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Microsateliites are useful markers for numerous applications in aquaculture and fisheries
research. In this study, type | microsatellite markers were developed for use in constru'cting a genetic
linkage of Penaeus monodon. A software tool was applied for the identification of microsatellite
repeats in the black tiger shrimp (P. monodon) ESTs database (http://pmonodon.biotec.or.th). A
bioinformatics analysis of 10,100 ESTs identified 1,381 ESTs containing microsateliites. Ciusterin'g
analysis indicated that 513 of these ESTs fell into 129 contigs, and the remainingv868 ESTs were
singletons. A total of 2,165 microsatellite were identified. Perfect microsatellites were predominant in
this study whereas imperfect and compound microsatellites were found at a much lesser extent
(16.7% and 5.2%, respectively). Trinucleotide AAT repeat type appeared to be the most abundant
type distributed in P. monodon database, foliowed by dinucleotide AT repeat type. Homology
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know gene products, 37.3% hypothetical protein and 51.1% unknown gene. Microsatellite in ESTs
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and maximum & of 0.30. Thirty-six microsatellite markers were ihtegrated into the previously shrimp
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CHAPTER |

' iNTRQDUCTION

1.1 General Introduction |

Shrimps are the most valuable fisheries, particularly in terms of value of foreign
exchange earning. This is because of a strong market demand, with the highest prices
coming in the international markets. The United State of America and Japan are thé two |
major consumer markets that have caused the rapid growth of the shrimp industry.

Thailand is the world's leader in shrimp exporter. In the year 2000, ._shrimp—
exporting values reached the highest for last ten-year period with a total export of
249,633 metric tons worth 107,890 miliion baht (Table1.1). The majority of the harvest
; s_hrimbs was the black tiger shrimp from culture, Since 2001, Thailand shrimp exporting
value was decrease due o several problems including the spread of diseases across
vast geographic locations and over exploitation of femai_e broodstock in P. monodon
culture. Nowadays, the shrimp species mainly cultured in Thailand has switched to the
white shrimp, Litopenaeus vannamei (Table 1.2) (source: http://www.shrimpcenter.com).
Because L. vannamei feeds on organisms, whiéh gr&v naturally in the pond, it is
cheaper to feed than P. monodon. White shrimp breed in captivity better than P.
monodon, and has uniform growth rate. Hatchery survivals are high, from 50 to 60%
comparing to 20-30% survival rate of P. monodon. Throughout Latin America, hatcheries

maintain captive stocks of L. vannamei broodstock, some of them are pathogen-free, ‘or
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pa_thogen—resistant and some are in captivity for almost 30 y'ears (Source:
http://Awww.shrimpnews.com/Species.html). It is predicted that the white shrimb could
become the dominant speciés in Thailand within the next couplé of yearsv.v However, it is
a non—nativé species, tﬁus, the bfoodstock of white shrimp have to.be imported from
aboard mainly from Hawaiil. The market sizes of white shrimp afe sméller than those of

-black tiger shrimp, leadihg to lower price.

Table 1.1 Cultured shrimp production in Thailand between 1994 — 2004 (Source:

Thai Customs Department cited in Shrimp Culture Newsletter)

Vear Exporting value Quantity of export
(miliion baht) {metric tons)
1994 49,846 190,014
1985 51,270 .. 178,272
1996 43,976 163,545
1997 47,584 138,505
1998 58,343 156,176
1999 87,579 240,529
2000 107,890 | 249,633
2001 98,680 255,568
2002 73,947 212,091
2003 71,847 234,277
2004 67,289 240,841




Table 1.2  The shrimp production in Thailand between 2002-2004 and the prediction

in 2005-2006 (Source: hitp://www.shrimpcenter.com)

Black tiger shrimp | White shrimp | Percentage of black tiger
vear (metric tons) (metric tons) shrilmp to total shrimp (%)
2002 230,000 20,000 92.0
2003 120,000 200,000 375
2004 80,000 245,000 24.6
2005 80,000 320,000 20.0
2006 120,000 360,000 25.0

To maintain the production of P. monodon, the domestication and genetic
improvement of black tiger shrimp are urgently needed for sustainable shrimp culture.
Domestication will provide captive broodstock while genetic selection could select traits

of economically importance such as disease resistant fast-growing P. monodon.

1.2 Taxonomy of P. monodon

The taxonomic definition of the black tiger shrimp is as follows (Bailey-Brook and
‘Moss, 19925:
Phylum Arthopoda
Subphylum Crustacea
Class Malacostraca

Subclass Eumalacostraca

Superorder Eucarida



Order Decapoda
Suborder Natantia -
Infraorder Penaeid
Superfamily Penaeoidae
Family Penaeidae Rafinesgue, 1815
Genus Penaeus Fabricius, 1798 .
Subgenus Penaeus
Species monodon
Scientific name: Penaeus monodon Fabricius, 1.798.. .
English common name: black tiger shrimp or giant tiger shrimp
It has also four.synonyms:
Penaeus carinatus Dana, 1852
P. caeruleus Stebbings, 1905
P. monodon var. manilenis Villaluz and Arriola, 1938

P. bubulus Kubo, 1949

13 Morphology

Externally the shrimp can be divided baoically into the thorax and abdomen
(Figu.re 1.1). The thorax (or head) is covered by a single, immobile_oarapac.e, which
protects internal organs and support muscle origin. The rostrum, extending beyond the

tip of the attenular peduncle, is sigmoidal in shape, and has 6-8 dorsal and 2-4 ventral



5

teeth, mostly 7 and 3, respectively. The carapace is. carinate with the adroétra! carina,
almost reaching to or not as .fa.r as the epigastric or first tooth. The gastro-orbital carina -
occupies the posterior one-third to one half_-distance between the post-orbital marine of
.the carapace a.nd the hepatic spine. The hepatic carina is prominent and slightly curved,
extending behind the antennal spine. The antennular flageillum is sub-equal or slightly
longer the peduncle. The walking iegs or perei_opods are the thoracic appendages.
Exopods are present on the 1* and 4" but absent on the 5" pereiopods. Gills are formed
- from sac-like out growths of the base of the walking legs and sit in branchial chambers
on either side of the thorax. The carapace extends laterally to Co've.r the gills completely.
The abdomen has the obvious segmentation of invertebrates. Pair of swimming legs or
plecpods arises appendages of each of the six abdominal segments. A tail fan comprise
of é telson, which bears the anus, and two uropods attaches to the last (Gm) abdominal
segment. The telson has deep median groove, without dorso-lateral spines. A rgpid
ventral flexion of the abdomen with the tail fan produces the quick backward dart
characteristic of shrimp (Anderson, 1993).

Shrimps grow by periodically releasing their cuticle secreted by the epidermal
cell layer, consisting of.chitin and proteins. Molting starts when the epidermis detaches
from the cuticle layer and begins to secrete a new cuticle. The new cuticle is soft and is
stretched to accommodate the increased size of the shrimp immediately after moiting. in
P. monodon, mating occurs just after the female molts. At this time the male can insert

the spermatopore through the soft cuticle of the thelycum (an organ for internal storage
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of spermatophores). Sh_rimps spawn dirgct%y into the sea Waier, and the eggs are
fertilized by the stored spermatozoa.at thé moment of Sbawning (Anderson, 1993).

A live black tiger shrimp has the following Chéraoteristic coloration: carapace and -
abdomen are tran.sversely banded with red and white, the antennae are greyish brown,
and the pereiopods and pleopods are brown with crimson fringing setae. In shallow
brackish water or when cultured in ponds, the color changes to dark and, often, to

blackish brown (Motoh, 1981: cited in Solis, 1988).
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Figure 1.1 Upper:. Adult female of P. monodon, Middle: Lateral view of P. monodon

showing important parts, Lower: Methods of measurement of P. monodon

(R._, rostrum length; CL, carapace length; TL, total length; BL, body length,
8" AS, length of the 6" abdominal segment). Motoh (1985)



1.4 Life cycle

- The penaeid life cycle includes several. distinct stages found in a variety of
habitats. Juveniles of_ten prefer brackish waters of estuaries and coastal wetlands, while
adults are usually found offshore at higher salinities and greater depths. Larval stag.es
inhabit surface water offshore, with én on-shore migration as they dey_e!op.

Developmenf of penaeid shrimps is complex. It begins with a larva hatching from
the fertilized egg to the first stage, nauplius, which occgrs about 12 hours later (Figure
- 1.2). The larval stages consist of three to six nauplii, three protozoea and two or three
mysis substages depending on shrimp 'species. This larval developmerﬁ period varies
wifh temperature and feeding levels but is usually 10-14 days. Mysis il larvae molts to
become post larvae (PL) with have all appendages and organs seen in adults. Larvae
exhibit planktonic behavior with antennal propulsion for swimming in nauplii, antennal
~and thoracic propulsion in mysis, and abdominal propulsion in megalopa. Nauplii utilize
yolk granules within their body while the feeding staris in protozoea and mysis. At the
.r.nysis stage, larvae héve five pairs of functioning pereiopods. The éarapace néw Cove.rs
all of the thoraéio segmehts. The mysis swims like adu%ts.. After this stage, larvae
metamorphose to the post-larvae with a fuli complement of functioring appendages. The
post—lar\/ae continue to be moiting as they grow. They migrate shoreward and settle in
.__rjursery areas closed to shore or estuaries, before develop to juvenile and sub-adults,

which more tolerate to variety df environmental factors. Sub-adults migrate back to the
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sea where they finally mature and have the first corpulation and spawn. The life-span of

penaeid shrimp is approximately 2 years (Anderson, 1993; Solis, 1988).

et —————— QFFBHORE e COABTAL — - EETUARY
P
. 9250, B O =
Hyels legatope
: ///ﬂ, Protoxoen - A Juvenile
Nauptius

Subaduu

\Oo

Farﬂﬂxodo
€Eqgs

Figure 1.2 The life cycle of the black tiger shrimp, P. monodon, with stages in different

habitats (Baily-Brook and Moss, 1992)

- 1.5 Distribution
~ The tiger shrimp, P. monodon Fabricius, is one of the largest penaeid shrimps. it
| .:_is widely distributed throughout the greater part of the Indo-West Pacific region; South
Africa, Tanzania, Kenya, Somalia, Madagascar, Saudi Arabia, Oman, Pakistan, India,
Bangladesh, Sri Lanka, indonesia, Thailand, Malaysia, Singapore, Philippines, Hong
Kong, Taiwan, Korea, Japan, Australia and Papua New Guinea. Cenerally, P. monodon
is distributed from 30 °E. to 155 °E. longitude and from 35°N. to 35°s. fatitude (Motéh,

1985). The fry, juvenile and adolescent stages of P. monodon inhabit inshore areas and
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mangrove estuaries. On the other hand, the ._adults basically inhabit offshore areas up to
16.0 m. in dépth___(Figure 1.3).
v”The reason for the widespréad cUiere Qf._. this spécies js tﬁat it hés several
. advantages over other penaeid shrimps. First of a]l, it hasv-_a higher growth rate in
cqmbarison to P. japonicus, P. semisulcatus, YIP. penicu/atlls,. P. stylelotris and
Metapenaeus spp.. The second feature of this species is that it is a e_u.ryhaline animal. Its
gfdwth is not retarded even when reared in salinities near to freshwater. FQrthefmore, P.
monodon has é wide temperature tolerance. It can tolerate temperaturés as low as 1200
'. '.or. as high as 36°C for a short period of.time. The general tolerance of this species is
reflected in the large geographic range over whi(;h it is cultured.vThe third feature in
favour of this species is that it is omnivorous rather than carnivorous, therefore it needs a
.comparatively low protein feed. This is reflected in low production costs. Fourth, simple
cglture facilities such as clay bottom ponds are more than adeguate for gréw—out and
.. generally give good results for intensive culture. The last important feature i_s that P.
monodon has a high survival rate in culture. These characteristics make P. monodon an

" ideal culture species.
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_

Figure 1.3 Geographic distributions of P. monodon in the Indo-West Pacific regions

(Grey et al., 1983)

1.6 Exploitation

The P. monodon farming in Thailand is one of the important industrial
_J.__aquaculture. This causes the increasing use of wild female broodstock, because the
farming of this species relies entirely on wild females. for the seed production. This
c‘éuses a tack ofv wild female broodstock. Currently, the culture of this species decline
due____to the spread of disease whilé the cu!tures of P. vannamei increase instead. P.
‘__-___vanname_/'_has been domesticated and achieved genetics selection for fast growing and
disease-resistant to get desirable traits. Domestication allows convenient disease
v,p}e'vention and control. The genetic selection may also be achieved through this

proceés. As a result, domesticated P. monodon should be substituted for the use of wild



12

females as the only source of postlarvae production in the shrimp industry. These would -

" decrease the risk of a loss of the production.

1.7 Genetic markers. |

' The development of DNA-based genetic markers has had a revolutionary impact
..-on aquaculture genetics. With DNA markers, it is theoretically possible to observe and
vexploit genetic variation in the entire genome. The application -of DNA. markeré has
al[owed _rapid progress in aquaculture investigations of genetic variability and -
‘inbreeding, parentage' assignmenis, species and strain identification, and the
g_onétructi_oh of high-resolution genetic linkage maps for aquaculture species. Well-
" designed studies using these genetic markers will undoubtedly acge!erate identification
of genes involved in quantitative trait loci (QTL) for marker-assisted selection {Liu, 2004).

_Severa! marker types are highly popular in aguaculture genetics. In the past,

allozyme and mtDNA markers were commonly used ih aquaculture genetics research.
. More recent marker types that are finding service in this field include restriction fragment
Ie'h.gth pol?morphism (RFLP), randomly amplified polymorphic DNA (RAPD), amplified
' fragment length polymorphism (AFLP), microsatellite, single nuo!eotide polymorphism
I'....(ISNYP_),.and expressed sequénce tag (EST) markers. These markers exhibit variation in

tﬁe'degree of polymorphisms, thus, they can be used in different applicaticns (Table 1.1) '
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Summarizes the basic properties of different marker types

Table 1.3
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1.7.1 Type | versus type Il markers and polymorphic information contentv(PIC)

Molecular markers. ére classified into two c_atégories: type | are markers
associated with genes of known function, while type i markérs are associated with
._-_-anonymous genomic segments (O'Brien, 1991; Table 1.3). Under this classification, most

RFLP markers are type.l markers because they were identified during analysis of knowrj
“-'-Qenes. Likewise, allozyme markers are type | markers because the protein they encode
ha__s known function. RAPD markers are type Il markers because RAPD bands are
5 a}nplifie_d from anonymous genomic regions via the polymerase chain reaction (PCR).
AFL? markers are type Il because they are also amplified from anonymous genomic
; '}egions. Microsatellite markers are type |l markers unless they are associated with genes
: .of_._kn;).wn fgnotion. EST markers are type | markers because they represent transcripts of
.genesv.__-SNP markers are mostly type |l markers unless they are developed from
eX__pYessed sequences. Insertion and deletion (indel) are becoming more widely used as
+ --'markeré since t‘hey often are discovered during genomic or transcriptomic sequencing
prOJects th_ey can be either type | or type |l markers depending on whether they are
llocatevc.i' in Qenes.

The significance of typg_a_ I markers was not fully appreciated in the early stages of
aquacUl.t.ure genetics, though itis becoming ciear that these markers are extremely
impéSftant._ ln addition to their functions as markers in population stqdies, type | markers-
are bg_poming very important in studies of genetic linkage and QTL mapping. Type |

markers have utility in studies of comparative genomics, genome evolution, candidate
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gene identification, and enhanced communication among laboratories. Due to
evolutionary constraints on the genome, many genes and their organization are

conserved among spe’cies. Comparative genomics deals with the similarity and

_differences found among genomes. Type | markers serve as a bridge for comparison

and transfer of genomic information from a map-rich species into a relatively map-poor
species. Such interspecific comparisons can also be made based on type i markers,
but the extent to which the comparison can be made is limited to dose!y related taxa.
The requirement for such comparisons lies in sequence conservation. For the most
frequently used microsatellite markers, such comparative studies depend on

conservation of the flanking sequences used for the design of PCR primers. In contrast,

-.. sequence conservation within genes are high, allowing type | markers to serve as anchor

points for genomic segments to be compared among species. For instance, if 15 genes

are located between type { markers A and B in shrimp, it is likely that the majority of the

15 genes also reside between markers A and B in crayfish, even though the exact

number of genes, gene order, and orientation are not necessarily identical (Liu, 2004).

In general, tyb’e Il markers such as RAPDs, microsatellites, and AFLPs are

~considered to be non-coding and therefore selectively neutral. Such markers have found

widespread use in population genetic studies whose characterizations of genetic
diversity-and divergence within and among populations are based on assumptions of
Ha__r-_dy—Weinberg equilibrium and selective neutrality of the markers employed (Brown

and Epifanio, 2003). Type It markers also have proven useful in aquaculture genetics for
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species, sfrain and hybrid identification, in breeding studies, and more recently as
markers linked to QTL.

The usefulness of molecular markers can be measured based on their
polymorphic information content (PIC, Botstein et al., 1980). PIC refers to the value of a
" marker for detecting polymorphism in a population. PIC depends on the number of
detectable alleles and the distribution of their frequencies.

1.7.2 Allozyme markers

Allozymes are allelic variants of proteins produced by a single gene locus, and
: _are.of interest as markers because polymorphism exists and because they represent
pr:otein products of genes.and are thus type | markers. Since the 1960s, starch gel
. electrophoresis of allozymes has been the most commonly employed molecular method
in fishery genetics (Ryman and Utter, 1987; Hillis et al., 1996). Still in widespread use,
allozymes were among the earliest markers used in aquaculiure genetics (Méy gt al..,
 1980; Seeb and Seeb, 1986; Johnson et al., 1987; Liu et al., 1992, 1996; Morizot et al.
1994).
| Amino acid differences in the polypeptide chains of the different allelic forms of
an enzymé reflect changes in the underlying DNA sequence. Depending on the nature of
th_éfamino acid changes, the resulting protein products may migrate at different rates
(dqe tb charge and size differences) when run through a starch gel subjected to an
électr]cai field. Differences jn the presence/absence and relative frequencies of alleles

are used to quantify genetic variation and distinguish among genetic units at the levels of



17

' populations, species, and higher taxonomic designations. Allozymes found use in
"'équaoulture for tracking inbreeding, stock identification, and parentage analysis. ina féw
cases, correlation existed between certain allozyme markers and perfermance traits
(Hallerman et al., 1986; McGoldrick and Hedgecock, 1997). Their use in linkage
-".'mapping has been-demonstrated in studies of saimonids (Pasdar et al., 1984; May and
~ Johnson, 1993) énd poeciliids (Morizot et al., 1991), but the limited number of availablé
gllozyme loci precludes their use in iarge-scale genome mapping. _Disadvantages
asspciated with allozymes include heterozygote deficiencies due to null (enzymatically
v .i_naotive) alleles and the amount and quality of tissue samples required. In addition, some
changes in DNA sequence are masked at the protein level, reducing the level of.
. detectable variation. Some changes in nucleotide sequence do not chahge the encoded
‘.___polypeptide (silent substitutions), and some polypeptide changes do not alter the
r.nob.iiity of the protein in an electrophoretic gel (synonymous substitutions). Althouéh 75
isozyme systems representing several hundred .genetic loci are available (Murphy et al.,
% 1"996),.the relatively modest number of loci usually employed and the low number of
alvléilesv(qsﬁally two or three) exhibited by most loci tend to keep the PIC of these markers
.fairl_y modest. Lowv levels of genetic variation revealed in many allozyme studies of
rr.%arivpe-ﬂ.sh populations (e.g. S.idde_ll'et al., 1880; Mork et alr., 1985; Crawford et al., 1989)
pr'"o_.mpted ;a continued search for markers with greater genetic resolution. In spite of their
stre‘ng'.[h as codominant type I markers, ease of use, and low cost, their use in

aquaculture genetics has become limited.
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+ 1.7.3 Mitochondrial DNA markers

Studies of vertebrate species generally have shown that sequence divergence
accumulates more rapidly in mitochondrial than in nuclear DNA (Brown, 1985). Thisvhas
been attributed to a faster mutation rate in mtDNA that may resuit from a lack of repair
mechanisms during replication (Wilson et al., 1985) and smaller effective population size
. due to the sfrictly maternal inheritance of the haploid mitochondrial genome (Birky et al.,

1989). Almost the entire mtDNA molecule is transcribed except for the approximately 1
kb control region {D-loop), where replication and transcription of the molecule is initiated.
.In general, non-coding segments like the D-loop exhibit elevated levels of variation
relative to coding sequences such as the cytochrome b gene (Brown et a/., 1983),
-~ presumably due to reduced functional constraints and relaxed selection pressure.
Analyses of mtDNA markers have been used extensively to investigate stock
""':.structure in a variety of fishes including eels (Avise et al., 1986), bluefish (Graves et al.,
1_9_92).,. red drum (Gold et al., 1993), snappers (Chow-et al., 1993), and sha.rks {Heist and
: Goid, 1_9_99). Mitochondrial markers are quite popular among aquaculture geneticists, in
paﬁ:due to their use in identification of broodstocks (e.g. Benzie et al., 2002). In the early
: :"'.days of molecular analysis, the high levels of mtDNA polymorphism relative to allozymes
w_:_er'é. exploited for population differentiation. Technically, mtDNA markers are RFLP
markgrs._e;(cept that the target molecule is mtDNA rather than nuclear genomic DNA
(eronin et al., 1993). Although mtDNA loci can exhibit large numbers of aileles per loci,

- the limited number of markers available on the mtDNA molecule positions its PIC values
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hi.gher than those for.allozymes but lower than highly variable nuclear markers such as-
- RAPDs, microsatellites, AFLPs, and SNPs.

"~ Due to itsv non-MendeHan mode of inheritance, the mtDNA molecule must be
considered a singie locus in genetic investigations (Avise, 1994). In addition, because
rnt_DNA is maternally inherited, the phylogenies and population structures derived from
”'.mtDNA data may not reflect those of the nuclear genome due to gender-biased

rnigr-ation (Birky et al., 1989) or introgression (Chow and Kishino, 1995). In addition,
__mtDNA markers are subject to the same problems that ex%st for other DNA-based
markers, such as back mutation (sites that have already undergone substitution are
returned to their original s;ate), parallel substitution (mutations occur at the same site in
- independent line ages), and rate heterogeneity or mutational hot spots (large differences
_-in the rate at which some sites undergo mutation when compared to other sites in _the
same region).

1. 7.4 Restriction fragment length polymorphism (RFLP)

v. RFLP markers (Botstein et al., 1980) were regarded as the first shot in the
'éeno_me revolution (Dodgsoen et al., 1997), marking the start of an entirely different era in
the biological sciences. The procedures and principles of RFLP markers are summarized
in ﬁgure_ 1.4. Restriction endonucleases are bacterial enzymes that recognize specific 4,
5, 6, or 8 bése. pair (bp) nuclectide sequences and cut DNA wherever these sequences
arevenoo__u_ntered, so that changes in the DNA sequence due to insertion or deletion,

- base substitutions, or rearrangements involving the restriction sites can result in the gain,
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loss, or relocation of a restriction sitev. Digestion of DNA with restriction enzymes results
in fragments whose number and size.can vary among individuals, populations, and
" species. Traditionally, ffagments were separated using Southern blot analysis {(Southern,
;1976), in which ge'nomic DNA is digested, subjected_ to electrophoresis through an
| agarose gel, transferred to a membrane, and visualized by hybridization to specific
probes.
Most recent analyses replace the tedious Southern-blot method with-techniques |
: based on the polymerase chain reaction (PCR). if flanking sequences are known for a
v':..locu_s, the segment containing the RFLP region is amplified via PCR. if the length
bolymorphism is caused by a relativé!y large (> approx. 100 bp depending on the size of
j_._th'.é undigested PCR product) indel, gel electrophoresis of the PCR products should -
_{.eveal_the size difference. However, if the length polymorphism is caused by base
sv._gbstitution at a restriction site, PCR products must be digested with a restriction enzyme
tg_reQeal the RFLP. In addition, PCR products can be digested with restriction eﬁzymes
.'.and visualized by simple staining with ethidium bromide due ¢ the increased amount of
_ bNA.produced by the PCR method.

.: T.h_e_z potential power of RFLP markers in revealing genetic variation is relatively
l,ov;/ compared to more recently developed markers. indels and rearrangementé of
re,gibns containing reétriction sites are perhaps widespread. in the genomes of most
Spgciés, but the chances of such an eyent happening Within any given locus under study

should be rare. Similarly, in a given genome of 109 base pairs, approximately 250,000
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restriction sites should exist for any rest'riction enzyme wit.h a 6-bp recognition sequernce
(that accounts for1.5x1 0° bp or 0.1 5% of the entire genome). Base substitutions within
these restriction sites must be widespread as well, but again, the chances that such-
. base substitutions would occur within the locus under study would be relatively small.

The major strength of RFLP markers is that they are codominant markers, i.e.,

- both alleles in an individual are observed in the analysis. Because the size difference is

often large, scoring is relatively easy. The major disadvantage of RFLP is the relatively
“low ievel of polymorphism. In addition, either sequence information (for PCR analysis) or
probes (for Southern blot analysis) are required, making it difficult and time-consuming to

develop markers in species lacking known molecular information.
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F_igure 14  Molecular basis of restriction fragment length polymorphism (RFLP).

Genomic DNA is digested with a particular restriction enzyme (arrows).

(A) Base substitution within the restriction site can knock out the site

(conversely, new sites can arise by base substitutions as well). Loss of a

restriction within the focus of interest leads to loss of one fragment and

increase of fragment size that can be resolved by gel electrophoresis. (B)

Insertion of a piece (black bar) between two restriction sites within the

locus leads to an increase in the fragment size that can be resolved by

gel electrophoresis (reversely a deletion should reduce the fragmeht

"size). In both cases, classical means of detection relies on Southern blot

using specific probes.
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1.7.5 Random amplified polymorphic DNA (RAPD)

RAPD procedures were first developed in 1990 (Welsh and McCielland, 1990; ..
Williams et al., 1990) using PCR to randomly amplify anonymous segments of nuciear
= DNA with an identical pair of primers 8-10 bp in length (Figure 1.5). When the two
primers bind to sites close enough (often less than 2000 base pairs) on opposite strands
.of DNA (indicated by érrowed segments with base pairing), a PCR product results.

Random primers of 10 bases by chance have about 1000 perfect binding sites on each,
strand of genomic DNA for a genome size of 1x1 0° base pairs. It should benoted that
non-perfect binding of primers to genomic DNA template.s (e.g., 9 out of 10 bases pair
__With genomic DNA, as shown with the primer on the right) may also lead to production of
; PCR products if the 3' end of the primer has strong base-pairing. Because the primers
_.”_._a.re short and relatively low annealing temperatures (often 36—40°C) are used, the
Iikelfhood of amplifying multiple products is great, with each product (presumably)
.'.'representing a different loculs. Because most of the nuclear genome in vertebrates is
ndn—coding, it is presumed that most of the amplified loci will be selectively neutral.
Genetic variation and divergence within and between the taxa of interest are assessed
:_by the presence or absence of each product, which is dictated by changes in the DNA
se.quénce at each locus. RAPD polymorphisms can occur due {o base substitutions at
t.f.le pr'im'er binding sites or to indels in the regions .between the sites. The potential power
ié.'t:relat.i\_/ely high for detection of polymorphism; typically, 5-20 bands can be produced

using a given primer pair, and multiple sets of random primers can be used to scan the
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entire genome for differential RAPD bands. Because each band is considered a bi-ailelic
locus (presence or absence of an amplified product), PIC values for RAPDs fall below
those for microsatellites and SNPs, and RAPDs may not be as informative as AFLPs

because fewer loci are generated simultaneously.

FEd el AR O N I
tgtgetgtac 3! -gtacagcaca

_Figtjre 1.5-  Schematic presentation of the RAPD procedure. Genomic DNA (indicated
by long strings of lines) is used for PCR using two arbitrary short primers of
identical sequences (indicated by short segments annealing to fheir
complementary sites in the genome either perfectly or non-perfectly) under

low annealing temperatures.

RAPD markers arg inherited as Mendelian markers in a dominant fashion_ and
scb’lr.éd as present/absent. A RAPD band is produced by homozygotes as well as
heterozygotes, and though band intensity may differ, vartations in PCR eﬁio_iency makes
sc‘g__)_rin..(;g of band intensities difficult. AS, a result, distinguishing homozygous dominant

from heterozygous individuals is not generally 'possible. In addition, it is difficult to
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determine whether bands represent different loci or alternative alleles of a single locus,
so that the number of loci under study can be erroneously assessed. This is especially
‘true if the RAPD is Caused by deletion dr insertion within the locus rather than at the
primer binding sites. In breeding studies, the number of RAPD bandé seen in the F1
generation should equal the sum of the bands seen in the parents, aséuming parental
" homozygosity at each locus; polymorphic RAPD then segregates in a 3:1 ratio. in F2
populations

RAPDs have all the advantages of 2 PCR-based marker, with the added benefit
‘that primers are commercially availabie and do not require prior knowledge of the target
DNA sequence or gene organization. Multi focus amplifications can be séparated
._ve!gctrophoretioally. on agarose gels and stained with ethidium bromide, although higher
resolution | of bands has been achieved with diséontinuous polyacrylamide gel
electrophoresis (dPAGE) and silver staining (Dinesh et al., 1995), a somewhat costlier
and more Iabor—ihtensive method. Other advantages of RAPDs are the ease with which a
..:_-_;Z':-l.'a.rge number of loci and individuals can be screened. RAPD makers have been used for
species identification in fishes (Partis and Wells, 1996} and mollusks (Klinbunga et al.,
2OQQ; Crossland et al., 1993), analysis of population structure in black tiger shrimp
(Tassanakajon et al., 1998) and marine algae (Van Oppen et al., 1996), analysis of
gengtic impact of environmental stressors (Bagley ef al., 2001), and analysis of gehetio

diversity (Wolfus et al., 1997;Hirschfeld et al., 1999; Yue et al., 2002).
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1.7.6 Amplified Fragment Length Polymorphisms (AFLPs)

The AFLP technique is also a PCR based technique, however unlike RAPDs,
specific restriction fragments are targeted for ampliﬂcatibn. Genomic DNA is digested
w_i_th two different restriction enzymes, normally a hexacutter and a tetracutter
(recognizing .a four base pair sequence). Specific adapter molecules are then figated to
the ends of the restriction fragments. The oligonucleotide brimers for the PCR reactions
correspond to these adapter molecules. A greater specificity is achieved by adding an
extra nucleotide to the PCR primer corresponding to the internal nucleotide following the
restriction site. A preliminary amplification reaction i1s carried out using-this +1 primer
allowing the amplification of only a subset of the population of digested molecules. This
initial amplification is allowed by a second amplification using an. oligonucleotide primer

with three extra bases, therefore only a fraction of the originally ampliﬁed fragments is
subs_.equently amplified i.e. those processing precisely the combination of internal bases
determined by the primers. D_ifferent combinations of three bases sequence at each
restriction site lead fo analysis of different fraction of the genome. In order to detect the
amplified fragments, one of the +3 primers has radioactive or fluorescent label attached,
: the'ampiiﬁcation products are then run out on a poiyacry%amide sequenoéng_gel and
visualized by autoradiography or by scanning in a special apparatus designed.to detect
ﬂuoresge_nt compounds. The general idea behind the AFLP technique is o obtain
inf_q_r_mation simultaneously for many restriction fragment polymorphis_ms but in an easily

"-’hﬁanageable fashion, therefore although initial digestion, ligation and amplification
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reactions involve the whole genome, various steps within the protocol lead us to analyze
, ‘only a small proportion of genome (Lin and Kuo, 1995; Vos et al., 1995).

AFLPs have been shown to detect high levels of polymorphism in many different
organisms. The po!ymor'phism in this case has the same basis as for RFLPs, namely
mutations in or around the restriction sites of the enzymes used in the initial digest. vin
spite of the complexity of the protocol for carrying out AFLP analysis and the preparation
of sequencing gels, many reports of mapping and tagging using the AFLP technique
have been published recently. The AFLP technique, like RAPDs, could be easily
automated for high sample throughput (Cervera et a/., 1996; Hill et al., 1996).

1.7.7 Microsatellites

Microsatellites consist of multiple copies of tandemly arranged simple sequence '
repeats (SSRs) that range in size from 1 to 6 base pairs (e.g., ACA or GATA; Tautz, 1989;
L!tt and Luty, 198,9). Abundant in all species studied to date, microsatelvlites have been
esti_mated to occur as often as once every 10 kb in fishes (Wright, 1993). Microsatelliteé
ténd to be evenly distributed in the genome on all chromosomes and all regions of the
chromosome. They have been fourjd inside gene coding regions (e.g. Liu et. al., 2001),
:__i__mtrons, and in the non-gene sequences. The best known examples of microsatellites
within.coding regiohs are those causing genetic diseases in humans, such as the CAG
:-rebéats that encode polyglutamine tract, resulting in mental retardation. Most

mig_r_osételiite loci are relatively small, ranging from a few to a few hundred repeats. The.

ré'l.atively small size of microsatellite loci is important for PCR-facilitated genotyping.
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.Generally speaking, microsatellites containing a larger number of repeats are more
polymorphic, though polymorphism has been observed in microsatellites with as few as
five repeats (Karsi et al., 2002).

Microsatellite potymorphism is based on size differences due to yarying numbérs
of repeat units contained by allevl_es at a given locus. Miorosateilifgg mutation rates have
been reported as hiéh as 1.Qf-2per generation (Weber and Wong, 1993; .Crawford ahd

Cuthbertson, 1996), and are believed to be caused by polymerase slippage during DNA

" replication, resulting in differences in the number of repeat units-(Levinson.and Gutman,

1987; Tautz, 1989). Direct studies of human families have shown that n'ew microsatellite
vmutations usually differed from the parental allele by only one or two repeats (Weber and
. Wong, 1993), favoring a stepwise mutation model (Estoup and Cornuet, 1999).

Regardless of specific mechanisms, changes in numbers of repeat units can resuit in a
large number of alleles at each microsatellite locus in a population.
Microsatellites are inherited in a Mendelian fashion as codominant markers (Fig.

1.6). In this figure shows the two pairs of mating used to produoé the F1. In the first pair,
vth_.g.-female has genotype AB at the locus; the maie has genotype CD; and their F1 (one
=+ female individual) has genotype of AD. In the second pair, the female has genotype BC
at.the' tocus; the male has genotype CC; and their F1 (one maie individual) has genotype
BC. The F2 individuals produced from the two F1 individuals (AD and BC) have ali four

possibilities of genotypes under independent segregation: AB, AC, BD, and CD. Note
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that both alleles are present for co-dominant markers. if only one band is observed, it is

homozygous at the locus.
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Figdre 1.6 Schematic presentation of co-dominant marker inheritance. (Details were

described in text) _
Oiher strengths of microsatellite markers in addition tc their abundance, include even
gen_Qmic distribution, small locus size, and high polymorphism. However, use of
..rﬁiérosatelliie markers involves a .iarge amount of up-front investment and effort. Each
microsatellite Iocué has to be .identiﬂed and its flanking regio.n sequenced for the design
Q__f-_-PCR primers. For most efficient marker development, .microsatellite-enriched genomic
DNA libraries are made (Ostraﬁder et al., 1992; Kijas et al., 1994). Due to polymerase
S‘.Iipﬁage duri.ng replication, small size di.f.ferenoes.between alleles of a given
microsé:tellite locus (as little as 2 bp in a focus comprised of dinucleotide repeats) are

pdésible. Because of this, PCR-amplified microsateilite DNA was traditionally labeted
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fadioactively, separated on a sequencing gel, and then exposed on X-ray film overnight
(Sambrook et al., 1989). Significant increases in the number of samples that can be
* typed in a day have been achieved by using automated fluorescent sequencers coupled
_:.with computer imaging systems (O'Reilly and Wright, 1995).
The.large number of alleles per locus results in the highest PIC values of any
2 DNA markers. Microsatellites recently have become an extremely popular marker type in
a wiae variety of genetic investigations, as evidenced by the recent debut of the journal
Molecular Ecology Notes, dedicated aimost entirely to publishing primer and allele
fréquency data for newly characterized microsatellite loci in a wide range of species.
Oy_er the past decade, microsateliite markers have been used extensively in fisheﬁes
research including studies of genome mapping, parentage, kinships, and stock structure
(O’Connell and Wright, 1997;); a cursory oniine literature search produced over 500

entries since 1998 involving the utilization of microsatellites in such studies.

. 1.8 Genetic markers in penaeid shrimps

Dating back to the mid-1960s, electrophoretic techniques for protein separation
followed by histochemical localization of specific enzymes aliowed geneticists, for the
ﬂ'fét time__, to surv.ey natural populations for the amount of variation in a random sample of
primary gene products. As investigators turned to biochemical techniques. The interest
in e>§ternally visible polymarphisms declined. The enzyme polymorphisms posses

significant advantages, including codominant expression (Hedgecock et al., 1982).
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The identification of the genetic diversity in penaeid. shrimp is through the
"'..examination of allozyme variability indicateé relatively few allozyme polymorphisms. Low
vl.evels of genetic variation and little geographic differenti_ation within wild penaeid shrimp
species have been reported (Garcia et al., 1994). Using three penaeid shrimps from the
Gulf of Mexico, Penaeus aztecus, P. setiferus and P. duorarum, Lester (1979), could not
- demonstrate the significant differences among locality differentiation of “allozyme
: _f_r_equencies. Howe\)er, Benzie et al. (1992) found significant allozyme frequency
differences among Australian popuiations of P. monodon. However, mtDNA analysis
. indicated higher levels of variation among the Australian populations of P. monodon,
suﬁggesting that DNA analysis would provide a better source of markers for penaeid
‘.__'-shr.imps.'

A randomly amplified polymorphic DNA (RAPD) analysis has been demonstrated
ag useful markers in penaeid shrimp breeding programs (Garcia and Benzie, 1995). The
percentage of RAPD markers generated that were polymorphic (6-7%) was similar to that
.‘---observed- in other organisms. A RAPD marker specific to the population originated f.rom
Ecuador was reported by Garcia et al. 1994. Tassanakajon et al. (1997) reporied that the
:"p:'ﬁri.mer UBC 428 generated a RAPD marker that was found only in P. monodon
originating from Satun-Trang, located in the Andaman Sea. A RAPD marker generated by
UéC 268 was also found specific to the population of P. monodon from the Gulf of
Thé"i.lénd (Klinbunga et al., 2001). These resuits: suggested the potential use of these

 markers as population specific markers. The RAPD analysis of wild poputations of Thai P.



32

.'monqdon suggested high level of  polymorphism and the existence of popuiatién
differentiation (Tassanakajon et al., 1998).
Mitochondrial DNA restriction fragment length polymorphism (mtDNA-RFLP) was
' _suooessfully used for determination of genetic diversity in 3 wild population.s of P.
monodon (Klinbunga et al., 1999). Recently, PCR-RFLPs of 2 mtDNA genes (16S tDNA
g énd COI-COll) of P. monodon samples from the 2 coastal areas of Thailand showed high
average nucleotide diversity within samples of Thal P. monodon compared to _severai '
.. marine organisms (Klinbunga et al., 2001).
For AFLP markers, Perez et al, (2004) construct of sex-specific linkage maps for
th_e white shrimp Litopenaeus vannamei . They used 103 primer combinations to obtain
.. 741 segregating bands. From them, the female map covered 2,771 _cM and was 24%
loﬁéer than the male map (2;1 16 cM long)
- The use of microsatellite markers in penaeid shrimps was first demonstrated by
\'/"\'./.dfus‘__et al. (1997). A microsatellite locus was employed to determine the 'aHeIic
inheritance within 14 families of P. vannamei stocks. Meehan et al. (2003) developed 136
..:'p,rime__rs' that flanked microsatellites in P. vannamei. They found that 68% were
polylmorphio in cultured shrimp, with PIC values ranging from 0.195 to 0.873. Of these
markers, they are being used along with other. markers to construct a linkage map for P.
véﬁnamei. For the blgok tiger shrimp, Tassanakajon et al. (1998) and Pongsomboon
(2(562) isolated and characterized 21 microsatellite loci from P. monodon genomic

libraries. Microsatellite markers were also used to illustrate . geographic population
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differentiation of P. monodon in Thailand and Australia (Supangul et al., 2000, Brooker et
B él., 2000). Wilson et ai. (www.aims.gov.au, 2004) constructed an initial génetic !inkage
mép of P. monodon from 3 reference families using a several markers. This linkage map
has 36 linkage grdups for male map and 29 linkage groups for female map covering a
"tbtal genetic distance of 878 and 630 cM for male and femaie maps, respectively.
Recently, Wuthisuthimethavee et al. (2003) developed 102 microsatellite markers and 27
: microsateilite markers were successfuily placed into the genetic linkage map-forming9
: ﬁnkage groups (Wuthisuthimethavee et al., 20Q6). At present, P. monodon genetic
!_f"_-nka.ge maps have not yet cover a whole genome. A more deﬂngd P. monodon map
’ reqﬂuire sufficient markers including microsatellites to create larger number of linkage

;'groups.covering a long genetic distance.

1.9 Bioinformatics mining of type | microsatellites

In Expressed Sequence Tag (ESTs) project of several plants and animals, a
bioihformatics was used for searching type | microsatellites iocated in the transcripts. In
QOOQ_, ‘Scott et al. analyzed microsatellites derived from ESTs of grape Vitis vinifera. They
s’éérch_e_d -a total of 5,000 ESTs in database and found that 10 of 16 developed
ml}__gr’osatellite loci were polymorphic. The polymorphic microsatellite loci derived from the
g qgtra{nslated region (3' UTR) showed higher polymorphic than 5" UTR. Th.iel et al.
}(2003).exploited EST databases for the development and characterization of ge.ne—

derived microsatellite markers in barley Hordeum vulgare L. They screened 311 primer
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__.:-pé.irs flanking microsatellité loci.” Only 76 EST-derived- microsatellite markers . were
integrated into a barley genetic consensus map. 3' -UTR yiélded a higher portion of
| 'éélymorphic microsatellite (64%) than 5' UTR did. Recently, a genetic mapping of EST—.
de__rived microsatellites from the diploid Gossybium arboreum in allotetrapioid cotton was
constructed (Han et al.; 2004). Nine hundred and thirty three ESTs were found to contain
.‘.(niélrosatellites; 544 (58.4%) primer pairs were developed. However, only 99 (18.2%)
were.polymorphic and segregated in their inter specific backcross mappi.ng population.
Of these loci, hexa- and tri-nucleotide repeats were the most frequency, represehting
40..1% and 30.0%, respectively. For aguaculture species, Yue et al., (2004) developed
_'-"'36 type | microsatellites from ESTs database of common carp (Cyprinus carpio L.} and
; fg__und that they can successfully cross-species arﬁpliﬂed in silver crucian carp
(Carassius auratusgibelio). Thirty-four microsatellite loci were polymorphic in common
.c‘a'rip w_ith average. allele number of 7.3 per locus (range from 2 to 15 alleles per locus).
ergs—speoies amplification showed that 15 from 34 loci were polymo.rphic in sitver
r"o’"ruciarj. carp. Serapion ef al. (2004), searched type | microsatellites from a total of
4{3,:.503.3 EST_s database of channel catfish (/ctalurus punctatus). The 4,855. ESTs
' containin'.g microsatellites were identified. Dinucleotides CA/TG and GA/TC repeats were
the":fnost abundant microsatellites. The clustering result showed that 1,312 of these ESTs
fell in_to 569 contigs, and the remaining 3,534 ESTs were singletons.

Up to date, the large-scale EST project of P. monodon is conducting at Shrimp

Molchlar Biology and Genomics Laboratory, Chulalongkorn University. At the end of
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2004, the P. monodon _EST database of this ‘project contained about 10,100 EST

' sequences. In this thesis, type | microsatellite markers were developed by conducting a
computer searching on the shrimp EST database in order to reveal microsatellite
sequences and primer pairs were des.igned at each microsate-llite locus. These type.|
microsatellite markers were used to further extend the previous P. monodon genetic
._.-.._I_i.i_rjkage map consisting valmost of AFLP markers. A define genetic linkage map covering
‘::'..the whole genome distance will allow identification of quantitative trait loci (QTL) that link

to phenotypic traits of interest.

1.10 Objective of the thesis

"The aim of this thesis is to obtain sufficient useful type | microsatellite markers in
P.'f.."'_.iﬁ;modon for application in shrimp breeding and genetic mapping. We developed
newly 50 type | microsatellite markers from shrimp ESTs database. These EST-derived
microsatellite markers.. were tested to determine the level of polymorphism and

microsatellite allelic patterns. The microsatellite markers were also applied for genetic

linkage mapping.



CHAPTER I

MATERIALS AND METHODS

2.1 Equipments

Autoclave LS- 2D (Rexall industries Co. Ltd., Taiwan)
- Automatic mic..rc.>pipettes P10, P20, PI00, P200 and P1000 (Gilson. Medical
Electronic S.A., France)
- -20°C Freezer (Sharp, Thailand)
03 .—80°C Freezer {Thermoforma, USA)
- DNA seguencer (MegaBACE 1000 DNA Analysis system, Amersham Bioscience)
- Light box. (Shandon, Japan)
. Miérooentrifuge tube 0.5, 1.5 mi (Bio-RAD Laboratories, USA)
Loy Multichannel micropitte 20-300 g (Eppendorf, Germavnvy)
- Multichannel micropitte 0.5 - 20 wl (Eppendorf, Germany)
- Orb_ital shaker {Stuart Scientific, E_ngland)
- PCR Therma: cyclers (Eppendorf, Germany}
PCR Workstatién Model#P—O% (Scientific Co., USA)
- Pipette tips 10, 200, 1000 pl_(Bi:o—RAD Laboratories, USA)
- Power éQppIies: PowerPac3000 Power Supply (Bio-Rad Laboratories, USA)
-__.-‘_'_'_'i:':&éfrigerated microcéntrifuge Kubota 1300 (Kubota, Japan)

- Spectrophotometer DU 650 (Beckman, USA)



Strip tube 0.2 ml (Axygen, USA)

Vertical sequencing gel electrophoresis apparatus (Hoefer, USA)

2.2 Chemicals

Absolute ethanol (Merck, Germany)

Acrylamide (Merck, Germany)

Acetic acid gracial (Merck, Germany)

Ammonium persulfate (Promega, USA)

Boric acid (Merck, Germany)

Bromophenolblue (Merck, Germany)

DyNAzyme |l DNA polymerase (Finnzymes, Finland)

Ethylene diamine tetraacetic acid, disodium salit dihydrate (Fluka, Switzerland)
100 mM dATP, dCTP, dGTP, dTTP, (Promega Corporation Medison, USA)
Formaldehyde solution, 37 to 41 % HCOOH (BDH Chemical Ltd., England)
Formamide (Gibco BRL Technologies Co., USA)
N,N-methylenebisacrylamide (Amersham, England)

Oligonucleotide primers (Proligo, Japan)

Silver nitrate (BDH Chemical Ltd., England)

Sodium carbonate (Ajax Chemicals, Australia)

Sodium hydroxide (Merck, Germany)

Sodium thiosulfate (UNIVAR, Australia)

37
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- N,N,N‘N-tetramethylethylenediamine (Gibco BRL Technologies Inc., USA)

-~ Urea (Ajax Chemicals, Australia)

- Xylene cyanol (Sigma, USA)

2.3 Downloading Shrimp ESTs from the EST database

All black tiger shrimp ESTs data as of 1 January 2005 were downloaded from the
shrimp EST database (http://pmonodon.biotec.or.th). Ali sequences were displayed in a
FASTA format and further used for searching microsatellite loci. After downloading, the

sequences were saved as text and stored in a local computer.

. 2.4 Searching and identification of EST containing microsatellites

After the ESTs data were downloaded into the local computer, all possible
combination of dinucleotide, trinucleotide, tetranuclectide, and pentanucleotide were
searched by using a software, modified Sputnik 1l (http://wheat.pw.usda.gov/ITMI/EST-
SSR/LaRata/). Single nucleotide repeats were not included because they are not very
useful as polymorphic markers (Serapion et al., 2004). Sputnik was run on DOS
operation. The command was used as sputnik.exe [input file] > [output file]. Strings of
oligo sequences were used to search microsatellites: 6 repeats were used for
dinucleotide; 4 repeats were used for trinuclectide; 3 repeats were used for

tetranucleotide and pentanucleotide according to Stalling et al. (1991).
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Searohing results from modify Sputnik I may contain redundancy clones. To
.ob.tain_ the different EST clones, EST containing microsatellites were masked by using
Repeatmasker (Smit A., unpublish) and then clustered and assembled by using TIGR_
-v..(.aene Indices Clustering Tools (TGICL) (Pertea et al., 2003) with.the CAP3 (Huang and

Medah, 1999).

- 2.5 Determination of gene identities of EST containing microsatellites
. BLASTX program was used to compare a gene identity of ESTs containing
mvicrosatellite against the non-redundant database. When accumulated pfobability of

o 4 o e .
sequence similarity was less than 10 , the tentative identities were established.

2.6_Shrimp samples

The black tiger shrimp (P.‘ monodon) broodstock was wild-caught alive from
T__raﬁé (N=48) in February 1998. Pleopods were excised from freshly killéd shrimp
" ind:i_viduals and immediately placed on dry ice. Specimehs were stored at -80°C until
,"requ:i__red. Genomic DNA of these specimens was prepared by Supungul (1998) and
uéed tq determine polymorphism of microsatellite loci developed in this studly.

For genetic linkage mapping analysis, the reference pedigree family was
“pr__o__dué..(.ad at the Australian Institute of Marine Science (AIMS), Townsville 'Facility,

’betweén 1995-1997. The first generation was wild broodstock (GO) . captured from
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inshore Waters off the North Queensland coast in 1995. The offspring were raised over

17.months to produce the first generation 6f domesticate_d broodstock (G1). The G1 were
"”spawned in March 1897 and their'.'offspn'ng, (G2, were raised in nursery tanks to 3
months. Dué to a disease outbreak in the facilities, all animals were harvested at thét
point..Oﬁspring from several families were snap-frozen in liquid nitrogen for futur_e DNA

preparation. Pleopods were also preserved from the parental generations (Wilson et al.,

©2002).

27 DvNA extraction

2.:7.1 The biack tiger shrimp broodstock (Supungul, 1998}

Genomic DNA was extracted from a pleopod of each shrimp using.a phenol-
chloroform method modified from that of Davis et al. (1986). As soon as possible after
removing from a -80°C freezer, a pleopod was transferred into a 1.5 ml microcentrifuge
t_g_pé;containing 400 ! of pre-chilled extraction buffer (100 mM Tris-HCI pH 9.0, 100 mM
NaCl, 200 mM sucrose, 50 mM EDTA, pH 8.0) and briefly homogenized with a pre-
chilled glass homogenizer. A 40% SDS solution was added to a final concentration 1.0%
(W/v\/)__j.-."Thé resulting mixture was then incubated at 65°C for 1 hour following by ah

add:i:'t.ic.m of 10 ul of proteinase-K solution (30 mg/ml) and 5 pl of a RNase solution (10

mg/ml). The mixture was further incubated at the same temperature vfor 3 hour. To

remove proteins, 91 pl of 5 M potassium acetate, pH 6.5 was added, thoroughly mixed

and inéﬁbéted at 4°C for 10 min prior to centrifugation at 10,000 revolution per minute
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(rpm) for 10 min at 4°C. The supernatant was decanted to a sterile microcentrifuge.. An
equal volume of buffer-equilibrated phenol-chloroform-isoamyl alcohol (25:24:1 viv) was
..g_dded anvd.gently mixed. The mixture was then centrifuged at 12,000 rpm for 10 min. The
upper agueous phase was carefully transferred to a new microcentrifuge tube. One-tenth
VOiﬁme Qf 3‘ M sodium acetate, pH 5.5 was added. DNA was precipitated by an addition
of v2__.v__olume of ice-cold absolute ethanol and kept at -20°C overnight. The precipitated
__‘_D,NA pellet was recovered using a cut tip and briefly wash twice with 70% ethanol. The
pellet was air-dried and resuspended in 300 pl of TE buffer (10 mM Tris-HCI, pH 7.4 and
1 mM EDTA). The DNA solution was incubated at 37°C for 1-2 hours for complete
regissolved and kept at 4 °C until further use.

- "2.7.2 The reference family (Wilson et al., 2002)

DNA wés prepared from parents and 41 offspring at the Australian Institute of
.Marinve_ Science (AIMS) as follows. Frozen pleopod or tail muscle samples were weighed
a'r]__d' placed in a glass .homog_enizer with 1 ml homogevni__sation buffer (100 mM Tris-HCI
" pH 9.0, 100 mM_EDTA, 1% SDS, 100 mM NaCl) per 100 mg tissue. After grinding on ice,
thev"t.wlomog_enate was placed at 70°C for 60 min prior to additioﬁ of 250 ul of 5 M
éota_ssi_um acetaie, pH 6.5 per 1 mi grinding buffer used, mixed thoroughly, incubated on .
ice-for 30 min to pref_cipi.tate proteins and centrif_uged at 25,000xg for 15 min at 4°C.. The
sugsernéfént was decanted. A 0.8 volume of isopropanol was added. The mixture was left
at'room(temperature for 15 min to precipitate DNA. Genomic DNA was either spooled out

or vp:)___r_écipitated by centrifugation at 25,000xg for 15 min at 20°C. The precipitate was
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washed with 70% ethanol, air dried and resuspended overnight at room temperature in 1
ml of 10 mM Tris-HCI, pH 7.5, 1 mM EDTA, 100 pg/mi RNase. The genomic DNA was
then further purified on Qiagen Genomic-tips according to manufacturer's instructions
(Qiagen) and resuspended in 10 mM Tris-HCI pH 7.5, 1 mM EDTA. The reference DNA
samples were sent to the laboratory at the Department of Biochemistry, Faculty of
Science, Chulalongkorn University in the dried form. The reference DNA samples were

redissolved with distilled water and kept at 4°C untii further used.

2.8 Spectrophotometric measuring of DNA concentration

DNA concentration is estimated by spectrophotometry at the OD,, An
- absorbance or optical density (O.D.) of 1.0 corresponds to 50 pg/m! of double-stranded
DNA. DNA concentration of each specimen is estimated in pug/ml by OD,q, X dilution
factor x 50. An estimation of the purity of a sampie can be obtained by calculating the
ratio of the O.D. at 260 and 280 nm. For a pure preparation of DNA OD,, g, should be
1.8. Ratios significantly less than this value indicated contamination of sample with

protein or phenol (Kirby, 1992).

2.9 Design and synthesis of PCR primer pairs
PCR primers were designed from non-repetitive flanking regions of the
microsatellite loci using OLIGO 4.0 (National BioScience). The criteria for primer

designing were; 1) primers placed as closed to the repeat array as possible, 2) primers
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were 19-25 base in length with melting temperature of 55-70°C, Tm = 2 (A+T) + 4

(G+C), 3) base distribution of the primers were random 4) the difference of the meiting
temperature of any primer pair was not exceed 4°C 5) the PCR product was 100 - 300

base pair in length. The primers were synthesized from commercial company (Proligo,

~Japan).

2.”10 Microsatellite analysis

in preliminary analysis of the variation of microsatellite, primer pairs were diluted
_.,_.to appropriate concentration and tested for their ability to support amplification from 5
individuais genomic DNA by the polymerase chain reaction (PCR). PCR products were
,;'separated by denaturing polyacrylamide gel electrophoresis and detected by silver
::sta'i.ning. The microsatellite loci showing at least 4 alleles from prel.iminary analysis were
Ch”os.é.n for further characterization of those polymorphic loci and constructibn of a
. genetic linkage map. PCR amplification of the microsatellite loci was performed as
c_.jégcrib_ed for the preliminary analysis except that thg forward primer was 5'-labeled with
fluoréécent dye. Size-separation of PCR products was carried out by using an automated
DNA s_eduencer (MegaBACE 1000 DNA Analysis system, Amersham Biosciences). The

daté was analyzed by the use of Genetic Profiler'supplied by Amérsham, Bioscience.



44

©.2.10.1 PCR ampiification of microsatellites

PCR amplification was conduoted in 10 ui. reaction 'voI.ume; the n%aster mix
contained 1X PCR buffer. (Finnzymes) with 1.5 mM MgCl,, 4 pmole of .each primer, 2
- nmole of dNTP, 50 ng of genomic DNA as template and 0.4 U of DyNAzyme DNA -
polymerase (Finnzymes). The PCR program was 5 rﬁin at 94° C followed by 35 cycles of
-94"0 for 30 s, annealing temperature (depending on each pair of primer) for 30 s and
72°C for 30 s.

2.10.2 Silver staining detection of microsatellite amplification

After the amplification was completed, each reaction was edded with 4 uli of the
sto_pping/loading dye (10 mM NaOH, 99% formamide, 0.1% bromophenol }b_!ue and 0.1%
;‘-S<y|ene cyanol). The PCR products were denatured at 85°C for 5 min, loaded onto 6%
denaturing polyacrylamide gel (67 g acrylamide, 3 g N,N'methylenebisacrylamide, 7.66
' Mfurea per 1 litre in IX TBE) and electrophoresed with 1X TBE buffer at 50 W for 2-4 h
depending .on PCR product size. A silver staining protocol used to stain PCR products in
po!yécrylamide géi was that described by Soot-anan (1999). After electrophoresis, gelv
was submerged for 30 min in 10% acetic acid. The gel was then briefly rinsed 3 times
with g_,lt_rapure water for 2 min each and incubated in a staining solution (0.1% silver
?i,_ﬁrate containing 1.5 ml/liter of 37% formaldehyde) for 30 min. The excess silver ions
were eliminated by brief rinse with the ultrapure water. Gel was developed in a cold (8-
1.._0".”-60) developing solution (3% sodium carbonate containing 1.5 mifliter of 37%

formaldehyde and 200 pl/liter of 10 mg/mi sodium thiosulfate) and agitated until the first
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bands -were visible. The developing solution was poured off and the fresh developing
vso!ution was added. .The gel was continued development unti_]--optimal image intensity
~ was obtained. The developing reaction was stopped by . using 10% acetic acid with _
agitéting for. 5 min. The gel was rinsed 2 times with the ultrapure water for 2 min eac_h,
__'_':"':".the gel was dried by air dry.
2.10.3 PCR product separation and detection in an automated DNA sequencer

The PCR products were 10-fold diluted with ultrapure water. Each loading
sample was comprised of 2 ul of the diluted PCR product, 0.125 i ofAET4OO-R size
) sté:;aard_. marker, and 2.875 pl of loading solution (70% formamide, 1.mM EDTA)
(A_rvn_..ersham, Biosciences). The loading sample were denatured at 94°C for 4 min and
‘..‘;;._immediately. placed on ice. Denaturing samples were loaded into an automated DNA
sequencer and electrophoresed with 1X LPA buffer (Amersham, Bioscience) at 10 kV for
‘7_5'.".'min. The allele scoring of PCR products was performed by the use of the computér
program,' Genetic Profiler (Amersham, Biosciences). The estimation of allele size was .
cOhduoted by comparing with a DNA standard. The ET400-R size standard consisting of
..20 doqple-stranded DNA fragments in which one strand is end labeled with an energy
trg_psfer (ET) dye. The following double-strah_d fragments, with si;es given m base pairs,
éémpﬁsgthesﬁandani 60,90,100,120,150,160,170,190,200,220,250,270;290,

300, 310, 330, 350, 360, 380, 400.
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21 1 Polymorphism analysié of microsatellite loci

Microsatellite loci were characterized by genotyping about 35-48 unrelated wild-
__caught P. monodon broodstocks from the Trang located in the Aﬁdaman sea. A
; genqtype of each P. fnonodon individual was scored from an eleotrophoretiéatly
v_ébserved patterns éf each locus. Allele sizes were scored in terms of numbers of base
pair which were determined by comparison with the ET400-R _size stahdard. When the
siutter- bands wefe preseﬁt, the highest peak chromatogram was considered to be tHe
actual allelév (Stoner, Quattre and Weissman, 1997). The statistic used to calculate
polymarphism is as follows:
2. 11 .1 Allele number and frequency

Allele number was determined by direct count of a particular allele. For dipioid

taxa, the frequency of a particutar allete can be calculated as

_ZNAA +N 4,
B ON

P

Where P is the frequency of the A allele, N is the total number of individuals and N,, and

N, are the number of homo- and heterozygotes for such a locus (Nei, 1978).
2.11.2 Observed heterozygosily

The observed heterozygosity (h

ws) Was determined as number of observed

heterozygote individuals divided by the number of all individuals (Weimnay et al., 2000).
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'2.11.3 Expected heterozygosity

When the population is in Hardy-Weinberg equilibrium, the expected
heterozygosity (h,,,) Was estimated using the equation;
hep=1-2.p]
Here P, is the frequency of i th allele (Nei, 1978).
21 1.4 Polymorphic information content
.. Polymorphism information content (PIC) of each microsatellite locus was calculated

~ as described by Botstein et al. 1980.

n n=l i
P!C=1—£ZP;ZJ—Z 2.2p/p;

i=l i=lj=i+l
Whére P, is the frequency of the i-th allele, P, is the frequency of the j-th alleles and n is

" the number of different alleles in the sample.

2.12'Appiication in shrimp genome mapping

) Parents and 41 offspring of the reference family were genotyped using 50
mic'r;)sateilite loci. The ampiification, separation and visualization was observed by usi'ng
‘an avu.tomated-DNA sequencer-Megabace (Amersham, Bioscience) as described in
,§e’ction 2.10. The genotyping data derived from the amplification of 50 microsatellite loci
was"__sent to molecular Animal Genetic Centre, University of Queensland, Australia for
linkage '.mapping analyses. The two-way pseudo-testcross strategy with the software

prdgram MAPMAKER/exp (F2 backcross model) was applied in the analyses. A LOD
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score of 3.5 and maximum € =0.30 were set as linkage threshold for grouping markers.
Groups were then analysed using multipoint mapping functions to define the most likely
map orders. Map distance in centiMorgans was calculated using Haldane's mapping
function {(Wilson et al., 2001). The 50 microsatellite markers were placed on the

preliminary genetic map of P. monodon along with AFLP markers and microsatellite

markers.
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RESULTS
3.1 Searching for ESTs containing microsatellites

A total of 10,100 EST sequences in P. monodon EST database were searched for
microsatellites by using modified Sputnik i software. A complete search revealed that
1,381 EST (13.7%) sequences contained microsatellite sequences. These EST
__-__":’f.containing microsatellites were clustered for determination of redundanqy clones by
using TGICL clustering tools. Of the 1,381 ESTs containing microsatellites, 513 clones
fell into 129 cohtigs. The remaining 868 ESTs were singietons (see Table 3.1). In

summary, 997 different EST sequences containing microsateliites were identified.

Table 3.1  Summary of analysis of P. monodon ESTs containing microsatellites

Total number of EST analyzed 10,100
Number of ESTs containih.g.microsatellite ) 1,381
| Number of ESTs included in contigs 513
Number of contigs | A 129
Number of sihgletons : 868
Total number of unique genes containing micr_osa_t_el!.ites Q97 -
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3.2 Characteristics of microsatellite sequences of P. monodon
3.2.1 microsateliite classes

. Microsatellites were c|assiﬁed into 3 categories, perfect, imperfect and
.:_(._:_ompound repeats (Weber, 1990). Perfect repeats are uninterrupted stretches of repeat
units, while impérfect repeats have one to three intervening bases with repeat sequence
oh either svivde. Compound repeats consist of several different repeat types and are
sep_a.x..rated by less than three bases. By classification with these definitions, a total of
._2,1.65 loci.were identified from 1,381 EST sequences that distributed in shrimp EST
data.base. The classification result showed that perfect microsatellites were found at the
highest frequéncy with 1,670 (78.1%) loci foliowing by imperfect (362 loci, 16.7%), and

s ~ compound microsatellites (362 loci, 16.7%) (Figure 3.1).

Compound microsatellite
. Imperfect microsatellite 5.0%

16.7%

Perfect microsateliite

78.1%

Figure 3.1 Distribution of microsatellite c|asseé in P. monodon:. perfect, imperfect,

and compound microsatellites
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322 Distribution of microsateliite types

From a totél of 2,165 loci, trinucleotide repeats were the most abundant within
: shrimp ESTs, accounting for 934 repeats. (40.6%). The second moét abundant
"__._miorosatellite type was dinucleotide repeats which represented 782 repeats (34.0%).
Tetranucleotide and pentanucleotide repeats were found at lower frequencies with 433.
":.repeats {(18.8%) and 152 repeats (6.6%), respectively (Table 3.2). Several microsateliite
vl_o.ci contained more than vr;)ne type of repeats,-WhiCh calied compo_und microsateilites.
CQmpound microsafe!litgs may be compose of dinucleotide close to trinucleotide;
reflecting that 1:.Iocusv_has 2 repeat types. In this study, 113 ioc.i'contained more than one
ty_pé' éf repeats, thus, the sum of rhicrosatellite types found ln this study were 2,301

~ repeattypes, not being 2,165 loci.

Table 3.2 Distribution of microsatellite repeats type in P. monodon ESTs

| No. of microsatellite Percentage of total microsatellite
Repeat type
found in ESTs found in ESTs
Dinucleotide repeat ' 782 34.0
Trinucleotide repeat 934 ’ 40.6
Tetranucleotide repeat 433 18.8
Pentahdcleotide repeat 152 6.6
Total of microsatellite repeats 2,301 ' 100

: Note:ﬁ-Of 2,165 microsatellite loci, 113 loci were compound microsateliites, which

: Co_mpdsed more than one type of microsatellites at each locus.
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Of the dinucleotide repeats, AT/TA was the most abundant type, accounting for

40.4% of all dinucleotide repeats found in the shrimp ESTs. AG/CT was the_. .s.écond most

abundant d_i_rj_u_oleotide repeat ty_pe, accounting for 3{ _.2% of all dinucleotide repeats. Th(-,.x_ _

AC/GT repéat was found at lower frequency,.“ at 28.0%, while thg CG/GC repeat was ;ar.e
(Qf.4___%) (Figure 3.2). .

450

40.0

35.0
300

25,0
20.0

15.0

10.0

5.0

Percentége of all dinucleotide microsatellites

0.0

AC/GT AT AGICT CG
Dinucleotide repeat types

Figure 3.2 " Distributicn of dinucleotide microsatellites in P. monodoh ESTs

From 20 possible types of trinuclectide repeat surveyed, the most abundant was

AAT, with 39.4% of all trinucleotide microsatellites (Figure 3.3). ATC and AAG repeat

were found at 12.6% and 11.6%, respectively. The other 6 types of trinucleotide repeat,

AAC,{_ACC, ACG, ACT, AGC, and AGG repeats were found at less than 10%. AGT and

) e e e e
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CCG repeats were rare, which was less than 1%. Another 9 possible types of

trinucleotide repeats were not found.

45.0
40.0
35.0
30.0
25.0
200
15.0-

10.0

Percentage of 4a||4 trinuclectide microsatelite

5.0

0.0

AAC AAG AAT ACC ACG ACT AGC AGG AGT ATC CCG

Trinucleotide repeat types

Figure 3.3 Distribution of trinucleotide microsatellites in P. monodon ESTs

A total of 28 types of tetranucleotide repeat were found in this study (from 79
possible types). The two most abundant of tetranucleotide repeats were AAAG and
AAAT, accounting for 20.6% and 20.1%, respectiveiy. The intermediate abundant
tetranucleotide repeats were ACAT.(8.8%), AGAT (7.9%), AAAC (7.2%), and ACAG
(6.5%). The low abundant tetranucleotide repeats were AATG (3.5%), ACTC (3.5%),
AAGG (2.5%), AAGT '(2.5%),'AATC (2.5%), and AGGG (2.3%). The remaining 16 types
of tetranucleotide repeats, when combined, represented only 12.2% of all tetranucleotide

repeats (Figure 3.4).
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AGGG AAGG AAGT AATC AATG ACTC ACAG AAAC AGAT ACAT AAAT AAAG Others
Tetranucleotide repeat types
Figure 3.4 Distribution of tetranucleotide microsateilites in P. monodon ESTs

For the pentanucleotide repeats, only 34 types were found in this study. The
AAAAG (25.7%) repeatsv were the most common, following by AAAAT (16.4%), AAAAC
(9.9%), and AATAT (5.9%). The pentanucleotide repeats found at less than 5 % were
AACCT (3.9%), AGAGG (3.9%), AAGAG (3.3%), ACTAT (3.3%), AAAGG (2.0.%), .AACAC
(2.0%), AACAT (2.0%), AGGAT (2.0%). The remaining 22 iypes of pentanucleotide
repea.t__s,'.:when combined, accounted for 19.7% of all pentanucievqt;tde. repeats (Figure

35).
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Figure 3.5 Distribution of pentanucieotide microsatellites in P. monodon ESTs

-3.2.3 BLASTX resuits of EST containing microsateliites

The high proportion of ESTs containing microsatelfite within the black tiger shrimp
E§T database offered a unique opportunity for the deveiopments of type | microsatellite
."r.narkers. As the microsatellite-associated genes are identified and polymérphism is
vaiidated, the microsatellite are converted fnto type | polymorphic markers. The EST
édhtainmg microsatellites were blasted against GenBar< to compare gene identities by
using BLASTX program. After 997 EST sequences were blasted, the blasted results were
classified into three groups, known gene product, hypothetical protein, and u.nknown
.fﬂ'_f:"l':gene product. Known gene product was homeloque to protein with known funotion.
Hypothetioal protein was homologous to genes of unknown function. Unknown gene

prqduct was a novel sequence which yielded no match or had poor matches (E-value >
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104) against the NCBI non-redundant d‘atabase. Base on these criteria, the results of the
997 unique black tiger shrimp EST microsate!lite—oontainihg genes revealed that _1_16 EST
. séquences (11.6%) were known gene products; 372 ESTs (37.3%) were hypothetical
proteins'; 509 ESTs (51.1%) were unknown gene (Figure 3.6). The summary of known
“gene and hypothetical protein identities with EST containing microsatellite was_shown in

appendix A.

Known gene

11.6%

Unknown

51.1%
Hypothetical protein

37.3% -

: Figure 3.6 BLASTX results of 997_ different EST sequences. Significant match was

infered with the E-value cut off of 10™
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The cDNA sequences could be divided into three. parts, namely, the 5‘—_
- Untranslated region (5-UTR}, the coding sequence (CDS), and the 3'-untranslated region
(3-UTR). The 5-UTR is a region upstream 61‘ the translation start site, which _doés not
code for proteih product. The CDS is a region from the translation start site to the stop
4 site, which code fpr a protein product. The 3-UTR is a region downstream of the stop site
of translation, Which does not code for protein product. To determine whether the
r microsatellites were within the genes or in the untranslated regions, the EST clones were
aligned against the protein database using blastx program. In this study, 721
; vvv.microsatellite-‘ (oéf from cDNAs of known genes and hypothetical p.rovte__i_nf genes were
identified. The b|astx.vrésu|ts indicated that the 573 microsatellite Iocj were located within
the genes. However, the other 148 loci couid not be located. Of the 573 microsatellite
._.__-__._Ioci, 8 loci {1.4%) weré located in the 5'-UTR; 536 loci (93.5%) were located in the
cod]vrjg sequence .(CDS) and 29 loci (5.1%) were located in the 3'-UTR (Figure 3.7). An
exampile of sequence alignment of microsatellite repeats that located within the gene
coding seqguence are shown in Figure 3.8. In this exampile, if the microsétel!ite repeats in
query sequence are located in 2 regions, bases 122 ‘Fo 143 and bases 450 to 470. The -
rﬁiérosate!lite repeats locating at bases 122 to 143 correspond to the Codi‘ng seguence
(CDS) of subject protein. We can define that this microsatellite array is located .in the
.”codi.ng sequence. For the second array, bases 450 to 470, although we never known
that this array indeed located within the gene, but accordin'g to the sequence alignment,

the second arrfay was predicted to be in the CDS and was defined by a parenthesis with
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“Pd". The predicted locations of microsatellites were excluded from the summary of the

existing-location in genes (Figure 3.7).

3-UTR
5.1%

5-UTR

CDS
93.5%

- Figure 3.7 Microsatellites existed in region within gene. The positions of
microsatellite repeats were located by sequence alignment with

homolegous gene by BlastX program.
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>reflKP 393238.1] sirmilar to ENSANGP00000014057 [Apis tm:lleera]
Length = 205

Score =116 bits (290), Expect = 1e-37
Identties = 54/107 ] 1%5), Positiwes = 80/107 (74%) Gaps = 1£/107 (0%) Frame =+2

Query: 83 HAEEENVNIEPYEEEEEEEPTNYRPPPEKSLEENINQDODDESLRKYKETLLGGSAGGAV 262
H+E ++4+ [EEE E H +NYKPPPEK++E+++ DH4DESLRRYRETLLG + G +
Shicu: 1 HSELNTDHVDSYEEELEVE-SNYRKPPPERTIEQILETDKEDESLREKYRETLLGEAKSGGI S9

Query: 263 IVDPSNPRRVLVRELVLVAEDQPEMVLDLTTALDTLKDRPFTIKEGI 403
- +VDP++P4++V+U+KL L D+P+¥ LDLT L LK + F IREG+
Sbict: 60 VVDPNDPREVIVKKLALCVADRPDMELDLTGDLSQLEKQTFVIREGY 106

Figure 3.8 Blast result of query EST to subject protein in NCBI database. A box

represented a microsatellite array that homologue to subject protein.

3.3 Polymorphism of developed microsateiiites
3.3.1 Primer desigﬁ

Out of .2,165_ loci of ESTs containing mfcrosatellites, 154 (7.11%) primer pairs
céuld bev designed. The remaining sequences cdu?d not désigned primer pairs due to
se\__/eral reasons, suoﬁ as, too short DNA sequence.ﬂank%.rljg the mfcrosateilites and
- inappropriate flanking sequences for primer designs.

Of the 154 primer pairs, 126 (81.82%) pairs were" successfully ampiified in 5
unrelated individual shrimps with different condition of annealing temperature. Annealing

temperature of polymorphic loci were shown in Table 3.3.
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3.3.2 Detection of polymorphism

For preliminary analysis of polymorphism, flanking primers were used for
amplification of 5 unrelated individual shrimps by Poiymerase Chain Reaction. (PCR). The
PCR preducts were separated by denaturing polyacrylamide gel electrophoresis and
visualized by silver staining. PCR products displayed either one or two major fragments,
consistent with single locus detection of either homozygotes or heterozygoteé,
respectively (Figure 3.9). Genotype patterns of BTPm11 and BTPm3 show 7 alieles and 6
alleles, respectively. Both loci were chosen to further characterize and genctype with
reference family for genetic linkage mapping. From preliminary analysis of
polymorphism, 56 (36.36%) loci showed at least 4 alleles. The markers that showed at
least 4 alleles were chosen to characterize and genotype reference family for linkage

mapping according to section 2.11 and 2.12, respectively.

BTPm11 BTPm3

Figure 3.9 Genotype patterns of 5 unrelated individual shrimps (lane 1-5) at 2
~ microsatellite loci, BTPm11 and BTPm3. The PCR products were run on 6 %
' denaturing polyacrylamide gel and visualized by si!v_er staining. Arrowheads

indicate homozygote genotypes. Unmark lanes were heterozygotes.
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3.3.3 Characteristic of microsateilite

DNA samples isolated from P. monodon originéting from Trang province by
Supangul (1998) were used to determine polymo_rphésm of polymorphic loci from
preliminary screening. PCR ampilification of the microsatellites was performed as.
described for the preliminary analysis except that the forward primer was 5'-labeled with
fluorescent dye. Each locus was amplified with 35-48 wild-caughf P. monodon Qenomic
DNA from Trang province. Allele scoring of the PCR products were carried ..out by using
an autqmated DNA sequencer (MegaBACE 1000 DNA Analysis system, Amersham
Biosciences). The data was analyzed by using computer program, Megab_aceTM Genetic
Profiler version 2.0 {(Amersham, Biosciences). The size of alleles was estimateq- by
comparing with the £ET-400R size standard.

Fifty-six polymorphic joci selected from preliminary analvsis of polymorphism
were tested for ailelic segregation using the reference family from the Austraiian institute
, _f-':."'.of Marine Science (AIMS) under the Shrimp International Genet.ic linkage Map Project
(http://www.aims.gov.au/shrimpmap). Three of them showed null alleles which may
resulted from mutation at the priming site(s) (Figure 3.10). The other 3 loci shqwed
barent’s alleles incompatible with offspring’s alleles (Figure 3.11). Those 6 loci were not
further characterized. The remaining of 50 polymorphic loci (32.47% of all primer
d.esigned) were characterized by genotyping with 35-48 samples originating from Trang.

Examples of the chromatogram of BTPm38 and BTPm40 ioci were shown in Figure 3.12.
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Genotype patterns and allele sizes of the remaining microsatellite loci were shown in

appendix B and C, respectively. The polymorphic information related to 50 microsatellite

loci developed in this study is summarized in Table 3.4. These include number of

samples, number - of alleles, size rénge of allele, heterozygosity and polymorphic

information content (PIC).

7033 Q@ Score: 10.0

Figure 3.10

200 210 220 230
. 3K-L29 Q@ Score: 100
P 1 . Lo 1
200 210 220 230
mapdt Q Score . 10.0
W , :
200 210 220 230
nap02 & Score: 10.0
N S : i,
200 210 220 230
nap03 Q@ Score: 1090
— —h ; t
200 210 220 230
napt4 @ Score: 10.0
" . , ‘
200 210 220 230
napls @ Score: 10.0
L, - A . .
[ 200 210 220 230
BTPm39

7033 QScore: 100

Mother /A | A
p. ] 270
BK-L28 QScore; 100
= Y
Father 1 LA
260 20
mapl QScore: 00
Progeny1 A
geny 260 -
mepd?2 @ Scare: 100
A :
Progeny2 — -
mepld @ Score: 1090
J A ﬁ
! FAe \
Progeny3 _ - 4 _
map04 Q Score: 00 ’
] A i
~ A |
Progeny4 - -
wapls QScore: 00
Progeny5 A

BTPm42

20

Examples of genotype patterns of null allele at 2 markers, BTPm39 and

BTPm42. Genotyping was performed using MegaBACE 100 DNA Analysis

System. Left panel showing allelic segregation at the BTPm39 ir which a

null allele occurred in the mother. Right panel showing allelic segregation

at the BTPmM42 in which a null allele occurred in the father.
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Figure 3.11 Examples of genotype patterns of incompatible allele at 2 markers,
BTPmS4 and BTPmS6. Left panel is a BTPmb4. Right panel is a- BTPmS6.

The genotypes of progenies were not inherited in a Mendelian fashion. -
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Figure 3.12 Example of chromatograms of 4 unrelated individual P.. monodon
characterized at 2 markers, BTPm38 and BTPmA40. Alles.i'c scoring was
performed automatically using MegaBACE 100 DNA Analysis System.

Polymorphism was tested against 35-48 unrelated individual shrimps.
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Repeat sequences, expected PCR products, and an‘n'éaling temperaturé

of 50 polymorphic microsatellite markers derived from P. monodon ESTs

- Annealing

Marker hame EST name Repeats' sequences - Expected P.CR temperature
: product (bp)

: (°c)

BTPm1 MBRU18 (AT), 278 54
BTPm2 T LPNATT (AT), 140 46
BTPm3 HPA-177 (GT), 253 50
BTPm4 ES03-071 (CT), 231 46
BTPmS5 HPO-039 (AG), 285 50
'BTPMS LPN-149 (AC).q imp* 169 50
BTPm7 OV-292 (AAT),, 293 48
BTPmS8 ES02-217 (AAT), ¢ 242 50
BTPMY HCH-344 (AG),, imp* 198 50
BTPm10 136 (AAT),, imp* 298 48
BTPm11 HPA-223 (AT),, 253 50
BTPm12 LPN-221 (ATT),, imp* 295 50
BTPm13 ES01-099 (AT),, 149 50
BTPm14 ES01-297 (AT), 150 48
BTPm15 - ES03-088 (ATCT) ,AC(ATCT),, 147 50
BTPM16 ES03-287 (AAT),; imp* 233 50
BTPm17 HCH-1036 (AG),AT(AG), 242 52
BTPM18 HPA-336 (AT)AAAT), 155 48
BTPM19 HPO-198 (AG), 159 50
BTPm20 HPO-464 (AC),,(AT), 221 50
“BTPm21 HPO-592 (AG),, imp* 266 50
- BTPm22 HPO-885 (AG), 224 48
BTPm23 OV-209 (ATT),, imp* 108 50
BTPm24 OV-985 (AG),, 116 50
BTPm25 LPN-154 (AAG), 276 50
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BTPM26 | HCH-452 (AT),,CT(AT), 143 48
BTPm27 HPA-684 (AAT), 145 48
BTPm28 LPY-182 | (AC),(AGAT)(AG),, 249 48
~ BTPm29 HCH-826 (AG), 162 50
BTPm30 | HPAN-218 (AC),, imp* 073 50
BTPm31 | HPAN-580 (AAT),, 195 50
BTPm32 | HPO-089 (ATT), 206 50
BTPM33 | LPNN-485 | (AC)-(AC),~(AC)(AC), 193 48
BTPm34 | LPNN-902 (AC),, 124 50
BTPm35 | LPNN-945 (AT), 134 50
BTPm37 LPV-502 (GT),, 230 48
BTPmM38 LPY-652 (AC),, 217 50
BTPmA40 ES03-133 (AG) 294 50
BTPm41 HCH-639 1, 311 50
BTPmM43 HPAB32 | (ACT),(ATT), G(ATT), 296 50
BTPm44 HPO-031 (AT), 156 50
BTPmA45 HPO-772 (ATT),, 212 50
BTPm46 OV-860 | (AC)(AGAT),(AG), 153 50
‘BTPmA7 ES01-301 (GT)imp* 244 48
BTPm48 FS02-283 (AT, 130 50
BTPmM49 ES02-402 (AG),, 134 50
" BTPmS50 ES03-231 (ATT),, imp* 167 50
BTPm5! VBRUG (AC), 272 46
 BTPMS2 OvV-036 (AG)yq 158 50
BTPmS3 | OV-1034 (AG), 184 46

imperfect microsatellites
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"~ Table 3.4 Polymorphism of 56 type | microsateliites markers of P. monodon
Marker | : No of |No. of | Size range of « w e
EST name ' A, h PIC
name samples| aileles| alleles (bp) obs &P
BTPmMO1 MBRU18 48 26 244-324 0.875 0.924 0.908
BTPmO0O2 LPN-177 46 11 127-141 0.87 | 0.788 | 0.753

BTPmO3 | HPA-177 | 45 | 25 | 234270 | 0867 | 0915 | 0.899

BTPm04 | ES03-071 3% |7 226-238 0.486 » 0.766 0.723 -

BTPmMOS | HPO-039 47 22 277-330 0.872 0.931 0.916

BTPM06 | LPN-149 42 7 165-176 0.738 0.797 0.757

BTPmMQ7 OVv-292 45 18 281-336 0.911 0.91 0.892

BTPmO8 | ES02-217 45 16 199-257 0.933 10.893 0.874

BTPm0O9 | HCH-344 41 11 260-293 0.878 0.823 0.789

BTPm10 136 38 | 11 | 293325 0737 | 0859 | 0.829
BTPm11 | HPA223 | 38 | 11 | 293-325 0.333 | 0.824 | 0.791
BTPmM12 | LPN-221 | 45 7 294-312 0.844 | 0748 | 0.694
BTPm13 | ES01-009 | 41 4 126-134 0634 | 0591 | 0.496
BTPm14 | ESO1297 | 46 | 4 142-150 0739 | 0671 | 0593
BTPm15 | ES03-088 | 46 | 9 115-175 0.848 | 0767 | 0.725
BTPm16 | ES03287 | 42 | 12 | 226252 0952 | 0823 | 0792
BTPm17 | HCH-1036 | 41 | 18 | 215252 0902 | 0914 | 0.895
BTPm18 | HPA-336 | 48 | 11 | 126-165 0792 | 0706 | 0.666
BTPM19 | HPO-198 | 40 | 6 140-159 0525 | 0742 | 0.694
BTPM20 | HPO-464 | 39 | 10 | 167-196 0667 | 0849 | 0818
BTPm21 | HPO-592 | 48 | 27 | 230-321 0854 | 0926 | 0.911

 BTPmM22 | HPO-885 | 45 | 14 | 216-251 0644 | 0677 | 0638
BTPm23 | OV-209 | 43 9 96-121 0674 | 0713 | 0671
BTPm24 | OV-985 | 45 | 12 | 110-168 0.511 0717 | 0.664

“BTPM25 | LPN-154 | 35 9 267-285 0.857 | 0798 | 0.760
BTPM26 | HCH-452 | 42 3 137-141 0143 | 0257 | 0.237
BTPm27 | HPA684 | 46 | 5 | 143153 | 0587 | 0548 | 0437
BTPM28 | LPY-182 | 46 | 25 | 211271 0.87 0.948 | 0.934

BTPm29 | HCH-826 36 10 152-166 0.583 0.687 0.651
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BTPM30 | HPAN-218 | 47 19 248-303 0.787 0.897 0.880
BTPm31 | HPAN-580 | 46 14 | 171-2170 | 0935 | 0.882 0.861
BTPmM32 | HPO-089 |- 47 15 238-270 0.957 0.893 | 0.873
BTPm33 | LPNN-485 | 47 6 184-196 0.574 0.632 | 0557
BTPm34 | LPNN-G02 | 42 4 119-125 0.5 © 0.58 0.519
BTPm35 | LPNN-945 | 41 | 6 124-134 0.756 0.735 0.690
BTPm36" | LPV-267 - d y - - -
BTPM37 | LPV-502 37 9 217-268 0.135 0.807 0.768
BTPm38 | LPY-652 47 12 199-235 0.872 0.884 0.863
BTPM39" | ES02-195 . . ! - - -
BTPM40 | ES03-133 | 44 11 290-320 0.773 0.814 0.779
BTPm41 | HCH-639 45 27 261-317 0.933 | . 0.954 0.940
BTPm42" | HPA-049 - - - - - -
BTPm43 | HPA-632 46 19 279-339 0.891 0.894 0.876
BTPm44 | HPO-031 46 16 142-176 0.696 | 0.785 0.762
BTPmM45 | HPO-772 45 30 179-267 0.889 0.949 '0.935
BTPM46 | OV-860 44 12 151-177 0.75 0.76 0.714
BTPm47 | ES01-301 47 26 189-300 0.915 0.96 0.948
BTPmM48 | ES02-283 36 ¥ 135-154 0.556 0.513 | - 0.434
BTPM49 | ES02-402 | 45 7 126-154 0.422 0.418 0.396
BTPmS50 | ES03-231 | 48 5 166-174 0.333 0.468 0.428.
 BTPmS51 MBRUG 44 | 10 275-306 0.409 0.805 | 0.772
BTPM52 | OV-036 36 7 153-178 0.361 0.514 | 0.480
BTPm53 | OV-1034 36 7 135-154 0.306 0.28 0.267
BTPm54° | ES01-052 ) 2 i h L -
BTPM55° |  OV-645 < i - - - -
BTPM56° | LPN-024 - - - - - -

*Observed heterozygosity

A
marker showed null alleies

**Expected heterozygosity.

***Polyrhorphic Information Content

B . . . . f
. marker showed parent’s alleles incompatible with offspring’s alleles
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The number of alleles per locus was 3-30 alleles with an a\}erage of 1 2'.6.. The
.average observed heterozygosity of 50 polymorphic loci was 0.698 with a maximum of .
0.957 for the BTPmM32 and a-minimurﬁ of 0.135 for the BTPm37.fhe _average'expectéd
heterozygosity was 0.759 with. a maximum of 0960 for the BTPmM47 and a minimum_ of
0.257 fér the BTPmM26. For the PIC,vthe average PIC of 50 polymorphic loci is 10.723 with a -
maximum of 0.948 for the BTPm47 and a minimum of 0.237 for‘the BTPm26. In this study, E
most loci with higﬁ allele number also showed high values of heterozygosity and PIC. {t
should be noted that for the BTPm37 marker, the observed heterozygosity was much
lower than the expected heterozygosity and PIC.

After 50 polymorphic type | microsateliite markers were blasted against non-
redundant NCBI datab.ase. The results showed that 36% anq 54% of microsatellite’
repeats were located in coding sequence (CDS) and were unknown, respectively. -
Another 10% were predicted to be located within the genes, which indicated in
parenthesis by Pd. Table 3.5 showed transcribed microsatellite location within gene,

microsatellite repeat types, and polymorphism information.
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Table 3.5 Transcribe 50 polymorphic type | microsatellites and their associatéd genes,

Marker

' ' . - - o Repeat
Name Repeat type Pops | Pexe | PIC Gene ldentlty _ ocation
BTPmM1 (AT), 0.875 | 0.924 | 0.908 junknown unknown
BTPrﬁ2 (AT), 0.87010.788 | 0.753 uﬁknown unknown
{BTPm3 (GT), 0.867 | 0.915 0.899 hypothetical protein | CDS
BTPmM4 (CT)18 0.486 | 0.766 | 0.723 |unknown : unknown
1BTPmMS (AG), 0.872 ] 0.831 | 0.916 |unknown unknown
BTPmM6 (AC),q imp* 0.738 | 0.797 | 0.757 |unknown unknown
BTPm7 | (AAT),; 0.911 1 0.910 | 0.892 |hypothetical protein CDS
BTPm8 (AAT),, 0.933 | 0.893 | 0.874 |serine/ threonine protein kinase CDS
BTPmMS (AG),; imp* 0.878 | 0.823 | 0.789 junknowi) unknown
BTPmM10  |(AAT),,imp* 0.737 | 0.859 | 0.829 funknown unknown
BTPm11  |(AT),, 0.333 | 0.824 { 0.791 lactin-alpha CDS
BTPm12  |(ATT),, imp* 0.844 | 0.748 | 0.694 |unknown unkhown
BTPm13 (AT),, 0.634 | 0.591 | 0.496 |ENSANGP00000024044 CDS
BTPm14 |(AT), 0.739 | 0.671 | 0.593 lhypothetical protein CDS
BTPm15 |(ATCT) AC(ATCT),, 0.848 | 0.767 | 0.725 |agCP4447 CDS (Pd)
BTPmM16  |(AAT),; imp* 0.952 | 0.823 | 0.792 [unknown unknown |
BTPmM17  |(AG)AT(AG), 0.902 { 0.914 | 0.895 |unknown unknown
BTPmM18  |(AT),AA(AT), 0.792 | 0.706 | 0.666 |unknown unknown
BTPmM19  |(AG),q 0.525 | 0.742 | 0.694 imariner transposase CDS
BTPm20  |[{AC),,(AT), 0.667 | 0.849 | 0.818 junknown unknown
BTPm21 (AG),, imp* 0.854 0.926 0.9‘[1 hypothetica! protein CDS
BTPm22  |(AG), 0.644 | 0.677 | 0.638 |unknown unknown
BTPm23 |(ATT),, imp* 0.674 ; 0.713 | 0.671 tbutyrate response factor 1 5-UTR (Pd)
BTPmM24 (AG),, 0.51110.717 { 0.664 {unknown unknown
BTPmM25 (AAG)8 0.857 1 0.798 | 0.760 |unknown unknown‘
BTPm26 | (AT),,CT(AT), 0.14310.257 | 0.237 unknowﬁ unknown
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BTPm27  |(AAT), 0.5_87 0.548 | 0.437 junknown unknown
BTPmM28 (AC)16(AGAT)12(A’G)24 0.870 | 0.948 | 0.934 |unnamed protein product CDS
BTPmM29 (AG)9 0.583-| 0.687 0..651 conserved hypothetical protein | CDS (Pd)
BTPm30  |(AC),, imp* 0.787 | 0.897 | 0.880 |unknown unknown
BTPM31 |(AAT)29 0.9350.882 0.861 hypothetical protein CDS
BTPmM32 |(ATT)6 0.957 1 0.893 | 0.873 uhnamed protein product CDS
BTPm33  |(AC),-(AC),,-(AC);(AC),| 0.574 | 0.632 | 0.557 |hypothetical protein CDS
BTPm34 |(AC),, | 0.500 { 0.580 | 0.519 [unknown unknown
BTPmM35 |(AT), 0.756 1 0.735 | 0.690 annown unknown
BTPm37 (GT),, 0.1351 0.807 | 0.768 lunknown unknown
BTPm38 |{AC),, 0.872 | 0.884 | 0.863 {hypothetical protein CDS
BTPm40  |(AG),, 0.773 1 0.814 | 0.779 |hypotheticai protein CDS (Pd)
BTPm41  {(CT),, 0.933 | 0.954 | 0.940 |hypothetical protein cDS
BTPm43  [(ACT),(ATT),,G(ATT), |0.891 | 0.894 | 0.876 |hypothetical protein CDS
BTPm44  |(AT), 0.696 | 0.785 | 0.762 |ENSANGP00000024044 CDS
BTPm45 (ATT)12 0.889 | 0.949 | 0.935 |hypothetical protein CDS
BTPm46  {(AC).,(AGAT),,(AG),, 0.750 | 0.760 { 0.714 [t-complex polypeptide 1 3'-UTR (Pd)
BTPm47  |(GT),, imp* 0.915 | 0.960 | 0.948 |unnamed protein product CDS
BTPm48  |(AT), 0.556 | 0.513 | 0.434 |unknown unknown
| BTPmM49 (A_G)11 0.42210.418 | 0.396 tunknown unknown
BTPmS0  [(ATT),, imb* 0.333 | 0.468 | 0.428 junknown unknown
BTPm51  [(AC), 6.409 0.805 | 0.772 |unknown unknown
BTPmM52 (AG)19 0.361 | 0.514 1'0.480 [unknown unknown
BTPmMS3  |(AG), 0.306 | 0.280 | 0.267 |unknown unknown

" *Observed heterozygosity

*Coding sequence

**Expected heterozygosity

***Polymorphic Information Content

"not definable: expected location
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3.4 Application of type i microsateiﬁtes in shrimp genome mapping

The aim of genetic m.a_pping is to iocaté genetic ma_rkersv.a.t a particular position
on the Chrdrﬁosome. TWQ loci (or gengtic markers) are thus said to be link if the parental
allevl.e_combinations are. preserveq more often than would be exbeoted by randém
segregation. ThQ degree of linkage, or genetic distance, between two loci is a funétion of
the frequency of recombination. The measurement of map distance is expressed in
Morgan (or cM for centiMorgan) and is defined as the expected nurﬁber of crossover
between two loci on chromosome (Boyd, 1998).

The international collaboration between difference parties on genetic mapping of
P. monodon was initiated in 1997 {Wilsgn-et al., 2002). Construction of the genetic map
of P. monodon was carried out using a reference family produced at the Austfélian
Institute of Marine Science (AIMS). P. monodon family consisted of two parents and 41
offsprings were genotyped with 56 microsatellite loci. The result of genotype pattems
‘showed that 44 loci could be used for the genetic analysis. The remaining 12 m.arkers
were discarded due to several reasons, such as null alleles (3 ioci), insertion/deletion (3
loci), and the same genotype pattern of parents at each locus (6 loci). An example of the
same genotype patterns of parents. at a locus was showed in Figure 3.13. The
~amplification, separation, and allele scoring were carried out as described in Section
2.10. Data on allelic inheritano_e of 44 microsatellite loci for the P. monodon family were

fllustrated in Appendix D.
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.Figure 3.13  Examples genotype pattern of the references family showing identicat
genotypes of the Father and the Mother |

Genotype data was sent to Molecular Animal Genetics Center, University of
' .Queensiand, Australia for linkage mapping analysis. All 44 ioci were anafyzed al_ong with
the previous markers, AFLP, SNP, etc., éf both female and male maps. Thirty—six foci
were placed on male and/or female linkage maps as shown in Figures 3.14 and 3.15,
.-respectively. Eight loci could not placed in any of the existing linkage groups. The éi!ele
scoring of microsatellite was performed as described previously for AFLP (Wilson et al.,
2002). Overall, the male map comprised 157 markers and formed 47 linkage groups with
étotal genome length of 1,101.0 CM.. Out of 44 microsatellite loci developed in this stugy,

26 markers were placed on the male map. For the fema!e'map, 111 markers were placed
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on the map and formed 36 linkage groups with a total genome length of 851.4 cM.
Twenty-five microsatellite loci in this study, accounting for 18 markers were placed on
the female map. Table 3.6 summarized th.e'_current status of P. mon_odén genetic linkage
maps and compared with those from the previ.ous studies. Information of P. monodon

map is available on P. monodon shrimp map web site (http://www.aims.gov.au/

shrimpmap).
Table 3.6 Summary of P. monodon genetic linkage male and female maps
Male map Female map

Previous | Current | Previous* | Current
Number of markers on the map 112 157 77 111
Number. of iinkage groups g 4 4 36 47 28 36
Total length of linkage groups (cM) 878 1,101 630 891.4
Avérage space between 2 markers {cM) 7.8 7 8.2 . | 8
Average length of linkage group (cM) 24 .4 23.4 21.7 248
Average no. of markers per linkage group 3.1 3.3 2.7 3.1

“Status release on March 2004
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CHAPTER IV

DISCUSSIONS

4.1 Microsatellife searching from P. monodon EST database

Data mining have used as a tool for development of type | miorosatelllite markers in
several plant and animal species, such as arabidopsis (Morgante et al., 2002), cotton
(Saha et al., 2003; Han et al., 2004), festuca (Saha et al., 2004), grapes (Scott et a).,
2000), medicago (Eujayl et al., 2004), soybean (Gao et é/., 2003), at.lantic cod
(Delghandi Iez‘ al., 2003) and pacific oyster (Sekino et al., 2003). Most of P. monodon
microsatellite markers bublished were type Il microsatellite markers.. Generally, these
type I markers were developed by sequencing clones containing microsatellites and
microsatellite primers were designed from DNA flanking microsateliite sequences. Up to.
date, there are not any published type | microsateliite markers of P. monodon. This thesis‘
is the first study that use biocinformatics analysis to identify microsatellites containing EST
clones from the EST database to develop type | microsatellite markgrs of P. monodon.

For data mining of microsatellite sequences, the £ESTs sequences from P. monodon
' EST database were downloaded to a local Compqter and after that a computer program
" was used to identify ESTs containing microsatellites. There are several computer
programs for identification of microsateliite sequences (Table 4.1). Among several
programs available in the public domain, the MicroSAtellite (MISA) search module has -

some features that are useful for EST quality control and for designing the primer pairs to
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flank that microsatellites in a batch file. MISA has been used in several studies, in |
. different laboratories (Thiel et al., 2003; Kota ef al., 2001; Vershney et al., 2002; Yu et al.,
2004; Khieétkina et al., 2004). In this study we used a modified Sputnik I prog.ram to
search microsatellites within EST sequ’eﬁces. Sputnik can show start site, stop site,
‘re_peat type, and leﬁgth of microsatellites. For the P. monodon EST project, each clone
'. was sequenced once, so the ES_T' database that downloaded into a local cbmpute’r_ was
draft sequences. MISA is not suitable to search for microsatellites containing EST clones
in this study because of draft sequences of the EST data. DNA sequences of primer
péirs that are designed from draft EST sequences by MISA may not be true bases uhtil
editing of bases around microsatellites is performed. In this study, a modified Sputnik 1l
program was used to identify microsatellite sequences and after that DNA éequences of
.. flanking region at each microsatellite locus was corrected. Then prirﬁer design was

performed.
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Table 4.1 Computer programs for identification of microsatellite sequences

Script or Program

References

~ {MicroSAtellite (MISA)

SSRFinder

http://pgrc.ipk-gastersleben.de/misa/; Thiel ét al., 2003
Gao et al., 2003 |

BuildSSR

Rungis et al., 2004

SSR ldentification Tool (SSRIT)

Kantety et al., 2002

Tandem Repeat Finder (TRF)

Benson et al., 1999

Tandem

Repeat  Occurrence
Castelo et al., 2002
Locator (TROLL)
CUGIssr http://www.genome.clemson.edu/projects/ssr
Sputnik C. Abajian; http://abajian.neUsputnik/index.html

Modified Sputnik

" [Morgante ef al., 2002

Modified Sputnik 1l

http://wheat.pw.usda.gov/ITMI/EST-SSR/LaRata/

SSRSEARCH

ftp://fftp.gramene.org/pub/g rame'he/software/scripts/ssr.pl

4.2

Characteristic of microsatellite loci

In this study, severai repeat types were found in P. monodon EST- database.

Trinucleotide AAT repeats were found in the highest proportion (39.4% of trinucleotide

repeat, 16.0% of EST database

). The presence of AAT repeats indicated a high

- expression of this kind of repeat within the genome of P. monodon. The second most

common repeat was dinucleotide

EST database). Several studies

AT repeats (40.4% of dinucleotide repeat, 13.7% of

isolated microsatellites from genomic libraries of P.

monodon. For dinucleotide repeat, data in this study contrast with those previcusly

reports in which genomic GT repeats were found to be the most abundant microsatellites
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among dinuclectide repeats. Xu et al. (1999) directly sequenced clones from partial
genomic library of P. monodon and found that CT repeats were the most abundant
(4_1 4%) followed by GT (35.6%) and AT repeats (19.5%). Tassanakajon et al. (1998) and -
Brooker et al. (2000) isolated GT and AG repeats-from partiél genomi_o- libraries of P.
monodon. Results indicated that GT repeats were more abundant than AG repeats.
Brooker et al., (QOQO) also reported that the second most abundant type of dinucleotide
was AT and fo]léwed by AG repeats. Pongsomboon et al,, (2002) isolated tri- and
~ tetranucleotide from partial genomic libraries of P. monodon and found that AG repeats
were the most abundant. Wuthisuthimethavee et al. (2003) isolated di-, tri-, and
tretranucleotide microsatellites by probe hybridization to P. monodon genomic library.
They found that AT repeats were the most common type, followed by ATC repeats.
However, all reports except the first one, reported by Xu et al, (1999) isolated
microsatellites by hybridizing specific repeat types.of microsatellite probes with shrimp
DNA. This can lead to a bias against the selected specific repeat types. The information .
of those reports and this thesis can nct be compared.
Although, the most abundant of microsatellites fro.m genomic libraries were
~.dinucleotide repeats, this study found that the most abundant microsatellites from EST-
database were trinucleotide repeats. - This may be due to the fact that trinucleotide
_,__repeats expressed more than dir_uucleotide repeats. However this study found that the

second most abundant microsatellites in EST database were dinucleoctide repeats.
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There are not any reports on the isolation of CG repeats in P. monodon. The
occurrence of CG repeats in P. monodon EST database of this study was rare (0.4% of
dinucleotide repeat, 0.1% of EST database). Sehépion et al, (2004) used a
bicinformatics approach to survey type | microsatellites in channel catfish EST database
and found that CG repeats was rare, representing only 0.2%.

Tetra- and pentanucleotide repeats were found at low frequencies, compared
with di- and trinucleotide repeats. These were concordant with the previous reports. By
screening genomic P. monodon libraries with oligonﬁb!eotéde microsatellite probes, the
frequencies of positive clones for ietra- and pentanucleotide probes were much lower

than dinucleotide. The positive clones of (GT), and (CT), probes were 85.8% and 14.2%,

n
respectively (Tassanakajon et al., 1998). Pongsomboon‘et al., (2002) repor“ted that the
positive clones of (AGAT), and (ATGG), probes were 1.21 and 0.04 %, respectively. In
‘ this study, AAAG and AAAAG repeat were found at the highest proporticn of tetra- gnd
pentanuciectide repeats, respectively. The second highest proportion of tetranucleotide
. repeat was AAAT repeats. However, the frequency of AAAT repeais was nearly equal to
AAAG repeats. The remaining of tetranucleotides were found at much lower frequencies.
For pentanucleotide, although several repeat types were also identified but most yvere
found at less than 6%_.

Classification of microsatellite répeats based on Weber's criteria reve_éied that

perfect microsatellites were the predominant categories. These results were similar to a

previous report in P. monodon (Pongsomboon et al., 2002) where perfect microsatellite
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was found o be the most abundant. Perfect microsatellites were also the most abundant
class in P. vannamei (Meehan et al. 2003). .Unlike Wuthisuthimethavee et al., (_2003)’3
report, compound microséteilites were found. at greater frequency than perfectvv '
microsa@lites. Compound mic_rosatel!ites are the microsateliites at any locus -that
contain at least 2 types ofvrﬁiorosatellite sequences eg (GT),(GA),, (GATA) (ATT),.
Among compound microsatellites of this study, the association with dinucleotide repeats
were-the most frequent.

The BlastX results of EST containing microsatellites showed that approximately a
half of EST containing microsatellites, were known genes and hypothetical proteins
whereas another half were unknown. Of known genes and hypothetical proteins,
microsatellites existed in coding region (CDS) more tha..n 3’- and 5-UTR. The existence of
miorosateliites in CDS region inferred that the expressed proteins contain a string. of
amino acid, which depend on microsatellite sequences. Most of microsatellites
_, -containing EST clones could be used to define the location of microsatellite fepeats in
genes, except some of them because they did not located within the région homologous

to the known protein sequences.

4.3 Efficiency of marker development
Of 2,165 microsatellite loci found in the black tiger shrimp EST database, 154 {oci
~ were suitable for primer designs. Usable microsatellites in P. monodon were very difficuft

to obtain owing to the large and complex repeat arrays. Many clones contained short
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_flanking region that resulted from long repeat arrays of microsatellite sequénces and/or
the close range of microsatellites to the cloning site of vectors. These led many clones to
contain only‘ohe side of the unique flanking sequences, which.make them unavailable
for primer design. Many microsatellites contained short repeat units but those loci were
separated among each locué by a short tract of non-tandem repeat array or degenerate
microsatellite-like motif, so the flanking sequences contained unsatisfied stringency
requirements for primer designs.

When 154 primer pairs were tested, one hundred and twenty-six primer pairs
(81.8%) were successfully amplified.in 5 unrelated individual shrimps. Most of them
provided amplification fragments of the expected size in P. monodon genomic-DNA
based on sequence data. Qf EST clones. Some of them provided amplification fragments

" of the unexpected size in P. monodon genomic DNA or amplification completely failed.

Previous studies reported that the successful amplification rates of microsatellite primers

derived from both genomic DNA and EST sequences of various species were about 60—

90% (Thiel.et al., 2003; Kota et al., 2001; Yu et al., 20C4;Saha et al.,, 2004; Cordeiro et

al., 2001; Gupta et al., 2003). The successful amplification rates of EST-microsatellites

, : depend on various factors. Possible explanations include: (i) one or both primers of the
EST-SSR extend across a splice site; (ii) the presence of large iﬁtrons in genomic DNA

sequence; (iii) the use of questionable sequence information for primer development;

and (iv). primers were derived from chimeric cDNA clones. Thus, the quality of the

micro_satellites—EST sequence for designing the primer pairs is important. In a cereal
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ESTs, up to 9% of cereal ESTs sequences were low quality (Sreenivasuiu ét al., 2002)
‘and primer_- pairs should be designed carefully (Thiel et al., 2003).

Furthermore, compared with genomic microsatellites, amplicoh size more
frequently deviated from-expectation (Thiel et‘a/., 2003; Kota et al., 2001; Yu et al., 2004,
Cordeiro et al., 2001; Nicot et al., 2004). This is probably results from the presence Qf
introns and insertions-deletions (in-dels) in the corresponding genomic sequences, as
was substantiated by sequence analysis (Saha et al., 2004). This study probably found
in—dels in the 3 markérs, BTPmb54, 55, and 56 which showed. incompatible allele sizes
when usedvin -genotyping a P. monodon family,

in this study, null alleles (alleles that do not give a polymerase chain reaction
product) of any microsatellite locus were observed by segregation analysis of the
reference family. The results showed that 3 of polymorphic markers yielded null alleles,
BTPm 36, 39, and 42. Nuli alleles of EST-microsatellite markers were observed in several
" species such as kiwifruit (Fraser et al., 2004), rice (Cho et al., 2000), spruce (Rungis et
al., 2004) and wheat (Gupta et al., 2003; Eujayl et al., 2001). In wheat, occurrence of _null
__aHe!es is common and has been reported earlier using genomic microsatellites (Gupta
and Varshney., 2000). Occurrence of null alleles can be explained by: (i) the deletion of
microsatellite at a specified locus (Callen ef al., 1993); (i) mutations (in-dels or
substitutions) in the pﬁmer binding site (Lehman et al., 1996). Occurrence of null alleles

complicates the interpretation of segregation data because heterczygotes cannot be
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identified. Null alleles result in deviation from the expected Mendelian segregation ratios

(Fraser et al., 2004).

4.4 Polymorphism analysis of microsateliite loci

Fifty microsatellite loci were characterized for genetic information content by
genotyping P. mono;jon_ broodstock from Trang province (the Andaman sea of Thailand).
Among these, the number of alleles at each of 50 pvolymorphic loci ranged from 4 to 30
with an average pf- 12.6. - Expected heterozygosity ranged from 0.257 to 0.96C with an
average of O.75§. In this thesis, we also used the data on microsatellite loci and their
corresponding alieles to caiculate the PIC in order to examine the extent of information
on diversity that these markers can provide. The PIC value of this study ranges from
0.237 to 0.948 with an average of 0.723. Under PIC value, (1) PIC> 0.5 means locus with
highly informative (2) 0.5>PIC>0.25 means locus with reasonably informative (3)
PIC<0.25 mean locus with slightly informative. Loci with many alleles and a PIC _ne_a.r 1
are the most desirable for highly polymorphic markers (Botstein et ai., 1980).

In this study the degree of polymorphism of P. monodon type | microsateliite
markers is comparable to that of type Il markers. Wuthisuthimethavee et al. (2003}
reported that the avérage PIC value of type Il microsatellite markers of 30 loci was 0.835
with the highest at 0.926 and the lowest at 0.428. Thiel et al., {2003) developed Type !
microsatellite markers from barley (Hordeum vulgare L.) EST database. They found that

these markers also showed high levels of polymorphisms. The average PIC value of 76
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loci was 0.45 with the highest at 0.78 and the lowest at 0.28. However, the locus BTPm37-

of this study showed low level of observed heterozygesity (0.135) and high PIC value
(0.768) when 37 individuals P. monodon from Trang were investigated. LeW_ level of
observed heterezygosity found at the BTPmM37 locus may possibly be resulted from null
alleles. The null alleles of BTPm37 could nct be detected by genotyeing with the
reference family used for genetic linkage mapping. The null alleles may be shown when
BTPm 37 is used to genotype other families. "Nuil" alleles of the heterozygous status can
cause an apparent excess of homozygosity. Moreover, null alleles may exist because of
high polymorphisme affecting the efficiency of PCR priming or extension. The presenee_
of null alleles at some loci has been documented for several species where pedigree
analysis was feasible (e.g. Pemberton et al., 1995; Paetkau and Strobeck, 1995).

The level of polymorphism of microsatellite loci in this study, as estimated by the
number'ef alleles and PIC values, almost showed a positive correlation wit:h the average
number of microsateliite repeats. Thiel et al., (2003) also found that fhe polymorphic of
(Hordeum vulgare L.) type | markers depends on the number of repeats.

it is interesting to note that microsatellites, which. locate in CDS, showed the
highest polymorphism eomparing to those located at the 5'- and 3-UTR. These results
correspond to tho_se pfeviously reported. Cordeiro et al., (2001) reported that sugaroahe
(Saccharum spp.) type | microsatellite markers, which produced po!ymorphism,. rﬁainly

located in the coding sequence region with only one locus located within the 5-UTR. In
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contrast to barley type | microsatellite markers (Thiel et al., 2003), 3'-UTR yielded a

higher proportion of polymorphic microsatellites than 5-UTR did.

4.5 Application in shrimp genome mapping

Mic_rosatellite markers, developed from genomic librarieg can .belong to either
the transcribed region or the non transcribed region of the genome, and rarely is there
information available regarding their functions. By contrast, EST-derived microsatellite
markers often have known or putative functions and are gene targeted markers with the
potential of representing functional markers in those casers where polymorphisms in the
repeat motifs affect the function of the gene in which they reside (Anderson and
Lubberstedt., 2003). Putative functions for a significant proportion of EST-microsatellite
markers have been reported (Thiel et al., 2003; Yu et al., 2002; Han et al., 2004; Gao et
¥ :vva_/'.,‘. 2004). EST-microsatellite markers are one class of markers that can contribute to
direct allele selection, if they are shown to be completely associated or even responsible
for a targeted trait (Sorrells and Wilison., 1997). For example, recently, a Dof homoiog'_
(DAG1 gene that showed a strong effect on seed germination in Arabidopsis (Papi et al.,
2000)) has been mapped on chromosome 1B of wheat by using wheat EST-microsatellite
primers (Gao-et' al., 2004). Similarly, Yu et a/v.'(2004a) identified two EST-microsatellite
markers linked to the photoperiod response gene (ppd) in wheat. Finally, mapping
candidate genes can facilitate genome alignment across distantly related species (Yu et

al., 2004b).
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| In. this study, 36 type | microsatellite markers integrated into P. monodon male
-and/or-ferhale.- maps. Construction of genetic linkage map is based on the determination
of distance between 2 markers. The LOD score method was used in this study. For
construction of genetic map, LOD score of 3.5 and maximum O = 0.30 were set as
linkage threshold for grouping markers. LOD score were considered the estimate of the

linkage distance. The following is the formula for the LOD score:

LOD score = log {probabxht y of birth sequence with a given linkage value }

probabilty of birth sequence with no linkage

Maximum distance parameter (9) is the longest possible distance between 2 markers.
Under these parameter, if 2 markers separated over 30 cM or LOD score lower than 3.5,
these two markers were separated into 2 groups.

For male map, twenty-six type | microsatellites developed in this study were
placed onto the male map, distributing into 18 linkage groups. The total length of thé
present male map was increase from 878 cM to 1,101 cM. The present mép exte.ndéd
223 cM in length from the previous. Chrom 42-48, were newly linkage groups. Type |
microsatellites developed in this study were also placed in these 7 groups. For Chrom
) 30, type | microsatellites developed in this study made this group turn to be the iongest
group with 84.3 cM long. The length of this group was increased by 49.8 cM long V\./he.n

three markers of this study were added. The length of previous Chrom 9 was 34.6 cM
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long. CUHKO065r locus. was out of the previous Chrom 9 with 32.4 cM apart when

maximum 6 was set at 0.30. BTPm21br acted as a bridge between CUHKO65r and
Chrom 9 This led CUHKOB5r to place onto Chrom 9. Like another group, Chrom 21, type
I microsatellite markers of this study also acted as a bridge' to form the markers of the
previous map, which were separated over 30 cM to form into the same group.

For female map, eighteen type | microsatellite markers dex)eloped in.this study
were placed onto the female map. These 18 markers distributed into 11 groups. A total
length of the present female map was increase from 630 cM to 891.4 ¢cM, which was
extended 261.4 cM in length. We found that Chrom 37-39, 3 groups, were newly groups,

“which inciuded the markers of this study. Especially, Chrom 39 was only formed by type |
microsatellite of this study. In C_hrom 6, BTPm7 and BTPm32 acted as a bridge to evolve
PO11f into this group, and extended the length of Chrom& from 14.4 cM to 56.7 CM, Like
in Chrom3, type | microsatellite acted as a bridge in this group, and also turned this
group to be the longest group of female map.

The genome size of shrimps, P. aztecus, P. duorarum, P. setiferus, and L.
vannamei is approximately 70 % of the human genome (2x1Og bp.), esimated to be about
2,000 cM (Chow et al., 1991; Witson et al., 2002). In this study, the total length of both
male gnd female maps covered about‘half_ of P. monodon genome»size with average
spacing between 2 markers of 7.0 and-8.0 cM for male and female maps, respectively..
Additional markefs are required to condense the existing map into 44 linkage groups

corresponding to the number of haploid chromosome in P..monodon {Xiang et al., 1993).
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For male vm.ap, the number of linkage groups from this study was 47. The linkage
groups were over the number of haploid chromosome, which were 44 linkage groups.
This may be due to the lacking of bridge markers to combine the extra markers. For
female map, the number of linkage groups from this study was 36. The lacking of the
remaining groups may be due to the unavailable markers to cover the shrimp genome.

In conclusion, out of 50 polymorphic microsatellite markers developed in this

- study, 36 were mapped into previous P. monodon international linkage map. This means
that 72% of polymorphic markers could be placed into the linkage map. BTPm1, 7, 9.,_30,
32, 38, 43 and 47 can be placed on both male and female maps. Compared to other
studies, Thiel et al. (2003) found that 38.0% of type | microsatellite markers derived from
barley EST database were. integrated into a barley genetic consensus map. These
markers distributed into 7 genet.ic linkage groups. Han et al., (2004) develo_ped type |
microsatellite markers of Gossypium arboreum, and they found that 99vprimer pairs
produced 118 microsatellite loci. Of these 118 loci, 111 loci were integrated into the
backbone map. Han's report showed that 72 ioct were allocated to the At subgenome
-and 37 loci were allocated to Dt subgenome of allotetraploid cotton, leaving two loci
unallocated. However, genetic maps with saturation of useful markers is quite easy to
find rﬁarkers linked commercially important trait (Temnykh, 2000).

For. the shrimp genome mapping project, the addition of new markgr_s is still
needed to populate several regions previous lacking in molecular markers. It is then

intended to increase the density of this framework map by using more Type | (coding)
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markers. In this study, we identified microsatellites from ESTs which are microsatellite
markers in transcribed sequence_s (Type | marker)._ They can be associated with a gene
of interest funbtion. The polymorphic type | markers are more useful as anchorage points
for comparative gene mapping than type Il markers and can be directly used in selective

breeding programs (Liu et al., 1999).



CHAPTER V

CONCLUSIONS

Amohg .1 O,.1QO EST database of P. monodon, one thousan.d f_hree hundreds and
eighty-one microsatellite loci were identified

Trinucleotide AAT repeat and dinucleotide AT repeat were the most abundaht
repeat type in database. '.

The predominant category of microsatellite loci was perfect repeats whereas
imperfect and compound microsatellites were found at a much lesser extent.
Homology searches by BLASTX program revealed that the EST containing
microsatellite clone represent 11.6% known gene products, 37.3% hypothetical
protein, and 51.1% unknown gene products. Coding sequence-ESTs yield a
higher portion of microsatellite location (93.5%) than 3"-UTR.and 5-UTR did.

All of 154 primer pairs, fifty polymorphic markers were developed. in general,
microsatellite exhibited high levels of polymorphism. The average number of
alleles per locus, PIC value, observed, and expected heterozygositiés'were_ 12.6,
0.723, 0.698, and 0.759, respectively.

A total of 36 polymorphic markers were integrated into male and/or female
international genetic shrimp map along with AFLPs, microsatellite, and another

markers.
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APPENDIX A

Transcribed microsatellites and their associated genes

v Acc. Repeat C :
.. Gene identity E-value |Location| Clone name
number unit S
39 kDa antigen AAB47253 (AC)13 2.00E-110 CDS ES-N-503-0379-W
39 kDa antigen AAB47253 (AT)27 2.00E-11 CDS. ES-N-503-0379-wW
39 kDa antigen : AAB47253 (AT)24 6.00E-05 cDs- ES-N-S03-0413-W
39 kDa antigen AAB47253 (AC)20 6.00E-05 CcDS £S-N-S03-0413-W
acetyicholinesterase CAD32684 (AAAGG)3 1.00E-06 CDS HPa-N-801-0125-LF
acidic ribosomal protein P1 P02402 (AAGAG)3 2.00E-33 CDS HC-V-S01-0238-LF
actin2 AAP36272 (AG)6 6.00E-18 3-UTR  |HC-N-S01-0185-LF
agCP4447 EAA10576 (AAG)14 1.00E-20 CDS(Pd) |ES-N-S03-0088-W
agCP4703 : EAA15143 (ACAT)37 9.00E-17 CDs ES-N-S02-0096-W
agCP4709 . EAA15143 (AC)61 5.00E-23 - CDS ES-N-503-0025-W
agCP4709 . EAA15143 (AT)14 5.00E-23 3-UTR  |ES-N-S03-0025-W
agCP4709 EAA15143 {AC)68 1.00E-19 CDS ES-N-S03-0073-W -
agCP4709 EAA15143 (AC)58 3.00E-21 cbs LP-Y-S01-0052-LF
agCP5044 EAA10663 (AT)6 2.00E-07 3-UTR(Pd) |ES-N-S02-0472-W
agCP6523 EAA11105. (AAC)6 5.00E-07 CbS ES-N-S02-0296-W
ankyrin " AAL92356 (AAT)B 2.00E-30 CbS ES-N-S03-0002-W
ankyrin AALI2356 (ATC)9 2.00E-30 CDS(Pd) |ES-N-S03-0002-W
ankyrin AAL92356 (AAT)16 2.00E-30 CDS £5-N-S03-0002-W
ankyrin AAL92356 {AAT)38 2.00E-30 CbS £S-N-S03-0002-W
ankyrin AAL92356 (AAGT)3 4.00E-18 3-UTR(Pd) |ES-N-S03-0068-W
ankyrin AAL92356 (AAT)34 4.00£-18 CcDS ES-N-S03-0068-W
ATP-dependent RNA helicase AAMA43770 (AAT)35 2.00E-24 CDS ES-N-S03-0085-W
ATP-dependent RNA helicase AAMA43770 (AAT)9 '2.00E-24 CDS ES-N-S03-0085-W
ATP-dependent RNA helicase AAMA43770 (AAT)9 8.00E-20 cDs ES-N-S03-0158-W
ATP-dependent RNA helicase . AAM43770 (AAT)33 8.00E-20 CDS ES-N-803-0158-W
ATP-dependeni RNA helicase AAMA43770 (AAT)24 1.00E-14 CcDSs LP-N-S01-0346-LF
atrophin-1 related protein AAC31120 (AG)21 . 2.00E05 | CDS  |ES-N-S01-0093-W
Bmsqd-2 " BAAO7211 (AGCM | 600E-15 | 3-UTR(Pd) |HC-N-S01-0182-LF
- | brain protein 13 NP_061242 {AG)12 1.00E-15 3-UTR HPa-N-N01-0233-LF
- |bromodomain adjacent to zinc finger domain NP_038476 (AG)6 8.00E-18 CDS OV-N-801-0428-W
butyrate response factor 1 NP_004817 (AGG)10 3.00E-26 5-UTR(Pd) |OV-N-501-0209-W
cadherin domain(s) B NP_510685 (AG)37 5.00E-10 CDS ES-N-$03-0141-W
cadherin domain(s) NP_510685 (AAT)8 5.00E-10 CDS(Pd) |ES-N-S03-0141-W
calciumbinding protein NP_071711 (AAAT)3 §.00E-05 3-UTR(Pd) |HC-N-S01-0322-LF
CDH1-D AAL31950 (ACGG)5 2.00E-23 CDS(Pd) |ES-N-S03-0508-W
‘ " | CDNA FLJ12480 FIS AAM43755 {AAT)30 2.00E-12 CbS LP-V-801-0267-LF
" {cell cycle control protein cwf2 EAA22781 (AC)S 6.00E-06 CDS ~ |HC-N-S01-0178-LF
CG11931-PA . " NP_608847 (AAT)22 8.00E-17 3'-UTR . ES-N-503-0086-W
CG11931-PA NP_608847 (ACT)S 8.00E-17 CDS ES-N-S03-0086-W
CG16903-PA NP_569980 (AAAAT)3 2.00E-06 CDS(Pd) |LP-V-S01-0338-LF
CG1697-PB ) NP_525084 (AG)2 2.00E-10 CDS(Pd) |ES-N-502-0306-W
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{continued)
CG17271-PA NP_650916 (AGC)8 5.00E-23 CDS HC-H-501-0009-LF
CG2839-PA NP_608540 (AAAG)3 4.00E-21 CDS LP-V-801-0397-LF
CG2839-PA - NP_608540 (AAAG)3 4.00E-21 CDS L P-V-§01-0397-LF
CG2839-PA NP_608540 (AG)S 4.00E21 CDS LP-V-S01-0397-LF
CG2839-PA NP_608540 (AAAG)3 4.00E-21 CDS LP-V-801-0397-LF
CG5792 protein AAM33216 (AAT)35 3.00E-34 CDS ES-N-S03-0033-W
CG5792 protein AAM33216 (ATC)8 3.00E-34 CDS(Pd) |ES-N-S03-0039-W
|CG5792 protein AAM33216 (AAT)9 - 3.00E-34 CDS(Pd) |ES-N-S03-0039-W
CG5792 protein AAM33216 (AAT)11 3.00E-34 CDS(Pd) |ES-N-S03-0039-W
CG7892-PE NP_729316 (AG)S 5.00E-60 3-UTR  |LP-N-S01-0363-LF
chaperonin EAA21693 (AGAGG)4 7.00E-08 | -3-UTR(Pd) |LP-N-NO1-1114-LF
chaperonin EAA21693 (AAAT)3 200606 | 3WUTR |LP-Y-S01-0012-LF
coiled-coil protein AAO51721 (AAT)10 2.00E-08 CDS HC-N-S01-0081-LF
canserved hypothetical protein NP_779499 (AG)10 3.00E-05 CDS(Pd) {HC-H-S01-0826-LF
cyclic AMP-regulated protein BABB85575 {AG)6 7.00E-10 5“UTR(Pd) |HC-H-S01-0409-LF
v cyclophilin-RNA interacting protein CAC35733 (AGAT)7 1.00E-08 CDS ES-N-503-0015-W
cyclophilin-RNA interacting protein CAC35733 (AT)10 1.00E-08 CDS ES-N-S03-0015-W
cyclophilin-RNA interacting protein CAC35733 (AG)37 1.00E-08 CDS(Pd) |ES-N-S03-0015-W
cyclophilin-RNAinteractingprotein CAC35733 (AAAT)E 1,.00E-18 CDS(Pd) |LP-Y-S01-0794-LF
cyclophifin-RNAinteractingprotein CAC35733 (AG)6 1.00E-18 CDS LP-\”-SO1 -0794-LF
cylicin NP_776728 (ACAG)3 2.00E-10 CDs HC-N-§01-0030-LF
cysteine rich protein AAB05810 (AGC)18 8.00&-12 CDS ES-N-S03-0570-W
cysteine rich protein EAKS5382 (AGC)11 3.00E-07 DS HPO-N-S01-0132-LF
cysteine rich protein BAC34711 (AGC)9 9.00E-12 cDs LP-N-NO1-0021-LF
cylochrome ¢ oxidase precursor AAA34516 (AAAAG)4 1.00E-07 5-UTR  |ES-N-503-0450-W
cytochrome P450-3 AAL38985 (AAG)7 4.00E-06 CDS £S-N-503-0112-W
cytochrome P450-3 AAL38986 (AG)24 4.00E-06 CDS ES-N-S03-0112-W
cytochrome P450-3 AAL38986 (AAT)10 9.00E-09 CDS(Pd) |HC-N-801-0288-LF
cytochrome P450-3 AAL 38986 (AAAC)3 9.00E-08 CDS(Pd) [HC-N-S01-0288-LF
cytochrome P450-3 AAL 38986 (AG)33 9.00E-10 CDS HC-N-S01-0288-LF
DNA replication helicase dna2 AALIBT17 (AAT)59 4.00E-35 CDS HPO-N-S01-0036-LF
DNA replication helicase dna2 AALSE717 (AAT)10 4.00E-35 5-UTR  |HPO-N-S01-0036-LF
DNA-binding protein NP_821613 (AG)17 1.00E-04 CDs ES-N-503-0493-W
DNA-binding protein NP_921613 (AGAT)3 1.00E-04 CcDs ES-N-803-0493-W
EAA55147 NP_8608847 (AAAT)3 4.00E-09 CDS OV—N-SO1 -0292-wW
EAA55147 NP_608847 (AAT)18 4.00E-09 CcDS OV-N-801-0292-W
ebiP200 - EAA01989 (AAG)7 2.00E-12 CDS E£S-N-S03-0070-W
ebiP200 EAA01989 (AG)46 2.00E-12 CDS ES-N-S03-0070-W
ebiP4168 EAAD1624 (AT)34 3.00E-12 CDS ES-N-503-0074-W
ebiP4168 EAAD1624 (ACT)35 3.00E-12 CDS ES-N-503-0074-W
ebiP4168 EAAD1624 " (AAGT)S 3.00E-12 CDS ES-N-503-0074-W
ebiP4168 . EAAD1624 (AT)31 1.00E-07 CDS ES-N-S03-0106-W
ehiP4168 - EAA01624 (ACTG)3 5.00E-09 CDS LP-N-S01-0045-LF
ebiP4168 EAA(01624 (AAGT)9 5.00E-09 CD3 LP-N-S01-0045-LF
ebiP4168 EAAQ1624 (ACT)21 5.00E-09 CcDS LP-N-S01-0045-LF
" |ebiP4168 - EAAO1624 {AT)25 5.00€-09 CDS LP-N-S01-0045-LF
ebiP4168 EAAD1624 (ACTC}11 5.00E-09

5-UTR(Pd)

LP-N-501-0045-LF
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(continued)
ebiP9138 EAAQQ158 {AC)9 3.00E-42 3-UTR HPé—N—SO1-0802-LF
ENSANGP00000000338 EAAQ2026 (AT)23 1.00E-17 CcDSs ES-N-S01-0054-W
ENSANGP00000000338 EAAQ2026 (AT)30 1.00E-1.7 CDS - |ES-N-S01-0054-W .

. |ENSANGP00000000338 EAAQ2026 ' (AT)28 3.00E-09 CDS ES-N-802-0347-W
ENSANGP00000000338 EAA02026 . (AT)B 3.00E-09 CDS ES-N-502-0347-W
ENSANGPO0000000338 EAAQ2026 (ACAT)3 1.00E-13 cDS LP-Y-S01-0054-LF
ENSANGP00000000338 EAAQ2026 (AT)32. 1.00E-13 CDS LP-Y-SO1~0054-LF
ENSANGP00000000338 EAAQ2026 (AT)34 9.00E-16 CDbSs LP-Y-S01-0107-LF
ENSANGP00000000338 EAAQ02026 (ACAT)3 9.00E-16 CDS LP-Y-§01-0107-LF
ENSANGPO0000004 168 XP_322060 (AT)50 2.00E-13 CcDS LP-N-N01-0434-LF
ENSANGPOOOOOOO‘I 168 XP_322060 (AT)38 2.00E-10 CDS LP-N-NO1-1090-LF
ENSANGP00000008132 XP_311007 (AG)16 1.00E-10 CDS(Pd) ES-N-S02-0153-W
ENSANGP00000012042 XP_322031 (AT)6 1.00E-30 3-UTR(Pd) |LP-N-S01-0167-LF
ENSANGPOOOOOO14057 XP_393238 (AGG)7 1.00E-37 CDS HPa-N-NO1-1154-LF
ENSANGPO0000017604 XP_311858 (AAT)16 5.00E-09 CDS(Pd) |HPO-N-S01-0225-LF

| ENSANGP00000020684 XP_318175 (AAAT)S 7.00E-12 CDS(Pd) (HPa-N-NO1-1164-LF
ENSANGP00000022728 XP_306301 (AT)6 6.00E-11 CDS ES-N-503-0386-W
ENSANGP00000022728 XP_306301 (AAAT)7 6.00E-11 CbS ES-N-503-0386-W
ENSANGP00000022728 XP_306301 (AT)22 6.COE-11 CDS ES-N-S03-0386-W
ENSANGP00000022728 XP_306301 (AT)27 1.00E-20 CDS HPO-N-S01-0624-LF
ENSANGP00000022728 XP_306301 (AT)33 1.00E-20 CDS HPO-N-501-0624-LF
ENSANGP00000022728 XP_306301 (ACT)13 1.00E-20 CcDSs HPO-N-501-0624-LF
ENSANGP00000022728 XP_306301 (ATC)15 1.00E-20 CDS HPO-N-801-0624-LF
ENSANGP00000022728 XP_306301 (AT)89 1.00E-23 CDS LP-N-NO1-1201-LF
ENSANGP00000022728 i XP_306301 (AT)43 5.00E-13 CDS- LP-Y-S01-0291-LF
ENSANGP00000022785 XP_314418 (ACTAT)3 1.00E-24 CDS ES-N-503-0056-W
ENSANGPO0000022785 XP_314418 (ACTY4 1.00€E-24 CDS ES-N-S03-0056-W

. |ENSANGPQ0Q00022785 XP_314418 (ACTAT)4 1.00E-24 CDS ES-N-S03-0056-W
ENSANGP00000022785 XP_314418 (AT)66 1.00E-24 CDS ES-N-S03-0056-W
ENSANGP00000022785 XP_314418 (AT)26 6.00E-10 CDS ES-N-S03-0267-W
ENSANGP0O0000022785 XP_314418 (AT)41 2.00E-08. CDS ES-N-S03-0366-W
ENSANGP00000022785 XP_314418 (AT)33 2.00E-08 CDS HPa-N-N01-0309-LF |
ENSANGP00000022995 XP_309825 (AT)6 9.00E-18 CDS HC-H-S01-0055-LF
ENSANGP00000023184 XP_314872 (AAAC)3. 1.00E-18 3-UTR(Pd) |LP-N-NO1-1243-LF
ENSANGPQ0000023184 XP_314872 (AAAC)3 2.00E-29 3-UTR LP-N-NO1-1266-LF
ENSANGP00000023986 XP_316923 (AC)44 1.00E-13 CcDS HPa-N-NQ1-0663-LF
ENSANGP00000024044 XP_314418 (AT)30 7.00E-09 Ccbs ES-N-501-0099-W
ENSANGPO0000024044 XP_314419 (AT)31 - 1.00E-07 CDS £S-N-502-0381-W
ENSANGP00000024044 XP_314419 (AT)33 5.00E-08 CDS ES-N-S03-0110-W
ENSANGP00000024044 XP_314419, (AT)19 1.00E-04 ) CDS ES-N-803-0192-W
ENSANGPO0000024044 XP_314419 (AT)30 2.00€-08 CDS ES-N-503-0367-W
ENSANGP00000024044 - XP_314419 (AG)18 2.00E-08 CDS’ ES-N-S03-0367-W -
ENSANGPQ0000024044 XP_314419 (AT)43 3.00E-10 CDS ES-N-S03-0423-W
ENSANGP00000024044 XP_314419 {AT)46 2.00E-17 CcDS ES-N-S03-0502-W

- |ENSANGPQ0000024044 XP_314419 (AT)32 2.00£-17 CDS ES-N-S03-0502-W
ENSANGP00000024044 XP_314413 (AG)6 1.00E-04 5'-UTR(Pd) (ES-N-S03-0537-W
ENSANGP00000024044 XP_314418 (AT)30 1.00E-04 CDS £5-N-503-0537-W
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hypothetical 51.8 Kd protein

(AC)E -

(continued)
ENSANGP00000024044 XP_314419 (AT)6 2.00E-06 CDS HPa-N-N01-1163-LF
ENSANGPO0000024044 XP_314419 (ACTC)6 2.00E-05 CDS(Pd) |[HPa-N-N01-1163-LF
ENSANGP00000024044 XP_314419 (AG)38 2.00E-07 CDS HPa-N-N01-1163-LF
ENSANGP00000024044 XP_314419 (AC)12' 2.00E-24 CDs HPO-N-S01-0031-LF
ENSANGP00000024044 XP_314419 {ACTAT)3 2.00E-24 CDS HPO-N-S01-0031-LF
ENSANGP00000024044 XP_314419 (AT)20 2.00E-24 CDS HPO-N-S01-0031-LF
ENSANGP00000024044 XP_314419 - . (AT)S52 2.00E-24 cDs HPO-N-501-0031-LF
ENSANGPQO0000024044 XP_314419 (AT)15 7.00E-05 CDS LP-N-N01-0916-LF
ENSANGP00000024044 XP_314419 (AAT)6 " 7.00E-05 CDS LP-N-N01-0916-LF
ENSANGP00000024247 XP_306744 (AT)40 1.00E-13 CcDS ES—N—803-0424-W
ENSANGP00000024247 XP_306744 (AAGT)3 1.00E-13 5-UTR(Pd) |ES-N-S03-0424-W
ENSANGP0OD000024247 XP_306744 (ACTAT)YS 1.00E-13 CbS ES-N-S03-0424-W
ENSANGP00000024316 XP_315306 (AGAT)23 8.00E-10 CDS ES-N-S03-0270-W
ENSANGP00000024318 XP_315306 (AT)6 8.00E-10 CDS(Pd) |ES-N-S03-0270-W
~ |ENSANGP00000024316 XP_315306 (AC)26 8.00E-10 CDS ES-N-503-0270-W
ENSANGP00000024316 XP_315306 (AC)36 5.00E-12 CDS ES-N-503-0388-W
ENSANGP0O0000024316 XP_315306 (AAAG)S 5.00E-12 CDS ES-N-503-0388-W
ENSANGP00000024412 XP_311205 (AG)31 3.00E-05 CDS LP-N-NO1-0786-LF
ENSANGP0O0000024412 AAL38986 (AG)41 4.00E-10 CDS LP-V-801-0227-LF
ENSANGP00000024462 XP_322061 (AAT)8 3.00E-10 CDS HPO-N-S01-0526-LF
ENSANGP00000024462 XP_322061 (ATC)11 3.00E-10 CDS HPO-N-S01-0526-LF
ENSANGP00000024462 XP_322061 (AT)39 3.00E-10 CcDs HPO-N-501-0526-LF -
ENSANGP00000024462- XP_322061 (AT)28 6.00E-11 CDS.- {HPO-N-S01-0621-LF
. ENSANGPQ0000024462 XP_322061 (ACAT)8 6.00E-11 CDS HPO-N-501-0621-LF
ENSANGP00000025247 XP‘_306300 (AT)42 3.00E-10 CDS LP-V-S01-0667-LF
ENSANGPQ0000025247 XP_306300 (AATG)3 3.00E-10 5-UTR LP-V-S01-0667-LF
ENSANGP00000025247 XP_306300 {ATC)4 3.00E-10 CDS LP-V-501-0667-LF
F-box family protein NP_175273 (ATC)16 5.00E-09 CDS HC-H-801-0617-LF
fused~toxic gene CAAB7126 (AG)14 2.00E-18 5-UTR(Pd) |OV-N-801-0107-W
. .|Geapt gene product AAAB8426 (AGAT)13 7.00E-06 CDS E£S-N-803-0245-W
Gcapt gene product AAAGB426 (AC)15 7.00E-06 CDS E£5-N-S03-0245-W
Gcap1t gene product AAABB426 (AT)6 7.00€-06 C0S ES-N-S03-0245-W
Geapigeneproduct " AAAGBB426 (AC)13 6.00E-05 CDS ES-N-503-0495-W
Gcapigeneproduct AAABB426 (AT)11 6.00E-05 CDS ES-N-803-0495-W
glutamate dehydrogenase . 542918 (AAG)7 4,00E-51 3-UTR {P-Y-S01-0787-LF
glycosyl transferase AAMA5349 (AAT)E 6.00E-08 5-UTR  [HPO-N-S01-0070-LF
G-protein-coupled receptor AAO50842 (AT)6 5.00E-21 CDS ‘ LP-N-NG1-0002-LF
G-protein-coupled receptor AAQ50842 {AAT)18 5.00E-21 CDS LP-N-NO1-0002-LF
heat shack protein 10 AAPOB016 (ACAT)3 4.00E-26 3-UTR HC-N-501-0496-LF
heat shock protein 25 NP_509009 (AT)6 7.00E-30 3-UTR(Pd) |ES-N-S02-0060-W
heat shock protein 25 AABOB736 (AT)6 2.00E-21 3-UTR HPO-N-§01-0423-LF
hepatocarcinogenesis-related transcription factor JC4a857 (AGG)6 8.00E-15 CDS(Pd) |OV-N-S01-0434-W
hepatocarcinogenesis-refated transcription factor JC4857 (AG)6 8.00E-15 CDS(Pd) |OV-N-S01-0434-W
homeobox-containing protein AAQ52354 (AAT)27 2.00E-24 CDS |ES-N-S03-0540-W
human xnp gene related protein 1, isoform b AANT71844 (AAG)T . 2.00E-08 CcDS HC-H-501-0614-LF
hypothetical 51.8 Kd protein CACS59772 (ACAT)3 1.00E-07 CDS £5-N-§03-0132-W
CAC59772 1.00E-07 CDS ES-N-S03-0132-W
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(continued) .
hypothetical 51.8 Kd protein CAC59772 (AT)10 " 1.00E07 CDS ES-N-§03-0132-W
hypothetical 51.8 Kd protein CAC59772 (ACT)6 1.00E-07 CDS-3'-UTR |ES-N-503-0132-wW
hypothetical protein XP.207741 | (AGGG)? | 6.00E-11 CDS  |ES-N-S01-0014-W
hypothetical protein AALBB717 (AG)20 . 1.00E-34 3-UTR(Pd) |ES-N-S01-0052-W
hypothetical protein AALBBT717 (AAT)12 1.00E-34 CDS ES-N-§01-0052-W
hypothetical protein AALBB717 (AAT)41 1.00E-34 CDS ES-N-S01-00562-W
hypotheticat protein AAL8BB717 (ATC)S 1.00E-34 CDS ES-N-S01-0052-W
hypothetical protein AALBB717 (AAT)12 1.00E-34 CcDS ES-N-501-0052-W
hypothetical protein EAA13112 (AT)51 1.00E-14 CDS ES-N-501-0072-W
Hypothetical protein AAOS51254 (AAT)17 9.00E-11 CDS(Pd) |ES-N-S01-0122-W
Hypothetical protein AA051254 (AAT)10 2.00E-22 CDS ES-N-S01-0122-wW
Hypathetical protein AAQ51254 (AAT)E 2.00E-22 CDS ES-N-S01-0122-W
hypothstical protein T01285 (AG)26 2.00E-12 CDS ES-N-S01-0144-W
hypothetical protein EAA13112 (AT)29 9.00E-11 CDS ES-N-802-0005-W
hypothetical protein AALO2981 (AAT)24 7.00E-45 CDS(?d) |ES-N-S02-0071-W
hypothetical protein AAL92981 (AAT)34 7.00E-45 CDS(Pd) |ES-N-S02-0071-W
hypothetical protein AAL92981 (AAT)21 7.00€-45 CDS ES-N-502-0071-W
hypothetical protein XP_326282 (AAAG)S 2.00E-05 CDS ES-N-S02-0088-W
hypothetical protein NP_702139 (AAT)11 2.00E-30 CDS(Pd) |ES-N-S02-0102-W
hypothetical protein NP_042981 (AC)47 7.00E-18 CcDS ES-N-S02-0137-W
hypothetical protein AAM34352 (AAT)46 1.00E-25 CcDS ES-N-502-0195-W
hypothetical protein NP_702139 (AAT)6 3.00E-33 CDS ES-N-502-0203-W
hypothetical protein NP_702139 (AAT)29 3.00E-33 CDS(Pd) |ES-N-S02-0203-W
hypothetical protein 701285 (AG)50 4.00E-12 CDS ES-N-S02-0224-W
hypotheticai protein 701285 (AAAGC)4 4.00E-12 CDS ES-N-802-0224-W
hypothetical protein AAM45347 (AATI17 1.00E-22 CDs ES-N-502-0236-W
hypothetical protein AAM45347 (AAC)9 1.00E-22 CDS ES-N-S02-0236-W
hypothetical protein NP_701307 (AT)10 5.00E-06 CDS ES-N-802-0254-W
hypothetical protein NP_704773 (ATC)9 5.00E-05 CDS(Pd) |ES-N-S02-0257-W
hypothetical protein EAA13112 (AT)42 1.00E-11 CDS ES-N-$02-0343-W
hypothetical protein EAA13112 (AC)Y15 1.00E-11 CDS ES-N-S02-0343-W
hypothetical protein AAM33220 (AT)6 4.00E-07 3-UTR(Pd) {ES-N-S02-0350-W
hypathetical protein NP_705132 (ATCH13 2.00E-15 CDS ES-N-S02-0375-W
hypothetical protein NP_705132 (AAT)7 2.00E-15 CDS(Pd) |ES-N-S02-0375-W.
hypothetical protein NP_704588 (AATHS 1.00E-17 CDS ES-N-S03-0018-W _.
. hypothetical protein NP_704588 (AAT)10 1.00E-17 CDS(Pd) ES—N—SOCH)M 8w
hypothetical protein NP_704588 (AAT)19 5.00E-17- | CDS ES-N-S03-0019-W
hypothetical protein NP_704588 (AAT)10 5.00E-17 CDS(Pd) ES—N-SOSONQ—W
hypothetical protein AALBBT17 (AAT)41 3.00E-26 Cb§- ES-N-S03-0026-W
hypothetical protein AALB8B717 (AAT)S 3.00E-26 Cps ES-N-503-0026-W
hypothetical protein AAM45260 (AAT)35 6.00E-26 CDs ES-N-503-0029-W
hypothetical protein AAM45260 (AAT)9 6.00E-26 CDS ES-N-S03-0029-W
hypothetical protein AAM45260 (AAT)11 6.00E-26 5-UTR  [ES-N-S03-0028-W
hypothetical protein NP_700505 (ATC)13 5.00E-17 CDS§ ES-N-503-0035-W
hypoth etical protein NP_700505 (AAT)9 5.00E-17 CDS(Pd) |ES-N-S03-0035-W
hypothetical protein AAL92183 (AGGG)3 3.00E-17 CDS(Pd) {ES-N-S03-0040-W
hypothetical protein AAM44363 (AT)11 6.00£-23 CDS(Pd) |ES-N-S03-0041-W
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- lhypothetical protein

(continued)
hypothetical protein AAM44363 (AAT)14 6.00E-23 CDS(Pd) [ES-N-S03-0041-W'
hybo_thetical protein AAM44363 (ATY14 6.00E-23 CDS(Pd) |ES-N-S03-0041-wW
hypothetical protein AAM44363 (ATC)18 6.00E-23 CDS(Pd) |ES-N-S03-0041-W
hypothetical protein AAM44363 (ACT)7 6.008-23 CDS(Pd) {ES-N-503-0041-W
hypothetical protein AAM44363 (ATC)72 6.00E-23 CcDS ES-N-S03-0041-W
hypothetical protéin AAM34346 (AGGG)3 2.00E-18 CDS ES-N-S03-0054-W
v hypothetical protein NP_704154 (AAT)30 7.00E-15 CDS ES-N-503-0055-W
hypothetical protein NP_586311 (AAAG)S 2.00E-09 ‘'CDS ES-N-S03-0075-W
hypothetical protein AALBBT17 (AAT)MB | 200£25 CDS  |ES-N-S03-0082-W
hypothetical protein AAM44363 (ATC)12 7.00E-25 CDS(Pd) |ES-N-S03-0089-W
hypothetical protein NP_702139 (AAT)11 5.00E-17 CDS E8-N-S03-0087-W
hypothetical protein NP_702138 (AAG)6 5.00E-17 Ccbs ES-N-503-0097-W
hypothetical protein NP_702139 © (AAT)8 7.00E-39 C0S ES-N-S03-0113-W
hypothetical protein NP_702139 (AAT)19 7.00E-39 CDS ES-N-803-0113-W
hypothetical protein NP_702139 (AAT)25 7.00E-38 cbs ES-N-503-0113-W
hypothetical protein NP_702138 (AAT)6 7.00E-39 cDS ' £S-N-S03-0113-W
hypothetical protein NP_702139 (AAT)1 3 7.00E-39 CDS(Pd) |ES-N-S03-0113-W
hypothetical protein EAAS5147 (AAT)32 8.00E-18 CDS ES-N-503-0119-W
hypothetical protein NP_042981 (AAAC)3 2.00E-14 CcbS ES-N-S03-0133-W
hypothetical protein NP_042981 {AG)19 - 2.00€-14 CDS(Pd) |ES-N-S03-0133-W
hypothetical protein NP_705132 (ATC)13 1.00E-13 CDS(Pd) |[ES-N-S503-0157-W
hypotheticat protein NP_042981 (AC)36 2.00E-19 CDS ES-N-S03-0183-W
hypothetical protein NP_042981 (AC)20 2.00E-19 CbhS £S-N-503-0189-W
hypothetical protein NP_042981 (AAAG)3 2.00E-19 | CODS(Pd) |ES-N-S03-0183-W
hypothetical protein NP_704154 (AAT)20 1.00E-15 CDS ES-N-S03-0190-W
hypothetical protein NP_704154 (AAC)8 1.00E-15 CDS ES-N-S03-0190-W
hypothetical protein NP_704154 (AAT)22 1.00E-15 CDS(Pd) . ES-N-503-0190-wW
hypothetical protein NP_042981 (AC)39 2.00E-18 CDS ES-N-803-0215-W
hypothetical protein AAM44363 (ATC)13 1.00E-15 CDS E£S-N-S03-0217-W
hypothetical protein NP_701277 (ATC)13 1.00E-12 CDS ES-N-S03-0242-W
hypothetical protein . NP_701277 (AAT)S 1.00E-12 CDS(Pd) ES-N-S03-0242-W
hypothetical protein NP_042981 (AC)67 2.00E-26 CcDS ES-N-503-0247-W
hypothetical protein AAM44363 (ATC)22 3.00E-21 CDS ES-N-803-0263-W
hypothetical protein AAM44363 (AAT)9 3.00E-21 CDS ES-N-S03-0263-W
hypothetical protein AAM44363 (AATAG)3 3.00E-21 CDS(Pd) |ES-N-503-0263-W
hypothetical protein NP_042981 {AC)16 3.00E-24 CDS ES-N-S03-0266-W
hypothetical proteiﬁ NP_042981 (AC)25 3.00E-24 CDS ES-N-503-0266-W
hypothetical protein’ NP_042981 (AC)8 3.00E-24 CDS ES-N-S03-0266-W
hypothetical protein AAD53175 (AAT)22 8.00E-05 CDS(Pd) |ES-N-S03-0274-W
hypothetical protein AAOS53175 (AAT)10 8.00E-05 CcDS ES-N-S03-0274-W
hypothetical protein AAQS53175 (AATG)3 8.00E-05 CDS(Pd) |ES-N-803-0274-W
hypothetical protein NP_700925 (ATC)13 - 2.00E-13 cDS £5-N-$03-0301-W.
hypothetical protein NP_700925 (AAT)S 2.00E-13 CDS(Pd) |ES-N-S03-0301-W
hypothetical protein NP_042981 (AC)19 - 5.00E-18 CDS  |ES-N-503-0316-W
hypothetical protein NP_042981 (AC)20 5.00E-18 CDS ES-N-S03-0316-W
hypothetical protein NP_042981 (AC)6 5.00E-18 CDS ES-N-S03-0316-W
AAM44363 (ATC)13 9.00E-14 CDSs

ES-N-503-0337-W
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{continued)

hypothetical protein NP_042981 (AC)55 5.00E-17 CDS ES-N-503-0357-W
hypothetical protein NP_042981 (AC)29 1.00E-13 cDS ES-N-S03-0376-W
hypothetical protein NP_042981 (AAAC)3 . 1.00E-13 CDS _ES-N-5034)376—W
hypothetical protein AALB8717 (AATH1C 1.00E-33 CDS ES-N-S03-0392-W
hypothetical protein AAL8B8717 {AAT)47 1.00E-33 CDS E£S-N-S03-0392-W
hypothetical protein AALBB717 (ACT)8 1.00E-33 CDSs ES-N-S03-0392-W
hypothetical protein NP_704173 (AG)27 2.00E-05 CDS ES-N-S03-0414-W
hypothetical protein XP_317980 (AT)12° 9.00E-12 CDS ES-N-503-0416-W
hypothetical protéin XP_317980 (AT)17 9.00E-12 CDS  |ES-N-503-041 éw
hypothetical protein XP_317980 (AAAT)7 9.00E-12 Ccbs E£S-N-503-0416-wW
hypothetical protein XP_317980 (AC)8 9.00E-12 CDS(Pd) ES-N-SO3—0416—W
hypothetical protein XP_329242 (AG)24 7.00E-08 CDS ES-N-503-0436-W
hypothetical protein CAE59383 (AG)29 3.00E-08 CDS ES-N-503-0442-W
hypothetical protein NP_042981 (ACAT)12 4.00E-29 CDS E£5-N-S03-0460-W
hypothetical protein NP_042981 (AC)43 4.00E-29 .CDS ES-N-S03-0460-W
hypothetical protein NP_042981 (AC)12 4.00E-29 CbSs E£S-N-503-0460-W
hypothetical protein AA052193 (AAT)11 1.00E-28 CDS(Pd) ES-N-S03-0463-W
hypothetical protein AAO0S52133 (AAT)S1 1.00E-28 CDS E£8-N-503-0469-W
hypothetical protein AAO52193 (AAT)6 1.00E-28 CDS{Pd) |ES-N-S03-0469-W
hypothetical protein NP_704206 (AAT)18 5.00E-06 CDS ES8-N-S03-0480-w
hypothetical protein CAE59383 (AG)22 6.00E-09 CDS ES-N-S03-0515-W
hypothetical protein NP_703806 (AAT)25 4.00E-05 CDS ES-N-803-0517-W
hypotheticat protein NP_703806 (AAAG)3 4.00E—OS CDS ES-N-803-0517-W-
hypothetical protein NP_704154 (AAT)B0 7.00E-19 CDS -~ |ES-N-S03-0519-W
hypothetical protein NP_704154 (AAT)11 7.00E-19 CDS(Pd) [ES-N-S03-0518-W
hypothetical protein AAM44363 (AAT)20 9.00E-12 CDS ES-N-S03-0533-W
hypothetical protein . AAM44363 (AAT)10 9.00E-12 CDS ES-N-S03-0533-W
hypothetical protein AAO52193 (AAT)17 7.00E-14 CDS ES-N-S03-0534-W
hypothetical protein XP_317980 (AT)32 5.00E-05 CDS ES-N-S03-0541-W
hypothetical protein NP_702133 (AAT)16 5.00E-16 . | CDS(Pd) |ES-N-S03-0544-W
hypothetical protein AAOS51477 (AAT)12 3.00E-14 | CDS(Pd) |ES-N-S03-0554-W
hypathetical protein . AAOS51477 (AAT)B 3.00E-14 CDS(Pd) |ES-N-S03-0554-W
hypothetical protein AAO51477 (ATC)6 3.00E-14 CDS ES-N-503-0554-W
hypotheticat protein BAA74876 (AG)35 2.00E-06 CDS ES-N-S03-0565-W
hypothetical _protein NP_700669 (AT)11 2.00E-06 CDS ES-N-S03-0567-W
hypothetical protein NP_700669 (AAT)9 2.00E-06 CDS ES-N-S03-0567-W
hypothetical protein BAAS7098 {AAG)24 8.00E-29 CDS ES-N-S03-0571-W
hypothetical protein. BAAS7098 (AAC)14 8.00E-29 CDS ES-N-S03-0571-W '
hypothetical protein AAL88717 (AAT)48 2.00E-29 CDS ES-N-S03-0572-W
hypaothetical protein AALB8T17 {AAT)S 2.00E-29 CDS ES-N-S03-0572-W
hypothetical protein 131613 (AAAAT)S 7.00E-G7 CDS ES-N-S03-0578-W
hypothetical protein BAAST098 .| (AAAAG)E 6.00E-18 CDS ES-N-S03-0573-W
hypaothetical protein BAAS7098 (AAAG)3 6.00E-18 CDS ES-N-S03-0579-W
hypothetical protein ' AALI360S (AGC)8 4.00E-12 CDS HC-H-S01-0153-LF
hypothetical protein AAM0O9333 (AAT)8 . 4.00E-23 3-UTR(Pd) |HC-H-S01-0208-LF
hypothetical protein AAMO09333 (AAT)11 4.00E-23 CDS HC-H-S01-0209-LF
hypaothetical protein ' (AAT)‘]G. ’ 6.00E-43 CDS(Pd) [HC-H-S01-0265-LF

AALBBT1T
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(continued)

' Rypothetical protein AALBB717 (AAT)74 6.00E-43 CDS - |HC-H-S01-0265-LF
hypothetical protein AAM44363 (ATC)49 1.00E-28 CDS HC-H-S01-0334-LF"
hypothetical protein T31613 (AG)6 G.OOE-OSI CDS HC-H-S01-0543-LF
hypothetical protein AAM44363 {ATC)60 1.00E-32 CDS HC-H-501-0628-LF
hypothetical protein NP_179527 (AGYT 2.00E-06 CcDS HC-H-S01-0639-LF
hypothetical protein EAK90721 (AAT)6 9.00E-34 CDS  |HC-H-S010781-LF
Hypothetical protein 701285 (AG)46 3.00E-13 CDS HC-N-S01-0059-LF
hypothetical protein AAM44363 (ATC)74 2.00E-42 CDS HC-N-S01-0132-LF
hypothetical protein AAMA44363 (ATC)4 2.00E-42 - CDS HC-N-801-0132-LF
hypothetical protein AAQS51254 (AAT)12 1.00E-08 cos HC-N-S01-0278-LF
hypothetical protein AAHB5507 (AGG)7 4.00E-05 CDS(Pd) |HC-N-S01 -CSBS»LF
Hypothetical protein AAHB5507 (ATC)6 400E-05 | CDS(Pd) |HC-N-801-0536-LF
hypothetical protein NP_701307 (AT)33 2.00E-08 CDS HC-W-501-0368-LF
hypothetical protein NP_179627 (AG)28 9.00E-07 CDs HC-W-S01-0680-LF
hypotheticél protein NP_179527 (AG)6 9.00E-07 Cbs HC-W-501-0680-LF
hypothetical protein BAA97038 (AAAG)3 7.0CE-23 CDS HC-W-S01-0719-LF
hypothetical protein AALBBT17 {AAC)E 9.00E-29 CDS HPa-N-NO1-0049-LF
hypothetical protein AAL88717 (AAT)S 9.00E-29 CDS HPa-N-N01-C049-LF
hypothetical protein AALBB717 (AAT)S 9.00E-29 CDSs HPa-N-NG1-0049-LF
hypothetical protein AALBBT717 (AAT)23 9.00E-29 CDS HPa-N-NO1-0048-LF
hypothetical protein NP_042981 (ACAG)3 8.00E-22 CDS HPa-N-N01-0313-LF -
hypothetiéal protein NP_042981 (AC)6 8.00E-22 - COs HPa-N-N01-0313-LF
hypothetical protein NP_042981 (AC)16 8.00E-22 " cos HPa-N-N01-0313-LF
hypotheticai protein NP_042981 (ACAG)3 8;00E—22 cDS HPa-N-NO1-0313-LF
hypothetical protein 'CAE59383 (AG)40 2.00E-11 CDS . |HPa-N-NO1-0573-LF
hypothetical protein CAES9383 {ACCT)3 2.00E-1.1 CDS({Pd) |HPa-N-N0O1-0573-LF
hypathetical protein CAE53383 (AG)10 2.00E-11 CDS HPa-N-N01-0573-LF
hypothetical protein EAAS5147 (AAT)29 1.00E-14 CDS HPa-N-N0O1-0580-LF
hypothetical protein NP_703317 (AAT)22 2.00E-10 CDS HPa-N-N01-0632-LF
nypothetical protein "BAC35524 (AC)6 6.00E-12 CDS  |HPa-N-NO1-0655-LF
hypothetical protein BAC35524 (AGAT)3 6.00E-12 CDS HPa-N-NO1-0655-LF
hypothetical protein EAA55147 (AAT)29 9.00E-14 CDs HPa-N-NO1-0656-LF .
hypotheticai protein BAC35524 (AC)6 2.00E-12 CDS HPa-N-NO1-0696-LF
hypothetical protein BAC35524 (AAACH 2.00E-12 CDS(Pd) |HPa-N-NO1-0696-LF
hypothetical protein BAC35524 . (AGAT)3 2.00E-12 CDS HPa-N-N01-0696-LF
hypothetical protein AALIR2597 (AG)40 1.00E-11 CcDS HPa-N-S01-0066-LF
hypothetical protein AALS2537 (AAG)6 1.00E-11 CDS(Pd) |HPa-N-S01-0066-LF
hypothetical protein XP_207700 (AG)40 7.00E-11 CDS HPa-N-S01-0085-LF

" | hypothetical protein XP_207700 (AAG)8 © 7.00E-11 CDS(Pd) |HPa-N-S01-0085-LF
hypothetical protein XP_502130 (AAAT)3 3.00E-07 CDS HPa-N-S01-0173-LF
hypothetical protein AAL88T717 (AAT)21 3.00E-21 CDS HPa-N-S01-0177-LF
hypothetical protein EAAQ0488 (AG)6 4.00E-20 3-UTR  [HPa-N-S01-0309-LF
hypothetical protein BAA74876 (AG)40 2.00E-08 CcDS . HPa-N-S01-0374-LF
hypothetical protein NP_700900 (AGY10 - 2.00E-16 £DS HPa-N-501-0512-LF
hypothetical protein CAF89508 (AC)22 1.00E-04 CDS HPO-N-$01-0018-LF
hypothetical protein EALO1937 (AAT)8 3.00E-07 CDS HPO-N-S01-0201-LF
hypothetical protein AAL92597 | (AG)T2

HPO-N-8§01-0228-LF
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hypothetical protein AAL92597 (AG)13 4.00E-11 CDS(Pd) |HPO-N-S01-0229-LF .
hypothetical protein AALY2557 {AG)6 4.00E-11 CDS(?d) [HPO-N-S01-0229-LF
hypothetical protein BAB31107 (AG)15 6.00E-05 CDS  |HPO-N-501-0241-LF
hypothetical protein BAB31107 (AC)6 6.00E-05 CDS HPO-N-501-0241-LF
hypothetical protein NP_042981 (AC)Y27 . 9.00E-11 CDS HPO-N-§01-0336-LF
hypothetical protein NP_042381 (AG)30 9.00E-11 CDS(Pd) _ HPQO-N-501-0336-LF
hypathetical protein EAA13112 (AT)32 4.00E-05 cDS HPO-N-S01-0365-LF
hypothetical protein XP_107847 (AGG)6 1.00E-08 CcDS HPO-N-S01-0384-LF
hypothetical protein EAK90721 (AAT)54 1.00E-36 CDS HPO-N-501-0394-LF
hypothetical protein BAB31201 (AC)13 5.00E-06 ' CDS HPO-N-501-0425-LF
hypdtheﬁcal protein AAQS52564 (AAC)43 2.00E-15 CDS HPO—N-§O1-0471-LF
hyp.olhetical protein AAM33695 {AAT)6 3.00E-10 CDS HPO-N-S01-0477-LF
hypothetical prote'lﬁ AAM33695 (AC)18 3.00E-10 CDS(Pd) [HPO-N-S01-0477-LF
hypothetical protein EAAS5147 {AAT)33 8.00E-18 CDS HPO-N-801-0496-LF
hypothetical protein XP_400202 (ATC)3 1.00E-07 CDS  |HPO-N-S01-0498-LF
hypothetical protein XP_502130 (ATC)7 5.00E-13 CDS HPO-N-S01-0505-LF
hypothetical protein XP_502130 (AAT)15 5.00E-13 CDS HPO-N-501-0505-LF
hypothetical protein XP_502130 (AAT)T 5.00E-13 CDS HPO-N-S01-0505-LF
hypothetical protein BAA97098 (AAAG)4 1.00E-24 CcDS HF’.O—N601-0570-LF '
hypothetical protein BAA97098 (AAAG)8 1.00E-24 CcDS HPO-N-S01-0570-LF
hypothetica! protein BAAS7098 (AAAG)3 1.00E-24 CDS HPO-N-S01-0570-LF
hypothetical protein BAAQ7098 (AG)13 1.00E-24 3-UTR(Pd) [HPO-N-S01-0570-LF
hypothetical protein EAKS0160 |  (AG)65 200E-16 | CDS  |HPO-N-S01-0592-LF
hypothetical protein - BAAQ70398 (AAAG)3 4.00E-32 CcDS HPO-N-801-0627-LF
hypothetical protein " BAAQ7098 (AAAG)B 4.00E32 CDS HPO-N-501-0627-LF
hypothetical protein BAAQ97098 (AAAG)3 4.00E-32 CDS HPO-N-501-0627-LF
hypothetical protein AAM44363 (ATC)11 2.00E-16 CDS(Pd) |HPO-N-S01-0750-LF
hypothetical protein CAES59383 (AG)27 1.00E-10 CDS HPO-N-801-0772-LF
hypothetical protein CAE59383 {ACAG)6 1.00E-10 CDS HPO-N-S01-0772-LF
hypothetical protein EAAS5147 (AAT)16 1.00E-05 CcDS HPO-N-§01-0783-LF
hypothetical protein AADS2548 (AAT)S3 9.00E£-25. CDS HPO-N-501-0812-LF
hypothetical protein ' BAAG7098 (AAT)7 2.00E-07 CDS HPO-N-801-0826-LF
hypothetical protein AAL87169 (AGG)6 4.00E-05 CDS HPO-N-S01-0831-LF
hypotheﬂcél protein AALB7169 (ATC)10 4.00E-05 CDS HPO-N-S01-0831-LF
hypothetical protein AALB7169 (AAGC)6 4.00E-05 CDS HPQO-N-S01-0831-LF
hypothetical protein : NP_179527 (AAAG)5 5.00E-05 COS(Pd) :HPO-N-S01-0844-LF
Hypothetical protein : NP_042981 (ACAG)3 . 9.00E-07 CDS HPO-N-501-0866-LF
: - hypothetical protein AAL92213 (AAT)18 2.00E-13 CDS HPO-N-S01-0939-LF
. hypothetical protein NP_042881 (AC)S 6.00E-22 CDS LP-N-N0O1-0485-LF
hypothetical protein NP_042981 (AC)14 6.00E-22 CDS LP-N-NO1-0485-LF
hypothetical protein AAO50754 (AAT)33 5.00E-16 CDS LP-N-NO1-0553-LF
hypothetical protein XP_317980 (AT)26 5.00E-07 CDS  |LP-N-NO1-0S73-LF
- hypothetical protein NP_297344 (Ce)1 200E-13. | CDS(Pd) |LP-N-NO1-1116-LF
hypothetical proleiﬁ NP_297344 {AC)15 2.00E-13 - CbSs LP-N-NO1-1116-LF
hypothetical protein ZP_00293802 {AC)6 1.00€:13 3-UTR(Pd) {LP-N-S01-0048-LF
hypothetical protein ZP_00293802 (AG)6 1.00E-13 3-UTR(Pd} [LP-N-S01-0048-LF
(AT)42 - 2.00E-11 CDS

LP-N-501-0242-LF
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H_ypothetical protein - NP_042951 (AC)39 1.00E-14 CDS LP-N-501-0326-LF
hypothetical protein NP_042981 (AC)E - 5.00E-23 CDS LP-V-§01-0148-LF
hypothetical protein AAS38609 (AG)SE‘ 3.00e-20 CDS LP-V-801-0458-LF
hypothetical protein NP_701571 (AT)25 9.00E-05 Chs LP-Y-801-0027-LF
hypothetical protein AAO50882 (AG)29 1.00E-05 CDS LP-Y-S01-0445-LF
hypo(heu'éal protein BAA74876 (AG)24 1.00E-04 CDS LP-Y-501-0529-LF
hypothetical protein NP_705489 (AATHS 5.00E-07 Cb3 LP-Y-801-0931-LF
hypothetical protein XP_207715 {AAAAG)3 1.00E-09 CDS(Pd) QV—NSO1-0023»W
hypothetical protein XP_207715 (AAGAG)10 1.00E-09 CDS OV-N-801-0023-W
hypothetical protein XP_148915 {ACAT)20 2.00E-07 cDS OV-N-501-0268-W
hypothetical protein XP_148915 (AATG)3 2.00E-07 CDSs OV-N-§01-0269-W
hypothetical protein At2g19370 T01285 (AG)49 2.00E-12 CDS ES-N-502-0120-W
hypothetical protein Ca019.64 EAKZ0721 (AAT)9 9.00E-34 CDS HC-H-801-0761-LF
hypothetical protein Ca019.64 EAKS0721 (AAT)11 9.00E-34 CDS HC-H-S01-0761-LF
hypothetical protein CaG19.64 EAKS0721 (AAAAG)3 9.00E-34 CDS HC-H-S01-0761-LF
hypothetical protein Ca019.64 EAKS0160 (AG)42 9.00E-11 CcDS HC-H-S01-0795-LF
hypothetical protein Ca019.64 EAKS0721 (AAT)96 1.00E-51 CDs HPa-N-N01-0482-LF
hypothetical protein Ca019.64 EAK90721 (AAT)24 5.00E-44 CDS(Pd) LP-V-501-0553-LF
hypothetical protein Ca019.64 . EAKS0721 (AAT)13 5.00E-44 CDS LP-V-S01-0553-LF
Hypothetical protein CBG02739 CAES9383 (AG)6 3.00E-29 CDS LP-Y-S01-0105-LF
Hypothetical protein CBG02739 CAE59383 (ACAG)7 3.00E-29 CDS LP-Y-S01-0105-LF
Hypothetical protein CBG02739 " CAE59383 (ACT)9 3.00E-29 CDS LP-Y-S01-0105-LF
Hypothetical protein CBG02739 CAES59383 (AG)12 " 3.00E-28 CDS LP-Y-S01-0105-LF
Hypothetical protein CBG02739 CAES59383 (AG)B5 3.00E-29 CDS LP-Y-S01-0105-LF
hypothetical protein CBG03194 CAEL9749 (AG)38 S.OOE-Oé CDS HPa-N-N0O1-0880-LF
hypothetical protein CBG09105 CAEB4412 (AAG)T 1.00E-05 CDS-  |ES-N-S03-0430-W
hypothetical protein CBG14637 CAEB8712 (AG)33 4.00E-09 CDS ES-N-S03-0243-W
hypothetical protein CBG14637 CAEB8712 (AG)24 1.00E-07 CDS HC-N-§01-0357-LF
hypothetical protein Chut02000723 ZP_00311107 (AT)6 2.00E-21 3-UTR HC-H-S01-0715-LF
hypothetical protein F44G3.3 122200 (AAAT)3 6.00E-10 CDS(Pd) [ES-N-502-0460-W
hypothetical protein F44G3.3 T22200 (AAAT)19 6.00E-10 CDS(Pd) |ES-N-S02-0460-W
hypothetical protein MG06804.4 EAA55147 (AAT)16 1.00E-12 CDS(Pd) |ES-N-S02-0216-W
hypothetical protein MG06804.4 EAAS5147 {ACT)3 8.00E-10 3-UTR(Pd) :ES-N-S02-0443-W
hypothetical protein MG06804.4 EAA55147 (ATC)10 8.00E-10 3-UTR(Pd) 'ES-N-502-0443-W
nypothetical protein MG06804 .4 EAA55147 (ATC)14 8.00E-10 3-UTR(Pd) | ES-N-502-0443-W
hypothetical protein MGOG&()A‘A EAAS5147 (ACT)68 8.00E-10 CDS ES-N-502-0443-W -
hypothetical protein MGO6804.4 EAA55147 (AT)28 8.00E-10 CDS(Pd) {ES-N-S02-0443-W
hypo!hélical protein Tfus02001166 ZP_00293802 (AAG)27 4.00E-06 CDs ES-N-S03-0536-W
hypothetical protsin Tfus02001166 ZP_00293802 (AAAAG)3 2.00E-05 CDS LP-Y-S01-0275-LF
. hypothetical protein with Thr stretches EAK88124 (ACT)9 3.00E-11 CDS HPQO-N-S01-0442-LF
KIAA0BS3 protein NP_055885 (AG)31 4.00E-12 CDS ES-N-S03-0535-W
KIAAD853 protein NP_055885 (AG)18 4.00E-12 CDS ES-N-S03-0535-W
krueppel-tike protein CAC42230 (AT)29 4.00E-05 CbS HC-H-S01-0566-LF
Ku autoantigen AAD43720 {ACC)4 4.00E-13 CDS LP-N-NOT-0976-LF
latency associated transcript (LAT) NP_297344 (AC)6 - 5.00E-13 CDS HPa-N-NO1-0408-LF .
LD30931p AARIB176 (AAGH 7.00E-66 CDS 635-1
liver regeneration-related protein AAPY2532 (AGG)7 3.00e-05

ES-N-503-0218-W
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liver regeneration-related protein AAPI2535 (AG)11 3.00E-07 CDS ES-N-S03-0239-W
fiver regeneration-related protein AAPZS2535 (AG)6 3.00E-07 CDS ES-N-803-0239-wW
liver regeneration-related protein AAP92532 (AGG)9 1.00E-10 CDS HC-N-S01-0475-LF -
LOC126147protein AAH21210 (AG)9 1.00E-04 CDS(Pd) " |ES-N-503-0188-W
LRRGT00012 AAQ86225 (AAT)4 2.00E-09 CDS(Pd) |ES-N-S03-0237-W
LRRGT00165 . AAS66256 (AG)27 1,00E-06 CDS ES-N-503-0427-W
LRRGT00165 - AASB6256 (AT17 7.00E-10 CDS(Pd) |HPO-N-SO1-0794-LF
LRRGTO0165 AAS66256. (AG)20 7.00E-10 CDS HPO-N-501-0794-LF
mariner transposase AACS52011 {AC)6 2.00E-13- 3-UTR(Pd) |HPO-N-501-0198-LF
mariner transposase AACS52011 (AAAT)15 2.00E-13 CDS - .- |HPO-N-S01-0198-LF
mariner Ir_ansposase AAL92597 (AT)20 4.00E-11 CDS(Pd) |HPO-N-S01-0229-LF
membrane protein BAB78478 (ACAG)3 4.00E-08 CDS HPO-N-501-0643-LF
metal transporter NP_249988 (ATC)27 9.00E-08 CcDS ES-N-S03-0206-W
mucin-ike glycoprotein 900 EAK89192 (ACT)36 3.00E-23 CDS ES-N-503-0585-W
mucin-ike glycoprotein 900 EAK89192 (ACT)6 3.00E-23 CDS | ES-N-503-0585-W
NADH dehydrogenase subunit 4 NP_038226 (AAAG)3 2.00E-36 CDS LP-N-NO1-0693-LF
NADH dehydrogenase subunit 4 NP_038296 (AAAAT)3 2.00E-36 Cbs LP-N-NO1-0693-LF
NADH dehydrogenase subuqit 4L NP_038297 (AAAG)3 5.00E-29 3-UTR(Pd) |LP-N-NO1-0591-LF
nuclear autoantigenic sperm protein; NASP XP_216505 (AAAG)3 v 2.00E-11 CDS(Pd) |OV-N-S01-1127-W
nucleolar phosphoprotein 151618 (AT)6 4.00E-14 5-UTR JOV-N-S01-0141-W
0G1426 ' ZP_00055454 (AAAT)3 9.00E-05 CDS(Pd) |[HPa-N-N01-0456-tF
ORF BAAQQ447 (ACAG)3 1.00E-11 CDS(Pd) |ES-N-S03-0186-W
ORF BAAD0447 (AGGC)3 1.00E-11 CbS ES-N-803-0186-W
GRF BAADO447 (AG)10 1.00E-11 CDS(Pd) |ES-N-S03-0186-W
ORF XP_134237 (ACAG)3 - 4.00E-06 CDS HPO-N-S01-0008-LF
ORF XP_134237 (AGAT)6 4.00E-06 CDS HPO-N-S01-0008-LF
1ORF XP_134237 (AG)19 4.00E-06 CDS HPO-N-501-0008-LF
ORF - BAAQ0447 (ACAG)3 3.00E-10 CDS LP-Y-S01-0868-LF
ORF BAAQO447 (AGAT)3 3.00E-10 CDS LP-Y-S01-0969-LF
ORF BAADQ447 (AAAG)4 3.00E-10 5-UTR(Pd) [LP-Y-S01-0969-LF
ORF BAADD447 (AAAT)6 3.00E-10 5-UTR(Pd) |LP-Y-S01-0969-LF
ORF BAAQQO447 (AATAT)3 3.00E-10 5-UTR(Pd) [LP-Y-S01-0969-LF
ORF BAADO447 {ACAG)3 3.00E-10 CDS LP-Y-S01-0969-LF
peroxisomal targeting signal type 2 recepior NP_17274 (ATC)7 7.00E-05 CDS LP-N-S01-0384-LF
phosphatidy finositol 3-kinase 3 AAQS52301 {AAT)21 3.00E-09 CDS HPa-N-N01-0250-LF
- iPMAV AAQ75589 (AT)31 7.00E-09 3-UTR(Pd) {HPa-N-N01-1159-LF
polyprotein precursor AAKB4670 (AAAAT)4 9.00E-22 3-UTR  |LP-V-801-0004-LF
polyprotein precursor AAK84670 (AAAAT)4 1.00E-85 3“UTR - iLP-V-S01-0575-LF
pre-mRNA splicing SR protein NP_492875 (AC)6 3.00E-13 CDS QOV-N-S01-0636-W
prespore-specific protein " AAD16881 (AAT)16 2.00E-15 CDS ES-N-S02-0124-W
prespore-specific protein AAD16881 (AAT)11 8.00E-16 CDS ES-N-S03-0385-W
prespore-specific protein AAD16881 (AAT)15 8.00E-16 CDS  |ES-N-S03-0385-W
prespore-specific protein AAD16881 (AATH1 8.00E-16 CDS ES-N-503-0385-wW
prosaposin BAA95677 (AAAAG)3 2.00E-10 | 3-UTR(Pd) |HC-H-S01-0460-LF
pméaposin NP_776586 (AAAAG)3 1.00E-12 3-UTR  [LP-N-NO1-0903-LF
orosaposin BAASS677- | (AAAAG)3 2.00E-14 3-UTR  [LP-N-S01-0124-LF
AAHB1438 (AAAG)3 6.00E-28 3-UTR HC-N-801-0440-LF

proteasome alpha type 6
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protein kinase NP_472959 (AACG)14 2.00E-05 CDs HC-H-501-0856-LF
protein kinase NP_472959 (AAG)14 2.00E-06 CDS(Pd) |HC-H-501-0656-LF
protein kinase CAD98686 (ACY17 1.00E-12 CDbS HPa-N-N01-0134-LF
protein kinase CAD98686 {AG)51 1.00E-12 CDSs HPa-N-NO1-0134-LF
protein translation factor P42678 (AC)6 2.00E-50 3-UTR  [LP-N-NO1-0181-LF
proteinase inhibitor S$45677 (AAAT)3 - 2.00E-08 3-UTR(Pg) [HC-H-S01-0324-LF
putative nuclear protein T01285 {AG)40 4.00E-09 CDS(Pd) |HPO-N-S01-0697-LF
putative protein - NP_510538 (AG)34 3.00E-09 CDS HPO-N-501-0667-LF
putative transport protein NP_706726 (AC)6 1.00E-17 5'-UTR(Pd) |LP-Y-S01-0385-LF
putative transport protein NP_706726 (AC)9 1.00E-17 5-UTR(Pd) |LP-Y-S01-0395-LF
pvat-’ . CAAB3219 (AATG)4 2.00E-14 CDS LP-Y-801-0473-LF
reverse transcriptase XP_358982 (AGG)2 4.00E-08 CDS HC-N-S01-0503-LF
Rho AAT48562 (AAG)4 1.00E-103 CDS HC-H-S01-0968-LF
rhodopsin P35356 (AAGGC)3 6.00E-11 CDS LP-Y-S01-0001-LF
rhoGAP protein NP_700545 (AAAT)S 7.00E-05 Ccbs ES-N-802-0222-w
rhoGAP protein NP_700545 (AATI11 7.00E-05 CDS ES5-N-802-0222-W
rhoGAP protein NP_700545 (AAAT)3 7.00E-05 CDS ES-N-802-0222-w
ribosomal protein S2 XP_204804 (AG)6 3.00E-11 CDS HPO-N-S01-0657-LF
ribosomat protein $27 P55833 (AAC)5 2.00E-19 3-UTR HPa-N-N01-0709-LF
ribosomal protein §28 AAP21778 (AAAC)3 4.00E-20 3-UTR LP-N-N0O1-1036-LF
RIKEN cDNA 1110001M 18 XP_110931 (ATC)8 3.00E-08 CDS(Pd) |ES-N-S02-0157-W
RIKEN cDNA 2010003014 NP_079838 {AATG)3 6.00E-39 3'-UTR(Pd) LP-N-§01-0425-LF
RIKEN cDNA 2310003C23 XP_130746 (AT)6 2.00E-11 " 3UTR HC-H-S01-0175-LF

- IRIKEN cDNA 2310003C23 XP_130746 (AG)23 2.00E-11 3-UTR ; [HC-H-S01-0175-LF
RIKEN cDNA 4933408N05 XP_314418 (AC)42 3.00E-30 | CDS-3-UTR[ES-N-501-0030-W
RIKEN cDNA 4933408N05 XP_314418 (ATATC)3 3.00E-30 CDS ES-N-SQH)OBO—W
RIKEN cDNA 4933408N05 XP_314418 (AT)60 3.00E-30 . CDS £S-N-S01-0030-W
RIKEN cDNA 4933408N05 XP_314418 (AT)9 3.00£-30 CDS ES-N-S01-0030-W
RIKEN cDNA 4933408N05 XP_314418 (ACT)16 3.00€-30 CDS £S-N-501-0030-W
RIKEN cDNA 4933408N05 XP_314418 (AT)46 3.00E-30 CDS ES-N-S01-0030-W
RIKEN cDNA 4933408N05 XP_150119 (AT}43 1.00€-11 CDS E5-N-802-0063-W
RIKEN cDNA 4933408N05 XP_150119 (AC)24 1.00€-11 CDS ES-N-502-0063-W
RIKEN cDNA 4933408N05 XP_150119 (AT)6 1.00E-11 CDS(Pd) |ES-N-502-0063-W

_ |RIKEN cDNA 4933408N05 XP_150119 (AT)27. 8.00E-11 CDs ES-N-503-0094-W
RIKEN cDNA 4933408N05 XP_150119 (AC)10 8.00E-11 CDS ES-N-S03-0094-W
RIKEN cDNA 4933408N05 XP_150119 (AC)18 4.00E-12 CDS ES-N-503-0128-W
RIKEN ICDNA 4933408N05 XP_150119 (AT)22 4.00E-12 CDS ES-N-503-0128-wW
RIKEN cDNA 4933408N05 XP_150119 (AAAT)8 4.00E-12 CDS ES-N-803-0128-W

" | RIKEN cONA 4933408N05 XP_150119 (AAT)B 4.00E-12 5-UTR  |ES-N-503-0128-W
RIKEN cDNA 4933408N05 XP_150119 (AT)6 3.00E-09 CDS HPa-N-NO1-0599-LF
RIKEN cDNA 4933408N05 XP_150119 (AT)21 3.00E-10 CcDS HPa-N-N01-0599-LF
RIKEN cDNA 5730583A19 XP_148950 (AG)39 7.00E-07 CbS ES-N-502-0260-W
RIKEN cDNA 5730583A19 XP_148950 (AC)12 7.00E-07 CDS ES-N-502-0260-W
RIKEN cDNA 9330155M09gene NP_796228 (AAAT)S 2.00E-07 CDS LP-¥-801-0724-LF
RIKEN cDNA 9330155M09gene NP_796228 (AGAT)3 2.00E-07 CDS LP-Y-S01-0724-LF
RIKEN cDNA C030013D06 XP-_147855 (ACAT)3 1.00£-08 CDS  [ES-N-S02-0046-W
RIKEN ¢DNA C030013D08 XP_147855 1.00E-08 CDS ES-N-S02-0046-W

. (ATC)6
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(continued)
RIKEN cDNA C030013D06 XP_147855 (AC)15 1.00E-08 CDS ES-N-802-0046-W
RIKEN cDNA C030013D06 XP_147855 (AD17T 1.00E-08 CDS £S-N-502-0046-W
RIKEN cDNA C030013D06 XP_147855 (AT)42 5.00E-11 CDs ES-N-$02-0133-W
RIKEN cDNA C030013D06 XP_147855 (AT)6 5.00E-11 CcDs ES-N-S02-0133-W
RIKEN cDNA C030013D06 XP_147855 (ACGCG)3 6.00E-08 5-UTR  |ES-N-S03-0034-W
RIKEN cDNA C030013D06 XP_147855 (AACT)6 6.00E-08 CDs ES-N-S03-0034-W
RIKEN cDNA C030013D06 XP_147855 (AT)29 6.00E-08 CcDS ES-N-S03-0034-W
RIKEN cDNA C030013D06 XP_147855 (AC)9 4.00E-21 CDS(Pd) ES-N-SO?;~O1 36-W
RIKEN cDNA C030013D06 XP_147855 (ACAT)3 4.00E-21 CDS ES-N-503-0136-W
RIKEN cDNA C030013D06 XP_147855 (AT)32 9.00E-12 CDS £5-N-503-0333-W
RIKEN cDNA C030013D06 XP_147855 (AC)25 9.00E-12 CDS§ ES-N-503-0333-W
RIKEN cDNA C030013D06 XP_147855 (AT)15 6.00E-09 CDS ES-N-S03-0462-W
RIKEN ¢DNA C030013D06 XP_147855 (AT)9 6.00E-09 CDs £5-N-503-0462-W
RIKEN cDNA C030013D06 XP_147855 (AT)52 5.00E-14 CDS HC-H-S01-0589-LF
RIKEN cDNA C030013D06 XP_147855 (AT)6 9.00E-17 CDS LP-N-NO1-0350-LF
RIKEN cDNA C0300130D06 XP_147855 (AT)27 9.00€-17 CcDs LP-N-NO1-0350-LF
RIKEN cDNA C030013D06 XP_147855 (AATAT)3 9.00E-06 CDS LP-V-8§01-0516-LF
RIKEN cDNA CQ30013D06 XP_147855 (AT)22 2.00E-06 CDSs LP-V-501-0532-LF
RIKEN cONA C030013D06 XP_147855 _(AT)39 2.00E-09 CDS LP-Y-S01-0108-LF
RNA helicase NP_700682 (AAT)13 2.00E-05 CDs ES-N-S03-0176-W
RNA-binding protein 6 AAP42142 (AAAG)S 2.00E-08 5-UTR(Pd) |HPa-N-801-0466-LF
RNA-binding protein 6 AAP42142 (ATC)18 2.00E-08 CDS HPa-N-S01-0466-LF
serine/threonine protein kinase AALG2711 (AAT)23 1.00E-17 CDS ES-N-S02-0217-W .
serine/threonine protein kinase AAL92711 (AAT)8 1.00E-17 . CDS(Pd) |ES-N-S02-0217-W
senine/threonine protein kinase AALS2711 (AAT)3 1.00E-17 CDS(Pd) |ES-N-S02-0217-W
similar to Ac1873 XP_342268 (AAAAT)3 9.00E-09 3‘-UTR(Pd)‘ LP-Y-S01-0293-LF
simitar to Dictyostelium discoideum AAL92253 (AAT)9 1.00E-06 CDS LP-N-N01-1030-LF
similar to Dictyostelium discoideum AALY2253 (AAT)6 1.00E-06 CDS LP-N-NO1-1030-LF
similar to RIKEN cONA 1810054013 XP_393044 (AAG)6 4.00E-10 CDS HPa-N-N01-0153-LF
similar to RIKEN cDNA 1810054013 XP_393044 (AG)11 A.00E-10 CDS HPa-N-N01-0153-LF
small nuclear ribonucleopretein auxiliary factor AAD28792 (AAAG)7 7.00E-22 CDS(Pd) |LP-V-801-0564-LF
survival motor neuron protein ' 002771 (AAC)B " | 400E-15 CDS  |OV-N-501-0845-W
techylectin-58 . BAAB4189 ! {AAAAT)3 7.00E-18 3-UTR L P-V-S01-0587-LF
testis-determining factor AAOSB0779 : (ATC)11 .2.00E-10 CDS ES-N-503-0280-W
testis-determining factor AAQS0779 (AAT)35 2.00E-10 CDS. ES-N-S03-0290-W
testis-determining factor. AAQS50779 (AATT)7 2.00E-10 CDS(de ES-N-S03-0290-W
testis-determining factor AAQS50779 (AC)10 4.00E-06 CDS(Pd) |ES-N-S03-0477-W
TIP120 protein; KIAAD829 protein NP_060918 . (AG)6 7.00E-21 . CDS(Pd) |OV-N-501-0176-W
TIP120 protein; KIAA0829 protein NP_060918 (AG)6 1.00E-12 3-UTR(Pd) |OV-N-§01-0178-W

‘ transcription factor BTF.3a JC1235 (ATC)4 . 2.00E-52 _CDS LP-N-N01-0576-L.F
tumor suppressor pHyde AAMA45136 (AC)10 7.008-27 3'-UTR{Pd} |HPa-N-N01-0002-LF
tyrosine kinase AAO50855 (ATC)25 6.00E27 | COS(Pd) |ES-N-S03-0582W

 |tyrosine kinase AAOQS50855 (AAT)37 6.00E-27 CDS ES-N-803-0582-W
U1 small ribonucteoprotein 1SNRP AAF19255 (AG)44 2.00E-18 CDS HPa-N-501-0632-LF
ubiquitin specific protease 9, X chromosome NP_033507 (AGC)13 8.00E-71 CDS QV-N-801-0352-W
ubiquitin-conjugating enzyme . AAP36617 (ACC)6 7.00E-06 3-UTR LP-N-NO1-0726-LF°
ubiquitin-conjugating enzyme AAP36617 (AGCC)3. 3-UTR

7.00E-06

LP-N-NO1-0726-LF
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(continued)

dbiquitin-conjugating enzyme E2 NP_076074 (AGCC)3 3.00E-16 | 3-UTR(Pd) [HC-H-S01-0296-LF -
ubiguitin-cenjugating enzyme E2 NP_076074 {ACC)6 3.00E-16 3“UTR(Pd) |HC-H-S01-0296-LF
unnamed protein product CAGQ3718 (AT)S 4.00E-14 CDS v ES-N-801-0042-W
unnamed protein product CAGD3719 (AC)42 4.00E-14 CDS ES-N-S01-0042-W
unnamed protein product CAG03719 (AT)41 4.00E-14 3-UTR  |ES-N-S01-0042-W
unnamed protein product BAC86958 (AT)27 7.00E-13 CDS ES-N-S02-0138-W
unnamed protein product BAC86958 (AAAT)S 7.00E-13 CcDS ES-N-S02-0138-W
unnamed protein product BAC86958 (AACCT)4 7.00E-13 CDS(Pd) |ES-N-502-0138-W
unnamed protein product CAF96706 (AC)37 3.00E-14 CDS ES-N-S02-0141-W
unnamed protein product CAF96706 (AGGC)14 3.00E-14 CDS ES-N-S02-0141-W
unnamed protein product CAG13317 (AGAT)14 1.00E-14 CDS ES-N-S02-0221-W
unnamed protein product CAG13317 (AG)31 1.00E-14 CDS ES-N-502-0221-W
unnamed protein product CAG13317 (ACAG)3 1.00E-14 COS ES-N-502-0221-W
unnamed protein product CAG13317 (AGAT)7 1.00E-14 CcDS ES-N-502-0221-W
unnamed protein product BAC04594 (ACT)25 4.00E-07 3-UTR(Pd) |ES-N-S02-0447-W
unnamed protein product BAC04534 (AC)20 4.00E-07 CDS ES-N-S02-0447-W
unnamed protein product BAC04594 (AATT)3 4.00E-07 3-UTR(Pd) [ES-N-502-0447-W
unnamt_ad protein product BAC04594 {AD)15 4.00E-07 CDS ES-N-502-0447-W
unnamed protein product BAC04594 (AAAT)11 4.00E-08 3-UTR(Pd} |ES-N-S03-0163-W
unnamed protein product BAC04594 {AC)27 4.00E-08 CDS ES-N-S03-0163-W
unnamed protein product BAC87611 ({AC)38 5.00E-14 CDS ES-N-S03-0201-W
unnamed protein product BAC30584 (AC)6 2.00E-18 CDS ES-N-S03-0286-W
unnamed protein product BAC30584 (ACTC)S 2.00E-19 CDS ES-N-S03-0296-W
unnamed protein product BAC30584 (ATGC)3 2.00E-19 CDS ES-N-803-0296-W
unnamed protein product BAC85241 (ACGG)7 1.00E-05 | 3-UTR(Pd) |ES-N-503-0345-W
unnamed protein product BAC36719 (AC)11 1.00EQ7 CDS . ES-N-503-0451-W
unnamed protein product BAC36719 (AC)11 1.00E-07 CbS ES-N-S03-0451-W
unnamed protein product BAC36719 (ACAT)3 1.00E-07 CDS £S-N-S03-0451-W
unnamed protein product CAF88611 (ACCY13 6.00E-15 CDS ES-N-S03-0472-W
unnamed protein product CAF88611 (ATC)16 6.00E-15 CDS ES-N-S03-0472-W
unnamed protein product CAF88611 (AT)10 6.00E-15 CDS ES-N-S03-0472-W
unnamed protein product CAF88611 (ACT)6 6.00E-15 CDS ES-N-S03-0472-W
unnamed protein product CAF88611 (AC)18 6.00E-15 CDS8(Pd) !ES-N-503-0472-W
unnamed prdtein product CAG14665 {AC)36 3.00E-08 CcDS £5-N-803-0497-W
unnamed protein product BAC35524 (AC)50 4.00E-14 CDS ES-N-503-0556-W
unnamed protein product BAC35524 (AAT)11 4.00E-14 CDS(Pd) [ES-N-S03-0556-W
unnamed protein product " BAC87052 (AAAG)E 4.00E-11 CDS HC-H-S01-0266-LF
unnamed protein product CAF99231 (ATC)B 5.00E-20 (0393 HC-H-801-0499-LF
unnamed protein product CAF28009 {(AACT)6 9.00E-31 3-UTR HPa-N-N01-0430-LF
unnamed protein product CAF98009 (AT)24 9.00£-31 3-UTR HPa-N-NO1-0430-LF
unnamed protein product CAG13317 (AGAT)3 1.00E06 CDS HPQO-N-501-0012-LF
unnamed protein product CAG13317 (AGAT)3 4.00E-08 CDS ‘ HPO-N-S01-0072-LF
unnamed protein product CAG13317 (AGAT)8 4.00E-09 CDS HPO-N-801-0072-LF
unnamed protein product AAH01584 (AG)19 7.00E-05 -CDS HPO-N-S01-0089-LF
unnamed protein product EAA15143 (AC)61 3.00E-22 CDS HPO-N-501-0103-LF
unnamed protein product CAG13317 (AGAT)26 1.00E-15 CDS HPO-N-S01-0177-LF
unnamed protein product CAG13317 (AT)S 1.00E-15 CDS

HPO-N-§01-0177-LF
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unnamed protein product BAC30584 (AT)16 1.00E-08 CODS HPO-N—SO1»0194—LF
unnamed protein product BAC30584 (ACAT)S 1.00E-08 CDS HPO-N-801-0194-LF
unnamed protein product BAC35633 (AC)13 8.00E-05 CDS HPO-N-501-0511-LF
unnamed protein product CAF88611 (ATC)24 2.00E-15 CbS HPO-N-S01-0632-LF
unnamed protein product BAC31392 (AG)22 4.00E-08 CDS HPO-N-801-0713-LF
unnamed protein product BAC31392 {AC)13 4.00E-08 CDS HPO-N-S01-0713-LF
unnamed protein product CAG13317 (AGAT)23 2.00E-12 CDS HPO-N-801-0817-LF
unnamed protein product CAG13317 (AAGAG)3 2.00E-12 cDs HPO—N—861-0817-LF '
unnamed protein product BAC35524 (AC)6 8.00E-10 CDS HPO-N-501-0818-LF
unnamed protein product BAC35524 (AC)12 8.00E-10 CcDS HPO-N-501-0818-LF
unnamed protein product BAC35524 {ACACT)3 8.00E-10 CDS HPO-N-501-0818-LF
unnamed protein product " CAGO3719 (AC)Y31 2.00E09 CDS HPO-N-801-0837-LF
unnamed protein product CAG13317 (AGAT)12 2.00E-08 CbS HPQO-N-501-0879-LF
unnamed protein product CAG13317 (AT)20 2.00E-08 DS HPO-N-S01-0873-LF
unnamed protein product CAG13317 (AC)12 2.00E-08 CDS HPO-N-S01-0879-LF
unnamed protein product CAG06679 (AG)31 3.00E-09 CDS HPO-N-501-0892-LF
unnamed prqlein product CAG13317 (AGAT)7 1.00E-13 CDS HPO-N-§01-0926-LF
unnamed protein product CAG13317 (AGAT)13 1.00E-13 CDS HPO-N-501-0926-LF
unnamed protein product CAG13317 (AGAT)3 1.00E-13 CDS HPO-N-501-0926-LF
unnamed protein product CAG13317 {ACAG)3 1.00E-13 CDS(Pd) |HPO-N-S01-0926-LF
unnamed protein product . CAF88611 (ATC)24 9.00E-20 CDS HPO-N-801-0991-LF
unnamed protein product BAC04906 {AC)37 3.00E-13 CDS LP-N-N01-0088-LF
unnamed protein product BAC04906 (AC)Y14 3.00E-13 CDS LP-N-N01-0088-LF
unnamed protein product BAC85241 (AT)24 1.00E-10 CDS LP-N-NG1-0284-LF
unnamed protein product BACB85241 {ACAT)12 1.00E-10 CDbSs LP-N-N01-0284-LF
unnamed protein product BAC31550 (AGAGG)7 4.00E-08 CDS LP-V-S01-0295-LF
unnamed protein product BAC31550 (ACGAG)4 4.00E-08 CDS LP-V-S01-0295-LF
unnamed protein product BAC31550 (AGAGG)3 4.00E-08 CDS LP-V-S01-0295-LF
unnamed protein product CAGO7569 (AAGG)3 4.00E-10 CDS(Pd) |LP-Y-S01-0005-LF
unnamed protein product CAG13317 (AGAT)12 8.00E-07 CDSs LP-Y-801-0154-LF
unnamed protein product CAG13317 (AC)16 8.00E-07 CDS LP-Y-S01-0154-LF
unnamed protein product CAG13317 (AGY24 8.00E-07 CDS LP-Y-S01-0154-LF
unnamed protein product CAFQ3717 (AC)47 7.00E-13 CDS LP-Y-S01-0178-LF
unnamed protein product CAG13317 (AC)16 6.00E-07 CDS i P-Y-S01-0182-LF
unnamed protein product CAG13317 (AG)24 6.00E-07 CDS LP-Y-501-0182-LF
unnamed protein product CAG13317 (AGAT)12 6.00E-07 CDS L P-Y-S01-0182-LF
unnamed protein product BAC31047 (AC)24 5.00E-06 CDS LP-Y-501-0295-L.F
unnamed protein product BAC31047 - (AC)24 6.00E-06 CbSs LP-Y-S01-0499-LF
unnamed protein product CAGQ3719 (AC)18 8.00E-06 CDS LP-Y-801-0795-LF
unnamed protein product CAG03719 (ACAT)3 8.00E-06 CDS LP-Y-S01-0795-LF
unnamed protein product BAC33523 (AG)6 3.00E-07 CDS OV-N-501-0027-W
unnamed protein product BAC33523 (AAAG)8 3.00E-07 CcDS OV-N-801-0027-W
unnamed protein product BAC33523 (AG)12 3.00E-07 CcDS OV—N-SO1—0027—W
unnamed protein product XP_453836 (CCCG)3 4.00E-10 CDS(Pd) |HPa-N-501-0335-LF
Vacuolar ATP synthase subunit G Q25532 {AT)6 2.00E-27 J-UTR{Pd) |LP-Y-S01-0492-LF
Wiscott-Aldrich syndrome protein AAABS515 (ACCC)3 4.00E-08 CDS(Pd) |HC-W-S01-0314-LF
wsv209 NP_477731-'. (ACG)6 2.00E-35 CDS ES-N-S03-0003-W
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{continued)

Zinc finger protqin' NP_187692 (ATC)27 3.00E-06 CcDSs ES8-N-803-0319-W

zinc finger protein NP_187692 (ATC)16 5.00E-10 "~ CDS LP-Y-S01-0357-LF
" |zinc finger protein ' NP_175290 (AAGC)3 7.00e-17 CDS(Pd)

OV-N-S01-0320-W




APPENDIX B

Genotype patterns obtain from wild broodstock P. monodon from Trang province

with difference microsatellite loci
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