






Fig. S2. GnRH neurons project multiple Kiss1r-positive cilia and cilia on non-GnRH neurons are positive for AC3. (A and B) Representative images of the medial
hypothalamus in adult GnRH::GFP mice. GFP fluorescence (green) indicates a GnRH neuron. Labeling for Kiss1r (red) shows the presence of multiple Kiss1r-
positive cilia. Two-dimensional projections (Left) and corresponding 3D renderings (Right) are shown. Nuclei are stained with DRAQ5 (blue). (Scale bar: 10 μm.)
(C and D) Representative images of the medial hypothalamus in adult GnRH::GFP mice. GFP fluorescence (green) indicates a GnRH neuron. Labeling for Kiss1r
(red) shows the presence of multiple Kiss1r-positive cilia. Labeling for Rootletin (white) marks the base of each cilium and confirms the cilia are projecting from
the same neuron. The cell bodies are displayed as maximum projections and the cilia and rootlets are isosurfaced. Note in C the presence of two cilia that
project from the cell in parallel and diverge at their tips (indicated by an arrow). (Scale bars: 5 μm.) Representative images of the medial hypothalamus in adult
GnRHcilia+ (E) and GnRHcilia- (F) mice. EGFP fluorescence (green) indicates a GnRH neuron. Labeling for AC3 (red) confirms cilia on non-GnRH neurons are
positive for AC3 in both GnRHcilia+ and GnRHcilia- mice. Note the lack of AC3-positive cilia on GnRH neurons. Nuclei are stained with DRAQ5 (blue). (Scale bars:
50 μm in main images and 5 μm in Insets.)
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Fig. S3. Loss of Kiss1r-positive cilia primarily occurs prenatally in both male and female GnRHcilia- mice and does not impact GnRH neuronal migration. (A)
Percentages of GnRH neurons with a Kiss1r-positive cilium in the medial hypothalamus of P0 male and female GnRHcilia+ and GnRHcilia- mice (n = 3 animals for
each sex and genotype). There is no significant difference between the percentage of GnRH neurons with cilia in male and female GnRHcilia+ mice or male and
female GnRHcilia- mice. (B and C) Representative images of the medial hypothalamus in adult GnRHcilia+ (B) and GnRHcilia- (C) mice. EGFP fluorescence (green)
indicates a GnRH neuron. Labeling for Kiss1r (red) shows the presence of cilia in GnRHcilia+ mice (B) and the absence of cilia in GnRHcilia- mice (C). Nuclei were
stained with DRAQ5. (Scale bar: 5 μm.) (D) Number of GnRH neurons in the paraventricular hypothalamic nucleus of P0 male GnRHcilia+ and GnRHcilia- mice (n = 3
animals for each genotype). Note there is no significant difference in the number of GnRH neurons in this region between GnRHcilia+ and GnRHcilia- mice. Values
are expressed as mean ± SEM.
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Fig. S4. Kiss1r is expressed at equivalent levels in GnRHcilia+ and GnRHcilia- mice. Real-time PCR data representing the relative level of Kiss1r (A) and GnRH (B)
mRNA expression compared with β actin (Kiss1r or GnRH mRNA/β actin mRNA) as determined by quantitative real time PCR using the SYBR green method. Note
the relative level of Kiss1r mRNA in the hypothalamus of GnRHcilia- mice is not significantly different from GnRHcilia+ mice (P = 0.384). RNA was extracted from
hypothalamic tissue from adult male GnRHcilia+ and GnRHcilia- mice (n = 4 animals for each genotype). Values are expressed as mean ± SEM.

Koemeter-Cox et al. www.pnas.org/cgi/content/short/1403286111 5 of 9

www.pnas.org/cgi/content/short/1403286111


Fig. S5. Intracerebroventricular injection of kisspeptin induces Fos expression in GnRHcilia+ and GnRHcilia- mice. GnRH neurons (green) from GnRHcilia+ (A) and
GnRHcilia- (B) gonad intact male mice (n = 3 animals for each genotype) treated with aCSF (vehicle; Upper) show little Fos expression (red). GnRH neurons from
GnRHcilia+ and GnRHcilia- mice (n = 3 animals for each genotype) treated with 200 pmol kisspeptin (KP-10; Lower) show induction of Fos expression (red). (C)
Percentages of GnRH neurons positive for Fos labeling in GnRHcilia+ and GnRHcilia- mice in response to aCSF and kisspeptin injection. The percentages of GnRH
neurons positive for Fos labeling is low in response to aCSF injection but is significantly increased in response to kisspeptin injection in both GnRHcilia+ and
GnRHcilia- mice. There was no significant difference in Fos expression between genotypes in response to aCSF or kisspeptin injection. Values are expressed as
mean ± SEM *Significantly different from aCSF injection (P < 0.05).

Table S1. Quantification of cilia frequency on non-GnRH nuclei

Nuclei Ciliated nuclei Multiciliated nuclei

337 240 0

Frequency of cilia and multiple cilia on non-GnRH nuclei in medial hypo-
thalamic sections (n = 2) from P60 CiliaGFP mice (n = 3).
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Table S2. Physiological measures of sexual maturation in GnRHcilia+ and GnRHcilia- mice

Male Female

GnRHcilia+ GnRHcilia- GnRHcilia+ GnRHcilia-

Body weight, g 22.6 ± 0.85 23.8 ± 0.087 19.8 ± 1.03 20.3 ± 0.97
Sex organ weight, mg 153.4 ± 9.1 146.4 ± 9.5 7.6 ± 0.8 7.5 ± 0.7
Time of vaginal opening, day NA NA 28.5 ± 0.6 28.0 ± 0.6

Physiological measurements from GnRHcilia+ and GnRHcilia- animals ages 2.5–4 mo (n= 8–12). Sex organ refers
to both testis for each male and both ovaries for each female. Values are expressed as the mean ± SEM.

Movie S1. A full rotation (360 degrees) around the vertical axis of the 3D rendering presented in Fig. 1G. Movie length is 5 s with 20 frames per s.

Movie S1

Movie S2. A full rotation (360 degrees) around the horizontal axis of the 3D rendering presented in Fig. S2A. Movie length is 5 s with 20 frames per s.

Movie S2
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Movie S3. A full rotation (360 degrees) around the vertical axis of the 3D rendering presented in Fig. S2B. Movie length is 5 s with 20 frames per s.

Movie S3

Movie S4. A full rotation (360 degrees) around the vertical axis of the 3D rendering presented in Fig. S2C. Movie length is 10 s with 20 frames per s.

Movie S4
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Movie S5. A full rotation (360 degrees) around the vertical axis of the 3D rendering presented in Fig. S2D. Movie length is 10 s with 20 frames per s.

Movie S5
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