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Abstract
Background: It is universally acknowledged that genome segment 4 of group A rotavirus, the major etiologic agent of 
severe diarrhea in infants and neonatal farm animals, encodes outer capsid neutralization and protective antigen VP4.

Results: To determine which genome segment of three group A equine rotavirus strains (H-2, FI-14 and FI-23) with 
P[12] specificity encodes the VP4, we analyzed dsRNAs of strains H-2, FI-14 and FI-23 as well as their reassortants by 
polyacrylamide gel electrophoresis (PAGE) at varying concentrations of acrylamide. The relative position of the VP4 
gene of the three equine P[12] strains varied (either genome segment 3 or 4) depending upon the concentration of 
acrylamide. The VP4 gene bearing P[3], P[4], P[6], P[7], P[8] or P[18] specificity did not exhibit this phenomenon when 
the PAGE running conditions were varied.

Conclusions: The concentration of acrylamide in a PAGE gel affected VP4 gene coding assignment of equine rotavirus 
strains bearing P[12] specificity.

Background
Diarrheal disease is one of the principal causes of mor-
bidity and mortality among young children in the devel-
oping world. Infectious diarrhea of neonatal animals is
also one of the most common and economically devastat-
ing conditions encountered in the animal agriculture
industry. Among an array of infectious agents including
bacteria, viruses and parasites, group A rotaviruses are
the single most important etiologic agents of diarrhea in
infants and young children worldwide and in addition,
they are the most commonly identified viral cause of diar-
rhea in neonatal food animals [1-4]. In 1975, rotaviruses
were first demonstrated being involved in foal diarrhea
[5], and later established as the major cause of diarrhea in
young foals [6-8].

The genome of group A rotavirus, a member of Reoviri-
dae family, consists of eleven segments of double-
stranded RNA numbered 1-11 according to their order of
migration in polyacrylamide gels, segment 1 being the

slowest and segment 11 the fastest [9]. The rotavirus
genome encodes six structural (VP1-VP4, VP6 and VP7)
and six nonstructural (NSP1-NSP6) proteins [3]. Since
two outer capsid proteins VP7 and VP4 are independent
neutralization and protective antigens, a binary system of
classification and nomenclature to designate the two neu-
tralization specificities has been adopted: VP7 or G
(because VP7 is a glycoprotein) serotype and VP4 or P
(because VP4 is protease-sensitive) serotype [3]. Since (i)
antibodies to the VP7 and VP4 have been demonstrated
to confer resistance to virulent rotavirus in a type-specific
manner in experimental animals; and (ii) observations
made in various rotavirus vaccine trials have suggested
that the induction of serotype-specific immunity may be
important for optimal protection, serotypic-genotypic
analyses of the VP7 and VP4 of a rotavirus derived from
various animal species have been performed [3,10,11].
Such studies have established at least 14 G serotypes (21
G genotypes) and 14 P serotypes (29 P genotypes) [12].
Among equine rotaviruses, five G types (G3, G5, G10,
G13 and G14) and three P types (P[7], P[12] and P[18])
have been identified.

In general, each rotavirus strain displays a dsRNA
migration pattern (electropherotype) on polyacrylamide
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gels distinct from that of other strains [9,13]. Hence anal-
ysis of such genomic polymorphism as determined by
polyacrylamide gel electrophoresis (PAGE) as well as
gene sequencing have been routinely used for gene cod-
ing assignments. Such studies have established that the
VP7 protein is encoded by genome segment 7, 8 or 9
depending upon the rotavirus strain. For example, the
VP7 is encoded by the 7th segment of rhesus rotavirus
MMU18006 strain in a 12% gel [14], the 8th segment of
human rotavirus DS-1 strain in a 7.5% gel [15], and the 9th

segment of human rotavirus Wa strain in a 12% gel [16].
With regard to the VP4 protein, on the other hand, it is
universally acknowledged that it is encoded by the
genome segment 4 regardless of the rotavirus strain. Dur-
ing the course of generating various single gene substitu-
tion reassortants and hyperimmune antisera to them in
an attempt to characterize and establish VP4 serotypes of
selected equine rotaviruses [17], we found unexpectedly
that the VP4 gene of equine rotavirus strains H-2, FI-14
and FI-23 was not the fourth segment but the third seg-
ment as determined by a standard 12% PAGE.

Results and discussion
Concentration of acrylamide affects the relative position of 
VP4 gene of equine rotavirus strains H-2, FI-14 and FI-23 in 
a PAGE gel
During the characterization by a standard 12% PAGE gel
analysis of selected equine-human rotavirus reassortants
that were generated between equine rotavirus (strain H-2
[18], FI-14 [19] or FI-23 [20]) and human rotavirus (strain
DS-1 [21]), we noticed that the VP4-encoding gene of
each of the three equine rotavirus strains was at the third
position (Figure 1). This was unexpected since the fourth
genome segment was the VP4-encoding gene of human
rotavirus strains Wa (P[8]) [21], DS-1 (P[4]), ST3 (P[6])
[22] as well as rhesus rotavirus strain MMU18006 (P[3])
[23] under the same PAGE running condition. Since we
reported previously that the acrylamide concentration in
a PAGE gel affected the relative position of the VP7 gene
of G2 rotavirus strains [24], we analyzed the effects of
acrylamide concentration by using H-2 strain and its
reassortant rotavirus strain. The VP4 gene of the H-2
strain was in the 4th position in a 5% (not shown) or 7.5%
(Figure 2) gel, the 3rd or 4th poison in a 10% (Figure 3) gel,
however, it was in the 3rd position in a 12% (Figure 1) or
15% (Figure 4) gel. These findings demonstrated that the
H-2 VP4 gene "flipped over" (i.e., the H-2 VP4 gene
shifted to the 3rd position from its previous 4th position)
in a PAGE gel containing acrylamide concentration
between 7.5% and 12% (Table 1). Similarly, the FI-14 and
FI-23 VP4 genes exhibited the "flip over" phenomenon
between a 7.5% gel and a 12% gel (not shown, summa-
rized in Table 1). Thus, we demonstrated that the concen-

tration of acrylamide played a critical role in determining
the VP4 gene coding assignment of equine rotavirus
strains H-2, FI-14 and FI-23. As we reported previously,
the different PAGE running conditions affected not only
the VP4 gene but also other genes as well. For example,
although segments 2 and 3 of the DS-1 strain comigrated
in a 7.5% gel (Figure 2), they were well separated in a 15%
gel (Figure 4).

VP4 gene encoding P[12] specificity appeared to be 
affected most by the concentration of acrylamide in a PAGE 
gel
Next, we investigated whether the "flip-over" phenome-
non was unique to P[12] equine rotavirus strains or com-
mon to any equine rotavirus strains. Previously [24], we
showed that the VP4 gene of human rotavirus strains Wa
(P[8]), DS-1 (P[4]), ST3 (P[6]) or rhesus rotavirus strain
MMU18006 (P[3]) was at the 4th position regardless of
acrylamide concentration in a PAGE gel (Table 1). We
found in this study that the relative position of the VP4
gene of equine rotavirus strain H-1 [25] with P[7] speci-
ficity and strain L338 [26] with P[18] specificity was not
affected by the varying concentration of acrylamide in a
PAGE gel (data not shown, summarized in Table 1). Thus,
the "flip-over" phenomenon of the VP4 gene observed in
the present study appeared to be unique to equine rotavi-
rus VP4 genes bearing P[12] specificity.

The mechanisms underlying this "flip-over" phenome-
non displayed by the VP4 gene with P[12] specificity are
unknown. Since the observed VP4 gene migration shift
appears to be a function of acrylamide concentration (all
other factors being equal), this would indicate the size of
the pores in the gel is what is generating the shift. This
argues for the shift being the result of a change in the ter-
tiary structure of the molecule. Unfortunately, tools do
not exist at present for predicting secondary or tertiary
structures for double-stranded nucleic acid sequences.
We analyzed predicted secondary structures of single-
stranded RNA of VP4 gene of selected rotavirus strains
including equine rotavirus strains with P[12] specificity,
however, we did not find any predicted structures that
were different between the equine VP4 sequences and the
others (data not shown). In addition, we examined the
VP4 sequences of selected rotavirus strains to look for
potential changes in the equine VP4 sequence that might
induce some sort of "pairing" of the ends of the molecule,
however, we did not find any good candidate sequences.

Conclusions
The relative position of the VP4 gene of three equine
P[12] strains (H-2, FI-14, FI-23) varied (either genome
segment 3 or 4) depending upon the concentration of
acrylamide. The VP4 gene bearing P[3], P[4], P[6], P[7],
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P[8] or P[18] did not exhibit this phenomenon when the
PAGE running conditions were varied. Caution needs to
be exercised when PAGE analyses are used for VP4 gene
coding assignment of rotaviruses.

Methods
Rotavirus strains, cell culture, and genetic reassortment
Table 1 summarizes group A human and animal rotavirus
strains that were employed in this study. Each of the rota-
virus strains used was plaque purified three times prior to
use. Reassortant rotaviruses between equine rotavirus
strain H-2, FI-14 or FI-23 and human rotavirus strain DS-
1 were constructed by a procedure described previously
[27]. Briefly, roller tube cultures of monkey kidney cell
line MA104 were coinfected at a multiplicity of infection
of approximately one with the H-2 strain, FI-14 strain or
FI-23 strain and the DS-1 strain. When approximately
75% of the infected cells displayed cytopathic effects, the
cultures were frozen and thawed once and the lysate was
plated on MA104 cells in a six-well plate (Costar, Corning
Inc., Corning, NY) in the presence of G serotype cross-
reactive neutralizing monoclonal antibody 57/8 [20] for
selection of the desired H-2 × DS-1 and FI-14 × DS-1 and
FI-23 × DS-1 reassortants. A plaque displaying a desired
gene constellation (i.e., VP4 gene from the H-2, FI-14 or
FI-23 strain and the VP7 gene from the DS-1 strain) was
plaque purified three times prior to use. Reassortant rota-
viruses between equine rotavirus strain H-1 or strain
L338 and human rotavirus strain DS-1 were generated in
a similar manner except that polyclonal antibodies raised
against (i) porcine rotavirus OSU (P[7]G5) strain was
used for selection of H-1 × DS-1 (P[7]G2) reassortant and
(ii) L338 (P[18]G13) strain was used for selection of L338
× DS-1 (P[18]G2) reassortant. Eagle's minimum essential
medium supplemented with 0.5 μg/ml trypsin (Sigma
type IX trypsin, Sigma Chemical, St. Louis, MO) and
antibiotics was used as maintenance medium and Leibo-
vitz L-15 medium supplemented with antibiotics was

Table 1: The concentration of acrylamide affects VP4-gene coding assignment of group A equine rotavirus strains H-2, FI-
14, and FI-23 bearing P[12] specificity.

Rotavirus Species of 
origin

VP4-gene coding assignment in a PAGE gel 
containing acrylamide at indicated concentration

Strain [ref.] P (VP4)type G (VP7)type 5% 7.5% 10% 12% 15%

H-2 [18] P[12] G3 horse 4 4 3 or 4 3 3

FI-14 [19] P[12] G3 horse NDa 4 ND 3 ND

FI-23 [20] P[12] G14 horse ND 4 ND 3 ND

H-1 [25] P[7] G5 horse 4 4 4 4 4

L338 [26] P[18] G13 horse 4 4 4 4 4

Wa [21] P[8] G1 human 4 4 4 4 4

DS-1 [21] P[4] G2 human 4 4 4 4 4

ST3 [22] P[6] G4 human 4 4 4 4 4

MMU18006 [23] P[3] G3 rhesus 4 4 4 4 4

aND = not done

Figure 1 Electrophoretic migration patterns in a 12% PAGE gel of 
equine rotavirus H-2 strain, H-2 × DS-1 reassortant, and human 
rotavirus DS-1 strain; equine rotavirus FI-14 strain, FI-14 × DS-1 
reassortant and DS-1 strain; and equine rotavirus FI-23 strain, FI-
23 × DS-1 reassortant, and DS-1 strain. Arrows indicate the VP4 
gene (3rd genome segment) of each of the 3 equine parental rotavirus 
strains.
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Figure 2 Electrophoretic migration patterns in a 7.5% PAGE gel 
of equine rotavirus H-2 strain, H-2 × DS-1 reassortant and human 
rotavirus DS-1 strain. Arrow indicates the VP4 gene (4th genome seg-
ment) of the H-2 strain.

Figure 3 Electrophoretic migration patterns in a 10% PAGE gel of 
equine rotavirus H-2 strain, H-2 × DS-1 reassortant and human ro-
tavirus DS-1 strain. Arrow indicates the VP4 gene of the H-2 strain. 
Note the 3rd and 4th genome segments of the H-2 strain comigrate.



Long-Croal et al. Virology Journal 2010, 7:136
http://www.virologyj.com/content/7/1/136

Page 5 of 6
employed when making virus dilutions. Agarose (SeaKem
ME, BME, Rockland, ME) was used as a solidifying
reagent in the overlay medium.

Rotavirus RNA extraction and PAGE analysis
The standard phenol-chloroform method or TRIzol
method was employed to extract rotavirus genomic
dsRNA as previously reported [28,29]. Analysis of rotavi-
rus dsRNA was carried out at room temperature (approx-
imately 26°C) in a discontinuous 5%, 7.5%, 10% 12% or
15%, acrylamide resolving slab gel (acrylamide:bisacryl-
amide 29:1, Bio-Rad Laboratories, Hercules, CA. 18 × 16
× 0.075 cm) with a 3.5% acrylamide stacking gel in the
buffer system of Laemmli [30] without SDS using a SE600
gel apparatus (Amersham Biosciences, San Francisco,
CA) and Tris-Glycine running buffer (pH 8.3) (Bio-Rad
Laboratories). Since the polymerization temperature of
acrylamide/bisacrylamide gels has been reported to affect
the tertiary structure of the gel thereby influencing elec-
trophoretic mobilities of selected RNA species [31], the
polymerization of the PAGE gels used in this study was
performed at a single temperature of 37°C in an incuba-
tor. In addition, since heat generated during electropho-
resis has been reported to affect the mobilities of
rotavirus genomic dsRNA [32], a water chiller (Lauda
WKL230, Brinkmann Instruments, Westbury, NY) was
used, if necessary, to maintain the desired temperature of
running buffer especially when evaluating a gel with a
high percentage of acrylamide/bisacrylamide. After elec-
trophoresis, viral RNA bands were visualized by staining
of the gel with silver nitrate [33].

Competing interests
The authors declare that they have no competing interests.

Authors' contributions
All authors read and approved the final manuscript.
LML, XW and ENO carried out the PAGE analyses. YH participated in the design
of the study and drafted the manuscript.

Acknowledgements
We thank Dr. Albert Z. Kapikian for continuing support of the project and Ron-
ald Jones for his excellent technical support. This work was supported by the 
Intramural Research Program of the National Institute of Allergy and Infectious 
Diseases, National Institutes of Health, USA.

Author Details
1Rotavirus Vaccine Development Section, Laboratory of Infectious Diseases, 
NIAID, National Institutes of Health, Bethesda, MD 20892, USA, 2Center for 
Devices and Radiological Health, Food and Drug Administration, Silver Spring, 
MD 20994, USA and 3Diagnostic Virology Laboratory, National Veterinary 
Services Laboratories, Animal and Plant Health Inspection Service, USDA, 
Ames, IA 50010, USA

References
1. Cheng AC, McDonald JR, Thielman NM: Infectious diarrhea in developed 

and developing countries.  Clin Gastroenterol 2005, 39:757-73.

Received: 30 April 2010 Accepted: 23 June 2010 
Published: 23 June 2010
This article is available from: http://www.virologyj.com/content/7/1/136© 2010 Long-Croal et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.Virology Journal 2010, 7:136

Figure 4 Electrophoretic migration patterns in a 15% PAGE gel of 
equine rotavirus H-2 strain, H-2 × DS-1 reassortant and human ro-
tavirus DS-1 strain. Arrow indicates the VP4 gene (3rd genome seg-
ment) of the H-2 strain.

http://www.virologyj.com/content/7/1/136
http://creativecommons.org/licenses/by/2.0


Long-Croal et al. Virology Journal 2010, 7:136
http://www.virologyj.com/content/7/1/136

Page 6 of 6
2. Magdesian KG: Neonatal foal diarrhea.  Vet Clin North Am Equine Pract 
2005:295-312.

3. Estes MK, Kapikian AZ: Rotaviruses.  In Fields virology 5th edition. Edited 
by: Knipe DM, Howley PM, Griffin DE, Lamb RA, Martin MA, Roizman B, 
Straus SE. Philadelphia, PA: Lippincott Williams and Wilkins; 2007:1917-74. 

4. Saif LJ, Rosen BI, Parwani AVL: Animal rotaviruses.  In Viral Infections of the 
Gastrointestinal Tract Edited by: Kapikian AZ. New York: Marcel Dekker; 
1994:279-367. 

5. Flewett TH, Bryden AS, Davies H: Virus diarrhoea in foals and other 
animals.  Vet Rec 1975, 96:477.

6. Conner ME, Darlington RW: Rotavirus infection in foals.  Am J Vet Res 
1980, 41:1699-703.

7. Dwyer RM: Rotaviral diarrhea.  Vet Clin North Am Equine Pract 1993, 
9:311-9.

8. Frederick J, Giguère S, Sanchez LC: Infectious agents detected in the 
feces of diarrheic foals: a retrospective study of 233 cases (2003-2008).  
J Vet Intern Med 2009, 23:1254-60.

9. Rodger SM, Holmes IH: Comparison of the genomes of simian, bovine, 
and human rotaviruses by gel electrophoresis and detection of 
genomic variation among bovine isolates.  J Virol 1979, 30:839-46.

10. Hoshino Y, Kapikian AZ: Rotavirus serotypes: classification and 
importance in epidemiology, immunity, and vaccine development.  J 
Health Popul Nutr 2000, 18:5-14.

11. Kapikian AZ, Hoshino Y: To serotype or not to serotype: that is still the 
question.  J Infect Dis 2007, 195:611-4.

12. Abe M, Ito N, Morikawa S, Takasu M, Murase T, Kawashima T, Kawai Y, 
Kohara J, Sugiyama M: Molecular epidemiology of rotaviruses among 
healthy calves in Japan: Isolation of a novel bovine rotavirus bearing 
new P and G genotypes.  Virus Res 2009, 144:250-7.

13. Kalica AR, Sereno MM, Wyatt RG, Mebus CA, Chanock RM, Kapikian AZ: 
Comparison of human and animal rotavirus strains by gel 
electrophoresis of viral RNA.  Virology 1978, 87:247-55.

14. Broome RL, Vo PT, Ward RL, Clark HF, Greenberg HB: Murine rotavirus 
genes encoding outer capsid proteins VP4 and VP7 are not major 
determinants of host range restriction and virulence.  J Virol 1993, 
67:448-55.

15. Greenberg HB, Flores J, Kalica AR, Wyatt RG, Jones R: Gene coding 
assignments for growth restriction, neutralization and subgroup 
specificities of the W and DS-1 strains of human rotavirus.  J Gen Virol 
1983, 64:313-20.

16. Kalica AR, Greenberg HB, Wyatt RG, Flores J, Sereno MM, Kapikian AZ, 
Chanock RM: Genes of human (strain Wa) and bovine (strain UK) 
rotaviruses that code for neutralization and subgroup antigens.  
Virology 1981, 112:385-90.

17. Ostlund EN, Hoshino Y: Identification of distinct equine rotavirus VP4 
serotypes and cold adaptation of equine rotavirus H2.  Equine Infectious 
Diseases VII 1994:297.

18. Hoshino Y, Wyatt RG, Greenberg HB, Kalica AR, Flores J, Kapikian AZ: 
Isolation, propagation, and characterization of a second equine 
rotavirus serotype.  Infect Immun 1983, 41:1031-7.

19. Hoshino Y, Gorziglia M, Valdesuso J, Askaa J, Glass RI, Kapikian AZ: An 
equine rotavirus (FI-14 strain) which bears both subgroup I and 
subgroup II specificities on its VP6.  Virology 1987, 157:488-96.

20. Browning GF, Fitzgerald TA, Chalmers RM, Snodgrass DR: A novel group A 
rotavirus G serotype: serological and genomic characterization of 
equine isolate FI23.  J Clin Microbiol 1991, 29:2043-6.

21. Wyatt RG, Greenberg HB, James WD, Pittman AL, Kalica AR, Flores J, 
Chanock RM, Kapikian AZ: Definition of human rotavirus serotypes by 
plaque reduction assay.  Infect Immun 1982, 37:110-5.

22. Wyatt RG, James HB Jr, Pittman AL, Hoshino Y, Greenberg HB, Kalica AR, 
Flores J, Kapikian AZ: Direct isolation in cell culture of human 
rotaviruses and their characterization into four serotypes.  J Clin 
Microbiol 1983, 18:310-7.

23. Stuker G, Oshiro LS, Schmidt NJ: Antigenic comparisons of two new 
rotaviruses from rhesus monkeys.  J Clin Microbiol 1980, 11:202-3.

24. Ross J, Ostlund EN, Cao D, Tatsumi M, Hoshino Y: Acrylamide 
concentration affects the relative position of VP7 gene of serotype G2 
strains as determined by polyacrylamide gel electrophoresis.  J Clin 
Virol 2008, 42:374-80.

25. Hoshino Y, Wyatt RG, Greenberg HB, Kalica AR, Kapikian AZ: Isolation and 
characterization of an equine rotavirus.  J Clin Microbiol 1983, 18:585-91.

26. Browning GF, Chalmers RM, Fitzgerald TA, Snodgrass DR: Serological and 
genomic characterization of L338, a novel equine group A rotavirus G 
serotype.  J Gen Virol 1991, 72:1059-64.

27. Hoshino Y, Jones RW, Ross J, Kapikian AZ: Porcine rotavirus strain 
Gottfried-based human rotavirus candidate vaccines: Construction 
and characterization.  Vaccine 2005, 23:3791-9.

28. Jones RW, Ross J, Hoshino Y: Identification of parental origin of cognate 
dsRNA genome segment(s) of rotavirus reassortants by constant 
denaturant gel electrophoresis.  J Clin Virol 2003, 26:347-54.

29. Santos N, Honma S, Timenetsky MCST, Linhares AC, Ushijima H, Armah GE, 
Gentsch JR, Hoshino Y: Development of a microtiter plate hybridization-
based PCR-enzyme-linked immunosorbent assay for identification of 
clinically relevant human group A rotavirus G and P genotypes.  J Clin 
Microbiol 2008, 46:462-9.

30. Laemmli UK: Cleavage of structural proteins during the assembly of the 
head of bacteriophage T4.  Nature 1970, 227:680-5.

31. Gressel J, Rosner A, Cohen N: Temperature of acrylamide polymerization 
and electrophoretic mobilities of nucleic acids.  Anal Biochem 1975, 
69:84-91.

32. Espejo RT, Puerto F: Shifts in the electrophoretic pattern on the RNA 
genome of rotaviruses under different electrophoretic conditions.  J 
Virol Methods 1984, 8:293-9.

33. Herring AJ, Inglis NF, Ojeh CK, Snodgrass DR, Menzies JD: Rapid diagnosis 
of rotavirus infection by direct detection of viral nucleic acid in silver-
stained polyacrylamide gels.  J Clin Microbiol 1982, 16:473-7.

doi: 10.1186/1743-422X-7-136
Cite this article as: Long-Croal et al., Concentration of acrylamide in a poly-
acrylamide gel affects VP4 gene coding assignment of group A equine rota-
virus strains with P[12] specificity Virology Journal 2010, 7:136

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16051051
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6261616
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8358646
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19747192
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=225545
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11014764
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17262698
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19464329
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=208274
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6300286
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6266134
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6309657
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2435059
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1663521
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6286487
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6311872
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6244332
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18457989
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6313746
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1851806
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15893616
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12637084
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18057127
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=5432063
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1211643
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6088565
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6182158

