
R e fe re n c e s

1. Zmijewski, c . M.; and Haesler, พ . E. Textbook of blood banking science.

New York: Appleton-Century-Crofts, 1982.

2. Jeffreys, A. ป. DNA typing : Approaches and applications. Journal of

Forensic Science Society 33, No.4 (1993): 204-211.

3. Wenk, R. E.; Chiafari, F. A.; Brooks, M. A.; and Houtz, T. อ. Technical

progress in parentage analysis. Clinics เท Laboratory Medicine 12, 

No.3 (September 1992): 621-642.

4. Schlaphoff, T. E.; Reavis, ร. c.; Rousseau, J.; Creemers, P. c.; and Du Toit,

E. D. The value of variable number of tandem-repeat 

polymorphisms in cases of disputed paternity not resolved by 

conventional markers: Two case reports. Transfusion 33, No.9 

(1993): 751-753.

5. Divall, G. B. Studies on the use of isoelectric focusing as a method of

phenotyping erythrocyte acid phosphatase. Forensic Science 

International 18 (1981): 67-68.

6. Turowska, B.; and Nowicka, L. Phosphoglucomutase subtyping in a South

Polish population. Forensic Science International 34 (1987): 103- 

106.

7. Hopkinson, D. A.; Spencer, N.; and Harris, H. Red cell acid phosphatase

variants: A new human polymorphism. Nature 199 (7 September 

1963): 969-971.

8. Spencer, N.; Hopkinson, D. A.; and Harris, H. Phosphoglucomutase

polymorphism in man. Nature 204 (21 November 1964): 742-745.

9. Schneider, P. M. Basic issues in forensic DNA typing. Forensic Science

International 88 (1997):17-22.



6 9

10. Huang, P. L ; Huang, P. L ; and Lee-Huang, ร. DNA polymorphism and

forensic identification. เท H. c. Lee; and R. E. Gaensslen (eds.),

DNA and others polymorphism in forensic science, pp.1-25. 

Chicago: Year Book Medical Publishers, 1990.

11. Botstein, อ.; White, R. L.; Skolnick, M.; and Davis, R. พ . Construction of a

genetic linkage map in man using restriction fragment length 

polymorphism. American Journal of Human Genetics 32 (1980); 

314-331.

12. Committee on DNA Technology in Forensic Science; Board on Biology;

Commission on Life Sciences; and National Research Council.

DNA technology in forensic science: Chapter 1 Introduction. 

Washington, D. c.: National Academy Press, 1992.

13. Schumm, J. พ . Genetic identity : New approaches to DNA fingerprint

analysis. Promega Notes Magazine No. 58 (1997): 12-20.

14. Jeffreys, A. J.; Wilson, V.; and Thein, ร. L. Hypervariable ‘minisatellite’

regions in human DNA. Nature 314 (7 March 1985): 67-73.

15. Committee on DNA Forensic Science: an Update; Commission on DNA

Forensic Science: an Update; and National Research Council. The 

evaluation of forensic DNA evidence: Chapter 2 Genetic and 

molecular basis of DNA typing. Washington, D. c.: National 

Academy Press, 1996.

16. Gill, p.; Jeffreys, A. J.; and Werrett, D. J. Forensic application of DNA

‘fingerprint’. Nature 318, No.12 (12 December 1985): 577-579.

17. Nakamura, Y., et al. Variable number of tandem repeat (VNTR) markers

for human gene mapping. Science 235 (27 March 1987): 1616- 

1622.

18. Budowle, B.; Baechtel, F. ร.; Giusti, A. M.; and Monson, K. L. Applying

highly polymorphic variable number of tandem repeats loci genetic



70

markers to identity testing. Clinical B iochem istry 23 (August 1990): 
287-293.

19. Budowle, B.; Chakraborty, R.; Giusti, A. M.; Eisenberg, A. J.; and Allens,

R. c. Analysis of the VNTR locus D1S80 by the PCR followed by 

high-resolution PAGE. A m erican Journal of H um an G en etics  48 

(1991 ):137-144.
2 0 .  ธาดา สืบหลิน'ว ง ย์, นันทนา ศรัทรัพย์, วิไล อโนม ะ ศ ิ ร ิ  และ'นิชร ี  ม ะ กรสาร. การ

พิส ูจน์บ ุคคลในยุคดีเอนเอ. จ ุฬ าลงกรณ ์เวช สาร4 0 ,ฉบับที่ 11 

(พฤศจิกายน 2539): 889-905.

21. Hochmeister, M. N.; Budowle, B.; Borer, u .v .;a n d  Dirnhofer, R. A

method for the purification and recovery of genomic DNA from an 

HLADQA1 amplification product and its subsequent amplification 

and typing with the Am plitype®  PM PCR amplification and typing 

kit. Journal of F oren sic  S c ien ce s  40, No.4 (July 1995): 649-653.

22. Tautz, อ. Notes on the definition and nomenclature of tandemly repetitive

DNA sequences. EXS 67 (1993): 21-28.

23. Kimpton, c . P., et al. Automated DNA profiling employing multiplex

amplification of short tandem repeat loci. PC R  M ethods and  
A pplications 3 (1993): 13-22.

24. Tautz, D. Hypervariability of simple sequences as a general source for

polymorphic DNA markers. Nucleic Acids R esea rch  17, No.16 

(1989): 6463-6471.

25. Litt, M.; and Luty, J. A. A hypervariable microsatellite revealed by in vitro

amplification of a dinecleotide repeat within the cardiac muscle 

actin gene. A m erican Journal of Human G enetics 44 (1989): 397-

401.



26. Weber, J. L ; and May, P. E. Abundant class of human DNA

polymorphisms which can be typed using the polymerase chain 

reaction. A m erican Journal of Hum an G en etics 44 (1989): 388- 

396.

27. Edwards, A.; Civitello, A.; Hammond, H. A.; and Caskey, c . T. DNA typing

and genetic mapping with trimeric and tetrameric tandem repeats. 

A m erican Journal of Hum an G enetics 49 (1991): 746-756.
28. Edwards, A.; Hammond, H. A.; Jin, L ; Caskey, c . T.; and Chakraborty, R.

Genetic variation of five trimeric and tetrameric tandem repeat loci 

in four human population groups. G enom ics 12 (1992): 241-253.

29. Sheffield, V. c., et al. A collection of tri- and tetranucleotide repeat

markers used to generate high quality, high resolution human 

genome-wide linkage maps. Hum an M olecular G enetics  4, No.10 

(October 1995): 1837-1844.

30. The Utah marker development group. A collection of ordered

tetranucleotide-repeat markers from the human genome. A m erican 
Journal of H um an G enetics 57 (1995): 619-628.

31. Gastier, J. M., et al. Survey of trinucleotide repeats in the human genome;

Assessment of their utility as genetic markers. H um an M olecular 
G enetics 4, No.10 (October 1995): 1829-1836.

32. Pena, ร. อ. J.; Santos, P. c.; Campos, M. c. B. N.; and Macedo, A. M.

Paternity testing with the F10 multilocus DNA fingerprinting probe. 

EXS 67 (1993): 237-247.

33. Holland, M. M.; Fisher, D. L ; Lee, D. A.; B^son, c . K.; and Weedn, V. พ.

Short tandem repeat loci: Application to forensic and human 

remains identification. EXS 67 (1993): 267-274.



72

34. 1991 Report concerning recommendations of the DNA Commission of the

International Society for Forensic Haemogenetics relating to the use 

of DNA polymorphisms (editorial). Forensic  S c ien ce  International 
52 (1992): 125-130.

35. Hammond, H. A.; Jin, L ; Zhong, Y.; Caskey, c . T.; and Chakraborty, R.

Evaluation of 13 short tandem repeat loci for use in personal 

identification applications. A m erican Journal of Hum an G enetics 
55 (1994): 175-189.

36. Huang, N. E.; Schumm, J.; and Budowle, ธ. Chinese population data on

three tetrameric short tandem repeat loci -HUMTH011 TPOX, and 

CSF1PO- derived using multiplex PCR and manual typing. Forensic 
S c ien ce  International 71 (1995): 131-136.

37. Martin, P., et al. Spanish population data on 7 tetrameric short tandem

repeat loci. International Journal of Legal M edicine 108 (1995): 

145-149.

38. Uns, A. M.; Sprecher, c . J.; Puers, c.; and Schumm, J. พ . Multiplex sets

for the amplification of polymorphic short tandem repeat loci - silver 

stain and fluorescence detection. B ioT echniques 20, No.5 (May

1996): 882-889.

39. Bassam, B. J.; Caetano-Anolles, G.; and Gresshoff, P. M. Fast and

sensitive silver staining of DNA in polyacrylamide gels. Analytical 
B iochem istry 196 (1991): 80-83.

40. Rostedt, I.; Lalu, K.; Lukka, M.; and Sajantila, A. Genotyping of five short

tandem repeat loci via triplex and duplex PCR. F orensic  S cien ce  
International 82 (1996): 217-226.

41. Tanunyutthawongse, c . Allelotype of n aso p h ary n g ea l c an ce r stud ied  by
using sh o rt tan d em  rep ea t polym orphic m ark ers (STRP). Master’s

»



Thesis, Programme of Medical Science, Graduate School, 

Chuialongkorn University, 1996.

42. G en eP rin t™  S T R  sy stem s technical m anual: Part#TM D004. Wisconsin:

Promega Corporation, 1996.

43. Nishimura, อ. Y.; and Murray, J. c. A tetranucleotide repeat for the F13B

locus. N ucleic Acids R esearch  20, No.5 (March 1992): 1167.

44. Lorente, J. A.; Lorente, M.; Budowle, B.; Wilson, M. R.; and Villanueva, E.

Analysis of short tandem repeat (STR) HUMVWA เท Spanish 

population. Forensic S cien ce  International 65 (1994): 169-175.

45. Neuhuber, F.; and Radacher, M. A genetic study of the short tandem

repeat systems VWA and TH01 เท an Austrian population. F orensic 
S c ien ce  International 87 (1997): 211-217.

46. H orizon™  11 «14 and  20»25 gel e lec trop horesis  a p p a ra tu s  instruction
m anual. Maryland: BRL, Life Technologies, (n.d.).

47. S e q u i-G e n ®  GT nucleic acid e lectrop horesis cell instruction m anual.
New York: BIO-RAD Laboratories, (n.d.).

48. Schumm,J.W . Why use a size marker and allelic ladders in STR

analysis? Profiles in DNA 11 No.2 (August 1997): 11-13.

49. Hartl, อ. L.; Freifelder, อ.; and Snyder, L. A. B asic genetics: C h ap te r 8
Population  gen e tics (1st ed). Boston Portolavalley: Jones and 

Bartlett, 1987.

50. Huston, K. A. Statistical analysis of STR data. Profiles in DNA 1, No.3

(January 1998): 14-15.

51. Lareu, M. V., et al. Investigation of the STR locus HUMTH01 using PCR

and two electrophoresis formats: UK and Galician Caucasian 

population surveys and usefulness เท paternity investigations. 

F oren sic  S c ien ce  International 66 (1994): 41-52.



52. Nei, M. Estimation of average heterozygosity and genetic distance from a

small number of individuals. G enetics 89 (July 1978): 583-590.
53. Odelberg, ร. ป.; and White, R. Repetitive DNA: Molecular structure,

polymorphisms, and forensic applications. เท H. c. Lee; and R. E. 

Gaensslen (eds.), DNA and  o th ers  polym orphism  in forensic 
sc ience , pp.126-144. Chicago: Year Book Medical Publishers, 

1990.

54. Jones, อ. A. Blood samples: Probability of discrimination. Journal of
Forensic  S c ien ce  Society  12 (1972): 355-359.

55. strachan, T.; and Read, A. p. H um an m olecular genetics: C h ap ter 12
G enetic  m apping. Oxford: BIOS Scientific, 1996.

56. Budowle, B.; Moretti, T. R.; Keys, K. M.; Koons, B. พ .; and Smerick, J. B.

Validation studies of the CTT STR multiplex system. Journal of 
Forensic  S c ien ces  42, No.2 (1997): 701-707.

57. Micka, K. A., et al. Validation of multiplex polymorphic STR amplification

sets developed for personal identification applications. Journal of 
Forensic S c ien ces  41, No.4 (July 1996): 582-590.

58. Gill, P.; Sparkes, R.; and Kimpton, c . Development of guidelines to

designate alleles using an STR multiplex system. Forensic  S cien ce  
International 89 (1997): 185-197.

59. Schlotterer, c.; and Tautz, D. Slippage synthesis of simple sequence

DNA. Nucleic Acids R esea rch  20, No.2 (1992): 211-215.

60. Gusmao, L.; Prata, M. J.; and Amorim, A. The STR system hTPO:

Population and segregation data. International Journal of Legal 
M edicine 108 (1995): 167-169.

61. Ausubel, F. M., etal. C urrent protocols in M olecular biology (vol.1). New

York: John Wiley & Sons, 1990.



62. Saitoh, H.; Ueda, ร.; Kurosaki, K.; and Kiuchi, M. The different mobility of

complementary strands depends on the proportion AC/GT. 

Forensic  S c ien ce  International 91 (1998): 81-90.
63. DNA recommendations - 1994 report concerning further

recommendations of the DNA Commission of the ISFH regarding 

PCR-based polymorphisms in STR (short tandem repeat) systems. 

International Journal of Legal M edicine 107 (1994): 159-160.
64. DNA recommendations - further report of the DNA Commission of the

ISFH regarding the use of short tandem repeat systems (editorial). 

Forensic  S c ien ce  International 87 (1997): 179-184.
65. Siegel, ร.; and Castellan, N. ป., Jr. N onparam etric  statistics for the

behavioral sc ie n c es  (2nd ed). Singapore: McGraw-Hill, 1989.

66. Brinkmann, B., et al. Population genetic comparisons among eight

populations using allele frequency and sequence data from three 

microsatellite loci. E uropean  Jo urnal of Hum an G enetics 4 (1996): 

175-182.

67. Lee, J. c.; Chen, c. H.; Tsai, L. c.; Linacre, A.; and Chang, J. G. The

screening of 13 short tandem repeat loci in Chinese population. 

Forensic  S cien ce  International 87 (1997): 137-144.



A p p e n d i x



A p p e n d i x  A

G lossary

Allele one of two or more alternative forms of a gene

Allele frequ en cy  the proportion of a particular allele among the 

chromosomes carried by individuals in a population

A m plicons PCR products

A utoradiograph  a photographic recording of the positions on a film where 

radioactive decay of isotopes has occurred

Band the visual image representing a particular DNA fragment on 

autoradiograph

B asep a ir two complementary nucleotides held together by hydrogen bonds; 

basepairing occurs between A and T and between G and c

Controls tests performed in parallel with experimental samples and designed 

to demonstrate that a procedure worked correctly

D egradation  the breaking down of DNA by chemical or physical means

D enaturing the process of unfolding of the complementary double strands of 

DNA to form single strands

Diallelic DNA variation showing only two forms with a frequency of more than 

1 %

DNA d a ta b a s e  a collection of DNA typing profiles of selected or randomly 

chosen individuals

DNA p o lym erase  an enzyme that catalyzes the synthesis of double-stranded 

DNA

DNA probe a short segment of single-stranded DNA labeled with a 

radioactive or chemical tag that is used to detect the presence of a
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particular DNA sequence through hybridization to its complementary 

sequence

E lectrophoresis a technique in which different molecules are separated by 

their rate of movement in an electric field 

Ethidium brom ide an organic molecule that binds to DNA and fluoresces 

under ultraviolet light and is used to identify DNA 

Gel semisolid matrix (usually agarose or acrylamide) used in electrophoresis 

to separate molecules

G enom e the total genetic makeup of an organism

G enotype the genetic makeup of an organism, as distinguished from its 

physical appearance or phenotype

H ardy-W einberg equilibrium the condition, for a particular genetic locus and 

a particular population, with the following properties: allele frequencies at 

the locus are constant in the population overtime and there is no statistical 

correlation between the two alleles possessed by individuals in the 

population; such a condition is approached in large randomly mating 

populations in the absence of selection, migration, and mutation 

H eterozygote a diploid organism that carries different alleles at one or more 

genetic loci on its homologous chromosomes 

H eterozygous having different alleles at a particular locus; for most forensic 

DNA probes, the autoradiogram displays two bands if the person is 

heterozygous at the locus

H om ozygote a diploid organism that carries identical alleles at one or more 

genetic loci on its homologous chromosomes 

H om ozygous having the same allele at a particular locus; for most forensic 

DNA probes, the autoradiogram displays single bands if the person is 

homozygous at the locus
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H um an leukocyte an tigen  (HLA) protein-sugar structures on the surface of 

most cells, except blood cells, that differ among individuals and are 

important for acceptance or rejection of tissue grafts or organ 

transplantation; the locus of one particular class, HLA DQCC, is used for 

forensic analysis with PCR

Hybridization the reassociation of complementary strands of nucleic acids, 

nucleotides, or probes

Locus (pi. loci) the specific physical location of a gene on a chromosome 

M arker a gene with a known location on a chromosome and a clear-cut 

phenotype that is used as a point of reference in the mapping of other loci 

M olecular w eight s ize  m arker DNA fragments of known size, from which the 

size of an unknown DNA sample can be determined 

Multilocus probe a DNA probe that detects genetic variation at multiple sites; 

an autoradiogram of a multilocus probe yields a complex, stripe-like 

pattern of 30 or more bands per individual 

P heno type  the physical appearance of functional expression of a trait 

P oly m erase  chain reaction  (PC R ) an in vitro process that yields millions of 

copies of desired DNA through repeated cycling of a reaction that involves 

the enzyme DNA polymerase

Polym orphism  the presence of more than one allele of a gene in a population 

at a frequency greater than of a newly arising mutation; operationally, a 

population in which the most common allele at a locus has a frequency of 

less than 99%

P robe a short segment of single-stranded DNA tagged with a reporter 

molecule, such as radioactive phosphorus atom, that is used to detect a 

particular complementary DNA sequence



ช่ช

Restriction fragm en t length polym orphism  (RFLP) variation in the length of 

DNA fragments produced by a restriction endonuclease that cuts at a 

polymorphic locus

S ou thern  blot the nylon membrane to which DNA adheres after the process 

of Southern blotting

S ou thern  blotting the technique for transferring DNA fragments that have 

been separated by electrophoresis from the gel to a nylon membrane 

T andem  re p e a ts  multiple copies of an identical DNA sequence arranges เท 

direct succession in a particular region of a chromosome 

Taq po lym erase  a DNA polymerase used to form double-stranded DNA from 

nucleotides and a single-stranded DNA template เท the PCR technique 

V ariable num b er of tan d em  re p e a ts  (VNTR) repeating units of a DNA 

sequence for which the number varies between individuals



A p p e n d i x  B

Buffers and R eag en ts

1. 1 M Tris-CI (pH 7.0)

Tris base [tris(hydroxymethyl)aminomethane] 

dd.H20

Adjust to desired pH with concentrated HCI 

Add H20  to 1 liter and sterilize by autoclaving.

2. 0.5 M Na2EDTA (pH 8.0)

Disodium ethylenediamine tetraacetate.2 H20  

dd. H20

Adjust pH to 8.0 with concentrated NaOH 

Add H20  to 1 liter and sterilize by autoclaving.

3. T10E10 (pH 7.0)

1 M Tris-CI 10 ml

0.5 M Na2EDTA 20 ml

dd. HoO 700 ml

Adjust pH to 7.0 with concentrated HCI 

Add H20  to 1 liter and sterilize by autoclaving.

4. T20E5 (pH 8.2)

1M  Tris-CI 10 ml

0.5 M Na2EDTA 5 ml

dd. H20

Adjust pH to 8.2

121.14 g 

800 ml

186.12 g 

700 ml

(10 ทาM final) 

(10 ทาM final)

(20 ทาM final) 

(5 ทาM final)

400 ml
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Add H20  to 500 ทา! and sterilize by autoclaving.

5. 10% SDS (w/v) (pH7.2)

Sodium dodecyl sulfate 10 g

dd. H20 80 ml

Adjust pH to 7.2 with concentrated HCI

Add H20  to 100 ml.

20 mg/ml Proteinase K (stock solution)

Dissolve Proteinase K 20 mg

Sterile dd. H20 1 ml

Store at -20 ° c

Saturated NaCI (6 M)

NaCI 350.■7 g

Add H20  to 1000 ml and sterilize by autoclaving.

STR 10X buffer

KCI 500 ทาM

Tris-HCI, pH 9.0 at 25 ° c 100 ทาM

MgCI2 15 ทาM

Triton®  X-100 1%

Each dNTP 2 mM

10X TBE buffer (pH 8.3)

Tris base 121.14 g (1 M final)

Na2EDTA. 2H20 3.7 g (10 mM final)
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d.H20  800 ml

Slowly add the Boric acid, anhydrous 55.6 

Adjust pH to 8.3 

Add d.H20  to 1 liter.

g (0.9 M final)

10. 2% (w/v) Agarose gel 

Agarose 1 g

1XTBE 50 ml

Dissolve by heating and occasionai mixing until no granules of

agarose are visible.

Add Ethidium bromide 25 pg (0.5 (ug/ml).

11. 10 mg/ml Ethidium bromide 

Ethidium bromide 0.2 g

h 20

Store at 4 ° c  in dark or foil-wrapped bottle.

20 ' ml

12. STR 6X Loading buffer 

Bromophenol blue 0.25%

Xylene cyanol FF 0.25%

Ficoll (type 400) in distilled water 

Storage at room temperature.

15%

13. 4% Denaturing polyacrylamide gel (total volume 60 ml)

Urea (Uitrapure) 25.2 g (7 M final)

deionized H20  32 ml

10X TBE 3 ml (0 .5X  fina l)
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40% Acrylamide:Bis (19:1) 6 ml

TEMED 40

10% (NH4)ร2(ว8 400 ฟ

10% (NH4)S20g

Ammonium persulfate 0.5 9

Add deionized H20  to 5 ml

Store at 4  ° c .

STR 2X Loading solution

NaOH 10 ทาM

Formamide 95%

Bromophenol blue 0.05%

Xylene cyanol FF 0.05%

16. 0.5% Acetic acid in 95% ethanol

Add 0.5 ml of glacial acetic acid to 99.5 ml of 95% ethanol.

17. Fix/stop solution (10% acetic acid)

Glacial acetic acid 100 ml

deionized Fl20 900 ml

Staining solution

Silver nitrate (AgN03) 0.5 9

37% Formaldehyde (H2CO) 750

deionized H20 500 ml
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19. Developer solution

Sodium carbonate (Na2C 03) 30 g

37% Formaldehyde (H2CO) 1.5 ml

10 mg/ml Sodium thiosulfate (Na2S20 3.5H20) 200 pl

deionized H20 1000 ml

** Prepare fresh and chill to 10 ๐c  before use.

Use only high quality deionized H20  and sodium carbonate. Prepare 

fresh before each use.
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