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Bulked segregant analysis (BSA) and AFLP were used for

isolation of genomic sex determination markers in Penaeus

monodon. A total of 256 primer combinations were tested

against 6-10 bulked genomic DNA of P. monodon. Five and

one candidate female- and male-specific AFLP fragments

were identified. Female-specific fragments were cloned

and further characterized. SCAR markers derived from

FE10M9520, FE10M10725.1, FE10M10725.2 and FE14M16340

provided the positive amplification product in both male

and female P. monodon. Further analysis of these markers

using SSCP and genome walk analysis indicated that they

were not sex-linked. In addition, sex-specific (or differential)

expression markers in ovaries and testes of P. monodon

were analyzed by RAP-PCR (150 primer combinations).

Twenty-one and fourteen RAP-PCR fragments specifically/

differentially expressed in ovaries and testes of P. monodon

were successfully cloned and sequenced. Expression

patterns of 25 transcripts were tested against the first

stranded cDNA of ovaries and testes of 3-month-old and

broodstock-sized P. monodon (N = 5 and N = 7 – 10 for

females and N = 4 and N = 5 – 7 for males, respectively).

Five (FI-4, FI-44, FIII-4, FIII-39 and FIII-58) and two

(M457-A01 and MII-51) derived RAP-PCR markers

revealed female- and male-specific expression patterns in

P. monodon. Surprisingly, MII-5 originally found in testes

showed a higher expression level in ovaries than did testes

of juvenile shrimps but a temporal female-specific pattern

in P. monodon adults.

Key words: AFLP, Penaeus monodon, RNA arbitrary primed

(RAP)-PCR, Sex-specific expression markers

Introduction

The giant tiger shrimp (Penaeus monodon) is one of the most

economically important cultured species. Thailand has been

regarded as the world largest shrimp producer since 1994 with

the production of approximately 200,000 metric tons providing

an income of over US$ 2 billion annually (Rosenberry, 2001).

Farming of P. monodon presently relies almost entirely on

wild-caught broodstock for the seed supply because breeding

of P. monodon in captivity is extremely difficult. This open

cultured cycle and reliance on wild stocks of P. monodon

results in heavy exploitation of female broodstock from wild

populations (Klinbunga et al., 1999).

Despite the success of the farmed production, the shrimp

industry has encountered several problems including environmental

degradation and outbreaks of diseases. In addition, the lack of

high quality wild and/or domesticated broodstock of P.

monodon has possibly caused an occurrence of a large portion

of stunted shrimps at the harvest time (3-5 g body weight at 4

month cultivation period).

Domestication of P. monodon has been carried out for several

generations (Withyachumnarnkul et al., 1998). Nevertheless, the

use of spermatozoa from captive males yielded low survival

rates of offspring. Using wild males instead of domesticated

males with either wild or domesticated females has resolved

this problem successfully (B. Withyachumnarnkul, personal

communication). As a result, genes expressed in different
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stages of testicular development of wild and domesticated P.

monodon should be studied.

In P. monodon, females exhibit approximately 10-20%

greater growth rate than do males at all stages of development

(Browdy, 1998). The diploid chromosome numbers of penaeid

shrimps was 86-92 where P. monodon possesses 2N = 88

(Benzie, 1998). Nevertheless, a lack of obvious heteromorphic

sex chromosomes in this species has been causing limited

knowledge on sex chromosomal system (XY or ZW etc.) and

their segregation patterns. In addition, sex determination

cascades and sex-diagnostic markers have not been reported

in penaeid shrimps. This has prevented the possibility to

increase aquacultural production through a monosex culture

approach.

Reduced spawning potential and low degree of maturation

of P. monodon in captivity crucially prohibit several possible

applications including development of effective selective

breeding programs of this species. Genetic improvement of P.

monodon cannot be achieved without knowledge on the control

of reproduction. Mechanisms controlling ovarian maturation

and sex differentiation processes of P. monodon at the

molecular level are important and can be directly applied to

the industry. Isolation and characterization of gene specifically/

differentially expressed in ovaries or testes of P. monodon is

the initial step for understanding differentiation of sexes in this

economically important species (Leelatanawit et al., 2004).

In the present study, candidate sex-diagnostic and sex-

specific expression fragments of P. monodon were isolated by

AFLP (the genomic DNA level) and RAP-PCR (the cDNA

level) analyses and further characterized. Although genomic

sex determination was not found, sex-specific expression

markers in female and male P. monodon were successfully

identified and reported first time here.

Materials and Methods

Total DNA and RNA extraction. Genomic DNA was individually

extracted from a piece of pleopod of broodstock-sized P. monodon

originating from Chumphon located in the Gulf of Thailand (east)

and Satun and Trang located in the Andaman Sea (west) and

farmed juvenile P. monodon showing well characterized petasma

(males) and thelycum (females) using a phenol-chloroform-

proteinase K method (Klinbunga et al., 1996). The concentration of

extracted DNA was spectrophotometrically estimated (Sambrook

and Russell, 2001). Genomic DNA was kept at 4oC until further

needed.

Total RNA was isolated from ovaries or testes of each shrimp

using TRI-REAGENT according to the procedures recommended

by the manufacturer (Molecular Research Center). The extracted

total RNA was kept under absolute ethanol at −70oC until further

needed.

Bulked segregant analysis (BSA), AFLP and denaturing

polyacrylamide gel electrophoresis. Genomic DNA of male and

female broodstock and juveniles of P. monodon were pooled to

generate male (PmMB1-PmMB2; N = 8 each and PmMJ1-PmMJ3;

N = 5 each) and female (PmFB1-PmFB2; N = 8 each and PmFJ1-

PmFJ3; N = 5 each) following a BSA approach (Michelmore et al.,

1991). AFLP analysis was carried out as essentially described by

Vos et al.(1995). Briefly, pooled genomic DNA (250 ng) was

digested with Eco RI and Mse I prior to ligation with restriction

site-specific adaptors. Preamplification was carried out utilizing

adaptor specific primers with a single selective base on each primer;

Eco RI primer (5'-GACTGCGTACCAATTCA-3') and Mse I primer

(5'-GATGAGTCCTGAGTAAC-3'). The preamplification product

was diluted 25-fold, and selectively amplified with primers with

additional 2 selective bases at the 3' terminus of each primer. AFLP

fragments were size-fractionated through 4.5% polyacrylamide

sequencing gels and visualized by silver staining.

Cloning and sequencing of candidate sex-specific AFLP fragments.

Five AFLP fragments restrictively found in female P. monodon

were excised, eluted out from the gel and reamplified. The

reamplified product was gel-eluted and cloned into pGEM®-T Easy

vector (Hoelzel and Green, 1992). The insert sizes were verified by

colony PCR (Srisuparbh et al., 2003). Plasmid DNA was extracted

from recombinant clones and sequenced. Nucleotide sequences

obtained were blasted against data in the GenBank (http://www.

ncbi.nlm.nih.gov/blast/) using BlastN and BlastX. Significant

similarity was considered when the probability value was <10−4.

PCR, agarose gel electrophoresis and SSCP analysis of sequence-

characterized amplified region (SCAR) markers. A pair of

primers was designed from each insert and tested against male (N =

4) and female (N = 4) P. monodon. PCR was performed involving

predenaturation at 94oC for 3 min followed by 35 cycles of

denaturation at 94oC for 1 min, annealing at 53oC for 1 min, and

extension at 72oC for 1 min. The final extension was performed at

72oC for 7 min. The amplification product was electrophoretically

analyzed through 1.6% agarose gel at 7.5 V/cm and visualized

under a UV transilluminator after ethidium bromide staining

(Maniatis et al., 1982).

For SSCP analysis, 5 µl of the amplification product of each

shrimp was mixed with 4 volumes of the loading dye (95%

formamide, 0.25% bromophenol blue, 0.25% xylene cyanol and 10

mM NaOH), denatured at 95oC for 5 minutes, immediately cooled

on ice for 3 minutes and electrophoretically analyzed through 12.5-

17.5% non-denaturing polyacrylamide gels (37.5 : 1 crosslink) at

12.5 V/cm for 16 hours at 4oC. SSCP bands were visualized by

silver staining.

RNA arbitrary primed (RAP)-PCR and expression analysis.

Ovaries and testes were dissected out from female and male P.

monodon. An equal amount of total RNA (0.5 µg) from three

individuals of male and female P. monodon was pooled and

subjected to reversed transcription at 42oC for 1 hr using one of the

five selected arbitrary primers (UBC 119, 299, 428, 456, 457) as the

synthesizing primers. RAP-PCR was carried out (Welsh et al.,

1992) in a 25 µl reaction mixture containing 10 µM Tris-HCl, pH

8.8, 50 mM KCl, 0.1% Triton X-100, 4 mM MgCl2, 100 mM of

each dNTP, 0.5 µM of an arbitrary primer (using the synthesizing

primer or a new arbitrary primer for a total of 30 primers) randomly

selected from those available in our laboratory, 1 µg of the first
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strand cDNA and 1 U of DyNazyme DNA polymerase. PCR was

carried out by predenaturing at 94oC for 3 min followed by 40

cycles of denaturation at 94oC for 20 s, annealing at 36oC for 60 s

and extension at 72oC for 90 s. The final extension was carried out

at the same temperature for 7 min. The amplification products were

electrophoretically analyzed through 2.0% agarose gels. Thirty-five

RAP-PCR fragments preliminary exhibiting sex-specific or differential

expression between ovaries and testes were eluted out from the gel,

reamplified, cloned into pGEM-T Easy vector and unidirectional

sequenced. Twenty-five primer pairs were designed. The criteria for

primer design were the primer length of 18-25 bases without

polypurine and polypyrimidine tracts and the melting temperature

(Tm) of 55-70oC with the Tm difference less than 5oC between the

forward and reverse primers. Expression patterns of interesting

transcripts were investigated against the first strand cDNA of

ovaries and testes of both juvenile (3-month-old) and broodstock-

sized P. monodon by RT-PCR following conditions described by

Leelatanawit et al. (2004).

Results and Discussion

Genomic sex marker is absent in AFLP fragments of P.

monodon. Sex-specific markers should be developed from

fixed polymorphism in genomic DNA of male and female P.

monodon to avoid destruction of specimens and for direct

application of sex determination markers (e.g. determination

of sex-specific survival and early growth rates) in this

economically important species.

Five female- and one male-specific AFLP fragments identified

from screening of 256 primer combinations against 6 (PmMB1-

2, PmMJ1, PmFB1-2 and PmFJ1) or 10 (PmMB1-2, PmMJ1-

3, PmFB1-2 and PmFJ1-3) bulked genomic DNA of P. monodon

(Fig. 1 and Table 1) were cloned and sequenced. Assuming that

a bulked genomic DNA is represented by a single individual,

the probability for identifying the correct gender was

P = 0.0156 and P = 0.0009 for markers tested against 6 and 10

bulked DNA, respectively (Griffiths and Orr, 1999).

More than one type of sequences was obtained from a

single insert indicating that an AFLP fragment represented co-

migrating fragments that had different nucleotide sequences

but similar sizes. Comparing of DNA sequences derived from

candidate female-specific AFLP fragments with data in the

GenBank indicated that they were newly unidentified

sequences (P > 10−4).

In P. japonicus, sex of progeny from the mapping family (N

= 54) was tightly mapped into the linkage group 28 of the

female map (LOD = 5.0). However, specificity of the AFLP

fragments has not been tested for the direct application as

genomic sex-specific SCAR markers in P. japonicus. Although

sex chromosomes or environmental sex determination have

not been reported in Penaeus shrimps, the ability to identify

only sex-linked markers on the female but not the male map

suggested the possibility of female heterogamy in this species

(Li et al., 2003).

Four of six SCAR markers (FE10/9P1, FE10/10P1, FE10/

10P2 and FE14/16P1) yielded the expected PCR product in

both male and female P. monodon suggesting the loss of the

original sex-specificity of AFLP fragments. SSCP was then

carried out to determine whether these amplified fragments

possessed fixed single nucleotide polymorphism (SNP) between

male and female P. monodon. All SCAR markers except

FE10/9P1 were polymorphic but not sex-linked (Fig. 2).

We also performed genomic DNA subtraction between

male and female P. monodon using the PERT and RDA

approaches. A total of 13 (9 and 4 clones from male and

female subtraction) and 8 (4 clones from each subtraction)

were obtained. SCAR markers developed from a subtractive

male (PERT) and 2 subtractive female (RDA) clones did not

reveal the sex-specific amplification product in P. monodon

(Poonlaphdecha, 2004).

Preechaphol (2004) analyzed pooled DNA of small orange

claw (SOC, N = 10) and blue-claw (BC, N = 5) males and

females (N = 10) of the giant freshwater prawn (Macrobrachium

rosenbergii) using 64 AFLP primer combinations and found

90 and 42 AFLP markers in male and female M. rosenbergii,

respectively. Additional sample sets of SOC (N = 5), orange

claw (OC, N = 15) and BC (N = 10) males and females (N =

20) of M. rosenbergii were reanalyzed by 46 informative

Fig. 1. A 4.5% denaturing polyacrylamide gel electrophoresis

showing AFLP products of 10 bulked DNA; PmFB1-2 and

PmFJ1-3 (lanes 1-5 and 11-15) and PmMB1-2 and PmMJ1-3

(lanes 6-10 and 16-20) using primers E+3-14/M+3-15 and E+3-14/

M+3-16. An arrowhead indicates a candidate sex-specific AFLP

marker. Lanes M and m are 100 bp and 50 bp DNA markers,

respectively.
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primers previously screened. In total, 5 candidate male-

specific and 4 candidate female-specific AFLP markers were

finally identified. These markers were cloned and characterized.

Nevertheless, the developed SCAR markers did not reveal

sex-specificity in M. rosenbergii.

Identification of sex determination markers based on AFLP

analysis was also carried out in the tropical abalone (Haliotis

asinina). Seven female- and male-specific AFLP fragments

were identified from screening 224 primer combinations with

4 bulked DNA of male and female H. asinina. SCAR markers

developed from candidate sex-specific AFLP fragments did

not reveal their initial specificity. Further characterization of

the PCR products by SSCP analysis did not provide fixed

polymorphism between male and female abalone (P.

Amparyup, personal communication).

Li et al. (2002) identified genomic sex markers of the green

spotted pufferfish (Tetraodon nigroviridis, N = 83) using

Table 1. Primers generating candidate sex-specific AFLP fragments, sizes of fragment analyzed by agarose gel electrophoresis and

DNA sequencing, name of SCAR markers and primer sequences, the expected product size and blast results of female- and male-

specific AFLP fragments of P. monodon

AFLP
primers

Specificity
Size of 

fragment
(bp)

Clone
no.

Length
of insert

(bp)

Name of 
SCAR 

marker*
Primer sequence

Expected 
product 

(bp)

Blast
analysis

E+3 -10/M+3-9 Female 520 10/9FE1 523 FE10/9P1
F: 5’-AACCATAGCGATGTTGACGG-3’

R: 5’-TTTTGCTTTGCCATTTCGTAT-3’
256 Unknown

10/9FE2 523 - - - Unknown

E+3 -10/M+3-10 Female 725 10/10 FE1 724
FE10/
10P1

F: 5’-CACGGGATGTTTTGACTAATGATGT-3’

R: 5’-GGATAAAGATAAAGGAGGTGGCTGT-3’
255 Unknown

10/10 FE2 480
FE10/
10P2

F: 5’-ATCTAACACCAACAAAAGTCATCCT-3’

R: 5’-GTAGCCAGTCATAAAGCGTAG-5’
200 Unknown

E+3 -14/M+3-16 Female 340 14/16 FE1 339
FE14/
16P1

F: 5’-GCCGTCACTTCAAACACAAACCCTG-3’

R: 5’-CAAATCTTCCGCTGAGCCCCAACTA-3’
220 Unknown

14/16 FE2 346 - - - Unknown

14/16 FE3 335 - - - Unknown

E+3 -15/M+3-14 Female 400 15/14 FE1 401
FE15/
14P1

F: 5’-CCGACTGGATAGGCTGGAC-3’

R: 5’-GAAATGGGTGAGGGTGGC-3’
254 Unknown

15/14 FE2 400 - - - Unknown

15/14 FE3 403 - - - Unknown

E+3 -16/M+3-8 Female 350 16/8 FE1 357 FE16/8P1
F: 5’-AAGGTTTCGGGAGTGATCTGC-3’

R: 5’-TCCAATGTCTCTGCCTCGTCT-3’
225 Unknown

16/8 FE2 356 - - - Unknown

16/8 FE3 350 - - - Unknown

E+3 -10/M+3-8 Male 420 10/8M1 429 - - - Unknown

10/8M2 432 - - - Unknown

10/8M4 423 - - - Unknown

*GenBank accession no. DQ219422-DQ219427

Fig. 2. SSCP patterns of a SNP by EST (SBE) marker derived

from FE10M10725.1 of female (lanes 2-5) and male (lanes 6-9)

P. monodon resulted from electrophoresed through 15% non-

denaturing polyacrylamide gel supplemented with 5% glycerol.

Lanes M and 1 are a 100 bp DNA marker and the non-denatured

PCR product (double strand control), respectively.

Fig. 3. RAP-PCR markers of ovaries (lanes 1, 3, 5, 7, 9 and 11)

and testes (lanes 2, 4, 6, 8, 10 and 12) generated from UBC299

(1st primer) and UBC459 (lanes 1 and 2), OPB04 (lanes 3 and

4), OPB07 (lanes 5 and 6), OPB11 (lanes 7 and 8), OPB14

(lanes 9 and 10) and OPB15 (lanes 11 and 12). Lanes M are a

100 bp DNA marker. An arrowhead indicates a candidate

female-specific RAP-PCR fragment of P. monodon.



Sex-specific Expression Markers in P. monodon 41

RAPD (600 primers and 1700 primers for the first and the

second set of pooled DNA), AFLP (64 primer combinations)

and RDA (1 set of adaptors). A total of 59, 126, 16 and 16

putative sex-specific markers were found after the primary

screening. Nevertheless, the secondary screening (re-testing of

DNA from individuals for RAPD and AFLP and using the

putative RDA markers as the probes for genomic Southern

analysis of male and female DNA) did not demonstrate the

presence of sex-specific markers in T. nigroviridis.

The other possibility to explain the failure to convert

candidate AFLP fragments to sex-specific SCAR markers in

P. monodon was that genomic DNA of male- and female-

specific AFLP fragments may have displayed sex-linked SNP

only at Eco RI and/or Mse I restriction sites. Genome walk

analysis (Alu I, Hae III, Rsa I and Dra I libraries from

genomic DNA of a male and a female of P. monodon) was

Table 2. Sex-specific/differential expression RAP-PCR markers in ovaries and testes of P. monodon

Clone*

No. of 
nucleotides 

sequenced 
(bp)

Expected 
product 

size
(bp)

Closest species E-values Blast analysis

Amplification result

Ovaries Testes

1. MI-1 280 - Litopenaeus vannamei 10−121 18S rRNA ND ND

2. MI-36 391 182 - > 10−4 Unknown +++ +++

3. MI-56 570 - - 0.0 Shrimp WSSV ND ND

4. MII-5 894 266 Musca domesticus 2×10−77 NADPH ferrihemoprotein
reductase

+++ -

5. MII-51 413 123 - > 10−4 Unknown - +++

6. MII-57 358 - Litopenaeus vannamei 10−131 18S rRNA ND ND

7. MIII-6 579 - Litopenaeus aztecus 10−89 18S rRNA ND ND

8. MIII-7 412 - - > 10−4 Unknown ND ND

9. MIII-8(1) 485 - - > 10−4 Unknown ND ND

10. MIII-8(2) 726 - Litopenaeus vannamei 0.0 18S rRNA ND ND

11. FI-1 744 189 Drosophila melanogaster 3×10−32 Ran-binding protein +++ +

12. FI-4 625 415 - > 10−4 Unknown +++ -

13. FI-6 660 265 Penaeus monodon 2×10−49 Thrombospondin +++ +

14. FI-40 401 220 Mus musculus 4×10−43 Hypothetical protein +++ ++

15. FI-44 693 261 - > 10−4 Unknown +++ -

16. FII-17 681 263 Bos taurus 3×10−40 Thrombospondin 1 NS NS

17. FII-18 1008 155 Drosophila pseudoobscura 10−105 GA16635-PA - -

18. FII-22 921 309 - > 10−4 Unknown - -

19. FIII-4 745 342 - > 10−4 Unknown +++ -

20. FIII-8 868 333 - > 10−4 Unknown +++ +

21. FIII-39 493 362 - > 10−4 Unknown +++ -

22. FIII-58 1058 397 - > 10−4 Unknown +++ -

23. FIV-1 952 317 - > 10−4 Unknown +++ +

24. FIV-2 399 197 - > 10−4 Unknown + -

25. FIV-20 755 270 Strongylocentrotus purpuratus 3×10−66 G protein pathway
suppressor 1 isoform 1

+++ ++

26. FIV-33 706 158 - > 10−4 Unknown +++ +

27. FV-1 399 226 - > 10−4 Unknown +++ +

28. FV-3 587 146 - > 10−4 Unknown +++ +

29. FV-11 851 - Mus musculus 5×10−55 Thrombospondin 1 ND ND

30. FV-27 660 233 Danio rerio 4×10−32 Thrombospondin 4 +++ +

31. FV-42 639 207 - > 10−4 Unknown +++ +

32. M119-M09 559 - Litopenaeus aztecus 6×10−79 18S rRNA ND ND

33. M428-191 900 - Litopenaeus vannamei 0.0 18S rRNA ND ND

34. M428-B17 755 238 Xenopus laevis 2×10−8 Nucleoporin Nup153 +++ +

35. M457-A01 599 324 - > 10−4 Unknown - +++

*F and M were RAP-PCR fragments specifically found (or differentially expressed) in ovaries or testes of P. monodon, respectively

(GenBank accession no. DV018448-DV018482). Sex-specific expression markers are illustrated in boldface. ND = not determined,

NS = non-specific amplication.
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applied for further characterization of candidate AFLP

fragments (Siebert et al., 1995). Polymorphism of the genome

walked PCR products were examined by sequencing, PCR-

SSCP and/or restriction analysis. Nevertheless, SNP and

indels found were not sex-linked (data not shown).

Sex determination is problematic in researches of many

species and can usually be resolved by the application of

DNA-based technology but this is only possible if a sex-

specific marker located on unique sex chromosomes is

available. Theoretically, the lack of genomic sex determination

markers in P. monodon may have resulted from weak

correlation between the genotypic sex and phenotypic sex due

to autosomal modifier genes or genetic diversity between

investigated individuals used for screening of markers is

greater than the optimal level (Griffiths and Orr, 1999).

Although these possibilities cannot be excluded, they are

unlikely. Alternatively, the lack of sex chromosomes in P.

monodon and other penaeid shrimps implied that sex

chromosomes may not be present or they are not well

differentiated in the genome of penaeid shrimps. Therefore,

development of genomic sex determination markers in P.

monodon may not be possible.

Identification of sex-specific expression markers in P.

monodon. Gonad development characteristics and sex ratio of

the triploid shrimp (Fenneropenaeus chinensis) were recently

reported. The development of gonad in triploid F. chinensis is

impaired especially in females. Interestingly, triploidy affected

the sex ratio in F. chinensis (approximately 4 : 1 towards

females) implying that sex chromosomal systems of Penaeus

shrimps may be more complicated than simple X/Y or Z/W

systems (Li et al., 2003).

Gender-specific gene expression has been recently reported

in a mosquito-borne filarial nematode (Brugia malayi) isolated

by differential display (DD) PCR and in silico subtraction of

EST cluster database and further confirmed by RT-PCR. Six

of twelve (27%) and seven of fifteen (47%) initially identified

EST revealed gender-specific expression in B. malayi

(Michalski and Weil, 1999). In the silkworm (Bombyx mori),

sex-specific mRNA isoforms were found in the double sex

(dsx) gene, where the male-specific cDNA lacked the

sequence between 713 and 961 nucleotides of the female-

specific cDNA (Ohbayashi et al., 2001).

In addition, Boag et al. (2000) successfully isolated and

characterized sex-specific gene expression from the nodule

worm; Oesophagostomum dentatum using RAP-PCR. A total

of 31 bands showing differential expression between sexes

were cloned and sequenced. Northern blot analysis indicated

that ten ESTs were exclusively expressed in males (adults and

fourth-stage larvae) while two ESTs were expressed solely in

females. Three ESTs were expressed in both sexes, but at

higher levels in females, and five ESTs could not be detected

by Northern blotting analysis suggesting that they were rare

transcripts. Sequence analysis revealed that two male-specific

and two female-specific ESTs were significantly matched

with a protein containing EGF-like cysteine motif and a

serine/threonine phosphatase and to vitellogenin-5 and

endonuclease III deduced from C. elegans sequences. Another

two male-specific ESTs significantly matched with non-nematode

sequences. The remaining ESTs had no similarity to sequences

in the GenBank.

On the basis of preliminary screening, 46 and 110 RAP-

PCR fragments specifically expressed in testes and ovaries

whereas 45 and 44 fragments revealed differential expression

between testes and ovaries of P. monodon, respectively (see

Fig. 3 for an example of a sex-specific RAP-PCR fragment).

Five fragments having different sizes except M119-M09,

M428-191, M428-B17 and M457-A01 were pooled and

simultaneously cloned. Generally, 3-5 different inserts were

able to recover after cloning. The PCR products exhibiting

similar sizes were further characterized by digestion of

plasmid DNA or colony PCR products with restriction

enzymes.

A total of 21 and 14 types of sequences originating from 24

female and 15 male RAP-PCR fragments were obtained. The

major transcripts found were unknown transcripts (51.43%),

18S rRNA (17.14%) and thrombospondin (TSP, 11.43%)

homologues (Table 2). Shrimp ovarian peritrophin (SOP) and

TSP are major component of cortical rods in mature ovaries

of penaeid shrimps (Kayat et al., 2001; Yamano et al., 2004).

As a result, these transcripts may involve with the final stages

of oocyte maturation in shrimps. Rare transcripts encoding

NADPH ferrihemoprotein reductase, Ran-binding protein, G-

protein pathway suppressor 1, nucleoporin Nup153 and

hypothetical protein were also identified.

Expression patterns of 25 transcripts were tested against the

first strand cDNA synthesized from total RNA of ovaries (N =

5) and testes (N = 4) of 3-month-old P. monodon. Five derived

Table 3 Sequences of primers used for sex-specificity analysis of

RAP-PCR derived markers of P. monodon

Primer Sequence

FI-4 F: 5'-CAATACGGGAAAGAAGAAGCA-3'

R: 5'-AGACAACCCATACTGGAGGAG-3'

FI-44 F: 5'-CCCCATTGCCAAGAATAAGTG-3'

R: 5'-GTAACGCCAAATCTCAACCA-3'

FIII-4 F: 5'-GCAATCTCGCACAGCCAATACT-3'

R: 5'-CGGAAAGACAGGGCAGCAAC-3'

FIII-39 F: 5'-ATCTCGCCAGGAGGAAATAA-3'

R: 5'-CCTTGTTCAGTTCTTGCCAC-3'

FIII-58 F: 5'-CCAACCAAGAAATAACAGGCACA-3'

R: 5'-TCCGAGGGCACCACCAAG-3'

MII-5 F: 5'-TGTAGACAAGCGACTGGAAG-3'

R: 5'-GCTTCTGGCTACCAATCTTC-3'T

MII-51 F: 5'-CCTGATGAAATCGGGTCAAAAC-3'

R: 5'-ATACTCTCCTCTGCCGCTCG-3'

M457-A01 F: 5'-CTTCTTATGTCTGTCCTTTGATGA-3'

R: 5'-TTCTTAGGGAAACTGCTTGC-3'
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RAP-PCR markers (FI-4, FI-44, FIII-4, FIII-39 and FIII-58)

revealed sex-specific expression in females of juvenile P.

monodon. Expression of these markers were consistent when

tested against ovaries (N = 7) and testes (N = 7) of P. monodon

broodstock (Table 3 and Fig. 4).

M457-A01 and MII-51 revealed male-specific expression

in juveniles of P. monodon (N = 5 and 4, respectively). Results

were consistent when tested with P. monodon broodstock (N =

10 and 5, respectively; Fig. 5). Surprisingly, MII-5 originally

identified in testes by RAP-PCR analysis showed sex-differential

expression with a higher level in ovaries. Temporal female-

specific expression of MII-5 was observed when tested against

ovaries (N = 7) and testes (N = 7) of P. monodon broodstock

(Table 3 and Fig. 4).

Recently, subtractive cDNA libraries of ovaries and testes

of P. monodon were constructed (Leelatanawit et al., 2004). A

total of 218 clones (157 clones from subtractive cDNAs of

ovaries and 61 clones from those of testes) were unidirectional

sequenced. Most of the expressed genes in the subtractive

cDNA library of ovaries encoded unknown transcripts (78

clones accounting for 49.7% of total characterized cDNA),

TSP (45 clones, 28.7%), peritrophin (17 clones, 10.8%),

respectively. Homologues of elongation factor-2, oxidoreductase,

transketolase, hypothetical protein FLJ23251, and sex-linked

ENSANGP00000010123 and X-linked protein 1 (XNP-1)

were also isolated. Gender-specific expression of candidate

sex-linked gene homologues was examined by RT-PCR.

While XNP-1 and peritrophin were expressed in both ovaries

and testes, TSP and ENSANGP00000010123 homologues

revealed sex-specific expression in female P. monodon.

In addition, sixteen primer pairs gave positive amplification

products against genomic DNA of P. monodon. Five pairs of

primers (FIII-4, FIV-2, FIV-33, FV-27 and FV-42) were

further tested against a larger sample size of wild P. monodon

originating from geographically different locations in Thai

waters (N = 16). SSCP analysis revealed sequence polymorphism

of these markers (Fig. 6). Therefore, SNP or indels of a

particular gene region of P. monodon can be derived from

RAP-PCR fragments.

Previously, several molecular genetic markers (mtDNA,

RAPD, rDNA and microsatellites) have been applied for

examination of genetic diversity and intraspecific population

subdivisions of P. monodon (Klinbunga et al., 1999;

Klinbunga et al., 2001; Supungul et al., 2000). Nevertheless,

no information based on type I (coding) markers is available

at present. Molecular markers derived from AFLP (non-

coding) and RAP-PCR (coding) in the present study can be

Fig. 4. RT-PCR of female-specific expression markers derived

from FI-4 (A), FI-44 (B), FIII-4 (C), FIII-39 (D), FIII-58 (E) and

MII-5 (F) against the first strand cDNA of ovaries (lanes 2-8)

and testes (lanes 9-15) of P. monodon broodstock. Lanes M and

1 are a 100 bp DNA ladder and the negative control (without

the first strand cDNA template). EF-1α (G) amplified from the

same template was included as the positive control.

Fig. 5. RT-PCR of male-specific expression markers derived

from MII-51 (A) and M457-A01 (B) against the first strand

cDNA of ovaries (lanes 2-11) and testes (lanes 12-16) of P.

monodon broodstock. Lanes M and 1 are a 100 bp ladder and

the negative control (without the first strand cDNA template).

EF-1α (C) amplified from the same template was included as

the positive control.
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applied for population genetic studies of P. monodon in Thai

waters. The latter can also be used for association analysis

between SNP in functional important genes and biologically

important parameters (growth rates and/or expression levels

of the corresponding transcripts) in P. monodon.

In the present study, sex-specific expression markers of P.

monodon were successfully developed at the cDNA level.

Five and two RAP-PCR derived markers showed sex-specific

expression in ovaries and testes of both 3-month-old and

broodstock-sized P. monodon. This opens the possibility to

study the initial expression and localization of sex-specific

expression markers in undifferentiated gonads of P. monodon

by in situ hybridization. Sex differentiation processes in P.

monodon can then be initially examined intensively.
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