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127461189-127468478(+) Tac2, tachykinin 2 
127476249-127484066(+) Zbtb39, zinc fmger and BTB domain containing 39 

72 127486333-127488404(-) Admr, adrenomedullin receptor 
70 127496521-127505007(+) Rdhl, retino1 dehydrogenase 1 (aIl trans) 

127513116-127614028(+) Rdh16, retinol dehydrogenase 16 
127513116-127529408(+) Rdh9, retinol dehydrogenase 9 

70 127586639-127597887(+) Rdhs, retinol dehydrogenase similar 
127620739-127682049(-) Rdh7, retinol dehydrogenase 7 
127635246-127648472(+) Sdro, orphan short chain dehydrogenase/reductase 
127727647-127744219(-) Hsd17b9, hydroxysteroid (17-beta) dehydrogenase 9 

77 127751903-127766741(+) Priml, DNA primase, p49 subunit 
127772284-127785348(+) Naca, nascent polypeptide-associated complex alpha 

polypeptide 
127795693-127866122(+) Baz2a, bromodomain adjacent to zinc finger domain, 2A 
127795693-127813965(+) Ptges3, prostaglandin E synthase 3 (cytosolic) 
127820018-127827099(+) Atp5b, ATP synthase, H+ transporting mitochondrial FI 

complex, beta subunit 
127869927-127913299(-) Rbms2, RNA binding motif, single stranded interacting 

prote in 2 
127930839-127946754(+) Gls2, glutaminase 2 (liver, mitochondrial) 
127946726-127948614(-) Spryd4, SPRY domain containing 4 

74 127962658-127968631(+) Mip, major intrinsic protein of eye lens fiber 
18 127968912-127989763(+) Timeless, timeless homo log (Drosophila) 
76 127990951-127992721(+) Apon, apolipoprotein N 
73 128004817-128006971(+) Apof, apolipoprotein F 
70 128007396-128029669(+) Stat2, signal transducer and activator of transcription 2 

128032960-128034904(-) 1123a, interleukin 23, alpha subunit p19 
128040155-128058167(+) Usp52, ubiquitin specific peptidase 52 

/-
72 128059409-128064373(+) Tmem4, transmembrane protein 4 

128074652-128099299(+) Cs, citrate synthase 
128099917-128105817(-) CoqlOa,coenzyme QlO homo log A (yeast) 
128113944-128130826(+) Ankrd52, ankyrin repeat domain 52 
128132754-128138005(-) Slc39a5, solute carrier family 39 (metal ion transporter), 

member 5 
128138215-128146616(-) Obfc2b, oligonucleotide/oligosaccharide-binding fold 

containing 2B 
72 128148477-128178261(+) Rnf 41, ring finger protein 41 

128198102-128227202(+) Smarcc2, SWI/SNF related, matrix associated, actin 
dependent regulator of chromatin, subfamily c, 
member2 

128227889-128230853(-) My16, myosin, light polypeptide 6, alkali, smooth muscle and 
non-muscle 

128231185-128235715(-) Myl6b, myosin, light polypeptide 6B 
128247347 -128262961 (-) Mbc2, membrane bound C2 domain containing prote in 
128279054-128284865(-) Zc3hlO, zinc finger CCCH type containing 10 
128285208-128286207(-) Rp141, ribosoma1 prote in L41 
128294857 -128303029( -) Pa2g4, proliferation-associated 2G4 

70 128304622-128327612(-) Erbb3, v-erb-b2 erythrob1astic leukemia viral oncogene 
homolog 3 (avian) 

128361627-128363574(-) Rps26, ribosomal protein S26 
128369506-128382917(-) Zfpnla4, zinc finger prote in, subfamily lA, 4 (Eos) 
�1�2�8�4�0�6�9�8�5�-�1�2�8�4�1�0�9�5�2�~�)� Suox, sulfite oxidase 
�1�2�8�4�1�4�9�6�8�-�1�2�8�4�3�3�3�5�5�~�)� Rab5b, RAB5B, member RAS oncogene family 
128435036-128442103(-) Cdk2, cyclin-dependent kinase 2 

70 128443349-128457215(+) Si, silver 
71 �1�2�8�4�5�7�2�2�5�-�1�2�8�4�8�1�1�4�7�~�)� Dgka, diacylglycero1 kinase, alpha 



128484980-128503654(+) 
70 128528146-128536967(+) 

128542767-128556537(+) 
128554993-128558685~) 

128621636-128628776(-) 
72 128647020-128649913(+) 
72 128650679-128656364(-) 
72 128657005-128660615(-) 

72 128670909-128695373(+) 
128695368-128698079(~ 

MGI queried August 16,2006. 

Wibg, within bgcn homo log (Drosophila) 
Mmpl9, matrix metallopeptidase 19 
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Dnajel4, Dnal (Hsp40) homolog, subfamily C, member 14 
Ormdl2, ORM1-like 2 (S. cerevisiae) 
Gdf1l, growth differentiation factor Il 
Cd63, Cd63 antigen 
RdhS, retinol dehydrogenase 5 
Bloelsl, biogenesis oflysosome-related organelles complex-

1, subunit 1 
Itga7, integrin alpha 7 
Mettl7b, methyltransferase like 7B 



Appendix B: Figure Captions 

Fig 1. Genetic map of the mouse genome showing marker distribution. 

Fig 2. Frequency histograms ofB6129PF2 for multiple phenotypes. (a) Baseline tail­

withdrawallatency. Analgesia produced by (b) clonidine (3 mg/kg), (c) morphine (15 

mg/kg), and (d) WIN55,212-2 (10 mg/kg) is quantified as percentage of the maximum 

possible effect (checkered) and as percent analgesia (diagonallines). 
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Fig 3. LOD score plots of thermal sensitivity. The Y-axis is the LOD score. Horizontal 

Hnes indicate level of significance: dashed Hne is significant (a = 0.05), dashed-and­

dotted line is highly significant (a = 0.001), anddotted line is suggestive (a = 0.63). Ca) 

Full genome scan ofbaseline tail-withdrawallatency. Chromosome number is given on 

the X-axis, with ticks above the axis representing micro satellite markers. The X-axis of 

interval mapping plots for individual chromosomes (b) 7, (c) Il, and (d) 4 gives the 

distance from the centromere in centiMorgans. The black horizontal bars represent 1-

LOD drop-off confidence intervals for each peak. The chromosome 4 graph shows 

interval mapping results in the presence (solid line) and absence (dashed line) of the 

covariate "sex." 

Fig 4. Full genome QTL scan of composite analgesia score. The Y-axis is the LOD 

score. Horizontallines indicate level of significance: dashed line is significant (a = 0.05), 

dashed-and-dotted line is highly significant (a = 0.001), and dotted line is suggestive (a = 



0.63). Chromosome number is given on the X-axis, with ticks above the axis 

representing microsateIlite markers. 
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Fig 5. Full genome QTL scans of analgesia phenotypes: (a) clonidine, (b) morphine, and 

(c) WIN55,212-2. The Y-axis is the LOD score. Horizontallines indicate level of 

significance: dashed line is significant (a = 0.05), and dotted line is suggestive (a = 0.63). 

Chromosome number is given on the X-axis, with ticks above the axis representing 

micro satellite markers. 

Fig 6. Linkage to distal chromosome 1 for multiple analgesia phenotypes. The 

phenotypes plotted are 3 mg/kg clonidine (dashed line), lO mg/kg morphine (dotted line), 

10 mg/kg WIN55,212-2 (dashed-and-dotted line), and baseline tail-withdrawallatency 

(solid line). The Y-axis is the LOD score. The X-axis gives the distance from the 

centromere in centiMorgans. The black horizontal bar represents the 1-LOD drop-off 

confidence interval for aIl analgesia peaks. Significance thresholds are not indicated, as 

they were determined by permutation analysis and are different for each phenotype. 

Fig 7. Full genome Digital Disease mapping output for composite analgesia Z-scores. 

Bars represent the 19 autosomes broken into 10 Mb haplotype segments (see text); the 

height of each bar indicates the strength of correlation between genotype and phenotype, 

in terms of the number of standard deviations away from the mean standard deviation for 

all correlations. The dashed line represents the top 10% of correlated haplotype 

segments. 
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Fig 8. Full genome Digital Disease mapping output for single-drug analgesia Z-scores: a) 

clonidine, b) epibatidine, c) morphine, d) U50,488, and e) WIN55,212-2. Bars represent 

the 19 autosomes broken into 10 Mb haplotype segments (see text); the height of each bar 

indicates the strength of correlation between genotype and phenotype, in terms of the 

number of standard deviations away from the mean standard deviation for aIl correlations. 

The dashed line represents the top 10% highest-correlated haplotype segments. 

Fig 9. Fcgr3 Knockout/congenic interval of Chromosome 1. Introgressed 129 DNA is 

shown in gray on a white C57BL/6 background. Microsatellite markers are labeled above 

the figure; other markers are shown below. 

Fig 10. Fcgr3 KO vs. C57BL/6 wild-type: three analgesic drugs. Percent analgesia 

scores for wild-type C57BL/6 (solid line) and Fcgr3 KO (dashed line) mice at multiple 

doses are shown for a) clonidine, b) morphine, and c) WIN55,212-2. 

Fig lIa. Comparison ofwild-type C57BL/6, knockoutlcongenic Fcgr3, and 

heterozygotic mice for analgesia produced by 20 mg/kg clonidine. Significance levels: 

** p < 0.01, *** p < 0.001. 

Fig lIb. Comparison of subcongenic strains derived from Fcgr3KO, and wild-type 

C57BL/6 and Fcgr3KO strains, on analgesia produced by 20 mg/kg clonidine. 

Significance levels: *** p < 0.001. 
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Fig 12. Expression of Kcnj9 in three central nervous system sites: periaqueductal gray 

(PAG), rostroventral medulla (RVM), and spinal cord (SC). 

Fig 13. GIRK3 KO vs. C57BL/6 wild-type: three analgesic drugs. Percent analgesia 

scores for wild-type C57BL/6 (sol id line) and GIRK3 KO (dashed line) mi ce at multiple 

doses are shown for a) clonidine, b) morphine, and c) WIN55,212-2. 

Fig 14. Effect of oabain treatment on formalin response. In a) and b), the Y-axis 

indicates the number of five second samples in which a nocifensive behavior towards the 

injured paw was observed in the early or late phase, respectively. Fig. c) shows the 

percent difference in paw weight between treated and untreated paws is shown. 

Significance levels: * p < 0.05. 

Fig 15. PCR of ATPase channel subunits. a) Basal expression of Afpi b3 relative to 

GAPDH in the dorsal root gang lia (DRG) of AlJ and C57BL/6. b) Relative basal 

expression ofthree ATPase subunit genes in the DRG, as expressed as a ratio of AlJ to 

C57BL/6 transcript levels. Ratios near 1.0 indicate no difference between the two strains. 

c) Expression of Afpi b3, relative to GAPDH, in the DRG 45 minutes post-formalin 

injection among five inbred strains. 

Fig 16. Recombinant inbred phenotype correlations-formalin. The top figure indicates 

the Mb position of micro satellite markers on Chr. la. The long bars in the lower figure 

represent the parental derivation for the queried section of Chr. 10 for each inbred and RI 

strain. White bars indicate AlJ-derived genome; black bars indicate B6-derived genome. 
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The phenotypic response is indicated by the mean number of positive samples (standard 

error in parentheses), and the phenotype is characterized as either A-like or B6-like (white 

or black squares) for purposes of correlation. The correlations shown below the long bars 

indicate the Pearson r between the given marker and the formalin strain means. 

Fig 17. Recombinant congenic phenotype correlations-formalin. The top figure 

indicates the Mb position of micro satellite markers on Chr. la. The long bars in the 

lower figure represent the parental derivation for the queried section ofChr. la for each 

inbred and RC strain. White bars indicate AlJ-derived genome; black bars indicate B6-

derived genome. The phenotypic response is indicated by the mean number of positive 

samples (standard error in parentheses). 

Fig 18. Congenic strain comparison-formalin. a) AcB64-derived congenic strains in 

which wild-type or congenic alleles have been maintained at the QTL locus. b) BcA72-

derived congenic strains in which wild-type or congenic alleles have been maintained at 

the QTL locus. The Y -axis expresses the formalin response of each strain as the 

percentage of five second samples in which nocifensive behavior toward the injured paw 

was observed. The strain me ans of each type were averaged for comparison; significance 

levels: * p < 0.05. 
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Appendix C: Figures 

Fig. 1. Genetic map of the mouse genome showing marker distribution 

Genetic map 

o 

20 

~ 
40 

~ 
c 
0 
~ 
(U 
u 
0 

---l 60 

80 

100 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 X 

Chromosome 



169 

Fig.2a-2d. Frequency histograms ofB6129PF2 on multiple phenotypes 
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Fig.3a-3d. LOD score plots of thermal sensitivity 
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Fig. 4. Full genome QTL scan of composite analgesia score 
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Fig. 5. Full genome QTL sc ans of analgesia phenotypes 
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Fig. 6. Linkage to distal chromosome 1 in multiple analgesia phenotypes 
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Fig. 7. Full genome Digital Disease mapping output for composite analgesia Z-scores 
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Fig. 8a. Full genome Digital Disease mapping output for clonidine analgesia Z-scores 
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Fig. 8b. Full genome Digital Disease mapping output for epibatidine analgesia Z-scores 
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Fig. 8c. Full genome Digital Disease mapping output for morphine analgesia Z-scores 
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Fig.8d. Full genome Digital Disease mapping output for U50,488 analgesia Z-scores 
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Fig.8e. Full genome Digital Disease mapping output for WIN55,212-2 analgesia Z-

scores 
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Fig. 9. Fcgr3 Knockoutlcongenic interval 
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Fig. 10. Fcgr3 KO vs. C57BL/6 wild-type: three analgesic drugs 
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Fig. lIa. Dominance effects of the 129 vs. B6 allele in clonidine analgesic magnitude. 
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Fig. 12. Expression of Kcnj9 in three central nervous system sites 
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Fig. 13. GIRK3 KO vs. C57BL/6 wild-type: three analgesic drugs 

a. Clonidine 
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Fig. 14. Effects of 1 mg/kg systemic ouabain on A vs. B6 strain differences 
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Fig. 15. qPCR ofNa,K ATPase channel subunits 

a. Basal expression of Atp1 b3 in the DRG oftwo mouse strains 
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c. Expression of Atp 1 b3 in the DRG following formalin injection 
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Fig. 16. Recombinant inbred phenotype correlations 
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Fig. 17. Recombinant congenic strain phenotypes 
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Fig. 18. Congenic strain comparisons. 
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