos also resulted in
significantly elevated levels of androstenedione (Fig. 8), a precursor of both
testosterone and estrogen biosynthesis. This provides circumstantial evidence of
aromatase activity modifying embryonic hormone levels with high levelstadgen.
This effect could result from aromatase activity in reverse, convetogeaous
estrogens into androgens, or by high estrogen levels inhibiting aromateesselsesen
reported in another system (Shimizu et al., 2003), that could result in an increase in

biosynthetic precursors such as androstenedione from normal metabolism.

Traditionally, lipophilic hormone levels in embryos were thought to be
regulated by hormone levels in the maternal environment, with passive traosfer fr
maternal plasma and the cytosol of theca and granulosa cells into developing

offspring (Schwabl, 1993; Moore and Johnston, 2008). This passive model of
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hormone transfer would result in higher levels of hormones in the yolk than maternal
plasma, because of the lipophilic status of steroid hormones and the lipid nature of
yolk (Moore and Johnston, 2008). However, newly fertilized embryds innaeus
exhibit hormone levels that are considerably lower than those in the ovarian tissue
from which they are derived (Fig.2, 4B). This suggests active regulation of hormone
partitioning into embryos. Some mechanisms for regulation of hormone transfer have
been proposed including an enzymatic barrier (Moore and Johnston, 2008) and a
barrier to diffusion (Licht et al., 1998). Localized steroid production could alstecrea
an ovarian hormone gradient, although this is unlikely in light of our data showing the
large differences between ovary and embryo hormone levels. At present the
mechanism resulting in this difference between newly fertilized evstagd the

ovary environment is unclear.

Embryos developing along the two different developmental trajectonesap
to have different rates of estrogen metabolism (Fig. 5). Embryos incubated at 30°C
(which will escape diapause Il) metabolize both estrogen and androstenedione at
faster rate than embryos developing at 25°C that will enter diapausesie T
differential rates of degradation result in significantly lower catregions of these
hormones in the 5-10 somite embryo. This stage also appears to be the developmental
time that embryonic estrogen synthesis is initiated in escape embrytesjrwhi
embryos entering diapause it is not initiated until the 14-16 somite stage.h&ser
been surprisingly little research on embryonic hormone production in teleosts. Some

earlier studies have indicated little capacity for hormone synthegkeost embryos
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prior to full yolk absorption (Brooks et al., 1997). Other results indicate an initial
decline in steroid hormone levels, followed by a moderate increase (De tlakus e
1992). In Coho salmon embryos, steroid hormones decreased through development
until hatching (Feist et al., 1990). Estradiol levels also decreased through
development in snapping turtle embryos (Elf et al., 2002). Our results indicate that in
A. limnaeushormone synthesis is initiated during the early stages of somitogenesis,
and at different developmental stages for the two developmental trajecidries
period overlaps with the developmental window when incubation at 30°C results in a
developmental switch from a diapausing to an escape embryo trajectory (Rgdrabs
et al., 2010). Thus, differences in hormone metabolism are correlated with
developmental trajectory in this species, although a causative link has yet to be

identified.

There is no direct relationship between hormone concentrations in newly
fertilized embryos that will follow a diapausing or escape embryo toaje(fig. 4).
The fact that high levels of estrogen can affect developmental trajemtalyhe
evidence presented above for altered gene expression in maternal tigggssssthat
the effects of hormones on developmental trajectory could be mediated through
alteration of hormone receptor expression or activity. Altered activityeodist
receptors in embryos could easily result in different sensitivity to the satad
guantity of hormones. Increasing the hormone levels during oogenesis may alter
hormone receptor levels or program for a different expression programsder the

receptors during early development. Steroid hormone receptor mRNA's are known to



68
be deposited into zebrafish embryos (Pikulkaew et al., 2009). Although our
microarray studies did not identify differential levels of estrogerptecg in
embryos, a transcript for a hydroxysteroid dehydrogenase (HSD) emgyme
upregulated in embryos destined to become escape embryos compared to those on a
diapausing developmental trajectory (Table 1). HSD's have generatednterest
due to their roles in hormone metabolism and disease (Moeller and Adamski, 2006;
Tomlinson et al., 2004). 16. elegansHSD1 null mutants initiate the dauer diapause
stage inappropriately, and are hypersensitive to dauer hormone (Pat2@2&).,
The HSD identified in this study has the highest homology to a catalyticatijive
form, HSDL1. This protein has a point mutation in the active center, that renders it
enzymatically inactive in humans and zebrafish, and that is conserved in many other
vertebrates (Meier et al., 2009). However, the widely conserved status mfaiais,
together with identified protein interactions in yeast, suggest a regutaterfor

HSDL1 (Meier et al., 2009).

As in adult ovary tissue, epigenetic changes seem to play a role in the switch
between escape and diapause developmental pathways within the embryo. One of the
genes that is diferentially expressed in newly fertilized escapeyemland 14-16
somite stage escape embryos induced by incubatiorr@ti8istone H2Av. This
transcript is downregulated at both developmental stages in association with the
escape embryo trajectory. Histone H2Av is a member of the H2Az variamtdist
family; members of this family are involved in transcriptional activation and

repression (Dhillon and Kamakaka, 2000)Dirosophilg H2Av is involved in
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heterochromatin formation and gene silencing (Swaminathan et al., 2005), and in
yeast seems to flank euchromatin regions, inhibiting the spread of heterathrom
(Kobor et al., 2004). The downregulation of transcripts for this gene may imply
structural remodeling to facilitate changes in gene expression thatlkae With

induction of the diapausing trajectory.

Newly fertilized embryos exhibit differences in transcript levels dnat
consistent with the later morphological and physiological differences oblsertiee
diapausing and escape embryo trajectories. The sequence for 6-phosphofructo-2-
kinase/fructose-2,6-biphosphatase-2 (PFKFB-2) is upregulated in newlyzéettili
embryos on an escape trajectory, and downregulated in escape embryos at the 14-16
somite stage. This enzyme has both phosphorylation and kinase activities, and
directly regulates levels of fructose-2,6 bisphosphate, a potent activator of
phosphofructokinase (PFK-1) and inhibitor of fructose-1,2 biphosphatase (Minchenko
et al., 2003). PFK-1 is the key enzyme regulating glucose flux through glgcolyti
pathways, therefore higher levels of PFKB-2 would likely result in a high
glycolytic/gluconeogenic ratio (Kurland and Pilkis, 1995). Expression of this protein
has also been shown to be highly responsive to hypoxia and hypoxia-mimics, where
hypoxia increases expression in liver and testis (Minchenko et al., 2003). At the 14-16
somite stage, this sequence is 8-fold downregulated in embryos on escape versus
diapause trajectories which is consistent with a high glycolytic capgacaybryos
that will enter embryonic diapause. This fits well with the observed morphology and

physiology of these developmental trajectories (Chennault and Podrabsky, 2010).
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Conversely, the PFKB-2 transcript is almost 3-fold more abundant in newlizéert
embryos on the escape trajectory than embryos on the diapause trajectorysighe ba
of this transcriptional difference is unclear, however it is tempting to vetitar¢his
could be a form of metabolic bet-hedging in escape embryos, where rapid metabol
and development are pre-determined. The sequence for hemoglobin is also
upregulated in embryos that will follow the escape trajectory. Developohent
circulating and respiratory pigment islands are some of the most reppidyeat
morphological differences between escape and diapausing embryos (Podrabsky et
2010). Heat shock cognate 71 is upregulated in newly fertilized embryos that will
enter embryonic diapause; expression of an inducible 70 kDa heat shock protein was
found to be elevated in embryosAflimnaeugluring diapause Il in an earlier study
(Podrabsky and Somero, 2007). Two sequences for genes involved in cell cycle were
also downregulated in newly fertilized embryos that will enter embryoajradise;
Cyclin-dependent kinase 2-interacting protein and cyclin G1- likerisof.
Downregulation of these proteins would be consistent with the slow progression
though the cell cycle that is observed in embryos developing along the diapausing

trajectory.

Hormone levels of 1F#estradiol decline as femade limnaeusage, following
the same pattern as escape embryo production. There is a significantioarrela
between estrogen and testosterone ratios and the production of escape emlsyos. Thi
relationship suggests differences in aromatase activity, as well as pass#gtor

dynamics. There are concurrent transcriptional differences in tiefm®ale fish
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producing embryos on altered developmental trajectories, in many processes that
hormonally responsive. Genes involved in epigenetics have been identified in the
production of embryos on altered developmental pathways, fitting the often rapid
temporal change seen in the type of embryos produced. These epigenetic changes are
likely responsive to the hormonal environment, further being affected by the
nutritional and environmental status of the fish. This is also seen in qualitative and
guantitative differences in maternally packaged transcripts of embryodenreialif
developmental pathways. While there is maternal control over embryonic
developmental pathway, the immediate environment of the embryo during
development also determines ultimate trajectory. Incubation at 30°C, thag#ibiat
escape phenotype, also results in a more rapid metabolism of hormones in escape
embryos, and the initiation of embryonic hormone synthesis at an earlier
developmental stage (5-10 somites vs 14-16 somites). This initiation of hormone
synthesis coincides temporally with the critical period that temperaaaintent
induces the majority of embryos to escape. At this same point we also see
transcriptional differences in genes involved in metabolism, epigenetics, and
processes associated with the morphological and physiological develapment
escape embryos. Further, hormone treatment induces the majority of emabryos
escape embryonic diapause. Taken together, these experimentalstesudily
suggest that hormonal dynamics regulate developmental pathways, both during
oocyte development and through embryonic developmeéhtlimnaeusFuture

studies in receptor dynamics and aromatase activity will likely fudifaeify the
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components of this remarkable developmental program, and may elucidate basic
mechanisms of embryonic development not apparent in a system of continuous

embryonic development.
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Appendix A
Table 1 sequences

ALD23EO05

TTGIGI TGGTACCCGGEGAAT TCGGECCAT TACGECCEEEGAGT ACCAGCTCAACGACTCTG
CATCCTACTACCTGAAT GACCT GGAGAGGATAGCCAAAT CCGACTACATCCCCACACAGC
AAGACGT GCTGCGAACT CACGT CAAGACCACGGEGECAT CGTGGAAACGCACT TCACCTTCA
AACAACTTAACTTCAAGATGT TTGATGT TGGAGGT CAGCGGT CAGAAAGGAAGAAGT GGA
TTCACTGCT TCGAGACGGT CACGECCATCATCTTCTGTGTAGCCATGAGCCGCTTATGATC
TGGI TCTGGECTGAGGAT GAGGAGAT GAACCGGAT GCACGAGAGCATGAAGCTGI TTGACT
CCATCTGCAACAACAAGT GGTTCACGGAGACCT CCATCATCCTGI TCCTCAACAAGAAGG
ACCTGTTTGAGCAGAAGAT CATCCAGAGCCCCCTGACTATCTGCTTCCCTGAGTACACTG
GTI' CCCAACAAGT ACGACGAGGCCGCGECT TACATTCAGACCAAAT TCGAGGACCTGAACA
AGAAGAAGGAGACGAAGGAAAT CCATACCCACT TCACCT GCGCCACTGACACCAAGAATG
TGCAGT TCGT GI TCGATGCCGT CACTGACGT CATCATTAAGAACAACCTGAAGGACT GCG
GCCTGI TCTAAAAACATTTCAGAGCGT CATGATTACT TGAATAGT TCTGATGACCAGGAT
GAGGT GAGGGAGAGACAACACACATCATGAGT GACTG

ALD39F08

GI'TGGTACCCGGGAAT TCGGECCAT TACGGCCGEEEGAGACAT GAAAT TGEECAGAAGCGT
CCEEGTCTTTGI TCTGATGAATGTATTCCTCTCAATGGACCGCGECCATTTACAATCTCG
TCTCAAACTCAAACTGATTCATTTTCTCCTCCGECTACATTTGITTGITTTTCTGITTCA
AAACGGCAGCAAAGACT CCCAGGT TACGT TCGGAAT CATGGATGGAGATCAAACAGGACA
GITTTCCCTTTTTTTAGCTGI TTGTTATTTTATTATTATTTTAGITTTTTATTCTTGAGA
AAATTCAAATGTATAGT GACGACGT GCCGCGAGGAGGAAGAAAAAAAACT GTTCGT GATA
AACACTGCAAAAGAAT GATTGGAGCGAAATTCTATGATTAGACT AATTTAGT CGAAAGGT
TTAAATAGTGTATTAAATTAGGT TTTATTTTTCTGTATAGATTCATTTTAATTATTGTAG
ATGATTCTTTATCCTTGTAGCAAGAAGACGGT TCCTAAAAGT GTAAAAGGAGCACTTTTC
TATCATTTTTAACAGTAACGGT TTTATTCTTTCTGACAAAATTCTTCTATTAACCTGAAT
TATGGATTATCCTTTGGT CCGGT TGT TTCAGAAAAATCCAATATGGTTTAAAATGAATTG
TACATACGGATAGGTAAAATGITTTCTTTCT

ALD14B16

GI'TGGTACCCGGGAAT TCGGECCAT TACGGCCGEGT TATACAAGGCECT TCAGT GGCAAAGC
TGAGT TGCCTAATTCATCTTTTACTGAGT TGGACGACCAT CACCAT CTGEGCCACGTAGA
TGCTGCCCTCCGTATGCACT ACAAAGAT GAT CCCACCCACCATGACCACATCTTCCTCTT
TTTGGACAACAAAGTATTTTCTTACTACCAACACAAGCT GGAGGTAGGGTATCCCAAGGA
AATCTCCGAAGT CTTTCCTGGAATCCCAAACCACCT GGATGCTGCTGT GGAGT GTCCTAA
TCCAGACTGTGATGAGGACTCTGTCATATTCTTCAAGCGAGATGACATCTACCACTTTGG
TATTAAAAGCAAGGAAGT AGT GGAGAAAACAT TTGAGAACAT GCCCAACT GCACCGT GGC
TTTCCGGTACT TGSGT CACTATTACTGCT TCCACGECCACAAGT TCTCCAAGT TTGACCC
AAAAACT GGT GAGGT CCATGGGAAATACCCCAAAGAGATTCGTGECTACT TCGTGAGGT G
CCCAAAGT TTGGTGATGACAGT AAT CATCTGGACAGAGAGCGCT GCAGCCATGI TCACCT
GGACGCCCATCACGT CTGATGATGCTGGTAACATTTACGCCTTCAGAGCCCACCATTTTAT
TCGIGAAGACGCATATAAAAACATCACTGTTGACACCATTG
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ALD41M22

GI'TGGTACCCGGGAAT TCGECCATTACGGCCGEEECTAT TTCAACTACAATGGACAGATT
GIGEGGTTTTTTTTGCCTAAAGAAAAGCGT TATGCTTTCAGCACCCTAACTTATTAGI TG
GATCGTAATTATTTCAAGCCTCCCAAATGACTCATATAGAGATTTTAGAAAATAAGT CAG
ATTTAATCACCAGT GTGTGI GTGTGEGGTGECCEGTATGTATGTGIGCTTTCTTCATTAA
AAACACAATAAATATTTATTTCACCAGAGCAGAGATTATAAT TAGCCACT GGAAGCT TGT
ACATGAATAACACGCCATTTAACATGACTGTGACACATATAGCTCTTTGCTATATGCTGC
TTGGAGCT TGTCAGAGGAAAATTACTGT TTAATCATGT TCATTTTAAAACTTTGT TATGC
AGTTTATCAATATTTTATACAAAAAAATATTAAATAAAAGAAACATTTACAGCATGECCT
TCTTCTATGGCTCACATCTCGAATGT GCCTCCTGGEECAT GTGCAAAACAAACAGGTAATT
AAGATATAACAGCGAT CCCT TCTAGGAAAACCATGCCTCAAGAGCT CTGGCAGAAAGAAA
TGCAATCAACATTTTCCATTAGATTTACAGI TTCAAATGAACCTATTTACATATATAAAT
CTTATTGCTGAAA

ALDO5H19

GI TGGTACCCGGGAAT TCGGECCAT TACGGCCGEEEECAGGT GRAGAAGGCAGAGCAGCAG
GAGGAAAAGAGGCAAGCAAAGGGAGGECCCT TGT GCAGCGGT GAGGT GATAGAGGAGAAGG
TCGECEEEEAGT TCGACATCGT TCTTGAACT TGEECAACCACGAGT GGGEGAGAAGCAGEC
CCCAGCACGACCT CGAGGCGEGAGAGGAACT GCAGCGT CCGCAGACAGCCATAATGAAGGT
GGGGEGTCAGTAATACCTTGT GT TCTGCCAGCCAAAGT CTCATCCCAGCTTCTCAGAAGT A
GCATGGT GGAGCGECCAGGGACT CCTCTCTCCCTCTCATAGCCT CGGACT GAGGGAGECT
GAAAGCAGT CTTAGGT AAAAT CCTCAAACGGT CCAGAGGACAGAGCAACGGT TTCGTGAT
AATCGCACTCCACAGGAGCAGCTTCACTTGTGT TTCT TAGAAAAGGT GCTCAGGGAATCT
TGTTTTTCTGATGI CCGCCACT CTGT TAT TGCAGAAGGGAACAAGAAGGACAGAGGGT CA
GTAGCAGGT CACCATCACTTAGT TGCTAATAAAGCCACGCACTGCTTTGGCATCTCCAAG
CTGCTCGCTTTCAAAACAAAT ACAGCAGACCAAAGT GGAGGGGEGGATTTAAATAC

ALD40ONO6

GI'TGGTACCCGGGAAT TCGGECCAT TACGGCCGEGAACT GAGCCGCGCGCAGGAGACT GAA
GCACCCACCAAGAT GGCCGACCGCACGECGT CTGATCCGAACACAAACATCGTCAGAGT C
AGAGACT TCCTGCTGAAACCT CTCAGAGCTCACCTGTGCCGGT TCATCTCTTCATTTCAA
CTTTGACCTGTGATTTCTCGTGI TTATGACTCCTAAATGTGCCATTTGT TTGT TAGGACG
TGAAAATAAACAAGTAGATTTTTATATCTTTAAATAGAAAAGGT GCCATGT TGSGT TGEG
AACTCGTCCCCCCTGATGAGATTATTATTTTTGCATTAATGTAAAACTGATAAAGCTTTG
GGGAAACAGGGT GAAATGT TTATTCAGCTGACACGT TTTTAAGTCACGTGACTTTTTTAT
TATTTTAAATTTACCT GTAAAAAGCTGCTACTTCAACCT TTACTGCTTATATAGAAAAGA
TTCTCTTCTCAGTTTAAGT TTCACCGCAGT GGAATAAAAGT CCCAAAACACT CGAGCCTT
TTTGGACCCGGAGCCTAAATGTAGATATATAGATTTTATTGCATCGT GATGAAATACGAA
GCTGGAACTGCAGGATTTAAGCTCGACTGCATCGTACTTTATATGATTTGI TTGCACAAC
TCTCAGGTGATTGAAGCATTTTAGT CTCTGAAGAACTGGAATGT TGTGTAATGATTTTAA
TTCTGCGITTTGCTTT

ALD11NOS8

GITGGTACCCGGGAAT TCGECCATTACGGECCGEECAGCTTTTTGI TCTCTGCCTTTAAAG
TGTCTGTGACGTCAAATTTTTGTAATACATATGAATGCGT TTTTAGAAAGAGAACACTGA
GAACATATTGCAAAACAAATTTCATGT CACTGAGATGAACAGT TGT TGAGATATTTGCAT
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GTGAAGTAACAGGAAGT GAT GTCAGAGGGGAAT GT CTGCAT GTAAACAGAGCAACAACAG
CTGAAAACAGACTAGAGACAAATCTGTTTCTTTAGATTATTTTTAGACACTATCAGACAG
ATGAACACTGAGI TCAAATTGT TTTAATAAAAACAAGACCAAAGAGT TTTCTTTGITAAA
GAGCTCCCCTTGGATGTCACTTCCTGT TTCTGATGTCACT TCCCGT TTCACATTAGCTGA
GCCACATTCAAAAGAAAATAT GCAGT TATGGGACAAAATAGGTAAAATCATGTGTGTTGT
TCCAACTTTCTTAAATATAAAGATGT TTTCTTTGACTTTATGTATTTGAAGGATATGAGT
CACAGCCTCTTTAAAGT TTTACAAGGAGAAAACGT TTGATTTCAAAATAAAAGT CCAGT T
GGTTTTTGITTTTTGI TTTTTTCAAACAGAAATAAAAAAAGT GCAAATATTAAAAATAAT
AATAATAAAA

ALD37010

GI'TGGTACCCGGGAAT TCGGECCAT TACGECCGEGT TACGECCGEEGET AT GEECCCGACGCT
CCAGCGCCATCCATTTTCAGGECTAGCTGATTCGECAGGT GAGT TGTTACACACTCCTTA
GCGGATTCCGACT TCCATGGECCACCGT CCTGCTGT CTATATCAACCAACACCTTTTCCGG
GGTCTGATGAGCGT CGECAT CGGEGECECCT TAACCCGGECGT TCGGT TCATCCCGCAGCGCC
AGTTCTGCTTACCCTCCGCGGECCCACCCT TCTGAT TCTCAGGCCT GACCCCGAGATACCA
GGCGT GT CTGAACCCGGECAT CCTGEGAT TCGAAAGCT TCCCAGACACAGCCT CAGCTAAC
TGTGCCCCACCAACT GCAGEECAGAGCCTGGTGTCTAAACTCTTTGCTGAGGATGACCT G
TTTAAGCCTGECAACAAATTCTAAATCTCAAACACAGACTTTAAAAAACAATTTCAGITT
CATACATCTGCATTTACCACTCTGATTGTCAGT TTATTACAGACTAACAGTCGTTCATCA
TCTGTAACTTTTTTGCCTCCTCACAAATTAATAAATATTATAAAAATCCT

ALD16C23

TGGIACCCGGGAAT TCGGECCAAAGCAGT GGT ATCAACGCAGAGGACCACGCCATCGICAC
GCAAAAGAAGATGGAAATTTGTCTTTTGCGAAAAT ACAGACGGEGT CGCACACACTGGITT
CTGTGAAAACGGECGGATCTGT TGAACCACTGTGACCTTTCTTCAAAGCTTTTCCTGTACA
ACTGTGITCCCTTTTGCTGECGT CAGACTGATCACCCCTGTGATCTTTGI TCATCTTAAA
GAGGACCATTCCTATTTTAAAATAAACT TAAAAT GACAAAACGAGACAGGTCACATCTAC
AGAACT GTCACCTCGAACGT CTGTCTTAAACCCAGCATTTATTTCACATTATGITTTTCA
TTGCAATCAAACAGCCTTGTTTTAAAACCAGI TTTCATTTTTTTGCAGCACATTTTCTTGT
AGCACATAAACCCATTTTGI TCATAAAGT TTAAAATGTACAAACAGTAGITCTGTTGITT
GATTGICTTAACTGITGTGT TCTTCATCCAGT TTTTGAAATAAAACAGTCAAACTTTAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAGCCG
C

ALD18B05

TGTGTTGGTACCOGGGAAT T CGBOCAAAGCAGT GGTAT CAACGCAGAGT GGACAGCAGGC
CGGGGT GAAACAGT TCGGT GGATTTGGAGACAT GTAGAGAGGGGAAATCTTTGOGGTCTG
CTTTTGTTAATAATCCTGGAATCAAGT CAGAAT AAACCGT TTCCATTCATCCTGGGATGT
TTGCATGT TTTTGGTGATCAGAGCCAT CAGACAAAACAATTATATTTAATTTTGCCGOCT
CTTTATTGTTCTTTTAAGCACTCAATAAATGTATTTTACTTATGGAAGTCTTGTTTTATG
GGGATTGCTAATCTGGATACT TTCAACCCT GTGT GGT CGAAAAT GTGCACCACTGAGTAA
ACACATCAAATAAATGTACACTTTATTAGT TTCTGCATTTCATCAGCTCATGTCTCCAGG
TTTAAAGGACGCAAAGCT TATCATTTAGGTATCAGT TCTCAGATAAGCACATGCTCAGAA
AATGTAACCGOGCT TAAATTTGAAATAAACT CCAT TTTAAAAGT TAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAGAAAAAAA
AAAAAAAA
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ALDO1F14

GI'TGGTACCCGGGAAT TCGGECCAT TACGGCCGEEEGAAT CAAGCT GAAAATAT TTTGEGA
CAACCACGCAGGATACTTTTCCAAGCTTTGCAGATCATGGCAGACTACGATATGATCCTG
AAACACT GEGGT CCAGT GGAAGCGGAT TACT CCACT TATGGAAACT TGGT TCTGACCCGC
CTGTTTACCGAGCACCCAGAAACCCAGAAACTGTTCCCCAAGT TTGTCAGCATCCCTCAC
GGCGACCT GGCGEGCAACGCAGCCGT CTCTGCCCATGGAGCCACCGT GCTGAAGAAGCT G
GGCGAGCT GCTGAAGGCCAAGGGCAACCATGCTGCCATCCTCAAACCT CTGT CCAACAGC
CACGCCACCAAGCACAAGAT CCCGATCAACAACTTCAGCCTGATTTCCGAGGTGATCGT T
AAAGT GAT GCCAGAGAAGGECAGGECECT GGAT GACGCCGECCAGCAGECCCT GAGGAGCGTC
ATGCCCTGTGGT TATTGCTGACAT GGACGCCAAT TACAAAGAGT TGEECTATGCCGGATAA
ACACCGAGGT CAAGAGT CCTGCTTGGATTTTTCCAGAACCAGATAATCTTTGATTTGCAA
GGECTTTTTTTCCCCTCAAAAACACCTCTCTTTATAAGTAATCAAACT GCTGATGATAGT
TATCTTATACTAA

ALD12F21

GITGGTACCCGGGAAT TCGECCATTACCGCCGEEGTCATCATCCACGATCAATATTTTGA
TTTTTTTAAGITCATATTTTCCTTTCTATAAAATCCTGTGATATGCTTTGCATATTGAAA
CACTTCATTGGTGITGECTTGTATTTTTACTCTCCCAGT TTATGAGTATTGI TGT TGICG
ATGITGCTGITGTTCTCGCCGT TCCTGI TCGAGAAAGAGCT TCTACCAAAAGAGACATTT
TTGITAACAAAAGACAAGAAAAT CAACACAGT GTGTGACACACAATGCACCCTTTTATCAT
GI TTAATGCAAAAAAATACT GCAAACAAAGAAGT TTAGT TAACGT CTGACATACAAACGT
ACAACTTTTACTTGCTTATTTTAAAGATTTGGEGECTAATATGCATATAAAAATCAGT CAT
TAGICATTAAATGCTTCTATAAGCTGATTTTAGCTCCAATAAAAATAGTATTATGTGAAA
AATCAAAGATGGAACTTGCATACATTTCATTGI TTGAAAGCGCCTTAATAATCATATTTG
AACAAATGTAAAGT CATTAAAATGAGT TAAGAAAATGATGTCAACCTGTAAATTCTAGT T
ATTATTGECTTTTTTAGGT TAAAAAAGAAAATATGTAGGT GT TAATAAAACCACATTCAC
TCTGACGITCCT

ALDO6P19

GI TGGTACCCGGGAAT TCGGECCAT TACCECCCEEGT GEGECAT GCTGCT GECGEEECTCCT
GGTCATCATCCCCGT CAGCT GGT CGECCAACT CCACGGET GAGAGACT TCAACAACCCGCT
GGTGECCECGT CCAT GAAGAGAGAGAT GGGAGCGT GCATCTACATCGGECTGEECCATCC
GGCGTGCTGCTCCTCCTGECCCEGAGGTCTGCTCTCCTG

ALDO3A14

TTGIGI TGGTACCCGGEGAAT TCGECCAT TACGGCCGEECTCCTAAAATTAAT TGTGECCC
CAACCATTCTTGI TCTCCATTACTTTGECACTAGCCCTCTTAACCCT CGT CGAACGAAAA
ATTATTGGCAGCAT TCAATTACGT AAAGGCCCAAATATTGCTCACCCCTACGGACTATTC
CAACCTTTTGCTGACGGEGT TAAAACTATTTACTAAAGAACCACT TCGACCTTTAACAACC
TCCCCTATTTTATTTGTCTTCATGCCTTTTTTAGCTTTTTCCTTAGCATTACTATTATGG
GCCCCTTTACCTATTCCCTTCCCCTTAGCAGATTTAGACCTAGGACTTTTATTTTTACTA
GCGGTCTCTAGCTTAATAGT GTATTCAATTTTAGGGGECCGECTGAGCT TCAAACTCAATA
TACGCTTTAACT GGAGCT ATACGAGCAGT AGCTCAAACCATCTCATATGAAGTAAGI CTA
GCCCTAACCCTCCTTAGCATTATTATCTTCTCCGGAACATTTACTATCCAAGCCCT TAAT
ATTACCCAAGAGAACACTTGACTAATTATACCCATACTACCATTAATCTTCTTATGATAT
ATTTCCACTTTAGCTGAGACAAACCGAGCCCCCTTTGACCT TACAGAAGGCGAATCAGAG
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TTAGT TTCAGGCTTTAATATCGAATAT GCAGCGEGACACTTCGCGTTTTTCTTTCTAGCC

ALDO6PO3

GTI TGGTACCCGGGAAT TCGECCAT TACGECCEEEG

ALDO5N23

GI TGGTACCCGGGAAT TCGECCAT TACGGECCGEECAAGAAATGCT TTTCTGT GCAAACAT
TTCACTTTGGAAACTTGEECT TATCTAAAGGAATGTGI TTTATTTCCCTTCTTTTCTTAC
TCTGCAGI CTAATATAAATGCTCTCCAGGACTCGAATGTAAAGAGT TTTGGT TTTCACCG
TGAGT TACAACACT GCTCTGGT CTGATTACAAACAAAAACAAAACAAAATAAAAAAATTA
AAAAAAAACATAAAAAT CCATAAAACAAAAGCCT CCAGT CATGGCGGT GTAGTGATGAAA
GATTGTGTAGGAGT TTTGAGTATGT GAATCAGGATACATAGTAGATTTTGATGCATTTGT
CTGCTGTATTTTTTGITTTTATACACATACAAAGATAATCTTTTACTGTAAATGTACAGT
TCTTTTTGI TGTAAACTTCATTAAACCAT TTTCCAAATGAAAAAAAAAAAAAAAAAAAAA
A

ALDO4P15

GI TGGTACCCGGGAAT TCGECCAT TACCGCCCEEEEGAAGAGGAGAT GTCACCGT CEECG
GTACAGATAGATCAGT TCATAGCATCACTCAGT TCTGI TCAAAGAAAACT CGGATATATT
TGTTAGCCACACTGTGCTTGT GTTTAACATGT TGT AGCAGCGCT CCCAGT GACCAGAGCT
CTCCGT CTCCAGACCGECCGT GACAGGACAGCAGCACACAGATCAGCCTGI TATGECTG
CCOGGECATCAGGGACCT GCAGCT GCTTCACACGGECT CAGCCGAGGCCAAAAAGACAGACC
TGAGGACCAAAGAGAAGAAGT GCTCTTGEECCTCGTACATGACCAATTCTCCCACCATGA
TAGIGATGATTGGEGT TGCCCGCT CGAGGGAAAACCTACAT GT CCAAGAAGCT GACACGT T
ACCTTAACT GGATCGGAGT GCCCGACAAAGGT CTTTAATCT TGECGAGT ACCGGAGGGAAG
CGGTGAAGT CGTACGAGT CCTACGATTTCT TCAGACACGACAACAAAGAAGCAATGAAAA
TTAGAAAAGAGT GTGCTCTAGTAGCACT GAAGGATGTAAAGGT TTACCTGAGT GAAGAGG
GAGGACAAATTGCTGI TTTTGAT GCCACAAACACCACGCCGAGAGAGGECGAAACCTCATCC
TTAACTTTGCACAGGAAAACGCCTACAAGGTGITTTTTGT TGAATCAGTATGTGATGATC

ALDO4H19

GITGGTACCCGGGAAT TCGECCAT TACGGCCGEEECT TGT TGCTAACCCTACGCTTTCCG
CGTCTACTGAGTAGCACTTGTCACCACTTTTTATTTATACATTTTTAGCAAGT TTGTGAG
GCATGTATTTTATTTAGCACGATAAGAACAACCTAATAAGGT TTTATTTATTTTTAAAAC
ATAAATTAATCGTCACTTTTTTCCCAAAACTGI TGGT TCGAAACGAAAGT TGATGI TACA
TATTCGTCTGCTAGCT TACGT GACCCCTCGI GGTAATATCTCAGGT TTGATAACTCACGG
GTAAATGTGGTAATACTATCTGAATTACGTGATGTATGI TCTGT GCGGAGCT GCTCGCCT
CTGTCTTGIGTCTGTAAGACACAAACAT CCAGCTTTGACACCGCAGCT CAGGAGGT TTGG
ACACACAAAGAGGATGAAAT TGTACAGCT TCCT TCAAAGT GGAAAAACAGT CAACGTGCA
GACAATTTTTAGCGCAGCTATGCCTGAAAACACAAGGTGT TTGTCGTGT TCAGCTGTAGA
TGCAGCATCCCGAGT GAAGAGGGT TTCTATCGAGGGT AACATAGCTGT TGGAAAGT CGAC
CTTTGCAAGACT CCTGCAATCTGCT TGT TCAGACT GGGAAGT TGTGGCAGAACCTGT CAG
CAAGTGGCA
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ALD41H23

GI'TGGTACCCGGGAAT TCGGECCAT TACGGCCGEEEECCTCTCATATATAT TACCGT CCAT
GAAGCTGTIGCTTCCAGCATGACT TTTATGACGT CTGT TATGAGTAAAGTCAAAGTTTTTG
TGATTTTTTTTTCTGAAATTTGT GCAAAGCAAGCCTAGCAGT TTTCAGTAGAAGTGCGTC
CTACGITTCTGCTCTTCGAACGATCTCCATGGT GAGAT GAGCAGAT GGAAGAGGCAGAGG
GAGTTTTCATACAACCTCCTGTATGI TAGGT GGACGAT GAGCATGAACTGICTCATTAGC
TGTGAAGI TCTTCGT TACAGATGGAGCCAGCTGGTGAATAATTACTGATGTACATGCTGT
GGACAGT TTGTGCAACAATACCAGCACGEECGAGCTGITTGTAGTGTCTGCTCAGI TCTT
TGCAGCGACTACGGEGT GGGT TTAAATAAT CGATGAT TCAAGCAT GAAGGGT GAGACACAG
TACTGAGACACCCTCATATTTGATAAATGACGAGT TAGAAAACATCGGT TTGTCACGTCT
CACTGCAGAACGT TACCTAATAAAAGT ATCAGCTCATAATACAGGAACAATTAACTTACT
GCCATGTTTAAGAATGATTTTAACTTTTTAATATTTTCTATATTTCTTTCAGGAGATCCA
GCCTGGTGATCACCACAAAGCTCTTCT GGGGAGGAAAGT AAGTGTGCACTTGTTTTTC

ALD37EO3

GITGGTACCCGGGAAT TCGECCATTACCCCCCGTGAGTGTATATTTGI TGT TTGTGATTA
ACACAGTCTGATGGTAAACCATTTTTCTACCACATTTTACTAT TAGGGAGT GGTGGTGCA
GAGGT TAGGGAAAACGAGCCT GT GATCGAAAAGT CAATGGT TCAACT CCCTGGACCAACC
AGCCCCACT CTGEECCCT TGAGCAAGACCT GTAGCCCCT CAGCT GCTCCCCAGGTGCCTT
AAATTGECAGCACACT GCTCCACGT GT GT TCACAT GT GCAAAGGATAAAATGCAGAGAAT
TCATTTCTCCACCAGGEGGATCATTAAAATGTATAAAAAATCCTTAATAATTGCT TAAATA
AATGCTTAATAATAATTATCATCAACCTTTATGCT CACCCTGACAGAGT TGTAATGCTGA
ACTTCATGGCACTTCCAATTAGCCTAGT GTGCATTTAGACCAAAAATGAACACAATTTTG
CATTTGGGTAGGTATGT GACAGT AACAAAGGT TCAGTATACCCTAGT GTGT GAGAAACAC
TAGITTGIGGCACAAAAATCTGGAAAAAATTGCTGTTTTTTTTCATTAGACCATTGIGTC
TGAATTGATCTGACATCAAACACATTCTCTTTGATTCTGCACGAATGCAGAAGCACATTA
AAAGAAAATTGCTTGT TTCCGAACAGCTTTTGAT TAAACT GAGCCT TGCT TCCATACGGT
TAAAGAGITTGTGSGT T

ALD22E16

GI'TGGTACCCGGGAAT TCGECCATTACGGECCGEEECCT TTTGCTCCGACATCTTGACAAG
GCAACATGCCTCCTAAGCAGGATAAGAAGAAGGAT GCTGGGAAGT CCAAAAAGGACAAGG
ACCCAGT TAACAAGT CTGGAGGCAAAGCCAAGAAGAAGAAGT GGTCCAAGGGAAAAGT GA
GGGACAAGCT CAACAACCTGGT CCT CTTCGACAAGGCAACCT ACGACAAGT TGTACAAGG
AAGT GCCCAACTACAAGCTCATTACCCCCCCTGT CGT GT CAGAAAGCCTGAAGATCCGT G
GCTCTCTAGCCAGGAACGCCCT CCAAGAACT GCTTGCCAAAGGCATGATCAAACTGGT GT
CCAAACACAGAGCTCAGCTGATTTACACCCGT AACACCAAGGGT GGAGAT GAAGAGGECAG
CAGCAGAGAAAGCATGATCAGGTCTCCTGT TTCTGTCATCTGT TTGTAACAATGATGT AA
TCAAATTGTAAAGACAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAT TAAAAAAAAAAAAAAAAAAAGGECCC
CCCCGCCCCA
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ALDO04J15

GI'TGGTACCCGGGAAT TCGGECCAT TACGGCCGGEGAAACGAGCCGT GGAGCAAACCCAGGT
CAACATCCAGT GEGT CAGCGAGAACAAAGACGT GGTCCTGCAGT GGTTCCTGACAGAAAC
TGCCGACATGGAGT AACAGATCTGT GCTTCTGACAAT CT GGGTCATCAAATGACTGAACA
GTAAACCTGATTTCACCAGAACT TTCAGGT TTCTGT GAGGT TCAGCT GGCAGCCAGCCTG
AACCACCAAGTATTGACTGITTATGTAAATACTAATGTGCATTATTTATAGACTGTAATC
ACTAAAAACAAACT TCACTTTGI TTAATAATGT TAAATGT GCTGCTCATAATTGTAAGT T
GICTGTTTAAGAAAACAGI TTTATTTCTCTTGT TGT TGCTGCCTGT GCATCAAATCGITC
CACAAACTGAACGTTTTCATGGT TTAAACATCCGI TTTCTTCCCTTCTCATAAGATGAAA
TCAGTTTAAAAATCAGT TTCAAATCCTGCCGCTAATCTTTAAACATCTGTAAAAAAAAAT
CTCTGCATGT TTCCACAAACAACTTCATGGTAAAGT TTTGI TATTTAACATAATTTTCAT
GAACTTAATGTTAAATCTAATCAAAGATCTCAATCATTGCTGCTGCTGCCTGTACTGGAAA
TGTTTGAAAGAAAACATTGT TAAACATCTCTTTTCTTTCTTTTCCTGAAACCTTAAAGT T
AAAACGGAAATAATGITTTCATCTGIGTGICT

ALD22M16

GITGGTACCCGGGAAT TCGECCAT TACGGCCGEGATAAAAACCAGGGAAACAAGCTGATC
CCTGAATGT CCAGAT GAGAGGGCAATGATGTACCAGCGCATGT TTGAGGGECCTCACACTC
TTCCAGAAACTGECACAATCACTCTTCTACACACGCTACGT TCCGGAGAACGAGCGACAC
GACT CTGCCCTGGAGAGGAACACAAAGGAACT GAAAGAT GAGAT CGGEGCGAT GGGAGEGA
TACCTGAAGGGTAATTTCCTTGCTGGAGAGCACT TTACAATGECTGATGTGATTGITTAC
CCAGTCATCGCTTTCCTCTTCCGCT TTGGATTATGT GAGGAGAAATATCCTAAACT GECC
GCTTACAATAACACT CTGAAGGAAAGACCCAGCATCAAAGCT TCCTGECCCCCTACCT GG
AAGGAGGGACCAGGAAT GGACACT CTGAAGAACCT CTGAGCGECCTTCTGI CCACCATGTC
CTCATACGTAACCACT CCTGATGTAGAAGCTAAAGCATCGECT TTTTCTGCATGAGGECCA
CTTTTCTAATATTTGI TTGTAATTTACTCTACAGAAAATGTI TTTGTGCTGT GAACAAAAT
ATTATTAATGAAGGTTTAATGC

ALDO7015

GGAACTATTCGGCATTACGGECCGEGAATTAACT TAATAAATTAATTGICATTTTTCT
ACCCATATTGTAACTGT TGAAATTTACAAACCTTCACACTTCAACGATTTTCTTAAG
CCTCACAGAACAACTTGECCTAGAGAAACACT TGATTATTTAAACCTTCTTAAATGT
TCTAAGCT GAGCCTATAAACACAATAAAAAAGT TTAGAACCATTAAAAAGCGEEGAG
CCAACAAGTAGCTTATATAAAGGTATTACCTTTACTAAATTAATAATAACACTAATA
ATACTAATCCTACTCAAAATTTTCACCTTTAAATATACCAAGCTTATTGCAATCTTA
CTAGITTGCTCTCTGGTTAACCGGT TTTCTAAAAATAGTATACCACAACCCACTTTT
CCCAACATCCACACAATTTAAAATCAAAACCCCTCTTAAATTAAATAAACTAAAAAT
AAGCTAGCATAAAACACTATAAATCTACTAACACCTCTTAATAATTACTGCAAAATA
TTTCTTTCCTATTTAAATGTGCATATACTAATAAATTTTACTAAAAATAATAATAAC
TCTTTTCTAACCCTGT GT TAACAAACACT TTAAAGCT CACTATAACGT CAGGAACCT
GITGACACAGT TACATACTTTCCCGATTTCTTTATAGTATCTTATAGCTACTAAAACC
CACAACAAACTTCACCAGT GTAGTGTCACAAGT TTATTAAACAAGCTACGTI TGITAG
CTCTAACTCTATTAATCTTGTAATCACACT TACAT TGCAATAACAAGACT GCAAACA
AAGAAAACAAAAAAAAT AGECCCCCCGCGECCCAT CGACT CTAGAGAT CGAAGAAGG
TATATGCTGCTGTCCGCAT TTCGGEECT CACT GGCCAAT GCACAT GGEEGEGCAGACGT
GATTAGTATCATGCCCCTTAGAGT TTGAACTAAATTTTCAAAAGA
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ALD35J06

GAATTCGGECCAT TACGECCECGEEGT TTTTTCCTTTGT GCAATAGAAGCAAAGACAAATA
TCTTCATCTAAAATTTACAAGTGATTGAAAATGTICCCCCCTTTTTTTGGATTACTTCTAA
ATCACT GTAGACCCCT CCCCCTCAAAAAAAGAAATACAAAAAAT TATAAAACAGGATGAA
ACAGAATCTCAAAATGTGATGGATTTTGGAGAATTTTTTGATGAATATGATATAAGATTA
TATTAATATTGTAACAAAATGGAGT TTATTTGAATGGGAGT TTTTTAGT TTCATCACAAA
AATCACAAGTGCTTATTACATGCTGEGGTGATTTGTCTGI TTTTATGT TTGCATCATTTG
TTCACAGGT TTGTGGCTCTTTACCACAGT CTATTATGCATTTTAAATTTGTGATAGAATA
TGCCAACAATATGCTTAATGCATTTGCAACCAAGATATACCAAATCATGTIGTAGT TTTGA
AATGCACCTTTAAATATTAAGCAATAAATGT TTTGT CAACATCNAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

ALD38F08

GI'TGGTACCCGGGAAT TCGECCAT TACGGCCGEEEGEAAGAAGT GGAGGAGAGAGGAAAT G
CTTCACTGAAGAAGAACCCATCCAGAGGACCTTCTTATTGITTTCATTTTGGT TTAAATT
AAATTAGGTTAATTTATCAGTAGT TTCCCCCCAAAAGGAGTACAAAAAGT TAACCAAGCC
AGGAGAGATGGECAGACCGAGCCT TATCTGCTGCCAAGGAGGT TGTCCTAATGCCCACGCT G
TGACCT TCCTGAGGACCT GCCCAGAAT CCGAGGCTACGACT TCAACCAGEGCGT CGATCT
GAAGGCCAGT GCTGAAGT CCTACCT CACCACGGECT TTCAGECCAGCAGT TTGEGT TTAGC
CATCCAGGAGTTCAATCACATGATAGAGAAGCGCCT TGAGCCAGT GGAGGTCGATGAAGA
AAACAAGT CTCT GGAGT CTGGT GAATCCTCCGGAAAAT CAGGCT GCACCATCTTCCTGGG
CTACACCT CCAACCT CATCAGCT CCGGAGT CAGAGAGAGCT TCCGCTACCT GGCAGAGCA
CAAAAT GGT GGATGT GAT CGT GACCACGGCGGGAGGECAT CGAGGAAGATCTGATCAAGT G
TTTGTCTCACACCTACCT GGGAGACT TTAGT CTGCCGCGEEGAAGGAGCT CCGECTGAAA

ALD25M22

TGGTACCCGGGAAT TCGGCCAT TACGECCGEGECACCT CAGTAGAAACGAAAAAAAAGGAA
GCATCTTGCACACCTGAAGT GTCCTTATTATGGAT TTGCGACGGCAGAAAGATTTTATCT
TCCTGCACACAAAGAAGT GCTTCTCAAAGACACAAAGACAGACTTTTTGACAAACGECTG
CAAATTCTTGTTGCACT GCGGACTTTCACGT GCAATTTTGTGCAAGCAGT TACTGT TAAA
TCCTTTTTTTTTTTGCTCGTTTGTACTGI TGT TGAAAAATGT CAGT GTTGCCTGCTAAAA
AAAGCCTGTGAGGT CAGCAGCATTTTTTTTTATTATTATTATTTTTCTGCCTGGAAGCAG
TCACTTTCTAACACGCT CCATCAT GT GGGAGGAAAGCAGGCAGACACCTCCGTGGTCATA
CTACACTCCTTCTCCAGCCGAT CCCCCCGCCT GCGGT GCCAGT TTCATGGCAGAGCGECTG
CCTGAACAAGACT TGAGGAGT TCGT TAAGCGT TTTTCAACTAAGTGCTTTTTTTTTTACC
CAAGAAGACGCTTAGCGAGT TGACAGGAATGI TGTAATCTATTTTTTTCCTGCTGTGTACC
GITGAGAACACCTTTTAAAACCCACATGT CACCCTACTTATGAATACCTACGAGATAAGT
GITGCCAAATCGTGTTTTGCCAGTGCGTGTCTTAATTTATTTTTTAGTGT TTTTAAATGGT
AAAACT GAAACAAAGGTAAAGGAAATTTGA

ALDO8I08

GGGAAT TCGGECCATTACGGCCGGEECAGACAATGT TGTATCATGT TTCATTCCTGCATTTT
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AACTTAAATTTTGTAATTTATTGTAGCTAGAAATCATCTTCAAAAGAAAAAAAAATCTCT
GACTCAACAAGCACACTGATGTGTACAAAAACACT CCTCTGT TGATGAATATGATGTACT
TCCACGTCTAGAGCTTCCTTTTAAGCAAGTGTGITTTGCCATGITTTTTCAACTTTTTTG
CTAGCACTGTAAATTAATGCATTCCTAGCCTACTGTGAAGICTGI TTCTTGT TGATGAGG
AGCAGTCTCCTTTTGGCTCCAACTCCCTTCGGTGT TTTATATATGGT TAAAAAAATGTAG
ACTATTGTGATATTGCCAAACTTGTGCTAAATATTTATACATCTGICTTTTTCATGITCT
TTTAGATCAACTAAAAAAAGGTAAAAAAAATTATAAAAT CCATTCAGAATGTAGGATAGT
AGITCATTGICACATTTCTGT TTTAATACACACT TGCGCT CACTGAAGGAAATTTTGTAA
CATATCAACTATAAATAATGTATTTATCTCTGAAATTTTGTATATTGCTTTTCATTATGT
ATGTATTAATCATCATGCCCT TAATATAGI GATGCAT CACAGAT AAT TCAACCAAGAACT
GITGCCTTCATTTGITTTTCTTTTTGTATTT

ALD38A07

GITGGTACCCGGGAAT TCGGECCAT TACGECCGEGT GACAGAGCT GTATCCGAGCACCAAA
GACATTATCCAAACTGTCGATT T GT CCCCGGAGACAGEECT GACAACGT GTCECTGECCG
CCGCCGCT GCTACCGCAGCGT TAGGAGGAACGT CCCAAAT GT CTGCCGEEECTCCTACCC
TCACCAACGT GT CCAACCCAT CCAT GCAGCAGAGCGAGGAGCGECTGCTCACCTTTGICA
ACTGGCCGTCTCGTATTCCT GT GCGECCT GAGCAGCT GGCTAAAGCCGECTTCTACTATG
TCGEGAGAAACGATGACGTCAAGT GTTTCTGT TGT GATGGAGGCCT GCGGT GCT GGGAGT
CTGGAGACGATCCCTGEGTGGAACATGCTAAATGGT TTCCTCGGTGTGAATATTTGCTTC
AAGAAAAGGGACAAGAGT TTGT TCACCAGATCCAAGCTCGATTTCCACGECTGI TTGAAC
AGCTTTTAACAAAT GGAGACAACT CCAGAGAATTTATGGATCCTCCTGTGGTCCACTTGG
GT CCAGEEGAGGAGCGGT CTGAAGATGCTGT CATGATGAACACCCCTGTCATTAAATCTG
CTTTAGAGAT GGGAT TCGAGCGCAGCCT

ALD35F16

GITGGTACCCGGGAAT TCGECCATTACCCCCCEEGATAT TGACCT TGT TGATCACACAAA
CTTGATTCTTTCTGAAATTAAAT CCCCCACTTGTTACCTAAAACAAAAAAGT TTCAGAAG
AGCAATATTTTTTGATTGGGAGCAATTTTGATTTAAAATTATAAATTGAATGAAAGT GAT
TAAATACTTTATAAATGAATGT TTTTGGATTAAGCTCATACT GACTGTAGACAAACATGA
TTCATAAAAAACTTTCTTAGAGGCCTGATATTCCTTTATTAGGCCTGTCCTTTCCTGAAA
TTTACCCCATTCGITATCTAAACTGTGATATAAAATTTGTATCACAATGAATACAGITTA
GI'TCAGT GT GCAAGT GAAGATAAACT GT GTAGGGT AGCAAAGCATGATGCTGTCTTTCAT
TTCTGAATGTTTTTTTTGCATTCATTAAAAACCCACTGACATCTGECTCTCGTATACTGT
GGAACTTCGATTAATTAGI TTGCTTTGAGT TTTTGTAAAATTTCTATCAATCAACATCAG
ATGAAATCTGCATTCATGGGAACACAT CAGT GATGATGACGACT CCCAGAATCAAATGTT
TATGATCAGCCTGTAATTATGGECTGAGCT TTACTGTGAATGAAAGCCGATATTAGGTATC
GGGACCAATATCAGATATTGATATTGGATTGGEG

ALD19J15

GI TGGTACCCGGGAAT TCGECCAT TACGGCCGEECAT GGT GGAGCGCAGCAGEEEEECT G
TGGICAACATAT CATCAGGGECCCT GCTGTAGACCCCT TCGT GGACGAGT GECTCTCACAG
CGGTCACTGGATACTTGGATCATTTCTCTAGAGCT CTTCACCT GGAGT ACAGCGACAACG
GCATCTTTGI CCAAAGT CTACTACCTTTCCAGATCGCT TCAAGCAGGAGT CAACCATCAT
CACCATCATCATCATCGTI CAAGAGAAGCCTGGT TTGT TCCCAGT CCGGAGGT TTATGCTC
GACATGCTGT CTCTACGCTGEECGT GT CTAACAGAACCACAGECTACTGECCTCACACTC
TGCAGTACGGCCTGACCAGGT GTGT TCCTGACTGGATCTGGATTCT TGGCTCACGGATGT
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TCATCGGT TCAAGT TAGGAGCTCAAAGT GTTGAGT TTGT TACACCAGAAACAACAAACAT
GAATGACTTCAGACAATAAATTAGT TACAACAGCAGGECCCTGGTAAAAGATGTCAGTTTG
TCTTGCTGGTGAAGCT TTAAAGAAATGGTACATCCATTTTTTTTTTTTAGATGAACGI TC
AGCTCAGATCTGAATTCCTGT TCAAACT GCAGCAGAGCTGGEGTGTAAAATTATTTGI TCA
ATTCAGAGAATTGGTGAAGATCTGTAAAGCT TCAGAAACCATAAACTCAGT TTATTAAAG
GTAGACAATGCTGAAAAAAACTAAAAATTAAC

ALD33B24

GITGGTACCCGGGAAT TCGECCAT TACGGCCGEGAT TACAGCCT GAACACAAGCAGCATC
TCCACCCAGCCGT CTGT CACACAAACCAT GGT GT CGECGEGT CAT CGACGAGACCGT CCCC
GTCACCATCCTGGAGCCCCAGCCGATCAACGCCGAGATAAAGACAACT CATGAGAAAAAC
GITTTGCCCGATGAGGT TCTTCAAACCT TGTI TGGACCACT ACT CCAACAAAGGECAACGEC
CAGTCAGAGATTTCCTTTAGT GT TGCCGACACAGAGGT GACGT CGAGCATATCCATTAAT
TCCTCCGAGGT T TCGGACAGCAGCCCCGT GGACAACCT CGGAGCCT CGAGCECT CCGECT
CAGCCGCCTTCTGAGAAAGT CAGTCTTTTGCAAGAATACT CCAAAT TTCTCCAGCAAGCT
CTGGAGAGGACCAGT CAGAATGACAGCTACCT GACAAGCCAGAGT CTCAGTTTGGTCTCA
GAAAACCCCACGT TGGT CGGACAGCCTCTGI TCTCCACAGAGAAACCGT TTTCCTCCCCC
AGCAGGT TCAAATCAGCGATGAGCT CTCCACTGAGATCCACT TTAGAAAAACCTCACTTT
GGATTATTGGTGEGAGACTCCCAACACTCGITTTCCTTT TCGEECGACGAGACCACCT TG
CCCTCTGCCGTGTCCCCCTCTGEEGAGGACT TTTTAGAGGT CTCGCCT CCTAAAAAAACG
GACTCCTC

ALD18F02

TGTGI TGGTACCCGGGAAT CGECCAT TACGECCCEEGEECCCEEEAT GCLAGAAGAT GG
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Appendix B
Table 2 sequences

ALD27K10

GITGGTACCCGGGAAT TCGGECCAT TACCGCCGEEECAACAACAAAAGCGTGATTATTTTA
TTAGTATATAAACATACACTATGATGAAAAT GTATGT AAGAAAAAGAAAAGT TGTGAACC
AGGTACTTCCTTCATCCACTGTCTGAAAACTTTCACAGCTTCTTATTGAATCAGAAACTT
AATGCCTGT TTAAAAAGTCACGTTACTCATTTTATTTCCACTTTTGACTTGACTCAGATCT
GCGTTTGGTACGAAGACT GCAAACCAATGTCACCAAAACTACTTTGATTTCAAAATTTTC
ATTATTTTTTTTTCTAACAAAGATAACATTGGTTTCTGCATTTCTTCAGATATTTTTCAT
GAATTCTTTTTCGTCAGECTTGAGTCATTGICCTTTTTGTGI TGCTTTTTGTGCAGTTTC
TGTTTATTGAAGTGACACT TTGAAAACAACTCTAGATTTTTTTTTTTTTCAAATGCAAAC
TACCTATTTACTGI GGCT GGAATAAACAGGAAGCT GTGGTCACCGACACATTGTGACTCG
TCGITTTACGTGATATTTTTGTGAACTCTCGGTTCTTCGGT GCCTCACAACAGT GCTGAT
TCACTTTCATCTGTAGGECTTTTATTGI TTCTGCTGGECTTTGAACTTTGAGCTGTACAG
AATCAAAAGACTAAACAAAGATAAAAACCT TTGTGTCCCTGCACCAGCGT GGTCAAGGAG
G

ALD38K20

GGGGTGCTTTGCCTGT GGATACAGATGECTCCATCCTTGT

ALD33F13

GI TGGTACCCGGGAAT TCGGECCAT TACGCGCCGEEGAT GATCCAGT GAAACAT GCAGEEGT
TTACACAGCAGAGGAAGT GGCATTGATCACT CGAGAGAAACT CATTAGACTTCAGTCTCT
CTACATCGACCAGT TCAAACGT TTGCAGCACCT GCTGAAGGAGAAAAAGCGCCGATACCT
TCATAACCGCAAAAT GGAGCATGAGECT TTAGGAAGT GGTCTGCTGACGGEEGAT CGAAGG
TCTTTCCATGAGGAAAGAGAAAAT CTGAAGAAGCT CAAAGCT CTGCGT CGATATCGT CGG
CGGTATGGT GTGGAAGCT CT CCT GCAT CGACAGCT CAGGGAGAGGAGGCAGCCTGTGACT
GAAGGAACCCCT CAGCTTCATTCAAGAACACT AACTGAAAAAT GCATGECGT TTGT GGAG
GGAGCCAGGT GTACCAAT CCCTGCCTGCCCATGECCCCECACTGTATCTCACACATTTAC
CAGGACAACAACCAGGTGT TGTTTAAAATTTGT CCCGEECTTAAAGATGT TCCCTGT GAT
CGAATCGT CCACATGGGT CAGT CCGATGATCCT CGCTGCCCCCTCCACCTCACTCTGCCT
CCGCTCATGTACCAGCCAGAGCAGGAAGCCCCCCCTCAGGACCAGT TCACACCTGCAAGC
AAAGACAT GTACCT GAGT GCAGCAGAGCT GCAGCCCACAGAGAGCCTCCCCCTGGAGI TC
AGTGATGACCTGGATGT

ALD19D01

TGGIACCCGGGATTCGEGECCAT TACGECCEEEEEGACCEEEEEEGACCEEEEEEACCGEEETC
TCAGGGT CGT GECCCEGACCT CCCTGACGECT CTGT CGGACCT ACAGCCGAGGAGAACCGT
GCTCAGACT GCCAGCAGCTGCACCT CTGCAGGT TCTTCATCTACGGAACCTGCAGGT TCG
GCAAGGGCAGGAAACCCT GTAAATTCTCCCACGACAT CCAGT CAGATTATAACT TCAGAT
TACTGAGAGAGT GCACGCCTGCATGAGCTGACTGAAGAGCAGCTCTTCCTGCTTCTGCTGC
AGAAT GACT CGCAGCT GCTGCCCGAGGT GT GCCTGCACTACAACAAAGGT TCAGGTCCTC
ACGGTGACTGCAGCT TCCAGGAGAACT GCTCCAAAGT CCACCTGTGTCAGCACTTTGITC
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AGGCGAGCCT GCATGT TCGGACACACGT GTAAACGACT ACACACT ATCGAGCCGCACACTC
ACAGGAGGCT GGAGGAGAGAGGACT GAGT GGAGACAT CATCCAAGACCT GCCCTGTATCT
ACAGGAACCT CCACGT CCTCACAGCT GCTGCTGCTGCAGAAACT GATCCAGATGCAATCA
TTGAAGCAGATCAAAGAGACGAGCCGCAGGAAATCTGTCTGCACT TCATGAGAAACAGT T
GCAAGT TCCAGCAAAAGT GT CGCCGCATTCACT TTCACCTGCCGTACA

ALD35A12

GI'TGGTACCCGGGAAT TCGECCAT TACGECCGEEECCCGTGTGTGT TACCTTCCGTGITC
CCCCTACGGCTCGECTAATCATAGCTCGAGT CCAAAACT GCTCAAAAATTCCGT TTAAAC
ACACCCAAAGT TCTCTGAAGCGGT TCAAACGACAAAT TGCAGT GTTATCGACTGCTCAAG
GCTGACGAAACGECTTTTGT CGCCGT GAATCGAGACGTACCGT TCGEGT CTTTCGT CCCGG
AAGTAGCTCAAAGCTAACTATTTAGCTCTGTGT TACGCTACTCTGT TACTCCTCATGTAT
TCCGTTTAACAACT TACGAGT GGGTAAACT CATAACAGAT GT TAGCGGAATTATGCAAAT
AAAATCTCAACTGCGT TCACAGATTTGATTTTAAAATAAAATAGCCCAGCCCTATTTATT
AGAGAGGAGTATATATTCCCTTTTCAGGAAGT GACGT CATCACCTTTATAAACCGT GAAA
TGCTTATATTTTTAAGCACAATCAATGT TAAAGCCTTGT TTACAACCT CAGAATGACAGA
ATAACAACAAAATCTGCAGCTTTCTGCTACAATCTGACTACCTTCAGT CATAACAGGEGTC
TTATAACATCACTCTTTTTGCCAACATGAGAAAGTAATATTTTTTTTACTTCTTTTCAAT
GCACAGAAAATATTTTTTCAT

ALD35118

GI'TGGTACCCGCGGAAT TCGEGCCAT TACGECCGEEEEGECCAACAT GGCGGACTACGACCT G
ACCACAAGAATAGCTCATTTTCTGGACCGECACCTGGTITTTTCCTCTGCTGGAGT TTCTG
TCCGT TAAAGAGAT CTACAAT GAGAAGGAGCT CCTGCAGGGGAAGCT GGACCTCCTCAGC
GACACCAACATGGTGGACT TCGCCATGGACGT CTACAAGAACCT GTACCCGGATAAAGAG
ATCCCACACT CT CT GAGGGAGAAGAGGAGCACCGT GGT GECT CAGCT CAAGCAGCT CCAG
TCAGAAACTGAACCCATCGT GAAAATGT TCGAGGACCCAGAGACCACCCGECAGATGCAG
TCCACCAGAGACGGGAGGATGCTGT TTGACT ACCT GTCAGATAAACACAATTTCCGT CAG
GAGTACCT GGACACGCTCTACAGGT ACGCTAAGT TCCAGTATGAGAGT GGGAACTACTCC
GGGEECCECAGAGTACCTCTACT TCTTCCGT GT CCTGGT TCCCT CCACGGACCGGAACGCC
CTGAGCTCTCTGI GGGGEGAAACT GECCT CAGAGAT CCTGATGCAGAACT GBGAGGECAGCC
ATGCGAGGACCTGACCCGT CTGAGGGAGACCATCGATAACAACT CGGTCAGCTCTCCCCTC
CAGT CTCTCCAGCAGAGGACCTGGECTCATCCACTGGTCCCTCTTCGTGT TCTTCAACCAC
CCTAAAGGCCGGGACAACATCATCGAC

ALD14G11

GAATTCGGECCAT TACGECCGEEEEGET CACCTGACACACCGT TTTATGACTGAGAAGAAGAA
AATCTCAGCGACATCTATCTTCTTTGAGT CGATGCCATATAAGGT GAATCCAGAAACT GG
CTACATTGATTATGACCGACT GCAAGAAAACCCTCGACT GT TCCACCCCAAACT CATCAT
CGCAGGAACAAGCTGT TATTCTCGCAACCT TGACT ACGCCCGT CTGAAGCAGATTGCTGC
TGAGAACGGTGCTTACCT GAT GGGGGACATGECTCACAT CAGT GGATTAGT GGCTGCAGG
AGTGGTGCCCTCGCCCTTTGACCAT TGTGACATAGT TTCCACCACAACT CATAAGACGCT
GCGTGGATGCCGTGCAGGAGT TATTTTTTATAGAAAAGGT GTAAGAAGT GTTGATGCCAA
AGGAAAGGAGACT CCGTACAACCTGGAGT CTTTGATCAACCAGCECTGTGI TTCCAGEECT
GCAGGGAGGACCACACAATCATGCTATTGCAGGT GT TGCT GT GGCTCT TAAACAAGCCAT
GACACCTGAGT TTAAGGCCTACCAAT CACAGGT TCTGGAGAACT GCAAAGCTCTGT CCAG
TACTCTTATGGATCTCGGT TACAAGAT CGT CACT GECGGT TCTGACAACCAT CTGATCCT
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GCTGGATCTGCGTAATAAAGGAACT GACGGECGGT CGAGCT GAGAAGGT CCTGGAGECCT G
TGC

ALD42B03

GITGGTACCCGGGAAT TCGECCAT TAT GGCCGEECT TATGGAGCAGCT GT CCAGECTGCC
ATCCTGI CAGGT GACAAGT CTGAGAACGT GCAGGACT TGT TGCT CCTGGACGT CACACCC
CTGTCTCTCGGT ATCGAGACT GCTGECCEEGT CATGACGGT CCTGATCAAACGT AACACT
ACCATTCCTACCAAGCAGACCCAGACCT TCACCACCT ACT CTGACAACCAGCCTGGTGTG
CTCATCCAGGT GTACGAGGGT GAGCGT GCCATGACCAAAGACAACAATCTGCTGGECAAG
TTTGAGCT GACAGGCATCCCT CCTGCTCCCCGT GGTGTCCCCCAGATCGAGGTGACGT TC
GACATCGACGCCAACGGT ATCATGAACGT GT CTGCTGT CGACAAGAGCACCGGECAAGGAG
AACAAGAT CACCAT CACTAACGACAAGGEGT CACCT CAGCAAGGAGGACAT CGAGCGCATG
GI'TCAGGAAGCT GAGAAGT ACAAGGCAGAGGACGATGT CCAACGT GACAAGGT GTCTGCA
AAGAACGCEGECTGGAGT CCTACGCCT TCGACAT GAAGT CCACAGT GGAGGATGAGAACGCTT
GCTGGAAAGAT CAGCGAT GACGATAAGCAGAAAAT CTTGGACAAAT GTAACGAGGT CATC
AGCTGGT TGGACAAAAACCAGACT GCT GAGAAGGATGAGT ATGAGCAT

ALD14KO02

GGATAACAAACAGGCGAGAT CTGACAAAAAT CACAAGT TCAGAGT GAGAGGATGGCAAAG
TAAGAGT GGAAATAAAGT GAGAGGAGCT GAAGGECT TTACT GCACACAGAACAGECTGACG
GATCGCGACAGAAAACT TAGGAAGGT GT TTCCAGATATATCTATGCAGGAGGAGCTGGAGT
GGGAGAGCT AACAAGT CTAAAGAT AGCAT GGAGAGCAGCGGAGGGACACGGAAACAAAGA
GGAACAAGGTGI TTATTTTTACACACTTTAAGCGAGTATTTGAAGGGT TCAAGCCTTAGA
TGAAAACAGACACTTAAAAACT GCAATTTAAAAAGAAGAATTTAGAAATAATAATAATAA
TAATCCAGATTCTCCATCAAT TCGGCT CGAACAGCACCT GATCGGTCCATCT TCACGECC
GIGCCGATGAAGGAGTAGTAGCATCGATTTTTCCTCCTCGT CTCGT CCCGCTGTCTTACT
TTTTCCTCCATTAGCT TCCCGACCACTTCGT CCATTACT GT TATGGAGCTAAGAGAGAAA
AAAAACAT CATAAAAAGT GGAGCCATCGCTTCCTCCGT TAGCTCTATCTTTCCTCCAGCC
GICTTGTTCACTCCGI CTGT TTTATCACATCTCACACACCCCT CTGCTCACAGAAAACCT
C

ALD38D03

GITGGTACCCGGGAAT TCGECCATTACGECCCEEEECTTTCCCTTTCATTTATCAGGAAA
CGCATCGI TCAACAGCACAAACACGGAAAGAGT TTGTCAAAAT GTCAGCGAGAACCGAAG
AACCAGAGGECCATGAACGT CGACGT TCTGGECT TCATCCCAAAAAGAACCT GAAACTCTCC
TCACACTCTCACTAAACTGGT TACTGT CCGAT CAGCAGCCAAAAAT GCAGAAGATGCTGC
AGAAAGCTCTGCAGACT TGGT TCAACACAAATAAACT TAAAGATGGAATTAAGGTGGACA
TAGACGT CAAAGACAT CCTAGGAGACGGGAGT GCTGTGATAAAGAT TAAACCT TCTCCAG
CCCTGACTGATCT TCAGAAACTAAATGGT GAAACT CTGACAACAAAGGATGGGATAATAG
TAGCCACCATACAGT CAGT CATCCT GGGACAACCAAAGCT GAATAAACAACCACCAGATG
ATGITTCAGI GAAT TCACCT CCATCGGACAAGCCAGCTGATAAAATCCACCTTGAAGAAC
CAAGTGACATCAGT TCTGCT GCAGGACAAACT GCTGT TGATGATAAAAACCCATCTGAAG
AGCGTATCATCCCAGT GAGCCATTACTGGTATATGAGCCATGT CTACAAGGATGAAATCA
AACGAATAGAGAAACAA

ALD33F04
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GI'TGGTACCCGGGAAT TCGECCAT TACGGCCCEEEGAAAGGGT TTATTGT TTCTTTGCTT
TTCGCGAGCTGAATTTGI TTGCGATCCGGTCAGT TCTACAAT CAAATAACGAGACGGAAA
AATGCECT GGT GECAAGECAGGAAAAGACAGCGEEGAAAGCCAAGGCGAAGECGEGET GTCGECG
CTCCCAGAGGEECCEEECT GCAGT TCCCGGT GGGTCGTATCCACAGACACT TGAAGACT CG
TACCACCAGCCACGGT CGCGT CGGAGCGACGECAGCGGT TTACAGCGCTGCCATCCTCGA
GT'ACCTCACCGCCGAAGT ACTAGAGT TGGCAGGAAACGCCTCCAAAGACT TGAAGGT GAA
GCGTATCACT CCCCGT CACT TGCAGCT GGCAAT CCGT GGTGATGAGGAGT TGGATTCTCT
CATTAAGGCAACGAT TGCCGEECEGAGGET GTCAT CCCCCACAT CCACAAAT CCCTCATCGG
GAAGAAGGGCCAGCAGAAAACT GCATAAACGCCACGT TGACCACAGATTTTGEECECTTGG
GCTTTGT TCGGACCAGGAGT TCACATTTGT TCTTTTCTATTATTAATGT TATAGCAAACG
AAGAGTGATTGT TAGCCTTTGTGI TGT TATATTTTTCCCGTAAT TAGAGGAAAGTACAGC
TAATCCCTTAACAGCAGAAAAACCCTTTTTTATGI CCTTGTAGAGCGT TTGACTGAGGAG
CTCATTATTACTGAAATGA

ALD24L13

GITGGTACCCGGGAAT TCGGECCAT TACCGCCCEEGAGAAGGAGCT GT TCCTACCGECCAT
GCGGAAGAAGAGCAGCT CCAACACT GCTGAGGECT CCGT CAACGGT GACACACT GACCGC
CCACTGGI TAGT GGACGACATGCTCACTTTTGAGAACGT GGGT TTCACAAAGGATGT GGG
GAAAATCAAGTACCT CATCTGTGCAGATTGT GAAATTGGACCAATCGECTGECACTGITT
GGATGACAAAAAGAAATTCTATGTGECT TTGGATAGGEGT GAACCATGCATAATGI TTTCA
TGCATATGT GAGCCCACACGGACCTCATTAAATGT TTTGGCAGCCTATGCATTGT TTTTA
TGGATTTATGCCCAGT TTACCCCGAATAAGT CCATCGTACACACACTCACTGATACTGTA
CTGTTAAAGGGAT TGTGCCATGT TCATTTCCATCGATCATAATGCCATTAGT ACAACCAT
TCTGITCTAATAAAGT TATTAATGAAGTCATTATTTGAATGTCATACTTGT TATATTTGT
TACCGT CACCTAGATGAAACAGT TTAGAACAATTTACAATAAGT CCCTTAAATTAAGTGA
ATATTAGATTAAGGT GCCACTGCAGT GCTGGTATGGATGCTAT TAATCCATCAGCATTAA
TATTATTTTTAATCTAATCTAGAGATGCTGACATGGT TTATTTGACAGTAAT TAAAAAGT

ALD26J13

TGGTACCCGCGGAAT TCGECCAT TACGCGCCGEEEECCAT TTTATTTAGACGCAAAACATT
ACTGGGTAAATGAT GACGT GGATAT CGCTCGCT AGCAGCCT CCCACCGAGGACCTATCCA
CGTAATCATTTACCCGAAAAT GCCT TGT GTCGACACAAAACGECCCCG

ALD28MO7

GTI'GT TGGTACCCGGGAAT TCGGCCAT TACGECCGEGACGT GACT TGCAGAAACCGGAAGT
AGGT TTCCGCGCTCCGCATTTTCGAAGT TTTCCCGT CCGGT TCGECACATGGI TCCGATG
AATGTCTCTTTAAAGCCGAGGEGACAAGAGGAGGGACATCTTCAGCTGAACATTAATCGG
TCAAAT GGACGCT GAT CCCAGCGACGT CACGCCGACCT CGTCCAACAGGAAGT CCTCGGEC
CATCACAGGAAGT GCGAGAAAGAT CAAAGACAACGCAGCCGACT GECACAACCT GATCCT
GAGGT GGGACAAGCT GAACGGEGGAGEGEGET TCAGCT CGECGACAAACAT CGTCAACATGAG
GCGGTGAGGT TTTAAAAACATTCAGT TTTAGCT TTATAAATGAAAAGAGAAATAAATGT T
TCACTTGCTGCATCAGT CAGACCCT CAGCT CTCAGGGAGGT GGT CTGGGT GAGT CCACCT
CAGT TCCATCGGACCAGCT TCAGGECGGT CGAGECGT CTCTGCAGGAAGAATGCTCCAGAC
TCCAGGAAGT GGTCCAGAAAATGGTGAATCCTCGTCTGGTCTGAGGGT TTACTTCTGCTT
CCTGGAGITTCTGTTAGGAAACGT TTGI TTTCCTGCT CAGGCTGCTGI GCTGAAGAAGAT
GGAGCGTCTGGT
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ALD35G19

GI'TGGTACCCGGGAAT TCGGECCAT TACGCGCCCEEEEECEEAGGACGEEGAGAGAAGAGGA
AGGAGGECT CCGEGAGCAAGCGAGACAAAAAAAGGGECCAAGCCT GGGACT TGEEGAAAAAC
CCCGATTGAAAAGAAGAAGGATCATCACTTATTTTTTTTTCCATTTTAAATTTTATTTTT

CCTGGAAACT TATATGACCAGACAT CAAGCATAAGCCCATAAGACT TTCAATGATGCCGT
CCAACACT GT CACCAACACCACT GCATTCAAAGGCTCAGACT TCCCTGATTCACCTGGAA
ACAGAAT GGGT GAGAGCACAAT CCTGGACAT GGAGCT GAT GGAGGAGGAGAAGT TGACTT
TAAACAGT GCCTCTTGTAAACCT GGAAAACCT GCGAGAAAGCGCAAGACATTTCCAGT GG
AGAGCT GTGECTCCCTCACAGAGAGT CTAAGT GTCGGCAACAGT TACTCCGEGGTGTGTA
GGTCCTTCATGACCCAAGT CCACAATGGAGACATGATGCCCGATGCCTGCTTCCCAAAAC
AGGAGAAGAGGGAAGT GGAGAACAGGAT CCCAAGAGACCAAGCAGAGGACAGCTCCCAGA
GI TCGAGI CCAAGT CCTTCCAAAGAGAAT GECT TCCT GT CCGECAGEGAGGATCAGGACT
T

ALDO8K10

TGTTGGTACCCGEGAAT TCGGCCAT TACGECCEEEGAACGAACT GCCAACTCTGT TTAGA
GGACGACT CCCCTAACCACT CTGCCACAGCCTCCCTTTGAGT TTGAGCGT GGAAAGT TGA
TGTGGTAGTAACTGAGAT TCATCCCTGAATAATTTAACCAAAATAGCTACATCTGICTTT
TCCCAACATGAGATGATCT TAATTTGAAACT CTGGCACAAATAGCAGCAAGCAATTATGA
ATTCTTTCAAGAAATGT CTGTCCTTTCGT TTAAAATACCATTTGCATGAATTGCTACAAA
TGTTTGAGACTAAAGT TATATTAGAACAGCAGCAATCTACTTTGGTCTTCAGTCCACTTA
GCCTAGCTGI TAACTCAGCAATCTAGT CAGCATTAAACTATGTATTTTTTTATATTATAG
ACATACAATATATACAACGATAAACTATATTTTTCTCCAATCTGAGACCATTCAAAAAGT
TATCTACAACAGGTAAGACACTAATTGT TCCTGAACCTGATTTAATTTAAAAAAAAAACC
TCTCCCTTTAAGT CCAAGCAAAGT CTCAGCCTGATTTCACGCAGTGCCCACGTGACTCTG
TTCTTTCAGGAGCCTCGEGEGET CCCAAATGCCATCGTAGT GACTAAGT GTGTGAAAGCCAA
CCCGGACCGTCATGIGAC

ALDO9KO02

GGGAATTCGGECCATTATGCGCCGGT GAGT GTATAT CAAGGCT GCACAAACCT TTTCCACT
AAAAGAAAAT ATAT CT GAAGGGECT GCAGCCAAATACAAATACAAAT GAAAATTCAAATAC
TTCTTAAGTACAGTACTTTTATTTTAATGATTATGTCCTGCTGGAGTGTGACATGATTTG
TTTTTGTACAAACTAATATGGTACCAGAATTTTATGTATTTATACTTCTCATTCAACCAC
AATTAAATTCACTCTATCTAGGAGGCACAATTTATATGGATAGT TTTTATTTTTTACAAT
AACAAGCT GGAATGAAAAAAAAGGAAAAAT GAAATAAAAGTGACAATTTTCTACTTCT TG
CCTTTTCAAAAATGT AAGGAGT AAAAAGT ACAGAT AATTGCGT GAAAATGTAAGAAGT AG
AAGTAAAAAGT AGCCT GAAAAGT CATTACTCAAGTAAAGT ACAGATACCCAGAAATTATA
CTTAAGTACAGTAACAAAGTATTTGTACTTAGT TACTTTACAACTCTGATCATCACATTA
TCAATCCACTCCAGATGI TTTAACCCTTTGI CTGGTGACCCACTGTCCTGCTTGITTTGG
ATCCCTGCTTTAACACACCT GACTGAACT GAAT GAGCGGT CAAGCTTCTGCTAAACTTGA
TGACATCATGAGTAGCTCATTTTATTATTTGATTCAGGCGT GCCGAAAGCAGGGAAACCC
CTAAAACAT GCAGGACAGT GGCATTTGAGGAACAAGGT

ALD26F21

GI'TGGTACCCGGGAAT TCGECCAT TACGGCCGEEEGEAGEGT GTGGATCTACAATAGT CTG
CTGCTGGAGACAACCACGGACTGTTTGACAAATACCT TCTCCTTTGECTGTACTACAGTA
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AAAACCGCCGGACATACCAGI GTTACTAGT GCCCTTAGAGCGT CTCTGGT TGTGT CCCAGAT
GAGGGACTGATGCTGGTCAGAACT TGCCTAAACTTGGTCCTGGT TTAGT TCTGCATCTGT
TCTCACTGGTGCACCT TGAGAAAAGAAGAAT ACAT CAGT CGAGATGGATGATATCTTCAC
ACAGT GCCGEGAAGGECAACCCCGTGECTGT TCCCT TGTGECTGGACAATACAGAGAAT GA
CCTGAATCAGGGAGAT GACCGT GGCT TCAGCCCGCT CCACT GEECGT GT CGGGAGEEECEG
GTI'CCAATGT GGT GGACAT GCTCGT CAT GAGAGGAGCACGCAT CAACGT CATGAACCGGEEG
GGATGACACT CCTCTGCACCT GGCTGCGAGCCATGGACAT CGEGATAT TGT GGGGAAGAT
GATCCAGT GCAAAGCAGACACCAAT GCAGCCAACGAACAT GGAAACACACCACTGCATTA
TGCCTGCT TCTGEEECCATGACCAAGT CGCT GAGGACCT CGT GAGT AGT GGEGCTCAGGT
GAGCATCTGTAACAAATTTGGCGAAACTCCTTTGG

ALD33D20

GITTTGAGGAGCGCAAAAAAAAACCAAAGCAAAAACAT GT TCAGT CTAGCAATGGECTGCA
TAAATGT TAAAAAAGGT TAACAAAGGATATTTTTAACGCGAACACAGCGATAACGCGT TT
ATTAGCCCCT CAAGAAT GAGCAGGT GEEGEEGACCGECTGAAGAAGAT TGAGCAGCTTGCT
CAGTCATTCCAGCAGCAT CCCCT GACGACGCGCTACAAGCCTCGCCTTTGECCATGCCAG
CCCTCCTCTGTCTGGAAGCT CTTTCCT CGT CAAAACAT GGCCATCAGTI TTCACTCAAAGC
TGCAAAGAGGECTGTGCACGT TTTTGCT CT TGAAAAAGAAAAGGECGT CCCT GGECCAAAGG
ATCTACCTGGT TACCAGCTACAGCGAGCTGTGGCATTACTACAGAACTTATCCTCAGTCC
TTAATGCACTGI TATGAGGT GATCCCAGAGCGEECCTGIGTGTAAGATTTACTTTGACT TG
GAGTTTCACAAACCT TCAAACAGAGGAT CTGATGEGAAGT CTATGGTGTCTTTGCTTATT
CAGTATGITTGI GACAAGT TGATGGAAGT CTATGGGATTAAATGT TCGGCAAAAAATATC
CTCAACCTTGACTCCAGCACAGAGGAGAAGTI TCAGTCGACATCTCATCTTCATCCTGCAG
AACGCTGC

ALD37MO09

TGTGI TGGTACCCGGGAAT TCGECCAT TACGECCGEEEECAGCGAGT CGTAAACT CAGACT
TTATTTTTTGTITAGITTTGITTTTAGAGCCGATAAAATCGAATCTATTTTTCGCTGITTTC
ATCAGITTTTTCTTTCCTTCACTCGTTTTTATTTTCACAGCTGCTCGT TTCTCTGGAACC
GTATAAGAAGGAAACAGT CGTCAGTI TTTCTAAGT TTAACT CCAGAGCAGCTCTGACCTGA
TAAGACCTTCATCCTGTITTTTGGCCTCAGT TTGACGTI TTCTGTGATCGT CTCTGCAGCCT
GACAGGAACGAGGAAGT TGT TCAGT TTCCTGT TGAAGECGT CTGACTGGAGATGACT GGA
AACT GGCEEGAAAAAATCTTAGT TTTAGT TCAGT TTAAGCTGCAGTGGAGT CAGATGI TTG
TCTCTGGTGACCTCTGECCTCTCTGTGI TTCCAGI TTGCATCAGT TTCAAAATAAAAGCG
TTAAACTGCAGGT CTCAT CGT TGCCGEECEECCT GCAGT AACCGT GCAGCAGAGCGAGCTC
GIGTCCTGCTGGAGGT TTGACGGECGAT GCAACACGT CCTCGT CCTCGACAGCTCCTCCAC
AGCGAGCGCCAT CTGTCACATCGCCTCATCTTCCAGGAAATTACTGCTCGGACCGAAAGC
CTCAACATTATCTGATACGT ACCCCGGECCGEEECCCGAATGAACTC

ALD35120

GT'GT TGGTACCCGGEGAAT TCGECCAT TACGECCEEEGEATGECT

ALD02J22

GITGGTACCCGGGAAT TCGECCAT TACGGCCGEEGACAGT GCCCAGGACAACGEECCTCAG
GATGACCGCCCGT CTGAGAGAACT GGAGGT GAAGGACCTGCTCTCCCTCTCCAGGT TCTT
CGGTTTCTGCTCGGAGACCT TCTCCCT TGCCGT CAGCT TGCTGGATCCCTTCCTCTCTGT
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GATGAAGAT TCAGCCCAAGCACCT GTCCTGCGT CGECTTGTGCTGCTTCTACATCGCTGT
GAAAGCCT CCGGAGGAGGAGGAGAACGT GCCGCT GECCAACGACCT GATCCGCATCAGI CA
GAACCGCTTCACAGT GTCCGACAT GAT CAGGAT GGAAAAGAT CATCAT GGAGAAGCT CCA
CTGGAAGGT GAAGGECCCCCACGECTCTGCACT TCCTCCGCCTGT TTCACGGT CACGT CCA
GGAGCAGCT CGATGCT GAGAGCAGGAATAT TCTGAGCCT TGACAGACT GGAGECGCAGCT
GAAAGCATGTCACTGCTCGT TTGTCTTCTCCAAAATCAAGCCCTCTCTTCTTGCCATTGC
TCTGCTGTGCT T TGAGGCCCAGGAACAACACGACCCT GAGGACGCAAACCAAACATCCGA

GGCCCTGAGAAACCT CCAGCAGCT GCTGAATGTAAAAGAT GGTGACCTGGTGTGTGTGAG
GG
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Appendix C
Table 3 sequences

ALD23D03

TTGIGI TGGTACCCGGEGAAT TCGGECCAT TACGECCEEEGAGAAAAGT CACTCTAGT TGT G
CAGGT TCCTCCCTCCAAAACCAAGT GCTGGEGT TGAAGECAGCGAGGAGAAAGECGECTCC
GTCTCCCTGCGCTGTAAATCCTACCAGCGAACTATTCCTCTCACTTACGT TTGGACGAGG
GAGACCGEECEGET ACGAT GCCGACCACT GCGACCCAAGACCCCAATACTGGAGAGCTTCTG
ATAAAGAACCATACAGACAGCAACACTGGAGT TTACACATGT GTGGCTAAAAATTCAGTC
GGTCAAGACCAGT GCAAATACACACT GEGTGCATACAACCCAACCAACAAAGCGGEECATC
ATCGCCGGTCCEGT GATAGECECTCTGCTGCTGI TCCTCCTCCTCCTGCTTCTCATCT GG
TGCCTGATCTCCTACT GCAACAAGAAGCGCT ACCAGAAGGAGGT TTCAAATGAAAT TAGG
CACGACGCT CCT GCT CCAGAGAGCAAACCGCCCAGCCGAGCATCGAGT GTTCGATCCATG
GT' GEEGTACCGCACGCCACCACGEGEGET CCAGT ACAACGCCGT GECGAGCCCCCTGCCCAGT
GI'CACTGAAT CTGCCCCCAT CGT GECAGATGECAACAACGACAT GCCCTCTGAAGGGEECT
AGAGGGEECTTCCTTCAGATACGACCCT CAGTACGGATACCGCT GTGTAACCGCGAGCCTGA
AAACAAAAGATCTTATGTAAGAGACTTAAAGTGC

ALD37112

TGGIACCCGGGAAT TCGGCCAT TAAGGCCGEGAGCAT TCTAAACAACAACAAACTACTGC
TGCTGATGGAAAACAAGT CAACATCAGCTGT TATAAATTGGTATACATGGT TTAAAGCAA
TAGCTCAGATCATTTGAAGT GCTACCAAAGCCTTATCAAAAGT TAATAAACTACTTGTAG
AAAACTTTCTGACTGGATTAACTTGCCCATTTGACT GTGGCCAATACCAAAGTCAATTGC
TGCATTCTTAAAACTACAATTTCAAAAAGT TTGCAGCAGTI TTGTGTGAGTACTATAATTC
AAAGAGCTACCT GAACCTGGTCAGACTCAACTGT TTATAACCCTTTCTTCAAAAGATCTG
AGCTATCCCCATTAGI TTTACAAAAAGT CAGAAGT TGTGGT TTTTCACATGTGATAATCA
TTATTTCTCTCTTATCCTTGTATCACT TAGGGGAGT TAAAGGGT GGT TCTAGGT TTTAAA
AAAAGGAATTTTAAAGATTTTTCTATCAGATTGI TGT CAAAGAAACAAAATATCCAACTC
AAAATTTTTTTGITCTTTAGCTTTTTTATTTAAAAGCAAACATACAGTACATAGTTTATG
GTGAATATACTAAACACTGT TGTGT TCAAAATACTACTTATTACCATTTACTTTGCTCCT
AACACATTTAAGT GAGT GACAATAATAATGCGACATTGTAGCTATGCTTTATTGTCTGCG
TTTGTGTGAGATTTTT

ALD16D08

GITGGTACCCGGGAAT TCGECCAT TACCECCCEEEECGT TTCTGCTGT CGT TTGAGCAGC
TCTTCCTTTAGIT CAAGAAT GCAGACCAGEGT TTCTGGAGAACATGGATTTTCCTGGATCA
GATCTGACGT TTCTGGCCTCTCCTTCT GCTGAGCACT GT CAGAAGCT GTGCACCCAGCAC
CCCTCGTGCCTCTTCT TCACCT TCACACGGT CCGACT GGACCAGATACAACACCTTTTTT
CCCTGCTACCTGAAATCCACT TCATCT GGAGAGCCAGCCT CACAAACTCCTCTTCAGEEC
GCCACTTCTGGATTCTCTCTCAAAGCCT GCAGT CAAGACTTACAACCGTGI TTTTCGGAG
ACTTTTGAGAACGT GGACT TCCCAGEEECCGACTACAGAGCCCTGT TTACACCCGACTAT
GAGGAGT GT CAGAGAGCCTGCACCCAGGACCCTGECTGCCAGT TCTTCACCTTTTTAAAA
GAGGGT TTTTCAGCAACAAGT TACAGGT TCAAGTGTCATCTGAAGT TCAGCTGGAGT TTA
CCGGTGATCCCT GACATGGAAAAAAAGAGCT GGACCT GTATCTGGGT TTTCCCAAAGAGC
ACAAATATCTCGTCAACAGCTTGATACAGCATG
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ALD32D03

CCGGEGAATTCEECCAT TACGECCAEEECTTTTTTTGAGCT TTGCTCAGCT CCAACATGEC
GGACACCGGT GT' GGT GGAGACGCT TCT GAAGCGGECT TGAGAAAGT GGACGGECGGECGTAGA
CAGCGT GGAAGT GGCCAACAGCCT CGGAGT GGACCACCAGCACAT CGT GEGAGCTGTGAA
GAGT CCGCAAACCCT CGGTGACGT GATTTCAGCGGAT CTGCGCTCCTCCAAACACT GCGA
GCTGACGGAGGAGGEECACGGAGAT AGCCGAGCAGGGECAGCCAT GAAGCCCGEGI CTTCAG
CTCCATCCCT GT GGAGGEGT TTACCACAGCCT GAGCTCATGAAACT TTCCTTCGGAAAGAT
CGGATTCAGCAAGGCCAT GT CCAACAAAT GGAT TCGAGT GGACAAGT CCCACGAGEGAGG
CCCCAGGATATTCAGAACT GT GGACAGCATACAAGACCAGGT GAGAGATAAGCTGCTCGT
AGTAAAGAAGGGT GACT GTACT CAGCT GGAGGAGAAAGAGAAGAGT GAACTGAAGAAGAG
AAAACTCCTCTCTGAAGT GACGCTCAAGT CTTATTGGATCACTAAAGGCAGCTCTTTCAG
CACTACTGT GTCCAAACAGGAGACGGAGCTCACCT CTGAAATGATAGCTACAGGECAGCTG
GAAAGAGAAGAAGT TCAAACCCTACAATTTTGAGGCCAT GEGCATAGCCCCAGACT GTGG
TCACCTG

ALDOSEO2

CGGGT TAACCGACCT GACGGT CCGGT TCAAGGCGCCCGT GECCGACGT CTACACACC
CCGGATGCTTGCTTTAATAAATGGECTCCTCCTGT TAAATATAATTTTAAAATTTACA
AGATAAACATCCTACGGTATTTTTGCAGGCTTTATTTTACAGT TAAAATAGATGTTT
ATGAATTAAAGT CTAATGT TACAACTAACCT GGGATGGCCTTTAAGGAATGAAACAC
AGGATGTAGAAGCATCATGGAATACAGAGCCCATCGTI TTTGTGT TTTGACATGACT T
TTTGTTTGCTTTGI CCGGCGCAT TCCAGCTGI TTGT CGAGTAATCACAGCAGICCTG
TTTTTGITTCATTCAAAGACT TTTTAGGT CGAAAAACTCCACAAACTAATGTCCGTT
ATTACTGTGCCGTCTTTCTGATTCGATCGCTGCTCGGTGGT TTCTAGT TGTGT TGGA
CCACTTGAATATGTGI TAACCTCAGGT TGTTTTTGT TCCAGTGTTGAATTTTATTTA
TTTTTTTTTTTTATCATTTCTCATTGI GCTGECCT TTATGCAGCCCCCCCAACAATT
GAAGAAATACTAAAACGT CTCCCCCTTTAGGAGAGAAATGACGCTACAAGATGI CAG
AT GCCGEEGT GAAAACACCAAAGCAGGAGGTAAAAACAT TTCAGAAGT GGGAACGTACA
CTACCTTATGCTAACATGAAGAGCAAATAATTATATTGI TTGT TTTTGCATAAAAAT
CCTTTTTACTGIAGCAAC

ALD36C23

GITGGTACCCGGGAAT TCGECCATTACGGCCCGAGCCTGATTGT TTTGTGATTTTATAGCA
CTTTACCTTCAGAGCCCTGGTTTCT TACGT CCGAAGCAGT AT TCCAGACGAGCTGTGACA
AGITTTCATATTGITTGITTTTTGATCCTTTTCTCCGATACATTTATAGIGATTTACCTC
AGATAGAAAAAAAAACAACAAACT GCAGGATCTTCGT TTGT TGAACAAACAACGAGACGA
GCCGAGTCTGTTTAGACGCT TGATACAACCCCGAGCAGCAAACATCCATCAGATATATGA
TTTTTTTTAGICAAATAAAGTGTTTTCCTGCGCTTTACTTCCCTATTAACCTCACATTTA
AACAATTCATTCTCTCATCATGAACGACAGGCT TATCGGGATGAATGAAACTGTAATTCA
GCECTTAGAGT TTCCTGCATGAGCT GCAGGT CGGATCAAGCT TGACGCTGT GAAGCTTTAA
AACCTGGTTTTCTCTGGT TCAAACCTGT GT TTTCCCT CATGAAT CCGT TCAGGAGCGGAA
AAACTTTTGCCTTAACAGAACT CTTAT CGGAGCGGEGAGCT TTTAGGAATTAATCCTGGEGA
TTGIGCATTTGAATCTGAACTGT TAGGSCTCTGECTTGT TTTAAAAGTAGATCCTTTGIGT
TTCTGTAGT TTTCTAGTTTTAACCTTGI TAGAAATGTAACTAACATCCAGCCTCCTTTAA
CAATAC
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ALD40F05

GAATTCGGECCAT TACGCGCCGEGTAAAGGT TAACT ACAAAGCCAAGGCAAACCT CAGAGA
CTGAACACT CAGGGEGATTTCCTCATTCCTTAGCT CTGGGECTCAGATTATTCACATAGT T
TGGAGGCAAAGT GGAGCGCCAGAAT CCACTGAAACT TGT TTGGAAT CACAGATGGAAGAA
TGAAGT GCAGATTAAATGATTTATGGAAATATCATTTGGAACAGTGTCCCTGTGTGI TGA
TATGCCAAACT CACAGCT GACATGT GT TAATGTACATAGGCGT TAATTAGAGTCAGIGTT
ATTGCAAACCATTATTAATGTACATGAGT GT TAGGGGT TGCAGTAGCATGGTGGT TTTGC
TGCAGT CTCATAATCCTGAGAATGCAAGT TCATGT TTAGAT TGAGT CAGAAAGGACATCT
GGTGAAAAACAAT TGCCAAAAGT TTCATCTAAGT TGCTAATTGGGEGECAGCCTCTCTCCAC
AAAACCTAAGTGTTATTATGCAGCCTTGTTAATGTAATTTGTAACAGT TTTGGACACATG
CTAAAAACGT TCAGI TTTTCATGTAAGAAAAATCTTATCTTTCAATCTGCCCACAAATTC
ATAATACT GAGCCAAT CCT GAAGCGGECAGAT CCCACAGAGGACAGGECECCATGAGGAAATG
TAGGTCAGATCCGGT TCTTTCAGAGT CCAAACAATCCC

ALD28M24

GITGGTACCCGGGAAT TCGECCAT TACGGCCCEEGAGGAGECCATCCCATGECTCTGCGG
GAGCCAGCCCCATTTGCCAAACCAACAGGT TGT GAGGCAGI TG CCCACACGACGT GGT G
ACCATTTCTCAAGCACGAAAGGEGAACGCCAGCT CACCGT CCAGT TCGAGT CTATGCTGAT
GGGATCTTTGATCTTTTCCACT CGEGACACGCT CGAGCT CTGATGCAGGCCAAAAATGTC
TTCCCCAACACT CACCT GATAGT AGGAGT GT GCAGT GATGAACT CACCCACAAGT TTAAG
GCCTACACGGT GATGACGGAGGAT GAACGCT ACGAAGCGT TGCGECACTGICGI TACGTC
GACGAGGT GGTGCGAGACGCT CCCTGGT CACT TACCACAGAGT TCCTCAAGAAACACAAG
ATCAAATTTGTGECTCATGATGACATTTCGTACACTTCTGCTGGATCAGAGGATGTI TTAT
AAGCACAT CAAAGAAGCAGGEGATGT TTGT GGCCACT CAGAGGACAGAGGGTATCTCCACA
TCAGATCTGATTACACGAAT CGT TCGAGACT ACGACATCTATGT CCGT CGCAACCT GCAG
CGAGGGTACACGECTCGAGAACTAAACGT TGGGTTCATTAATG

ALD33H14

TTTCGAGATGATGAATTTGCTTTTGECTACGAGGT CTCCAAATCCCACTTTTCTCCCCTG
CTGGAAACCTGATGCACCCT CTTCGAAGT CAGAGATTCCTCTAAAGTCACTGAAATGITT
GACTGT GT GGAGCCT GATGATGT TGAAAGCAACGT TCCGGAGATAATTACTGCTGGTTTC

ALD39L22

GITGGTACCCGGGAAT TCGGECCAT TACCGCCCEEEECACGAGGAGACGGACGCACATCCA
GATAGAAGATGAGT TTTCCAGCTCTGECCTCTCTCCTGCTGGTCATTTCTTCTGT CCAGG
CCTTCCAGT ACACGGACCTGGT GCAGT ACGT AGACAGCCACCAAGAACAATATGT GCAGA
CCCTCAGGGACT GGGT TGAGAT TGAAAGCGACT CCAGCAACAT CCTGAGAAGACCTGACC
TCCATCGT ATGATGGAGGT GGT GECT CAGAAGCT GCGGCT CAT GGGAGGAACCGT GCAGC
TCGT CGACATCGGAGAGCAGGAGCT TCCTGACAATCAGACGGTGGAGT TGCCTAAAGTI TG
TGACGGCTGAGT TTGGTAAT GACACCAACAAACACACTGTGTGTGTCTACGGACACGT TG
ACGT CCAGCCGECCAAACT GGAGGACGECT GGECTACAGAGCCCTACAACCT GACAGAGA
TCAACGGAAAT CTGTATGGAAGAGGAGCT TCAGACAACAAAGCT CCCGT TCTGECCTGGA
TTCATGCTGTGGAGGCTTATCAAGCCCT CCAGATGGAGT TACCAGTAAATGTGAAGTTTG
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TCATCGAGGGGAT CGAGGAGACGGEEGET CTAACGGT CTGGATGCCAT GATCCT GGCCCAGA
GAGACACGT TCTTCTCAGATGTGGATTACATCATCATTTCTGACT GTGGCTGGAGGAGCA
GACGGECCGECCCTCACGT AT GGCACCAGAGGAAACTGCTACTTCTTTGC

ALD24L13

GI'TGGTACCCGGGAAT TCGGECCAT TACGGCCCEEEAGAAGGAGCT GT TCCTACCGECCAT
GCGGAAGAAGAGCAGCT CCAACACT GCT GAGGGECT CCGT CAACGGT GACACACT GACCEC
CCACTGGITAGT GGACGACATGCTCACT TTTGAGAACGT GGGT TTCACAAAGGATGT GGG
GAAAATCAAGTACCTCATCTGTGCAGATTGT GAAATTGGACCAATCGCECTGCCACTGITT
GGATGACAAAAAGAAAT TCTATGT GECTTTGGATAGGEGT GAACCATGCATAATGI TTTCA
TGCATATGT GAGCCCACACGGACCTCATTAAATGT TTTGGCAGCCTATGCATTGI TTTTA
TGGATTTATGCCCAGT TTACCCCGAATAAGT CCATCGTACACACACTCACTGATACTGTA
CTGTTAAAGGGATTGTGCCATGT TCATTTCCATCGATCATAATGGCAT TAGT ACAACCAT
TCTGITCTAATAAAGT TATTAATGAAGTCATTATTTGAATGTCATACTTGI TATATTTGT
TACCGT CACCTAGATGAAACAGT TTAGAACAATTTACAATAAGT CCCTTAAATTAAGT GA
ATATTAGATTAAGGTGCCACTGCAGT GCTGGTATGGATGCTATTAATCCATCAGCATTAA
TATTATTTTTAATCTAATCTAGAGATGCTGACATGGT TTATTTGACAGTAAT TAAAAAGT

ALDO4P15

GITGGTACCCGGGAAT TCGECCAT TACCGCCCEEEEGAAGAGGAGAT GTCACCGT CEECG
GTACAGATAGATCAGI TCATAGCATCACTCAGT TCTGT TCAAAGAAAACT CCGATATATT
TGTTAGCCACACTGTGCTTGT GT TTAACATGT TGT AGCAGCGCT CCCAGT GACCAGAGCT
CTCCGT CTCCAGACCGECCGT GACAGGACAGCAGCACACAGATCAGCCTGI TATGECTG
CCCGGECATCAGGGACCT GCAGCT GCTTCACACGGECT CAGCCGAGGCCAAAAAGACAGACC
TGAGGACCAAAGAGAAGAAGT GCTCTTGEECCTCGTACATGACCAATTCTCCCACCATGA
TAGIGATGATTGGEGT TGCCCGCT CGAGGGAAAACCTACAT GT CCAAGAAGCT GACACGT T
ACCTTAACT GGATCGGAGT GCCGACAAAGGT CTTTAATCT TGECGAGT ACCGGAGGGAAG
CGGTGAAGT CGTACGAGT CCTACGATTTCT TCAGACACGACAACAAAGAAGCAATGAAAA
TTAGAAAAGAGT GTGCTCTAGTAGCACT GAAGGATGTAAAGGT TTACCT GAGT GAAGAGG
GAGGACAAATTCCTGI TTTTGATGCCACAAACACCACCCGAGAGAGECGAAACCTCATCC
TTAACTTTGCACAGGAAAACGCCTACAAGGTGITTTTTGT TGAATCAGTATGTGATGATC

ALD34H19

GITGGTACCCGGGAAT TCGECCAT TACCECCCEEEGAAAGCGT TTATTGT TTCTTTGCT T
TTCGGGAGCTGAATTTGI TTGCGAT CCGGTCAGI TCTACAAT CAAATAACGAGACGGAAA
AATGGCTGGT GECAAGCCAGGAAAAGACAGCGEEGAAAGCCAAGGCGAAGGCGEGT GTCECG
CTCCCAGAGGEECCEEECT GCAGT TCCCGGT GEGTCGTATCCACAGACACT TGAAGACT CG
TACCACCAGCCACGGT CGCGT CGGAGCGACGECAGCGGT TTACAGCGCTGCCATCCTCGA
GTACCTCACCGCCGAAGT ACTAGAGT TGECAGGAAACGCCTCCAAAGACT TGAAGGT GAA
GCGTATCACT CCCCGT CACT TGCAGCT GGCAAT CCGT GGT GATGAGGAGT TGGATTCTCT
CATTAAGGCAACGAT TGCCEECEGAGGT GTCAT CCCCCACAT CCACAAATCCCTCATCGG
GAAGAAGGGCCAGCAGAAAACT GCATAAACGCCACGT TGACCACAGATTTTGEECECTTGG
GCTTTGT TCGGACCAGGAGT TCACATTTGT TCTTTTCTATTATTAATGT TATAGCAAACG
AAGAGTGATTGT TAGCCTTTGTGI TGT TATATTTTTCCCGTAAT TAGAGGAAAGTACAGC
TAATCCCTTAACAGCAGAAAAACCCTTTTTTATGICCTTGTAGAGCGT TTGACTGAGGAG
CTCATTATTACTGAAATGATCAGTGAATTTGI TTGAT
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ALD32F04

GI'TGGTACCCGGGAAT TCGECCAT TACGGCCGCGEGAGGACAACAACACACAACTCTGCG
CAACACT GTGAGCAAAAAT GGCGGACGT AAACCAAAT CGAGAAGAAACT GECTGAATACA
AGT GTGACACCAAT GAAGCAGT CTGCCTGAAGCTAGI TCGTTTTCCTGAGGACATTGATG
ACGACAGCACCACATTCCACCCAGAGT ACAGTCACCAACAGT TTGGAGATGATGAAGT TG
CTTTTGGCTACAAAGGT CTCCAGATCCAACTTTTCTACACT GCTGGAAACCT GGECACCC
TCTTCAAAGTCAAATATTCCTCAAAAGT CACTGAAATGT TTGACTGTGTGGAGCCTGATG
ATGT TGAAGGGAAGGT TCGEGAGATAAT TCCTGCTGGT TTCACCT CCAACACGGACGACT
TTATCTCCCTGCTGCGAGAAGGAGCCCAAT TTCAAGCCCT TTGECACCATGI TGCACTCTT
ACACCATCCACAACGAGGAGGCGEGAGAGCT CACCTACCAGGT TCACAAGGCCGACATCA
CCTGCCCCGGAT TCCAAGAGT ACCACGAGCGCCTGCAGACCT TCCTCATGT GGI TCATCG
AGACTGCCAGT TTCGT TGACACAGACGACGATCGT TGEGACTTCTTTCTTGTATTTGAAA
AGTACAAT AAAGACGGEGAGACT CTCCACGCAACTGT TGECTACATGACAGT TTATAATT
ACTACGTATACC

ALD33D11

GITGGTACCCGGGAAT TCGGECCAT TACCECCGEECECCGACGCECCGATGCTGT GT TCCAT
TCTGGAATAACTAGATGTGAACTTCAACATTTGEGGT TTAATTTTTACATTTGGATTTAA
AAATTTAGATTTTGAATTTAACATTTAAATGTAACATTTACTAAAGATTAGCTTAATGTA
AGAACGGT GAGGTAAACAAT GAAAAGGATGGTAGTGAAAATTTTTAACATGTATTCTGAT
TTTGTATAGTTTAGTAGGTAAACATATTGTTGTTTTAGTCTTTATGAAATTGTGACTTAG
AATAGGGAAAAAAATAATTTATTATTTTTTAATAAGCT TTGGAGAAGGGT GGGAT TAAAT
ATGITTATTTTACTTCTTCCCATTCCTTTTCAAATACGTITGATTTTGT TATAACTTTTTA
TCATTTTTTTGITTTGITCTCTATACATGT TTGAAATAAACTAACATTTTATTTTACACT
TGGIGCCTCATAAAGATCAGCTGATGCTTGT TGGATTCATGCAGCAAAGT GCTGAGT CAT
CCCTCTGITTCAGGT GGT TTCAGCAGEGACAGAACCCT TACACCCGCTCTCAGGACTGEC
TTTTCTCTGGAGGEGTATTGGGACCGAACATACAGCCAGCTGCC

ALD15H03

GITGGTACCCGGGAAT TCGECCAT TACGECCCEEEEEGET TACCGACGT GCTCTTGGAAGC
TGAAGGECGTGCTGAGCTTTCTCCCGAGI TCTTTCCTTTGTCAGTCTTGGAAGCTTTTTCT
GCCGCTGCATTTGTCTGAACT CAGCTGCCTGCAGCACAGATAAAAATGT TGAGAAGT TCT
TTAACTCAGGT TTTCAGACAGGT GGT GAGAAACT GGAGTACAGACACAAGCCTGATCCTA
GAAAGATCGATAAACCGGEGT GCAGCTGI TGEECCEOGT TGGT CAGGACCCGGTAATGAGA
CAACCGGACGGT CGAAACCCCGT CACCATTTTCTCAATGGCAACAAAT GAAATGTGECGEC
ACT GGAGACGGACAGGCGGEECT CAACAGGT GACGT CAGT CAGAAGACGAT GT GGCATCGG
GT'GTCCGT GT TCAAACCAGGT CTGAGAGACGT CGCCTATCAGCACGT TAAGAGAGGAGCC
AGGGT TCTAGTAGAAGGAAAACT GGAT TACGGAGAGT ATGTGGATAAAAACCAAGT CAGA
CGCCAGGECCACGACCATTATTGCAGAATCNATCGT GT TTCTGAGCGACAACAGAGACAAA
GAATGAGGGCCTTTCTGI CCGTCCACATGATAACT TCTAGT TCTTTGTACCAAAATAAGA
CTCGAGAATGATTGAT TCCT GAGGAACAAAATAAGATCACGT TTGACT GT

ALD15L11

GITGGTACCCGGGAAT TCGECCAT TACGGCCGEEEGT TCATTTGTGGAGT GCCTGCTGAAG
AGTGCGTACAAGTATTTTTTTTGGTGTCCGACTAAGT TGTTTCTTTTTAATTTTTGATAA
AAATGAGAGAGATTGT TCATTTGCAGGCT GGCCAAT GCGGCAACCAAAT CGGAGCGAAGT
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TTTGCGAGGT GATAAGCGACGAACACGGCAT CGACCCGACCGGGACCTACCATGGEGGACA
GT GACCT GCAGCT GGAGCGGATCAACGT GTAT TACAACGAGGCCTCAGGAGGCAAGTATG
TTCCTCGTGCAGT TCT GGT GGACCT GGAGCCTGECACTATGGACTCTGTGAGGT CTGGTC
CTTTCGGTCAGGTGI TCAGACCTGACAACT TTGTCTTTGGECCAGAGT GGAGCTGGTAATA
ACTGGEGCTAAAGGCCACTACACT GAGGGAGCT GAGCTGGTGGACTCTGT TCTGGATGT GG
TGAGAAAAGAGGCCGAGAGCT GCGACT GCCTCCAGGEGT TTCCAGCT CACGCACTCTCTGG
GAGGAGGECACGGATTCTGECATGGEGTACGCT CCTCATCAGT AAGAT CCGAGAGGAGTACC
CGGATCGCATCATGAACACT TTCAGT GT TGT GCCCTCACCT AAGGT GT CAGACACGGT GG
TGGAGCCCTACAACGCCACGCTCTCT GT CCACCAGCT GGT GGAGAACACAGATGAGACCT
ACTGCATTGATAAT GAGGCCCCGTATGACATCTGCTTCCGTACTCTGAAACT

ALD28D03

GI'TGGTACCCGGGAAT TCGGECCAT TACGGCCGEEECAACACCCAAAAGGT GATTATTTTA
TTAGCTATATAAACATACACT ATGATCAAAATGTATGTAAAAAAAACAAAAGT TGTGAAC
CATCGTACTTCCTTCATCCACTGACTGAAAACT TTCACAGCT TCTTATTGAATCAGAAAC
TTAATGCTGTTTAAAAGGTCACGT TACTCATTTTATTTCCACTTTTGACTTGACTCAAAT
CTGCGT TTGGTACGAAGACT GCAAACCAATGT CACCAAAACGACT TTGATTTCAAAATTT
TCATTATTTTTTTTTCTAACACAGATAACATTGGT TTCTGCATTTCTTCAAATATTTTTC
ATGAATTCTTTTTCGTCAGECTTGAGICAGTGTCCTTTTTGTGT TGCTTTTGGT GCAGT T
TCTGITTATTGAAATGACACT TTGAAAACAACTCTATATTTTTTTTTTTTTCAAATGCAA
ACGACCTATTTACT GT GGCT GGAATAAACAGGAAGCT GT GGT CACCGACACATTGTGACT
CGTCTTTTTACCTGATATTTTTGTGAACT CTCGGT TCTTCGGECGCCTCCCACCAGT GCTG
ATTCACTTTCTTCTGAAGECCTT

ALD29117

GI'TGGTACCCGGGAAT TCGECCAT TACGGCCGEECAGCCT GGTGTAGCAACTCTCTGCCC
CTCTGTAATAAATGT CTTCACACAGCGCACACAAGGAGCTCTGT TCAGCTGCATTCAGGA
CTGTTCTTTCTACATTACCCAAGTTTATCATATTCTTCCTCTCTGCGGAGITCTGATCTC
ATTCAAGGGEECATAACCTGI TAGGGT CTGGT GCACT CATAGGGATTGTAAAATCAAGGT G
CACAGATGATCAGACT TGTATGT TAAAAGCAAACT GGAAGGATTTTGATTTTGITGTTGA
TTCTGTTAAAAATGT TGTATATTTACT GGT TCAGCAGAGCAT CAGT AGGCAGTAAAACTT
CTGATTTACAGI GTAAAGATCTTTATATAGACATTTGAAATAGACATTTGAAATAAGECA
TTATTGGT GACTACAGACAATATTTTCAAACCGATGCCAAATCGCTCAACCTTTGGTGT G
ATTTTAATCAAACTGAAATTAGT GCACTTTAAAAAACGTGATCCTTTAATTAATATTTCT
TAAATTAGAACAAAACCAACCACCTCAGCCAGT TATGAAATTATTAACCATTTGT TGTAT
CTGTGCCTGTAAAAACAGAAAACATGCACAGATCGTATTATTCAGGAATTAGT AAAATAAA
TTGAGT TTGTTTAATGT TTAAACCCTAATAACCT GAAATAAGCT TTCAACCAAGTATGAT
TTTGITTTTAATGAAAGT GCTGG

ALD34N22

GITGGTACCCGGGAAT TCGECCATTACGECCGEEECT TCT TTCCAGACTCAGACTAAGAA
GCACACGAGCTTCATCATGGT GTACAAAGT AGCAGT GAT CGGGEGCGEEGACCCTCAGGT CT
GACCAGCATTAAAGCCT GTCTGGAT GAGGECT TGGAGCCGACCT GCTTTGAAAGCAGT GA
TGACAT GGGTGGACT GT GGAAGT TCAAGGAAGT AT CAGAGCCCAACAGGEGCCAGCATCTA
CCGCTCCCTAACTATCAATATCTGGAAGGAGATGATGT GCTACAGT GACTTCCCCATCCC
AGCTGATTACCCCAACTACATGCACCACTCTAAAATCCTAAAATACT TCAGGATGTATGC
AGATCACTTCAAGCTACTTTCTCACATACGCTTTCAGACCT CAGT GAAGAGCGT CACCCA
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GAGACCAGACTTTTCT TACACCGGT CAGT GGGAGGT GGT CACAGAGGATAAAGATGGACT
AGAGGAGAGCCATGTCTTCGATGCAGT AATTTGCTGCTCCGGT CACTTCAACTATCCCAA
CCTGCCACTCAAAGACTTCCCAGGAATTGAGACATTTGAAGGAACATACTTCCACAGI TG
GGACTACAAGGGACCAGAGGATATGTATGGTAAGAGAGT GGT GGTCATCGGCATCGGT AA
CTCCGGAGGGEGACAT CGCT GT GGAGGGECAGCAGAGT TGCAGAGCAGGTATATCTGAGCAC
TCGCAGTGGTGCCTGEGT CATCCGTCAAGT TTCTGA

ALD19B23

TGTGI TGGTACCCGGGAAT TCGGECCAT TACGCGECCGEEEECAGCAAAGAGGACAGT GAAGG
CTTTGAAAGATGTGTCGTATCTTTGCAAGT TGT GCTCTGGECAGCCCTGCTGCTGECTGTA
GITTGGECAGAT CACCATCACCACCATGATTCCAGT CACAGCCATGAGGGT GAAATGEECC
TGCCATGITCTCTCCCCT CATAATGCAGACT TTGCCT TCACCCT CTATAAACATCTAAAT
GCCAAGGT TGCT GCTGGACAGAACATCTTCTACTCACCGCTGEGTATCTCCACTGCTTTG
TCCATGCTGTCTGT AGCGEECCCGT GGT GACACGCACACACAGCTGTTCTCCAGCTTGEEC
TACAGCACCCT GGACCAGGECACGEGT CAATGAAGCCTACGAGCATGCTTTCCACATGCTC
AACCACAGT CAAGAGAACCAGAAGCT GGAAGT TGECAACT CTGT TGCTGT GCACACGEEC
TTCAACCCTTTGCCAGCTTTTCTGAATGATATCAAGCAGT TCTACACTGGTGAGGTCTTT
AATGTGGACT TTGAGAAACCT GATGAGGCAAAAAACCAAAT CAATCAACACATCGCCACT
AAAACCCATGATAAAAT CAAAGAT CTGGT GAAGGACT TGGACCCACAAATGGECCATGGTT
CTGATCAACTGGGTCTATTTTAGAGGACAGT GGGAAAAACCAT TTAATGGECAACCTAACA
ACCAAGAGGGACTTCCATGI GGATGAAAACACC

ALD23115

GCCGEEECTTCTTTCCAGACT CAGACTAAGAAGCACACGAGCT TCATCATGGTGTACAAA
GTAGCAGT GATCGEEECGEGACCCT CAGGT CTGACCAGCAT TAAAGCCTGT CTGGATGAG
GCECTTGGAGCCGACCTGCTTTGAAAGCAGT GATGACAT GGGT GGACT GTGGAAGT TCAAG
GAAGT ATCAGAGCCCAACAGGGCCAGCATCTACCGCTCCCTAACTATCAATATCTGGAAG
GAGATGATGT GCTACAGT GACT TCCCCAT CCCAGCTGAT TACCCCAACTACATGCACCAC
TCTAAAATCCTAAAATACT TCAGGATGTATGCAGATCACTTCAAGCTACTTTCTCACATA
CCCTTTCAGACCT CAGT GAAGAGCGT CACCCAGAGACCAGACT TTACTCGCACCGGTCAG
TGGGAGGT GGT CACAGAGGAT AAAGAT GGACTAGAGGAGAGGECATGT CTTCGATGCAGTA
ATTTGCTGCTCCGGTCACT TCAACTAT CCCAACCT GCCACTCAAAGACTTCCCAGGAATT
GAGACATTTGAAGGAACATACT TCCACAGT TGGAACT ACAAGGGACCAGAGGATATGT AT
GGTAAGAGAGT GGTGGT CAT CGGCAT CGGTAACT COGGAGCGGACATCGCTGTGGAGEEC
AGCAGAGT TGCAGAGCAGGT ATATCTGAGCACT CGCAGT GGT GCCTGGGT CATCCGT CAA
GI TCCTGATGAT GGCCGEECCAGT GGACAGG
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Appendix D
Table 4 sequences

ALD26D16

GGAGT TGCTGCGTAAAAAAGAAAGAAAGAAAGAAAAAGT CCGAAGCAACT CTAGAGGCAC
ATCTGCAATTTAAGAAGAGAAGAAGGAAACATTTTTTCTCTAGAAGAAGACTATAAAAAG
TGAAGAGT TAAAGGGGEGAAAT CATCCAGGAAAGAAGT AAGT TCTCTTTTTAAATAAAGT T
GTATTTGITGCGT TTTTGGGECEEGAGCT TTACGAGCCAAT GAGACT TTAAGCAGCAGAGG
TTTCAAATTTCAAACAAATGATGGAGTI TTCATCTGAGCAGGAACTCTTAGCCTTTTITTTT
TAAACAACAATGAAAACAGT GGATTTCTGATCT TACATCAGCCAAGAATGAACAACAAAG
ATGCCCTCTTTGGATCTTTTAGI CTCCAAAAACAAGACGCGT AAAAAAACTAAACTTTGC
GTAAAGT TGAAT GAAGT GGAGT TAAAGT GAGAAAAGACAAACAAACGCACAAATTTTAGT
GITTTGT GGGGACAGATAAAAAAAACATGATCCTTTGI TTGGT GGGGT TCAACAGAAACT
TTGCCCAGACATGAAACT TTACTGGAGCT TTACCT CAAGAAACGCGCATGGT GTGTGAGA
GIGCGCGTGTGCATATATATGTGAGCATGTATGATCATATTTCAGCGCCTGI TTTTGATT
TGTTCCTGCAGGAGAGCGGECAGI TA

ALD38D17

TTACGGAGGAATCTTTCGTGAGATCT TCT CGT CCCCGCT GAACCTCACGCTGCTCATGCC
TCTGITCTGI TCCTGCT CT ACCAAAGCT TCCT CGEEGACGEGECCACCCGACCT GGECGAGC
TGGAGAAGCCT CTGCCCACCATGAAAAAGAGGGAT TTTACCCT GGTAGAT CT GAAGCCCT
ACGACGGACT GCAGGACCCGCGGEAT CCTCAT GECCGT CAACGEGAACGT GT TCGACGT GA
CCCCAGGCAATAAGT TCTACGGGECCACAGEGACCGTACGGAGTGITCA

ALD24N21

GITGGTACCCGGGAAT TCGECCAT TACGGCCCEGACAGAGGAACAT TTTCAGGT CACCCC
CACCAACCAAACAATGTCAAAAAGATTTTTACATTTCAGAAGT TTATTGT CTGGTACCAG
AAGT GACAGGACTGATGGTAATAATGGTAGGT TATTACTTACCTACCATTATTCTAGI TG
CAAACAGTI TACAAAAT GATGAGGATGATCTGT TTAATAAGCT CCATAAGT AAAATTGGECA
GCCTGITTTGAAGTGAAAATGATTTTTGI TTTTGT GAAAATCCTCCTACT TAATGATGGT
TAACTCGGT TAAGT CTTGT TAAAGCAGTAGT TGAATATGT TTGATAAAACCTGATTAAAA
ATTAAGCTAAACCCTTCATCCATATTCACTTAGCACAAAAATTATAAATGAGGAAATTGT
TTACCTTGT TTTAACTCTTTGI TAGCACT CCTGT TAAACAACAAACTGCCTGATTTTAATA
TTTATTTTTTTTGTAACAAACAATTATAGTGTCTTAGTAAACATCGAATGAGATTTACAG
TTTGGAGI TTTACATGTAGACATCGT TTCCTGCATTTTAGTCTTTGACATAAGATAAGCT
AGCCTAGATGATAAATTATTTTAGCTAGGAGT TTGGCTAGCT TAGI TCAACTAACAGCAG
CTGTAAAGATACGAGAAACATGACAGCTTACTGATACAATTAAAGT GTCAACTATGACTA
ACATACATATATATTA

ALD28F11

GGTCTGTGTAAATAATATAACAT GCAACAGCT AACAT TACAGCAGGTAACT GTACCCCCA
CAGCTGT GCCCT GTAACCACCCAGCCAAT TAAAAAAAAAAAAAGAAAAAAAAAGGAAAGA
AAGCCAATCCTGATATTTAATGAGCTAACACATTGCAGT GCCTTGTGAGCTTTTAGCAAG
CTGCAGATTTGTAGAAAATGTGCCGT TAAAATAGI TAGTGT TTATTAAAGAATAAAGGT T
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GACGTCTTGGGTAGCAAGATTAATAAAAT CCTTATAATGGAATGT TAACCTATATTTTTT
TCTGCTTATTTGCATTAACACAACATATGATAAAAACATGCCGT TAATCTTGTGGCTAAA
CAACAAATTCCCCTTTATGGT TAAACAAATAATAAAAAAACACT TACGAATCTAAATGGA
ACACACACAGAAATAGCCAAACAAGTACTTCTTTGITTATTCACACAATGICTTTCTGAA
AACGTGATCTTGACACAATGATATAAAACACATATTAAAGT TGATTAAATATCCAGAGT G
GITTTTCTCCTCCCAGT CTTAAACT GCCATGT GCT TAAAT GCCTCTACAGGCAAATAAAA
TGECTGGAGT GCGGACAGGAATGTACATCCCTCCTTCTATTGT TAGTGTCTTTATGT CCAG
ACGGATCTCA

ALD28L24

GI TGGTACCCGGGAAT TCGGECCAT TACGGECCGEECEEECT GAAGCACCCGCCCCAAAGAG
CTGGEEEEEGET TAGGEGET GAAGGGAGT GGAGAGAGAT TTGGAAAAAATGT T

ALD35J11

GI'TGGTACCCGGGAAT TCGGECCAT TACGGCCGEEEGACCACCAGAAGAAACAGCCGGEGAC
AACGAAATCCACAATGAAACTCTTCATGTTTTCTCTGCTCCTGCTTCCGITTGI TGCTGT
GGTGGAAACAGGCACAAT AAGAGGT GAAAGAGAGAACGT GTTGAGT TTTCTACAGGAAGC
TCTGAGCGAAGCTATTGAAAAGAGT GAACCT GCGGAGAT CTCAGAACACAGAAACTCTTC
AAGCAGACCCATTAAAGT CCAAGAT TCAGAAGATGT GTCTGATTCAAAAT CAACAGAGAG
TGTGGAAAATGATAAATACCAAGACCT CGACAGT GATGAGAT CCTGCTTCCTAAAGAGGA
GCCGGT CCCGT COGCGAGGAGEECGGT CCCAGGEEEEECAAAGCAT GCCGGT TCAAGEEGA
TCTTCAAGCGAGT GACGAT CAGAGCCAT CGCAACAGCACGGGT GGAGT GATGCAGGTGTC
TGAACGAACCAAT CAGAGCCCGECEGT AAGAGCCAACAGGATGCTGGACATGTATCCGAG
CAGAGAGAT GCCAGACT GGGACAGT TCGGAGGACCGAAGGT CACCT GCAGEGGACGAGAG
CAAACT CACGGATGACGACGAGAGCAGAGACGACACGAGCT CCGAGACCGACCCCCTGAA
GCCCAGCAGCCT TTCTGCTCCCGCCAGGAACCG

ALD31HO06

TTTGITTATGTGAAAAGATAATTACTCTTAATTCATACCTCTATTCCGATTCTGT TTGGA
GITTCTGGAAAGCCCCT GGAT GT CCOGCAGSGT TGTGT CCCCTACGAACAAGATGT TGEC
CTCAGGATGATCTTCTGCAC

ALD30HO7

GT'GTTGGT ACCCGGGAAT TCGECCAT TACGECCGEEGACCCGAGT TGT CGCAAAGCAGCT
AACGT CAACGGACT GACCGGECTAGCTTGCTGAACAAGT TTCAAAGAAAATATAAATTAGT
TTACCCATGITTTTCATTAACTTCTTATCATTTTGTGITATTTTATTAATATAGI TTCAG
CTAACGCTTACTAATTAACAATATGGATGT TCT TCGCCCGCCTCTTATCAATATAAATGG
GAAAATATAT CGAAAAAACAT CGTAAAGGAGGAACAT TAT GAGGAGGAAGATGATTATTC
GT GCATGGGACCACT GGAGAGAGAGGATCTTCCTGAGGGT GAAACCTGTGATGGCCATTT
AATTGAACAGACAGATAAGGGATAT CGCTGCGCCATTGATGT CCCCAGTGT TCTTTACAA
ATACATCATTGGEGAAAAAGGCGAGAAACACGT AGACGCCT GGAAT CGGACACAAAAACATC
AATCAGCATCCCAAAACAAGGAGT GGAGGGACAGATTGT TAT CACCGGT TCACACAAAGC
TGCAGT TTCTTCAGCGAT CACT CGAGT CGAGGT CCTTGT GGAGAGT TTCCGAAGGAAACA
GCCTTTCACCCACTTCCTGI CAT TCCCCCTGAATGATCCCAAAGT TAAAGAAGGATTCCT
GAGATTTAAAGATGAGGT GT TGCAGCAGT GI' TCGCAGGACCAT GGAGT GGAGGEGAAGCAT
CcT
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ALD27C17

AAAATTTCAAATTTCCACACACAG

ALD38P21

GITGGTACCCGGGAAT TCGGECCAT TACCECCGEEEECEG

ALDO1M11

GITGGTACCCGGEGAAT TCGGCCAT TACGECCGEEEECCAGT GGAGGCAACATAAACCT AA
AAAATTGTGAATTTTATTACTATTTTTACACT TCAGAACT GAAGAAAAAAACATTCGTGC
ACAAGAAAAATACT GGCTATAGI TTATACAGAATTTCATAAAAACCAGTACAACTGACAT
TTTTTTCTAATTCTTATTATTATGTAGTCCTAAAGGTGT TTTTGGTAGAAAAGAAATTTG
GGTAGAAAACAAGCTAGCATGAGCTAATGT TTTACTTTTTGTATTAGTATTTTTGTATTA
GTATTTTTGTATTAGTAGTATTGATCACATATTTGCATTCAATTTATTAGIGT TGTGAGT
ATAAAAACAAAAAAATCTGI TATGT TTGGTCACATTTTCAAAGAGCCACATGTGGCCCCA
GAGCCGCAGGT TGCAGACCCCTGT CTTAACACATTACAAAACGGAACAAACACAAAGITC
AGGTGGT TTGACAGAGAT GAAAGGT GTACCGAGAATAAAAAGGATGT GGTCTTCCACGEC
ATTTGTGAATTCTGTAAATGT TACAGATTTGGATCTGGGACAAAATCCTTCAGACTTATT
TAGICTGTGTCAGI TTTGAAAAACATTCTTCTTGACATATTTTTTCAGACGGATTTTTC

ALDO8H16

TGTGI TGGTACCCGGGAAT TCGECCAT TACGECCGEEEGT TCAGAAGCACTGTGCCCCTG
AAGAGAATTATTGT TGACGACGATGACAGT AAGGT GTGGT CTTTGTACGATGCTGGECCCA
AAGAGCATCAGGTGTCCCATCGTICTTCT TGCCCCCT GT CAGT GGGACAGCTGAGGTGI TC
TTCCAGCAGGT TCTGECCCT GACAGECTGEEECTACAGAGT CATCTCGCTGCAGTATCCC
ATCTACTGGGATCTCATGGAGT TCTGTGACGGT TTTCGTAAACT CCTGGATCACCTTCAG
CTGGATAAGATCCACCTGI TTGGAGCATCTCTGEGTGGATTCTTGECTCAGAAGT TTGCC
GAGTACACACACAAATCTCCCAGAGT TCACTCTTTGGTCTTGTGTAATTCATTCAGCGAC
ACGT CCATCTTCAACCAGACATGGACGGECTAACAGT TTCTGGATGATGCCAGCCTTTTTA
CTCAAAAAGATTGT TCTGGGEGAACT TTGCTAAAGGACCT GTGGACCCT AAAATGECAGAT
GCTATTGACT TCATGGTAGACAGGCTGGAGACT TTAAGCCAAAGT GAGCTAGCTTCACGA
CTAACACT CAACTGT CAGAACT CGT ACGT GGAGCCCCACAAAATAAAAGAAGT TGT TGT G
ACCATCATATATGT GTTTGATCAGAGCGCT CTGI CTCTGGAGCCCAAAGAGGAAATGTAC
AAACTGTATCCTAATGCCA

ALD11C23

GI'TGGTACCCGGGAAT TCGGECCAT TACGGCCGEGCACAGCAGCAAACTGT TTTTGT CAAA
CTAAATGAATTCTCCTGGCTTAAGCTACATAAACCTTTTATATTTGCCCT GCACACACAG
ATTTGITTCTACACAGCTCTTGCTATGCCAATGGT CGATCCCAAGT TAGCTGTAAATATG
AGATCTGGTATAAGGACAGGATGAAATAAATGGT TATAAAATATTCAAATGT TCATTTTG
AGATGGCCCGTGACAAT T TGCAAGCT GACACAGAAAT GAGGCCCAAAATTGCAATTATGA
GCTTGGAATTGTAAAGATTTTTTCTCAAACTTAAACCTATAAATGAAGTATAATGCATTA
AAAAAGT TAAAAAAATGT TTTTACTACACTACTAATTTTAAAACCCGATTCAAGT GAAAG
ACTAGTTGAGACTTTTCCTCAATCAGAACAACAGCAAACCAGACGT TTAAAGGAATAGT T
CAGACATTTTGAGGT GEGGT TCTGT GGAAAGGTAATAAATTATTAACATTTAACTAGT GG



CACTTTTAAAGACTAAACTGATGAGCTAAAAGCTAGTATAAGCTAAGCTAAAACTAGTI GA
TGTGGATGT GAAGCAATGAACCANCACTGAACAATTTTATCAGI TGITTTGGTTCATTTA
TTCAGAGCTTTGTTTTAGTGACATCTAGT

ALD20F24

GI'TGGTACCCGGGAAT TCGGECCAT TACGGCCGEGACAGACAACT CECTTTCAGAGAGT AC
TGTCACTTCTTGGATTGGCACGT CCAGCT CAGCT GCAGAGATGAACACAAAATTTGICTT
GGECACTGGTCCTCGT TCTGCAGGT CTCTATGAGCCTGT GT GAGGT TCCTGCT CCATCCAA
GGAGCTTGT TGACAAATACGAGACGAT GAAAGCGACCT TCTACAAGAGACT GATAAACGC
TTACGGECAAGCT GCAGGCCGCCAT GEECGAACAGCAGCAGEGEGCAGAACGT CAGEECTTA
TGCCGAGT CTCTGCAAGGCAAGCCT GAGT TGCAAGCT GCCGT CAAAGT CGTCAGTGGTCT
TGGATCAGAAGCAGGT CCTCT TGT GGACAAGGECCCGTACT TCACTGCTGGGT TTGTACGA
ACACTACCT GCGCCCCCAT GT CGGCGAAAGCCT GAGCAACGCCAT CGACCAGAT CAAGGT
CGTCCTGGACCAAGT CATGCCTGCTGAGT AAAAATAAAAT CAAATAAATAAAAATAAAAA
AGACCAGCTACAGATAATGI CCAATGCCTATAATAGATACTAGCTCATAGAATCTGCATC
AGTTTAGGT TGT GAGGAGCAATACT CAATGCAAATAAGAT TCTCCACCTGT TCAATCAGA
ATCTTGGCCAAAAT CATGCAGAGT TATAAATAAAAAAAACAGCAAAAACCATCTATGCAA
GITCTGCATGTACAGTATTATTTGI TTGATACACTAACAAGI TCTGTGIGTTACTGTG

ALDO9K12

CTTGTGT TGGTCCCCGEGAAT TCEECCT TACGGECCGEEEEEGACCTTC

ALDO1B24

GI'TGGTACCCGGGAAT TCGGECCAT TACGECCGEEECCECT TCATCAGCCT GATCAGCTCT
GGGAGGCAAAACAGCCCTGT CTGTCACTGT TTACTACCGT CGGT GT TTGACAAAACCAAC
AAGATGACTTATCAGT TTCCTGCCCT GT CT CCGGAGAAGAAGAAGGAGCTGECTGACATT
GCTCAGAAGATAGT GGCCCCAGGAAAGGCGGEAT CCT GECT GCGGATGAATCGACAGGCACC
ATGCGCAAAGCGECT GCAGAAGAT CAACGT GGAGAACACAGAGGAAAACCGTCGCTTCTAC
CGCAACATCCTTTTCTCCTCCGATGCCTCTATGECCAACAGCATCGGTGEGGTCATCTTT
TTCCACGAGACACT CTACCAGAAGT CAGACT GCCGGGAAGCTCTTCCCCCAGGT CATCAAG
GAGAAGGGGATCGT TGT TGGECAT CAAGGT TGACAAAGGCACAGCT GCTCTCGCTGGAACA
GATGGAGAGACCACCACACAAGGT CTTGACGGT CTCTCGGAGCGAT GCGCCCAGTATAAG
AAGGACGECTGT GACTTTGCTAAGT GGAGATGT GT CCTGAAGAT CTCCGACAGCTGCCCA
TCGGGACT TGCTATAGCAGAGAACGCCAATGT CCTCGCCAGATATGCCAGCATATGCCAA
CGGAATGGT CTGGTGCCCAT TGT GGAGCCAGAGAT CCTGCCTGACGGT GATCACGACCT G
CAGCGGTGCCAGTAC

ALD31K17

GITGGTACCCGEGAAT TCGECCATTACGGCCCEECAACTGI TTGATTATTTCCACACT CA
TGCATTGCAATGCTTGTGATTAGCT GT GGCGGCCAT CT TGAGT TGGEGT TGECCCCAAAAG
TTAATCAGT TGTAGATGTACAACCAGTAAATCATTTCTGAGCGITTTATTAAACTTTGTG
TTCGCGGATTTATGCAAACATGCACACAAAACATTTTTTTCCTCTTTTCTTATTTTTATA
CTTGATTCAGAAGAGT AAAAATGAGT CTCTGCCCCCCCCCCCCAAAAAAAAAAAAAAGAA
AAGAAAACCCTCTCGCATTTAGI TCATGCAGGGACACAACATTTAGI TTAGGATTTATGG
TGGCCATAAAGT CAGT TTTTTCCTCTAGAAGT GT GAGGT CAAAT GGTGATTGGECTCAGEG
CAGTGT GT GGTCAAACAGAGT GTGT GGT TAACATCAGT GGACGTAGAGT GAAATGATAAA
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TGATGAGAAAAATAAT CCCAACT TTAGAGT GTAAAACAAAAGGT TGAAAACCCCATAAAG
CAACCCCACTCCTGAATTATTTTGI TGTGCTTAACTGTAGGT TTGTTGATGITTGI TTTC
CCCCTCCATATTGGATTTATTCCCCGAAT CGACACAAGGT GGAGAATCAGATGI TGCAAT
GITGATTCGCGTCATTTTTACATTACGI TGT GCCATGT CAAAGAT CATGGGAGCATGAGA
GICAGTGI'GACCCTCCAGGEC

ALD27G15

TGGIACCCGGGAAT TCGECCAT TACGECCGEGACT GAGT CATTTCAGCACAAGI GATTCA
AAACACTGAGT CATTTCAGCAAAAATAATTCAAAACACT GAGTCATTTCATCACAAGT GA
TTCAAAACACTGAGT CATTTCATCACAAGTGATTCAAAACACTGAGTCATTTCATCACAA
GTGATTCAAAACATTGAGT CATTTCATCACAAGTGATTCAAAAACACGCGATTCATTTCAC
CACAAGTGATTCAAAACACT GAGTCATTTCACCACAAGT GATTCAAAAACACTGATTCTT
TTCACCACAAGT GATTAAAAACACTGAGT CTTTTCACCAAAAATGATTAAAAACATTGAG
TCTTTTCACCACAAGT GATTCAAAAACACTGAGT CTTTTCACCACAAGTGATAAAAAACA
CGGAGT CTTTTCACCACAAGT GATTAAAAACACTGATTTTTTTCACCACAAGTGATACAA
AACACGGATTCATTTCACCACAAGT GATTAAAAACACTGATTCTTTTCACCACAAATGAT
AAAAAACACTGATTCATTTCACCACAAGT TATTCAAAACACTGATTTTTTTCCCCACAAG
TGATTCAAAA

ALD37G21

GITGGTACCCGGGAAT TCGGECCAT TACGGCCGEGT TACGGECCGEEEGACATAGT GCCAATA
TGGICTAAAAGAACACTGCAGTCTTTTTTGCAACTGAACAT TGGT TGT GEGECGCGT GECT
TCATCCTGGGT TATCCCT GACT GCTCAGCAGGGAATCCTCTACCGT GACCCAAATCCTGC
AGGTTAGTGCTGT TGTGGGTATAAT CCTGAGT GGAAGCAGGATTTCTCCTTTCCTCTGGG
GCTCTGATGAACGTATCTGTCTCCTGCTGATCCAGT TTCCTCTTCCTCAGCCTGCTCCTT
ATTGGEGGAAAACACACT GACCGAAGT GAAAGGEGGTAGT TTTCTTCTCAAACACACTTCTT
CCACAGT TCTCAGCGGEECTGCATCT TCACTGGATCCCCTCTGGATGCGATGAAACCATTC
GAGTTACTGGTCTGATCT CCGT TGACCACAGGGAGAAGT TGAGAAACAGCGGT TGACTCC
AGGAAAGCT CTGCCCCT TCGTACGT CAGT TGTCAGAGAGGT TTCCTTCAGCGGT TTACGA
GGATGACCCGCTGEGT TTTTGAGGACT CGAAAT GEGCGACAGAGT CAATGCCTCCGCGT CG
TTGIGECAAGGACCGAACTCCCGGT TCTCCTTGAATTCGGT TTTCTTCCCGGEECGAGT GA
AATCCTGI TCCTCCGTGI TGCTCTATGATGI TATACAGCGAACCGT TGCATGTAAAAACT
CCCCCA

ALD28MO08

GITGGTACCCGEEGAAT TCGGCCAT TACGECCGEEEECT TCGECAGCTACATTGT GTGGAA
AGCAGCAGCAGCAGCACGT TGT CGGECT CCTCCACGCTGAACT TTGCAGCGAT TTGACGEC
TCTCCTGI TCAAGGAGACT CAGCGCGACCGECTACCCTTTCTGECGITTTCTCTGAGI TA
CCCTCTACTCGCGEGAAGAAGAAAAAT GT CT GCCT CGECAGCGAAAT CGAGT AAAAAGGEG
CTGAACT CGAACCAT GACGGAGCGGACGAGACCT CCGAGAAAGAGCAGCAAGAACCTGT T
GAACACATCGATGAAGT TCAAAAT GAAAT TGACAGGT TGAACGAGCAGGCCAGT GAGGAG
ATCCTGAAAGTAGAACAGAAATACAACAAACT CCGTCAGCCGT TCTTTCAGAAGAGGT CA
GAACTGATCGCCAAAAT CCCCAACT TCTGGEGT CACCACAT TTGTCAACCATCCACAGGTA
TCTGCCCT ACT GGGAGAGGAGGACGAAGAAGCACT TCACTACCT GAGCCGGEGT GGAGGT G
ACAGAGT TTGAAGACATCAAGT CGECCTACAGAATAGATTTTTATTTTGATGAAAATCCA
TACTTCGAAAACAAAGTACT TTCCAAAGAGT TCCATCTGAACGAGAGT GGAGACCCATCT
TCAAAGTCAAC
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ALD35M22

GI'TGGTACCCGGGAAT TCGGECCAT TACGGCCGEGEEAT TTGCCGAGGTAAGGCGECTTGAA
AGATGTCTTAATGCTCAGTGAACATTCAGTAAACTATTTTAATATTGGACAAAGCAGT GA
TTTCTGTGCTTGACTGICTTTTTTTTTTTTGGTATTTAGT CAAACTAATTAGTCATTATA
TCAGCCCTGACCT GTGTCAAATGAAAACAACAACT TCTTCCGTGAACCAGGAGCTGACTG
AGAGAGT GGACGGACAGGCAGAT GAACT GAGGEGT GAAGCT GCGAAT GCTGECACCCT GGG
CTGGAGT TACAGATCAGAGT CTGACACTGCTGECT TTGI GT CECCCTTGAAT GGECACCT
TAGCGAGAGACT GCGGT TCT GAAT GGGAACGACT GGGGAAAGCCCTAGT GGT GGGAATAG
AGTCTGGTAATTAAGGCAGI TATTGTGTGT CTGTAGGAT GTGCTAGACAGCGAGGT CAGG
AAGGCAGGCCTGTATTGI TCCACCAGCAGGECCCT CACAGCATCACAGT GGTGCGT CAAA
CTCAAGTATATTTGGAGAGAGCCTTAGATCTTCCAGAGAAGAAGAGGAAT TTCAACAATA
AACCGCACAGGCAGCCCTATATCGTCTCCACGICTGT G
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Appendix E
Table 5 sequences

ALD41H13

TGTTGGTACCCGEGAAT TCGGCCAT TACGECCEEEGAGGAGT GCAT GCGGACT GTCGECT
TCTATATCAGAAGGAAAT GAGGGT CGAAGAACT TGTTTTTAGCAATAGAGT GGGT TGGAA
GIGGATATTTGATGI TAATAATTGITTTTTTTTTTTGAACATCTTACAGECTCTGACATG
TTGAATAAATTCGAAACT AAGT TTTTGAAAGATTCCATAAAACATGAAACAAAAAAATCT
GTGAAATTGCTCTATAAATCCATATACACAAGAATTTGT TTGAAAATGCAAAAAAAGATG
AGAAGTTCGGTGTTTAT TGACCAAAGCTATAAAGATTTAACTATGGAGTACCCTCAACAC
GACAGT CACTACAACTACATTGATTAGGATGAACAAAAACACCGCECTCTTGACCGCCTAC
CACACAATGCACCAGACT ACCACACCACCACACCT TGCAACAATTGCCGCAAAAATATAA
CAAAGCCACTACATAATGCATTAAAGACCCCCATTACATTTAGT GCCAATCACTACACAA
CGTGGT CCCAGCGCGAGTI TTATTACATTTTGAAGCCTGCCACATTATTACACAATATGT T
GI'CACCACAAAAT GAGGT CCCACACGCCT TCT TGCTGT GAGGCGT CGGTGCTAACCACCA
A

ALD21G08

GITGGTACCCGGGAAT TCGGECCAT TAGCECCGEEECET GEEEEEEECEGAGCTCTGAGEC
CACAGCTGAGCT TTCAGCTCGT CACT GCT GGGACAGCAGGEECGT TCCTGT TGECCTTCAT
CTTCTCCAGACGCTTCACCAGGT GCTGGT TGGTCATCTCCATCTCCTCCAGCTTGT CCAG
AGCCGTGCGCAGCTCTCTCTGAAGCTTCCGTI TTCTCCGCTTTCAGCTCGICTTCTACTTT
CTCTGCGITGTCGECTGCTGCT T TGTAGCECGCCGCCTGECCT TCAAGCCTCGTGATGT T
TTGITCCATCGTACCCATTTCCTGCTCCGCTTTAGACAGT TTGAACTTGTATTCACTGAT
CTGCCTGITAGCGT CTCTCTGCAGCT CGATGAGGT GCAGGT CCGTCCCGT TCTCCAGCT T
GTCECCGT CEECGAGCECTCCGT CCAGCT TGECGT GT TTCTGCCGCTCCTCGTCCAGCTG
GITCTTCAGCTTCCTGATCTGAGCCAGCAGCT CGICCTTCTCCTCGECCAGCTTCAGTAA
CCTGACGT CCAGCGAACCCT CTCCCGCT GACT CCAGAACCT GCGCGEECCTCCTGEGACAC
CAGGGT GATCCCCGEEGACAGAGGGT TGTGECTGACGT CTCCGTI TG

ALD39G18

GT'GTTGGTACCCGGEGAAT TCGGCCAT TACGECCEEEEEGAACCAGT GGTCTAAGCAAAAC
ACTAATGGTAACGAGACT TCGGT TTCATTGGCAAT TGTGAGCAGATACTCAAGCTCAACC
AGACATTTTCTTTTCAACTGCTAAAATTTGACCAGT GTGAACCTTGCTTAAGECATTCTG
ACTGTATTTAGCCAAATACACAAACAGCAACAGCCGT CATTTGCCTAAAACGT TGAACTT
CCTGTAAATGTITTCTTGITATTCTCAGATAAAATGATGGTCATTGGAAGT TGATTTTTGG
ATGTCAGCTAGCACACGAGCTACTGT TAGCCTCATGGT TTGTATTTGGECTAATTTGGAAA
TACTAAATATTGT TTAGGACAGACCTAGT GCAAAATGT TTTCTGCACTAAAGTAGCTTTT
TCTCTAATTTGGTCGTAAACAATTAAGTCTTCTAGCCTACCTTGACTTTGCTGATTCTAG
TACCGTAGT CTAAAAT GATGT ACCATCCAAAAAAAGT GATTCCATCAAAATTGI TATAAA
TACTCATGAGCTGI CTCAAACGT CTCACACTTTGTAGGAATCTGACAGAGT CACCCTGTC
CAATAATGTATGAAGT CCCAGATTTAGATCTGCTTATTAACATAATGCECATTGTGTTAC
GICTCTTCTATAGGTCACACTCA

ALD41B02
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GITGGTACCCGGGAAT TCGECCATTACGECCCGAGTATCGI TTGT TGATCGATTTAATGT
ATAATTTATTTGGACCATTTTTTTCCCCCTCTTCCACAAGGTGT TTGT TATAAGACACAC
TCTTTCAAAAAGTTTTCTTTATAAATAATTGGATTTGI TTTTTTCCCCTCAAAGT TAAAC
ATTCCACAAAGCGACAACATAAAAATAAATTCTGTAAATCTTTAGCGGTATTAAGITTAC
TTTTTTTTTTTTGGAAAACT CCATGTCACTGTGCCACACTGATTTGTITTTATTTTTCCCT
TTAGTGITTGITTTTATGCAAAGCTCTCTTTATTAAGCTTTTACTTTCTGTATGGAGAAT
TTTCAGACTGGTGCTGT TCATTTCAGGAGAAACACCAGATTTATTTTTCCTTTTTITATT
TTATTTGATTGI TTTTAAAATTCAGCAAATGT TGT GTAT GAGGGT GAGAGAAGT AAGT GA
GCCCGLAGCAEGT CGTGCCCGGCAAAGT TGATAATTTTTATTTTATTTTTAGGTTTITCTTTT
TCAATGTGTAAGAGT TGGTGATTATTATTATTATTTTGT TATGATTAAGI TAAGCTCATT
CTGTAACCAACAGGT GACGAGCT CTCAGT GCTGTAGCCATTTCACCAAAGAGEGTTGI TG
ATCTATCACAGCCCTGAAAAAAGTAAAACTTGTGCTCG

ALD14EO08

GI'GTTGGT ACCCGGGAAT TCGGCCAT TACGECCGEEECCACAGGT GGAGCATCTGCCTCT
GCTGGACATCAAGGT GTCAGACT TTGECGAGAGCAACCAGCAGT TTGCGT TTGAAGT GGG
ACCTGTGTGI'TTCCAGGGECTAAACACACACACACACACACACACACCATCCAGAGAACAC
ACACACCTAGAGACACACATGATAGACATACAGCCTCAGTAATTTGTAAATTAACTTGTA
AATGATGACACACACGCATACCT ACACT GT GGGAAAGCAACATCCTCCCAACAACTCCTG
GACCTAAAGGT CAAGAGGAGAAAAATGTAAAAACT TGT GAGGAGAACATCGACT GGGAGC
AACAAGGAGGAAACAGAAGAACTTTTTTTTATTTTAGAATAAAATGATGATTTCAGGAGC
AGGCGACCCAGGCCCGEGEGET TTAAACCT GAATACCCT CATCTCCAACCCCCCCATCTCCTCC
GCTGACACCTTTCTCCACTCCTGCTCCCCCCCGT CTTAAAATAAGAGT CACTCTGAACCT
GIGAGCAACATGAAGAACACTCCGGT TATAAATCTGTTCAGT TATTTATTTTGECTCTTT

GATCAGATCTGAAACTAATTTTTCATTCACCAAATTTAAATTAAATCTTACATGTICCACC
GACCTGTCAATCATGI TGCTTACATCACT TCATGI CACAACAAA

ALD41D24

GI'TGGTACCCGGGAAT TCGECCAT TACGGCCGEEGAT GI TTGEGET GEEEEGACT TCCACT
CCAACATCAAGACCGT CAAACTCAACCT CCTGATCACAGGCAAGAT CGTGGACCACGEEGA
ACGGCACGTTCAGCGT CTACT TTCGCCACAACT CCACAGGGATGEEGAATGT GTCTGT GA
GCCTGGTGCCECCT TCCAAGGT TGT GGAGT TTGAGAT CGCTCAGCAGT CCACGCTGGAGA
CCAAAGACACCAAATCGTI TCAATTGT CGCATTGAATACGAGAAGACGGACCGCAACAAGA
AAACCGCCCT GT GCAACT TTGACCCGT CCAAGGT GTGCTATCAGGAGCACACGCCAGAGCC
ATGTGTCGTGECTGTGCTCAAAACCCT TCAAAGTCATATGCATCTATATCGCCTTTTATA
GT'GTGGACTACAAACT GGTGCAGAAGGTATGCCCT GACTACAACTACCACAGTGACACAC
CGTACTCTTCCACAGGATGACCTAACTGT TGTATATGCATCAGICTTTTGITTTACCTTT

AAACTATGTCAATGTCCAACTCTAAACTCATTGT TCTGAACTACCTAAACAACT TGATAT
GITGAAGAGTCAGCTC

ALD20J24

GATTCGGECCATTACGGCCGEGEAACCTGT TTTTCAGT TCTTTTCTCAAAAGT GGECTTCT
TTCGCCTCTACAGAAGACAGAATGAGTATTCATGT GGAAAAAATGGATTTTTTCCAAAACT
CTTTCCCTACTAACAAAAAAATGTTAAAGAAATGAATGT TGACACTTTTTAAGI TAATTC
TCATATCAGAAGCTGI TTTTCAGITTTTTCTCAAAAGTGGECTTCTTTGECTCTATAGAA
GACAGAATGAGI TTTCATGT CTAAAAAATGTATTTTTTCAAAGTCTTTCCCTACTAACAA
AAAAATGT TAAAGAAATGAATATTGACACT TTTCAAGT TAATTCTGATATCATAAGCTGT
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TTTTCAGTTTTTTCTCAAAAGT GGACT TCTTTCGCTCTACAGAAGACAGAATGAGTATTC
ATGTGTAAAAAATGGTTTTTTTTCCAAACTCTTTCCCTACTAACAAAAAA

ALD40OE16

GGAGCGAAAGAGT TTTGGAAAAAAATCCATTTTTTAGACATGAAAACTCATTCTGICTTC
TGAAGAGCGAAAGAAGT CCACTTTTGAGAAAATAACT GAAAAACAGGT TCTGATATGAGA
ATTAACTTGAAAAGTGTCAACATTCATTTCTTTAACATTTTATTGI TAGT AGCGAAAGAG
TTTTGGAAAAAATCCATTTTTTTCACATGAAATCTCATTCTGTCTTCTGTAGAGCAAAAG
AAGCCCACTTTTGAGAAAAGAACTGAAAAACACCT TCTGATATCAAAATTAACT TGAAAA
GIGTAAACATTCATTTCTTTAACATTTTATTGI TAGTAGGGAAAGAGT TTTGGAAAAAAT
CCATTTTTTTCACATGAAATCTCATTCTGTCTTCTGTAGAGCGAAAGAAGCCCACTTTTG
AGAACAGAACTGAAAAACAGCTTCTGATATCAAAATTAACT TGAAAAGT GTCAATATTCA
TTTCTTTGACATTTTTTTGI TAGTAGGGAAAGAGT TTTGGAAAAAATCCATTTTTTCCAC
ATGAAAACTCATTCTGTICTTCTGT

ALD41D11

GITGGTACCCGGGAAT TCGECCATTACGGECCGEEGACT TTTGGATTTTTAAGATTCCAAC
ATGT GCAAAGGACT CGCAACACT CCCT GCAACGT GCT TGAAAAGT GCAAAGGACATCAAG
CACAAAATAAGCT TCT TACT GCAGAAGCCT GAACCCCACGCAGCGGAT CAGAGAGAGATA
AAGGAGAAAAGT GCCACAGCT GCTGCAAAGAGACT GCCTGATCCAGCCGAT TTGGAGAAA
TGGAAAGAGT CTTTCAGCCACGT GAT GAGCAACGAGGT GGGT CGAACGGT CTTCACCACC
TTCCTGAAGT CAGAGT TCAGT CAGGAGAACGT GGACT TCTGGATCGCTTGTGAGGATTAC
AAGAACACT CCACCAT CCAAGGECGGECGACCAAAGCCAAGCAGATCTACCAACAGT TTGTT
GAGGCAGATGCT CCCAACGAGGTAAACT TGGAT GCAGT GACCAGAGAGAAAACGAGECAG
GAAGT GGAGGACGGCAGCCCGT CCTGT TTCGACGAGGCTCAGAAGATGATTTACAAGI TG
ATGCGAGAAAGACT CGTACAGGCGCT TCCTGAAATCCAAACTGATCCAGGATCTGTGTCGG
AAAGAGT CCGECT GCCCCT GGECT GACAGCAGGCCGATGT TAGCTGEGEEEEECCTAAAAC
TGGAAGCAGGACCCGGAGACT CAGAGAGGAGCCAAGGAT TGATTTACTAAAT TAGGACAA
TAAGACAAAAGT TA

ALDS38E15

TTGIGI TGGTACCCGGEGAAT TCGECCAT TACGECCGEEEEECAGGAGGAAGGCAACATGGEC
CGAGCCGGAGECAAGCGAAGT AAGT TACGGAGGAATCTTTCAGGAGATCTTCACGT CCCC
GCTGAACCTCACGCTGCTCAGCCTCTGICTGT TCCTGCTCTACAAAATCT TCCGCGEEGA
CAGGCCGECCEEACCT GEECGAGGT GGAGAAGCCT CTGCCCAAGAT GAAAAAGAGCEGATTT
TACCCT GGTAGATCTGAAGCCCT ACGACGGACT GCAGGACCCGECGEGATCCTCATGECCGT
CAACGGGAAAGT GT TCGACGT GACCCGAGGECAAGAAGT TCTACGEGECCAGAGGEGACCGT A
CGGAGT GT TCGCAGCCAGAGACGCATCTCGAGGECCTGECGACGT TCTGCCTGGAGAAAGA
CGCCCTGAAAGACGAATACGACGACCT GT CGGACCT TAACGCCAT GCAGCAGGAGAGCCT
GACCGAGT GGGAGACT CAGT TCACCAT GAAGT ACGACT ACAT CGGCAAGCTGCTGAAGCC
CGGAGAGGAT CCGACAGAAT ACACCGACGACGACGAGEEGAAAGACAAGAAGACGGEACT G
AAGCAGCTACAAAGT GACGAGGAGGAAGAACGT TAAAGATGCCTTAATGITTGGACTTTC
AGAACTTCTGCCTCCTTTTTTTTAGSCTCGI TCCCAGAAAACCTTTTGCTTTTTACATT
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ALD39G15

TGTGI TGGTACCCGGGAAT TCGECCAT TAT GECCGEEEGAGEEGT TTTGGAGGAAATGGT
TTCCGTAGCAGT GGGCACCGAGGT GGT GGAGGT AGAGGT GGATATGGAAACAACAGAGGA
GGACAGAAACGGACT TTCAGCCAAGCTTTTGATTACT GAAGCATCAGCATCACCTGCCTT
TGACCTGCAGT CTTTGGAACGACT CGT CCCTGCTGT TCCACAGAACAAATCTGAATAAAA
CATTTTAATGCCAAACCCTGAATATCTTCACGTCATAAAGT TTTGTAAACCTGCCTGITA
CTAAAGCTAACATGT GACAACACGGT CAACAAATTAGGAT TGGAAT GT CGCCCTTGGAAT
TTTTTAGTATTTACCTTTTTTAAACTGGGTGI TTGEEGAACAGCAGCAGTAATCAGACTC
GAGCGT TTGT TAATAAAGACAGATAACCT AATTAACAGGTAAAACTGACATTTATTACCT
GATTCTAGITTGAGITTGT TAGATCAACTCTGTGITGTCTCCATCATATTAGGTGI TCTGT
ACTTGTTTTGCACT AAAAGAGCAAT GAAATAGAAGCACT TGGAGCGCTGT GAAGAATCCT
TCAAAAAAT TCCAGAT CGTCACCAAAATTTAATGGTGTGT TCCTTTGGCCAATACCCACC
TGTGGTAAAAAATTTATGAAAAT CCATCGAT

ALD21F15

TTGI'GI TGGTACCCGGEGAAT TCGECCAT TACGECCEEEEGAT GAACAACT TGGAAAAGT T
TTGIGAAGCGCECTTTCT GT GT GAACAGGAAGAAACGGT CAGCAGGCT GAGGT GTAGCAGG
AACACAGGAACCT TTGGAGT CAACAGGAGCTAAGATCTGGACCTAGAACTGAACCATCGC
TGGECTTCTTTAAGGAGT GTTTCTCAT TCT GEGEGACCCGCCAAGGCCCGECCCGEEACCT
GT'GAGCCT CTGGACCT AAGCAGACCAGAGCCAT GECCT CTGGTAAGAACAAGAACCAGAC
CTCCCTGGT CCTCCATAAGGT GATCAT GGT GGECAGCGECGEGT GTGEGGAAGT CTGCACT
GACCCTGCAGT TCATGTACGACGAGT TTGT GGAGGACT ACGAACCCACGAAGECTGACAG
CTACAGGAAGAAGGT GGT TCTGGACGECGAGGATGTCCAGAT CGACATCTTGGACACGEC
GGGT CAGGAGGACT ATGCCGCCAT CAGAGACAACT ACT TCCGCAGCGECGAGEGCTTCCT
GCTGGTCTTCTCCATCACGGAGCACGAGT CCT TCACGECCACGECCGAGT TCAGGGAGCA
GATCCT GCGEGET GAAGGAGGAGGAAGGECAT CCCT CTGCT CCT GGT GGGGAACAAGT CAGA
CCTGGAGGACCGCAGGAAGGT TTCT GEEGACGAGGCAGCAGT CAAGECCGEECEAGT GGGG
CGTTCAGTACGT GGAGACATCGGCCAAGACC

ALD28B18

TGTGI TGGTACCCGGGEGEAT TCGECCAT TACGECCGEEEEEEEEEEE

ALD32G09

TGTGI TGGTACCCGGGAAT TCEECCAT TACGECCGEEECCTTCTTTCTGCT TCACGT CAA
GGACTTTCCT CATGT GAGGGACCAAAAACCAGCCAAAGT TTTACATGATGAGI TTCTGTC
AAAGATAGAAAAAAAAGAAGT TTTCAGCTGTGGTGTGTCTTTAAAGCCT GACAATCTGAT
GATCAAACAGGATGAAGAGT TGTCTCATCATCAGGAGCT GACT CAGGATGAT CGAGAGAT
TTCAGCCTCTTCCT CCTGAACCCGCCGT CCCAGAT GATGAAGAT GCCACAAAGGGAGCT G
ATCGACGCGGATCT GAGCCAT GAAGAGGAGCCACCGGACGT TCAGT GCTGT GACT GAAGCT
CCTCACGAGGAT GT TCTCGACAAACCGGAGGAGT TTAAAGCACAGAT CAGGGAGAGCCGT
GACTTCTGTCTACAGATCCGAGCACGCT TTTAAAGCCCAGCT GAACAGACGATGATGCTCA
CAGGT TAAAACAAT GAAGCAGCT GT GAGAGGGAGGAGCT GAGGAACGACGT GGAGGAAGC
AGGAGAGGT CCT GT CTGCTGAGAGCAT CGT CAGAGACCACCACCT CATACACAGAGACCA
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CCGCCTCAGACACACAACAGAAGCACAACCT CAGT GTTGCAGATCAAGAAGAAAAGATCC
AGATCCTGCATAGAGGT GCGAGCT GCATCAT CCAT GAGCT GGAGGAAGAT TAAGACAACT
GTAA

ALD14E16

GI'TGGTACCCGGGAAT TCGGECCAT TACGGCCGGEEEGAGAATTAACT TAAAAAGT GTCAAC
ATTCATTTCTTCAACATTTTTTTGI TAGTAGGGAAAGACT GAAAAAAATCCATTTITTTTG
ACATGAAAACTTGT TCTGTCTTCTGTAGAGCGAAAGAAGCCCACT TTTGAGAAAAGAACT
GAAAAACAGT TTCTGATATCAGAAACAACT TGAAAAGT GTCAATATTCATTTCTTTAACA
TTTTTTGITAGTAGGTAAAGACT TTGAAAAAATCCATTTTTTAGACATGAAAACTCATTC
TGTCTTCTGTAGAGCATAAGAAGCCCACT TTTGAGAAAAGAACT GAAAAACAGCTTCTGA
TATGAGAATTAACTTAAAAAGT GTCAACATTCATTTCTTCAACATTTTTTTGT TAGAAGG
GAAAGACTTTGAAAAAATCCATTTTTTAGACATGAAAACTCATTCTGTCTTCTGTAGAGC
GAAAGAAGCCCACTTTTGAGAAAAGAACT GAAAAACAGT TTCTGATATCAGAAACAACTT
GAAAAGTGTCAATATTCATTTCTTTAACATTTTTTGGTAGTAGGGAAAGACT TTGAAAAA
ATCCTTTTTTTAGACATGAAAACTCATTCCGTCTTCTGTAGAGCGAA

ALD28B21

TGGIACCCGGGEGAAT TCGECCAT TACGGCCGEEEGT GT TAAAACGT GT TGCTCCGECCTCC
AAAACACATCTACAGAAAAAAAGT TCCTGCATTTTAATTATATTTCTTTTAAAAAATAGT
TTTTTAAACTTGGGAAAACTTATTTTTTATCCTTTATTTTGT TTAAGTAAGT TTGT CCAG
TAAACT TGT TCGAAGCGGT CAGGEEGT TGTTGT TGT TTACTGGCATAT TTACAGCACGT G
GAGTCAAATCTCGGGTAAAAATTCATTTTTACCGAAGAAACGAAAGACAGCAAAACTACG
GAGGAGT TTGTGACT AACAAAAAGCAT GGCAAACCT TCCGGACAAGAACT CCAGCTACAA
AGACGTGACCTACT GGGATGAGAGATAT TCCAGGGAACAGCAGT ACGACT GGCTGCGAGA
TTTCTCCAAATTCCAGCATCT TCTGGAAAAAGT GATAAAGAAAGAAGATTCAGI TCTCAT
CCTGGGT TGT GGAAACAGCAGCAT GAGT GEGGACATGT ACAGAGCCGEGGTACCGCT CCAT
CACCAACATAGATTACT CCCCCGT GT GCAT CAGCACCAT GAGT GCCAGATACAGCCACT G
TGCCGAGAT GACCT GGCATCAGAT GGACGT ACGCCAGCT CTCGT TTGACGACGCATCCTT
CGACGT GAACCT CGAGAAGGCAACCCTCGATGCCATCATG

ALD28A20

GI'TGGTACCCGGGAAT TCGGECCAT TACGGCCGGEEEGAAAACAGCATAGAGACTATACAAG
CAGACACATTCCGACATCTACATCATCTGGAAGT AT TGCGECTGEGECAGGAATGCTATCA
GGCCAGATTGAAGTAGGGEGCATTTAATGECTTGACTAGI CTCAATACTTTGGAGCTATTTT
ACAACCGATTAACAGT CATACCCAGTGGACCTTTTGAGTATCTCTCAAAGT TAAGAGAAC
TGTGCECTTAGAAACAATCCTATTGAGAGCATTCCCTCTTATGCCTTTAACCGTGTCCCTT
CACTCATGAGACT GGACCT GGGT GAACT GAGGAAGCT GGAGT ACATCTCT GATGGAGCAT
TCGAGGGT CTACATAACCTCAAGTATCTAAAT TTGEGGATGT GCAGT CTAAGAGAGTI TCC
CTAATTTGICACCTTTAGI TGGATTAGAGGAGT TGGGGATATCAGAGAATGT TTTTCCAG
AACT GAAGCCTGEEECCT TCTACGEECTAAAGAAT TTACGCAAACT TTGGATTATGAACT
CTGCCATCACAAACAT TGAAAGAAATGCATTTGATGACAT TACAGCT TTGGT GGAGCTCA
ATCTAGCCCATAATAATTTATCATCCCTGCCCCATAACCTCTTCACACCTCTACAGTACC
TGGIGGAGCTGCATCTACACCACAACCCT TGECCCTGTGACTGTGATGTAGT TTGGCTCT
CIT

ALDO9HO02
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CTGACCCGCAACTGTAACGGATCAACGT GTAT TACACCGAGGCCT CTGGAGGGACAACGG
TTCCTCGAGCAGT TTGEGTGGACCT GTAGCCAGCCACTATCGACTCTGTGAGGACTGGTC
CTTTCTGECAAGTGCTCTCACGTGACAGCTTTGICTTTGCC

ALD26C03

GI'TGGTACCCGGEGAAT TCGEGCCAT TACGECCGEEGAAACGAGCCGT GGAGCAAACCCAGG
TCAACATCCAGT GGGT CAGCGAGAACAAAGACGT GGTCCTGCAGT GGT TCCTGACAGAAA
CTGCCGACATGGAGT AACAGATCTGTGCT TCTGACAAT CTGGGTCATCAAATGACTGAAC
AGTAAACCTGATTTCACCAGAACTTTCAGGT TTCTGT GAGGT TCAGCT GECGEECCAGCCT
GAACCACCAAGTATTGACTGTTTATGTAAATACTAATGTGCATTATTTATAGACTGTAAT
CACTAAAAACAAACTTCACTTTGTTTAATAATGT TAAATGTGCTGCTCATAATTGTAAGT
TGTCTCTTTAAGAAAACAGT TTTATTTCTCTTGI TGT TGCTGCCTGT GCATCAAATCGT T
CCACAAACTGAACGT TTTCATGGTTTAAACATCCGT TTTCTTCCCTTCTCATAAGATGAA
ATCAGTTTAAAAATCAGT TTCAAATCCCGCTGCTAATCTTTAAACATCTGTAAAAAAAAA
TCTCTGCATGI TTCCACAAACAACTTCATGGTAAAGI TTTGT TATTTAACATAATTTTCA
TGAACTTAATGT TAAATCTAATCAAAGAT CTCAATCATTGCTGCTGCTGCTGTACTGGAA
ATGTTTGAAAGAAAACATTGT TAAACATCTCTTTTCTTTCTTTTCCTGAAA

ALD29M0O1

GITGGTACCCGGGAAT TCGECCAT TACGGCCGEECAGCCT GGTGTAGCAACTCTCTGCCC
CTCTGTAATAAATGT CTTCACACAGCGCACACAAGGAGCTCTGT TCAGCTGCATTCAGGA
CTGTTCTTTCTACATTACCCAAGTTTATCATATTCTTCCTCTCTGCGGAGITCTGATCTC
ATTCAAGGECCATAACCTGI TAGGGT CTGGT GCACT CATAGGGATTGTAAAATCAAGGT G
CACAGATGATCAGACT TGTATGT TAAAAGCAAACT GGAAGGATTTTGATTTTGI TGTTGA
TTCTGT TAAAAATGT TGTATATTTACT GGT TCAGCAGAGCAT CAGTAGGCAGTAAAACTT
CTGATTTACAGI GTAAAGATCTTTATATAGACATTTGAAATAGACATTTGAAATAAGGECA
TTATTGGTGACTACAGACAATATTTTCAAACCGATGCCAAATCCCTCAACCTTTGGTGTG
ATTTTAATCAAACT GAAATTAGT GCACTTTAAAAAACGT GATGCCTTTAATTAATATTTCT
TAAATTAGAACAAAACCAACCACCTCAGCCAGT TATGAAATTATTAACCATTTGT TGTAT
CTGTGCTGTAAAAACAGAAAACATGCACAAATCGTATTATTCAGGAATTAGT AAAATAAA
TTGAGTTTGITTAAT

ALD36D24

GI TGGTACCCGGGAAT TCGECCATTACGGCCCEEGATTTAATTTTTTTATTTGTAAGI TT

GGACATTCACATTTTAACTTCAATCCAAGT TCCTTCAAAGCGCAGCT GGT TGT CACCACG
CTCGCCTTTGT TCTGGECCGCAGCT CACCAAACAGT CGCCAGT TCGGATTAAACT TCGEEGT
CTGAATGIGEECCAGT TTGT GT TGATGACTGCCAAATGTAGCAACAGTI TGGATTGTGI TG
TGECTCGAGT TCGRACTGAGAGATTGACCTGGT TTGTTATTGECTTTTTTTAAGGATTTTC
TGTGACTTTAAAACAGGAAACAGT ATCAGCT GCTGEEGGT TAGCAGCT GCAGAAGT AGCA
TAAGT GTGGATGECGAAGT GAAAT TGCTGAGT TTAACT TCACTTAAACCAGT TCCTTCTA
TGTTTTAGGTAAAATCGATAAGCTGAAGAGT TTTTTATGGATTGATTCCACTCTAGICTT
GGTGATGCTAGACCAAAACGAGCAAATTATAGCAAATGAGT TTGGATGAGATCGT TCTGA
GCCATGAGGACGATAAATTGT GT GGAT TGAAT AAAAGGACACAAGT GGAGT TCAAGGACA
AACATAAAAAAGGGCGAGGT TTGCAT GAAGCAAT ACGCAT GAGT GAAACGCCAAAGT GTAG
CTCTGCACAAACCGCTCGAGCTCTTCGITTTCC

ALDS33L21
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GI'GT TGGEGTACCCGEGAAT TCGECCATTACGGCCGEGT TCTTCTTTAATGAAACGT TTCG
TCTCTCTTCCAAGAGACT TCTTCAGT CTGAGAGT TTCAGGCAAAATTCAGCCTTTTATGT
CCTGCCTCCAGGTGACTGATACT CACATCACATGACCAT CGT TCACAGGT GACTCCCACT
CACATCACCTGCCTATGACT CACAGGT GACTGATACCCACATCACATGGCCATCGI TCAC
CCTAATTAATCCCTTTTGI TAACAGGGEGEGT GGAGT GATACT GCCAATGGECAGCGCTGTAG
CAGGGEGGACAGCTGAAAACGGAGGECCCCCACCCTGT TTAATGACGGACGGTCTTTCTTTA
CAAAAATGCCTTCTTTTACTCCTCTCTCAAACCAACGT TCCTCCCTATCAAGAATGAGAA
CATCCTCATCTCTGAAAGAGT GACCGCT GECCTGT AAAT GAGT GAAAACT GCAGAGT TCT
GCCCATTAGATGTAGCTCGTCTGTGT TGCGACATTCTTTTGAACAGTGECTCCTTTGITT
CCCCGATGTATAACT GGTCGCAGT CCTCCTGECACT TCACAGCATATACAACATTGCTCT
GITTGI GCCEEEECACCCCGATCTTTGEEGTGGACC

ALDO3DO04

GITGGTACCCGGGAT TCGECCAT TACGECCGEEGACCT TCCTGEECAAAGT CTGCATCCT
CTCTCTGIGCATGCATGEGT TTTCCCTAGATGTAGGT GAGAGAGT GAATGCTCGITTGIC
TGGITGTCTCTACGTGECCCTGTGATGGACT TGT TGACCT GT CCAGGGT GTACACCGCCC
CCCGCCCTCCTTCACACAGT GACT TAT GGGCAAGAGT GACCCCGGECCAACCCGAAAGGAA
GAAGCAGGTAAGGATAATGGATGGATGGATACT TGEECCTCTGAATCT TCATATGACAGT
GTAATCTCTTTGATCTGITCATTTCATAGGT TACTACAGT TATTTTAAGCTGCTCTTGI T
TGTGCCTTGCCTTTCCACTTCTTTCCT TGEGT GGT CTGAAACAAGGATGT GGTGAAAAAT
GATAACATTTCCAGI CTTCCGAT TCACAGGAAGGT CCACATCTCAGTCATTTCAAAAGCA
CATTAAAAGT TAGTATCTACTGGACCATTTACACT TTCAATTCAACCCTACCT TGGCCCA
GTGCGGGT TCAGCATCAGT CACT TTAGCAT TGTAAAGGECCGACT CAACT GGT GGEGECCCA
ATTGACCTGGACTTATTCTACCCTGGCCCATGI TGTTTGGAT TGAGCAGAGAGCCACCTT
GATGTGEETG

ALD33D21

AGGCCGCCCCATTGT GT TGGT ACCCGGEGAAT TCGGECCAT TACGECCGEGEEECCCATTAGAA
TCAACATGGECGTCCAACTCGGT TTTATTCGI TTGI TTGGEGTAACAT CTGCAGGT CACCCA
TTGCTGAAGCTGTCTTTAGGAAGATGECAGCAGATGCTGECGT TGT CGATAAGGTAATAT
CATTTTTAGI TCACTGCCGCTTATGGTAATATTTATTTTTACCTCAGTGAAATTGT TTAT
AATGATCCATTTCCTAAGCAAGI TATGAATATTTTACAACATTTTTAAAAAACT CATAGT
GAAGTGTGIT TCTGTTGTAAAGATAAAATAATGGATACATTGT TGTAAATGGT AAAATATT
AATTTAATTTTAATTATTTTCTTAGITCTTCTTTTAGTGI TGATATATGITTGTATTATG
AGATATATTTTCTGTACTATTTGI GCAGTAAATGGTAAACACTCATAAATGTATCTATTG
TATTTTATTAATCAGT CCTAATGAGT TCACT AATGT GCAGCAAGT GCTAAACAAACAGCA
CCTTTTATGCAATTGTGICAATTTTGCTGT TATTGT TCCCCATATCTGCTCTGICTAGT G
GAGGATAGACAGT GCCGCTACCT CCACCTATGAGATAGGAAAT CCTCCAGACTACCGT GG
TCAAGCCT GCATGAAGAGGCATAAT GT GCCCAT GAGGCACGT GGCCAGECAGGTACGACC
GCACACACTTCTTAGCACTAGCTAG

ALD15D21

GITGGTACCCGGGAAT TCGECCAT TACGGECCGEECAACTGGAT TTCATAGT CCGCCATTT
TTTCCCCCCCTGTGTGATTTTGTAGT CCATAGCGT CGTGCAGACTATGCAAGT TCAGAAG
TCAAAATGT TTGGT TCTGGEGT GT GTAAACCCACAT TATTATCTACATAGACTACCAGAGT
CAGAGCAGAGCTTCTTCAAAGTACCTGGT TAAGTTTCATTTTTCAAGGAAATGGACCCAC
AGCAGGAT GGAAAGT GCTTGCAGACAACAGAGGAGGAAT GTCACAAAAACGGTGAGT TAT
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GAACTGTAAATGTGI TTTAACTGTCTAATTTAGCTGT TTCTACCCTCTGT GT CGGAATAT
GAGGCGAGAAAAACACCTGTGT TTAAGTI TTGT TTACCAAAT GECTGCGCAGCACCGTGI T
ACTTTCATTTCGCCCCACGCTGTAATCAGCGTGTCTGCTTGT TTTTAAATGCTGGAGCGT
TTCAAACTGTGATCTAAACTTAACGTCAGCTGTTTTAAATGTATTTTTTGCCTGGTGITA
AAAACT GGAGCAGCAGACT GAGGCAGAGAAGCT GTGAGCGCT GT GTGTGATAAGT CCTCT
TAAGGATAGCAAGATGGATGTGTGCCTCTCCTTTTTTTCTCTGTGTTGCTGT TTTTGCAT
CAAAAAAGCT GCGAACATAGTCATTTTAAGTAACAAAATATATTAATCTT

ALDO04D03

GI'TGGTACCCGGGAAT TCGGECCAT TACGGCCGEEEGAAT TAT TAAGGAGAT TTACGGAGT
AGCGAAGCGTI TCACTTTTTCTCGT CGGGAACGAAAAACCACAGCCACACCTGEGAAACCG
ACAAGATAGCAT GCTAGTAGAAGT GACACCACT TCAGAT GAGGGAACATGT TGECTATGG
ACCAAGGAGT GGTGGAGGAAT GECT GT CAGAAT TTAAGACCCT CCCTGATAGT GCTGT GG
CCACATATGCTGCATCGCTTAAAGACAAAGT TTCTCTGGT CCCTGCTCTCTATAAGGT CA
TCCGCGGAAAACT ACAGCGAT CTACTGGAGCCCGTGTGTCACCAGT TGTTTGAGI TTTACC
GGAGCGGT GTGCCACAGCTGCAGCGT TTCACGCTACAGT TCCTGCCAGAGCTCCTGTGGA
GTI'CTCCTGTI CCGT CAGCGCAGCCAGAGACCCCCACACT TCTGECTGCATCGAAGCACTGC
TGCTGGEECATTTACAACCTGGAAATAGT TGATAAAGATGGACAAAGTAAAGTGI TGTICTT
TTACAGT TCCCTCCATATCCAAACCCT CAGT GTACCACGAGCCT TCAGCTATTGGCTCCA
TGGECTCTTACAGAAGGAGCT TTATCCCAT CACGGT CTGAGCAGGGT CGT GTACAGCGEEC
CA

ALD37P02

TGTTGGTACCCGGEGAAT TCGGCCAT TACGECCGEGT GGAAGT CATCACT GTGGCATCAAT
GCAGACTCCATGTCCCTGCACTAATTCTTATGCTTACTTATAAAAGECCTTATGTGTCAA
GGCACACTTTTAATATATACTCATTTGTATCGTCCAATTGITTTTCTTTTTTAGI TACAC
ACACAAATGAGTACTTCTGITTTGGTGGTGAGT TAAATTAGAAGGT GTGT GGAGT CTGCG
TGAGTGGTATATTTTATACTTTTTCATGGAACT GATGGATGAATAAACGT TTGAAGATGT
TTTTTGTAATCATATCTCTATATATTCAGTCTATTCTTCTAGTCTAACAAAATACAGI CA
TATAATCAACAAGTCTCTAGGT TTATTATAATTAAAGGATAATTTTGT TTTGCACAATTT
CACAGCAGTGTTTTCATATCCAGTGAAAATGT TTAAATCATTTAAAAATTCTGCAGTGI T
TATAAGAACGGGTCACCTGAAACTATAATCTTTACTCTGTTTATTTTTTTTAATGI TAAT
AAATTTTAGTATCAGT TATGGGATTTAACCT TTAGGAATAGACGTAACTTTGATACATTT
ATGCCAGCTGCCTTAAAAAAAAGAGCGAACAATTTTTTATAAAATTTTGTI TTCGCCATTAA
GAATTAAAT

ALD37P01

TGTTGGTACCCGGEGAAT TCGGCCAT TACGECCGEGACT CATTCAGGGT TACGACAACTCT
GAGAGCAGT GTGAGGAAGCCGT GTGTGI TCTGCCT GGT GGCCATCTACGCAGT GATAGGA
GAGGACCTTAAACCT CACCT CAGCCAACT CTCCAGTAGCAAGCTGAAGCTGT TGAATCTG
TACATCAAGCGGEECCCAGT CTGGECT CCAGCGECAGT GACCCCTCAGCT GAAGECCTATAG
AAGT CACACAGT TCTTCCCCCCGGGAACCACCACAGAACT GCAACAAATCAAAAACACCC
GCTCACGACATCACACCCCAAACATAGT CCAAGACTCACAGAAGAACT CCCCTGACGITC
ACAGCAAACATGATGCACACACACACCTTCACCCATCATTTTTTACTTCCCCCTCTGI TG
CCATCCTCCCTCATGGTTTCTTCTGI TTTCTCTTCTCCGCTGAAAGGT TTGTAGAAATGT
ATTATTTACAGCTCTGAGAAAAATGTCATGI TCTCATATTTCTCTTTTCCTGITCATTGT
CTTTTTTTCCTCCTTCCTCTTGTAACATTCTAGITTTCTCTGTGCATTTACAAAGCTGT G
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CTTACAATAAAATGAACTTGTACAGAT

ALD37G10

GAATTCGGECCAT TACGECCGEEEEGT TATTGCAAATACGT GAAGT TTACCGCGCCGT TTCA
AGAGAACAAAAT GGGCAAAAAACAGAACCCCAAAGGCCAAGAAAGACGGECCAGACACAAGA
GGAACCTGAAGAATTTGT TGT TGAAAAAGT GCT GGAT CAGCGECT GGT CAAT GGAAAAGT
GGAGI TCTTCCT GAAAT GGAAAGGAT TTACAGAGECT GACAACACCT GGGAGCCTGAGGA
GAACCTAGACTGCCCTGAATTGATTCAAGCCT TTCTGGAT TCGCAGAAGGACAT CAAGGA
GAAACCTGCTGCTGT TAAGAGAAAGGCAT CAACAGACGGGACAT CGTCAGAACCCAAGAA
GCAAGATGT GTCAGGGAAACCACGAGGECT TTGCTCGGAACCT TGACCCAGAACGAATCAT
TGGTGCAACAGACAGTAGT GCGGAGT TGATGT TTCTGAT GAAAT GGAAAGACTCAGATGA
AGCAGACT TGGT CCCAGCCCGCGAGBCCAACACT CGCTGCCCTCAGGTGGTCATATCTTT
CTATGAGGAGCGACT GACGT GECAT TCCTGT CCAGAGGAT GAAGCCTAGTAATTCTTGCT
GITCCTTTCACCTCCTCTGCCCTCTGECCTGCATTTTAGCTTTAGCTAGTACCTTTAGAT
GITTTTGAAACTGIT

ALD28L22

GITGGTACCCGGGAAT TCGECCAT TACGGCCGEEGEATAAAGAAGGT TTCATCGCTGT CG
AGCGATTAGI CCTTGAAAGT GAGCTGAGT TGTATATCACT TACAATTTAT CGAACAGCCT
TAAATAGGT TTTTGI TGECAATAACATTGTCAGCAAACCTTTATCGGT TTTGGGTCCATA
AAGAAAAT GCGAACT GATAAAAGGAT CAGT CGGACCGAACGCAGT GGTAGATATGGATCT
GAGCAGGECCCGT GATGAGT CGGACT GGCGAGACAGACGCGAT CGCGACCAAGAGCEEGAG
CACGGECAGCCGACGCT GGAGT GAT GAGAGGCGT GATCGT TATGAAGGAGAT CGCAGAAGC
TCTCGAGACAGT CCAGAGCAGAGAGAGAGGAAAAGGAGGAACAGT GACAGAT CAGAAGAT
GGTTATCACT CAGATGGAGACTATGGAGACCATGATTATAGAAGGGAT CCAGGGAATGAT
AAGAAGAGTAAGACCATCATGCTTGEEGEGT TTATCTCCTCAAACT TCTGAGGAAGATATT
CGTTTCGI CATCGATCAACTAGAGGGACCCCAGCCAGCAGATGT CAGACT GATGAAAAAG
AGAACAGGTATAAGCCGTGGT TTCGCCTTCGTGGACT TTTATCACT TGCAAGATGCTACC
AGATGGATGGAGACCAAT CAGAAGCGT CTGGT CATCCAAGGCAAACT CGTGGACATGCAC
TACAGT CATCCT

ALD35M13

GI'TGGTACCCGGGAAT TCGGECCAT TACGECCGEEEEEET GTGGATCTACAACAGT CTGCT
GCTGGAGACAACCACGGACTGT TTGACAAATACCT TCTCCTTTGCCTGTACTACAGTAAA
AACCGCGGACATACCAGT GCCTTAGAGCGT CTCTGGT TGT GT CCCAGAT GAGGGACTGAT
GCTGGTCAGAACT TGCCTAAACTTGGTCCTGGT TTAGI TCTGCATCTGT TCTCACTGGTG
CCCCTTTGAGAAAAGAAGAATACAT CAGT CGAGATGGATGATATCTTCACACAGT GCCGG
GAAGGCCAACGCCGTGECTGT TCGECT TGT GECTGGACAATACAGAGAATGACCTGAATCAG
GGAGATGACCAT GGCT TCAGCCCGCT CCACT GEGECGT GT CGEGAGGEGEECGEGET CCAATGT G
GIGGACATGCTCATCATGAGAGGAGCACGCAT CAACGT CATGAACCGGEGEGEGGATGACACT
CCTCTGCACCT GECT GCGAGCCATGGACATCCEGATAT TGT GGGGAAGATGATCCAGT GC
AAAGCAGACACCAAT GCAGCCAACGAACAT GGAAACACACCACTGCATTATGCCTGCTTC
TGGEEGCCATGACCAAGT CECT GAGGACCT CGT GAGT AGT GGEGCT CAGGT GAGCATCAGT
AGCAAATTTGGCGAAACT CCCTTGGAT AAAGCCAAACCT CATCTGCGT GACCTCCT
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ALD37M10

GI'TGGTACCCGGGAAT TCGECCATTACGGCCGEECCCACATCTTACAGACTTCGTGATTG
CTTTCTGITTAATGICTGCCCATCAATAAATGACT TTATAATCACACCCGCAAGACTTGT
CTTTTAAACACCCTTTTCGCCGT GGT TCTGACCAT TCT TGCCGCGACACAAAT GTAAACG
CTGGECTTTGGAGGEECGGAGT TAATGTCAACAGATTTT TGGAGGEGECGT TACCAACAGACGCT
CATTAACATAAACAGCT CTTCTGAACGGAAGT CAGAGCAGGCAGAACTAGAAAATGGGAA
ATTTTATTATCTGAGAATTATTTTGTGCATTAAATTGAATGAACATGGTCTGGATAGTCC
ACAGACATACCATAAAAATTTCTAGGACCCATAATTGGTCTCCTTTAAAGATTACGTCGC
ATCAACAGGAAAAGAAACAAGCACGACATCCGTATTTTCAAAATAAGACACTATTGEGT G
GAATAATTTGTCGGAATAAT GTCGAAATTGCAGCTACAGTATATTAATAAATATACGGAT
ATATTTCTACACAAATGCCTGT CAGAATGTATCTTTCTGT TTGGGAAGCAGATAGAAACAT
GTAGCATGAAGCTATGT GTACAAACATGATACGCATGGATTTTATTTTGAAATTACAAGT
TTCAGAAAGACGACAGT GAGCAGT GT TGCCAGGT GTACAATAATTATTGCATTTGTACCA

ALD35H01

GITGGTACCCGGGAAT TCGGECCAT TACCGCCCEEEECAGGAGGAAAGATGECT TCGT CCA
TGAGTGGGATGI TTCCCGGT CAGCAGCCGCCTGGT TCGCATCCTGT CGGTGGTCCCEGET G
GACCGGGT CAGCCTGECTTTCCT GGTACCGCT CCTCGECCCCAGGGECAATAACACT TTGG
TGGATGAACTAGAAGCTTCGT TTGAGSCCTGI TTTTCTTCATTAGTAAGT CAAGATTATG
TCAACGGAACAGACCAGGAGGAGAT TCGAACT GGAGT GGACCAGT GCATACAGAAGTI TCC
TGGACGT GECTCGACAGACCGAGT GCTTCTTCTTGCAGAAGAGACT TCAGCTGTCTGTGC
AGAAACCAGAGCAGGT GGTGAAAGAGGAT GT GT CAGAGT GGCGCAACGAGCT TCAAAGGA
AAGAAATGCTGGT TCTGAAGCAT TTGACCAAGCTGCACCACT GGCAACAAGTACTTGAAA
ATTTGAGT GGTCACCATCATAAACCCACAGATTTTCCTCCTCCCGGACCTCTGECCTTTC
TGG

ALD37MO09

TGTGI TGGTACCCGGGAAT TCGECCAT TACGECCGEEECAGCGAGT CGTAAACT CAGACT
TTATTTTTTGTITAGITTTGTITTTTAGAGCCGATAAAATCGAATCTATTTTTCGCTGITTTC
ATCAGITTTTTCTTTCCTTCACTCGTTTTTATTTTCACAGCTGCTCGT TTCTCTGGAACC
GTATAAGAAGGAAACAGT CGTCAGI TTTCTAAGT TTAACT CCAGAGCAGCTCTGACCTGA
TAAGACCTTCATCCTGTITTTTGECCTCAGT TTGACGTI TTCTGTGATCGTCTCTGCAGCCT
GACAGGAACGAGGAAGT TGT TCAGT TTCCTGT TGAAGECGT CTGACTGGAGATGACT GGA
AACT GGCEEGAAAAAATCTTAGT TTTAGT TCAGT TTAAGCTGCAGTGGAGT CAGATGI TTG
TCTCTGGTGACCTCTGECCTCTCTGTGI TTCCAGI TTGCATCAGT TTCAAAATAAAAGCG
TTAAACTGCAGGT CTCAT CGT TGCCGEECEECCT GCAGT AACCGT GCAGCAGAGCGAGCTC
GIGTCCTGCTGGAGGT TTGACGGECGAT GCAACACGT CCTCGT CCTCGACAGCTCCTCCAC
AGCGAGCGCCAT CTGTCACATCGCCTCATCT TCCAGGAAATTACTGCTCGGACCGAAAGC
CTCAACATTATCTGATACGT ACCCCGECCEEECCCGAATGAACTC

ALD40K12

GITGGTACCCGGGAAT TCGECCAT TACCECCCEEGET GGT GACT GCTGGTGCCCGCCAGT A
GGAGGGCGAGAGCCGACT CAACT TGGT GCAGCGCAACGT TAACATCTTCAAGT TCATCAT
CCCCAACATCGT CAAATACAGCCCCAACT GCATCCTGCTGGT GGTCTCTAACCCAGT GGA
CATCCTGACCTACGT GECGT GGAAGCT GAGCGECT TCCCCCGT CACCGTGICATCGECTC
AGGCCACCAACCT GGACAGCGCCCGT TTCCGCCACCT CATGEGEGAGAAGT TCCACATCCA
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CCCTTCAAGCT GCCACGGECT GGAT CAT CGGAGAGCACGGAGACT CCAGT GTGECTGT GT G
GAGCGCGCGTGAATATCGCTGGT GTTTGT CTTCAAAACCT CAACCCACAGATGGGAGCTGA
TGATGACAGT GAGAACT GGAAGGAT GT ACACAAGCAGGT GGT CGAT GGEECCTACGAGGT
CATCAAGCTGAAGGECCTACACT TCCTGEECGATCCGTATGTCTGTGECTGACCT TGTGGA
GAGCATTATGAAGAACT TGCACAAAGT TCACCCCGT CTCTACACT TG CCAGGGCATGCA
TGGI GT GAAAGACGAGGT CTTCCTGAGCATCCCT TGCAT TCTGEECAACAGT GGCCTGAC
GGATGT CGT CCACAT GACCCT GAAAGCT GAAGAGGAGAAGCAGCT GGT GAAGAGT GCCGA
AACCCT GT GGGECGTACAGAAGGAGCT CACCCTGTGAA

ALD40D17

GITGGTACCCGGGAAT TCGECCATTACCECCCEEECACTTTGT TGATTGEGT TTTAGCGA
GCTGTACT GGAGCCAAT CAGAGGGAAACCGGACAGT GAAGCT ACGAGGT CAGAAAATAAA
AAATTAAAGGCCAT GGAGCAGT ACACCACT GCCACCACCACCACAGGAGAGCAGATCGI TG
TGCAGACT GCCAAT GGACAGAT CCAACAGCAGGT CCAGGGACAGCCCCTGATGGTACAGG
TGAGCGGET GGECAGCT CATCACAT CCTCAGGGCAGCCCATCATGGT GCAGECCATGT CGG
GGGGTCAGGGTCAGACCATAATGCAGGT TCCTGT GTCTGGAGCT CAAGGACT ACAGCAGA
TCCAGCT GGT GCAGCCGGEGT CAGAT CCAGCT GCAAGGAGGGECAGACT CTCCAGCTCCAGG
GT CAGCAGGGT CAGCCTCAGCAAAT CATCATCCAGCAGCCTCAGACCGCCATCACTCCTG
GACAGAACCAGGGACAGCAGAT CAGCGT TCAGGEGECCAACAGGT CGCTCAGACGECAGATG
GACAAACTATCGT CTACCAGCCT GT GAACGCAGAT GECTCTGT CCTGCAACAGGGAATGA
TCACGATTCCTGCTGCCAGCT TGECAGGT GCTCAGAT CGT ACAGGCAGGEGAACGCCAGCA
CCAACACCAGCAGCAGCGGECCAAGECACT GTGACCGT CACCCTGCCTGI CTCCGGCAACA
TGGICAATG

ALD41M14

GI'TGGTACCCGGGAAT TCGECCATTACGGCCGEEGATAGT GGTATTTTCGTGCTCTTGEC
GAAAATACTCATCTATTCATAGCCGTCAGCTAGCTTTTTTCCCCTTTATTTITCTTTTTT
TTTTAACCGGT TCGT TCGCT GGAGGTAGECAGGECT TATCTCGGCAGT GTATATAAACT TA
GTAGCGCATTATCATGGAGCT CTGGAT GT TAAGGAACAT CTCCGAACGAGAAGCCGAGCA
GCAGCCGGT TTCTGCTTCTAGCAGCTAACATTAGCTTTCATTTAGCACTTCCCCGECTTT
TTTCTTCTTTTTTTTTTTTAACCT CGACGACT TGECTCCGEGTAGCTTTCTGTIGACTGCTG
GGTTATATATATTTTTTGICCAGT TAGCAGCCCTGCGGTGCCCCGACTTATTTATCATTT
TGATATCTTCGACATGT CTGEGEGTCTAAGT TTACCTGTGAAGT TTTTAAACCAGGTGI TT
TTGITTTAATCGAACATGAAGT CCCCACT GGCTCCCGGTATTCGACTAATAACGAGITTT
TCTCCEGATAGT TGGTATCGTGGT TTCATCCTCTTCCTCACGT TCCTCTTCTACACAGCC
TACCATCTGTCACGGAAACCCAT CAGCAT TGT TAAGAGT GAGCTGCACAGAAATTGITCA
ACGGT TATCCGGECCACCAGATTTGAACGT AACCAACAAT GAAACCT GGTGTGACT GGGAG
CCCTT

ALD23L08

GITGGTACCCGGGAAT TCGGECCAT TACCGCCGEGAAGGAT CCATCGGACCTGTCCTTCGA
TTCGCCEGAAAAAGAAGAACGT ATTTGT CGGACGCAT CGGAGGAGT CTTCCGT TTTGGACG
TCCTTCGT CGCGECECT GTGACGT AT GCGECCGACAAAT TCGACCT TCGGAGGACCCGTC
CTGCCGTTTTGGACACAGCCGAAGT GTATTGTAGCATACCGACAATGTCTACGTI GTATTG
TAGCATACCGACAATGT CTACATGTATCGTAGCCATCGACGT GTCCTACGTGTATCGTAG
CTACCGACGT GCCTACGT GTATCGT AGCTACCGECGT GTCCTATGTGTATCGTAGCTACC
CACGT GTCCTACGT GTATCGTAGCCAT CGACGT GT CATACGT GTATCGTGECTACCGACG
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TGTCTACGT GTATCGT GGCTACCGACGT GTCTACGTGTATCGTGECCGTCTACGTGTATC
GTIGECCGT CGACGT GTCTACGT GTATCGT GECCAT CGACGT GTCTACGTGTATCGTAGCA
CACCGACGT GTCTACGT GTATCGTAGCACACCAACGT GT CTACGT GTATCGT AGCACACC
GACGTGTCTACGIGTATC

ALD41J01

GITGGTACCCGGGAAT TCGECCATTACCECCCEGACAACT TTTGT TTGCAAAGATTTGCA
CAAAGT AGT GGGAAAT GATGCT TCGAGCGGECT CGAACCAAAACTACGATGT TAACATCTG
AGTGAAACTCTTCTCCTGT TTAAATGT GAGAAAGATGACAAATCGTITTAGITTTGITGCC
AATATTATTTTTTAAATTTACGAAACATCTTGATGTAATTCACAGTIGATTGAATGITTTA
GCTGAAGTACTTTTTCTTTCTTTCTTCTTGITAATAAGT TTTATTTAACAGAAACATTAC
AAATATGT GACT CATCACAT CGAAACAAGGATTAAGT CCAAAAAGT GAAATGT GGAGAAA
TGGECAGATATAGEGT TTTGATTTAAACGT GTGCAAAAATTGCATTTTGT CAAAAAAAGA
ATGAATTAATGCCTTATCAATGTATCATTTGAATGAACT GAAATATAATCCTAAAATTTT
TTTACAGCATTTTTTGAGCAGTAACAACAAAAACAGAT TGAGGAAAAACACCTTCAAATT
TTGAATTTTTCCTTGT GAGCTAGAAATGT TTTTACTTCTTTCCAACTGGGAAATCTTAAT
ATACAAATACTATTTGAGGT TTCCTCTTAATATTAAAATAAAAAAT GACTCAATAAATTT
ACATAAAATCAGGAATCAAACCAAACAGTAATGTATCATTGTAACCAACAAGACAAATTA
AGTCATTTCTCTGGATAAGCTGATGATATCAGGATGATCCAGGTATCAA

ALD35M04

GI'TGGTACCCGGGAAT TCGECCAT TACGECCGEEEGT TGACAGT CGTGGTATAAGT GTGG
AGGCCTAAGCTACAT GT GGAGGGT GAAACGGEGAGGCAT CCCCGACCCTAACTTTGTAAAAC
AAATATCACCTTTTACTCGAAACAACGCTAAATTAAGT CTAATTGTAAATAAGGATAATA
TCTTTTTTAAAATGAAAGGGT GAGTATGAGCT TTCTGAGT GACGGACGT GTAGCT TAGCA
TGAGTAAAGT TTTTCAGGT CAAGGGAGGCGEECAGGAGACGACGAGGT TAGCTAGCGCGC
CGGATCGAGCT GGEGGACGT TACGCCT CACAACAT TAAACAGCT CAAACGCCTGAACCAA
GICATCTTCCCT GTCAGCTACAACGACAAATTTTACAAAGAT GTACT GGAAGT GGGEGGAG
CTTGCGAAGCTAGCGTACT TTAATGACAT TGCAGT GGGAGCT GT GT GCTGCAGAGT AGAT
CACTCTCAGAACCAGAAGAGGCTGTACATCATGACTCTTGGT TGTCTAGCGCCCTATCGT
AGACTTGGAATCGGCACAAAGAT GCTTAATCATGT CCTGAACAT CTGT GAGAAGGACGGEG
ACTTTTGACAACATTTACCT TCATGTGCAGATCAGCAACGAGT CAGCCATCGACTTTTAC
CAGAAGT TTGGCT TCGAGAT CATCGAGACAAAAAAGAAT TACTACAAGAGGATAGAGCCT
GCAGACGCCCACGT GCT

ALD37K15

GITGGTACCCGGGAAT TCGECCAT TACGGECCGEECGT CAGAGECTCATCCACCCCT TCAG
AACCCACAGCCCAGCT CCCACCT TCCCTCAGT GCTATCCCCT GCGCTCTCACACAACGT T
TCACACGCCAACAACACTGTTCCCCACT TCT CAGCCCCCGCACCTCGCGT CTCCCATCGT
ATGCAGCCACCAGGGECCTTACTTTCCCCTTTCGGAGCAGCAACAACAGACACCGCAGCAG
CAGCAGTCTGTTTTTGT GCCCT TCAGCGCT CAGCAGGAACCCT CAAAACAGACCCAAAAC
CAGACAT CCCAGCCAACGAAT CT GCCCCCAACAACCCAAGCT CAGGCCCAAGCTAATCTG
GGAATAAT GAACGGCT CCCAGAT GCAGCATGT TGCCACCGCCGECAAACCT CAGCAGATA
CCCCCCAACTTTGGTCATGCAGGTCTCTTCAATTTCAGCAGCATCTTTGATAACAACAGC
CAGGT GGGAAACAAT CAGGT GTGGGGT GCATGCCATTTGCCT GCACGATCTCCTCCAGAT
CAGTCATACT CTGCCCCACCAGCCTATATGAACAT GGGACAGAT GGAGAATATGATGCCA
CCTCCTTCAGACAACT CCAAAGCCCCCGECTACCGT TCTAACT CTCAGAGGATCGT CAAC

126



AGCCCCATTGCTTTGACCAGCTATG

ALD28D17
GT TGGTACCCGGGAATTCGGCCATTACGECCGEEEGT TTTATTTGTATTTTTTTCCTTT
TTTTATTTATTTTGT TGTAGAAATTGT TTCATGTTTTTAACCCTCAGCTGATGCATTTTG

CTTTGITTGCCGT CCTGCCACCT CGT TCATGAT GCGCCAAAAT GCT CT GAAGGT GAAAGG
GTAGATTTGGGT TGAGATTTATCAAAAAAAAAACT CGTGCTATGI TCACCTACAGATGCC
AAAATATTTTTTTTCCTGTAATAAATATGAAGT GACACT TCTCATGGAGCAGCTATATAC
CATGAAGGACTCTACGGT TTTTGCTGAGACT GATGAAACT TATTAATCCCAACGTAGATT
AAATTTAAACTAATATATGAGCATTGI TTGAAGTAATGTCTTGT TGGTATGATATTTGT T
TTTGAAGGAATCTGTGCACAAATCTTTAT TTCTGGGAGAAGCGCCCATAAAACCTCATAT
GAACACCAGATTTAAGAAACACACTATTCGT TATTTTAGCCCCAAGATCTTTTATTTCAA
AAGGAATGACAGCT TTGGT TTGAATCTAAATAAACT TTAGAT GTAGGT TAATCTGT CCGT
TCGATATTGAGCAGI TTATTTTAATTTTAAAGT TGTTTTGGGATAAAACGAATCTTGTAT
AT

ALD18J24

GITGGTACCCGGGAAT TCGGECCAT TACGCGCCCEEEEGACAGAGACAAAAACAGGAGACAA
GAGAGGAGCT CAGAGGACAAGGACAGT GT TCGT GT CTGT TCCGCTCAGGT CCAGGT CCAG
GT CCCCAEEEECT CACT CATCGT GCAGGAGEGET GAGGACACCT GCAGCGECACCGAGCCAT
GGTGAAGATCAGCT TCCAGCCT GT CGCAGGEECAGAAGGT GGAGAAGGAGAGCGATGECGA
CAAGACAGAGATCCTGATTCCTCATCCGCTGGATGAAGAT GAGCTGGT TCTGCCACTGCG
CCCCAAGAAGTCGCCACTTAATGECCT TTGCTGCCTGACGT TTGGACTGGTGGTCTTTAT
GGECTGGACTGGT TCTGECCTCCATCTACGT CTACCGCTACTACT TCATACCT CACATCCC
AGAGGAGAACCT GT TTCACT GCAGGGT TCGATATGACGACGCGECATACGCCTCACTCCG
TGGCCACCAGGAACT GGAGGAGAACGT TGGCATCTACCT CGCTGACAACTACGAGAAGAT
CAGTGT CCCTGTI CCCCCACT TCAGAGGECAGCGACCCCCCTGATATCATTCATGATTTCCA
TAAGGGACT TACCGCCTACCATGACATTGCT CTGGACAAGT GCTACGT CATTGAGCTCAA
TACCACCATTGT GATGCCTCCACGCAACT TTTGEGAGCT TCTCATCAATGT TAAGAAGGEG
AACATACCTGCCTCA

ALDO03J18

TGTTGGEGT ACCCGEGAAT TCGGECCAT TACGECCGGT GGT TCCAGCT CTCAGGGAGECGT G
TTCTCTAACAAT CGTAGGAT GGGAGACAGT CGGAGCGECATGATGECTTCTTCTAGICAC
TCGI CAGGACT AAGCCGGATTGT ACAGAT CACGAGCAAT TCAAT GCCCTCCAGCGGCAGC
ATGAGTGECTTCAAACCCT TCAAAGGAACACCT CGECCGT TCTAAAAGCAACTGT TTTTT
TTTTTTTTTTTTTTCCATTTTTGAAGCATCAAAAATTTGAAGCECTTTTTTTTTCCTAAAA
TTTTGTTTGTAATGT TTAAAATGTCAACAGT TTTTGGTGGTTCATTTGCAACTTTTGAGG
ATAACACTTTTTTATGTATGAAATATTTACCTCAGTGTAGAGITTTCCTTGCAGT TCTGC
TGTTACCATAAACAGCCCCGT TAACGCCTCTTATTTAGAGCAACATTGTACAGCCCTCAG
TCTTTGTAACGT TTTCAAGATAATTCTCCTGI TGAGT GATATGATTTCAAAAGT GTAGCG
TTACACTTTGTAATGTCTTATTTTAGI GTATTATAGAAT TCAAAATGACCAAGATATTGA
CTTGGATGIGTCACTGI TTGAAATTGATGACATTTTTTTTCTAGITTTGITTTTTAATTT
AGITTTTAAGTCATACCTG

ALD14P11
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TTGIGI TGGTACCCGGEGAAT TCGECCAT TACGECCGEEEEGATAAAACCACT TCTCGCAGC
ACAAACCT CCCTTCAAAGECGGTAGT TAGCT TATTTGTGACAAAACATCCCCTTTTTGEG
TGTTTTATCTCT TGAACAAGGEGEGT CAAAGT CGCTAAAGTATCGATTTCCCCTCAGTTTTT
CCCAGT TTCATCGCTGTAAGT TAAGT TTAACAGCCGCCGGACAACGT AAAGCCT GGGGAAG
TAGAGCTGGAATAAAAAGCGGACCT TTTCAACAGAAACACCT GCCAACGAGCCCTCACAC
AGGCGECCCAGGAAGCCCAGCAGCCT TTGGECGT GGAGAGT GGEGAAGT GAGCAGAGGAGGT
CGAGGCCAGCAGCCCAGCCAT GGGGAAGCAGAACAGCAAGCT GCGECCCGAGGTCCTGAAC
GACCT GCGGGAGAACACGGAGT TCT CCGACCACGAGCT GCAGGAGT GGTACCGECGECTTC
CTGAAGGACT GCCCCAGCGECCACCT GACCGT GGAGGAGT TCAAGAAGAT CTACGCCAAC
TTCTTCCCCTACGECGACGCCT CCAAGT TCGCCGAGCACGCCT TCCGCACGT TCGACACG
AACGGCGACGCCACCATCGACT TCAGGGAGT TCATCATAGCGCT GAGCGT GACGT CGCGC
GGEOGEECT GGAGCAGAAGCT GCGCT GEECCT TCAGCAT GTACGACCT GGACGGEGAACGGT
TACATC

ALDO9P18

GITGGTACCCGGGAAT TCGECCAT TACGECCGEEEECAT TGCGGT TTATCATGECGACT T
CAACGATTTGACCCT TGCTAGCCTAACT CAAAGGACCAGCT GAAGATAAGCAAAGCCT GT
GCGGAAAGT TTGAGTCACTTCACTTTATACT TGAGGATGAAAGT GT TGT TTACAGCGCTA
AAACGAACCT ATAAGGCT GCTGGT TACGT CTGCCGCCGEAGT TCCCACGCTGECAGCGEC
CCGGTGT TGCCT CTCGCAGGT GAGGT GATAGT GEGGT CCAGCCGEGAGCT CGT GCGAGGT
CTAGCCTCTCAGGT GGAGGT GAGGACGAGCT TCAT CACT GAGGAGGAGGAAGCTCCTTTT
CTGCACGAGCT GGAACCAGGACT GAAGAAGAAACGCTACGAGT TCGACCACT GGGACGAT
GCAATTCATGGCTACAGAGAGACCGAGCGECT GAGGT GGEECCCAACCTGCGAAGAAATC
CTGAACCGT GTCCGGT CTGT GECATTTCT TGACAGCAGT CCTCTCCTTGECCCCGT GCAT
GITCTAGATTTGGACAAAACCGGCTACAT TAAGCCACATATCGACAGTIGTGAAGTI TTTGT
GGCAGCACCATTGCTGECTTGAGTCTTCTGI CAGACAGT GTTATGCATTTAGTAAAGGAG
GACGCTCCGCACGAATGEGT GGACCTAT TGCTCTCTCGACCCTCTCTCTACATAATGAGG
GACCAGGCCAGATATAACT TCACTCATGAGATCCTCGAAGATGAGCAGTCTGTGI TTAA
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