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639 Figure 3. Hh-responsive progenitors are highly proliferative relative to slow-cycling

640 nestin-expressing glia.

641

642 (A) Sagittal tissue section through the PR of a TgBAC(nes:EGFP) transgenic adult brain

643 showing PCNA antibody labeled proliferative cells. Nestin expressing cells are predominantly
644 PCNA negative. (B) Sagittal tissue section through the PR of a Tg(ptch2:EGFP) transgenic

645 adult brain showing PCNA antibody labeled proliferative cells. Arrowheads indicate examples of
646 PCNA labeled (proliferative) Hh-responsive cells. Panels at right show separated channels from
647 the boxed region. (C) Hh-responsive cells (red) are largely distinct from Nestin expressing cells
648 (green) in the posterior recess (PR) of the adult hypothalamus, as visualized in Tg(GBS-

649 ptch2:NLS-mCherry;nes:EGFP) double transgenic fish. However, 17% of cells (74 cells of 442
650 total) contained both GFP and mCherry (arrowheads, n=9 tissue sections from 3 double

651 transgenic fish) with GFP fluorescence substantially lower in double-labeled cells. Panels at
652 right show separated channels from the boxed region. (D,E) BrdU pulse-chase experiment.
653 Schematic timeline above panels shows timing of pulse and chase, with 47 dpf adult

654 TgBAC(nes:EGFP) or Tg(GBS-ptch2:EGFP) fish being exposed to 10 ym BrdU in fish water for
655 2 days. 32 days later fish were sacrificed and tissue sections were labeled using anti-BrdU

656 (red) and anti-PCNA (magenta) antibodies. (D) Representative sagittal section through the

657 posterior recess of a TgBAC(nes:EGFP) adult, insets show single channel data for the boxed
658 region. A small number of Nestin-expressing cells in the posterior recess retained the BrdU
659 label after one month. These cells did not express PCNA (arrowheads), indicating they were
660 not in G1/S/G2 of the cell cycle at the time of fixation (n=3 fish, 13-16 tissue sections per fish).
661 (E) Representative sagittal section through the posterior recess of a Tg(GBS-ptch2:EGFP) adult
662 (n=2 fish, 13-16 sections per fish), insets show single channel data for the boxed region. Most
663 Hh-responsive cells failed to retain the BrdU label after one month and many of these cells

664 expressed PCNA (arrowheads), indicating active cell cycling at the time of fixation. (F) Graph
665 showing the percentage of Nestin-expressing or Hh-responsive cells that co-labeled with the
666 BrdU or PCNA antibodies. (G) Quantification of BrdU label intensity in Nestin expressing and
667 Hh-responsive cells showing BrdU labeling intensity was significantly lower in Hh-responsive
668 cells compared to nestin expressing cells. *** p<0.001. **** p<0.0001. All panels show 0.5 pm

669 single optical sections of 20um tissue sections. Scale bars: 20um.
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670 Figure 4. Hh, Wnt, Notch, FGF, and Retinoic Acid signaling in a complex hypothalamic
671 neurogenic niche.

672 (A) Sagittal section through the PR of a Tg(GBS-ptch2:NLS-mCherry; TCFSiam:GFP) double
673 transgenic adult. Hh-responsive cells (red) of the PR are largely distinct from Wnt-responsive
674 cells (green), however a subset of cells in the dorsal PR contains both GFP and mCherry

675 (asterisks). Panels at right show separated channels from the boxed region. (B) Sagittal section
676 through the hypothalamus showing notch1a expression in the LR and PR, as visualized by in

677 situ hybridization. (C,D) Sagittal section through the PR showing expression of the FGF target
678 gene erm (Raible & Brand, 2001) and the retinoic acid binding protein gene crabpia ((R. Z. Liu

679 et al., 2005). (E) Schematic of cell-cell signaling systems of the PR, including four distinct radial
680 glial types that are defined by reporter gene expression (see Figs. 1-3 for data used to draw

681 Shh-expressing and nestin expressing cells). (F-H) Ventral views of the 7 dpf hypothalamus of
682 double transgenic larvae. Dotted lines outline the ventricular regions of the lateral (LR) and

683 posterior (PR) recesses, and cut views at right show optical Z-sections through the PR at the
684 position of the yellow dotted line. (F) Larval Hh-responsive cells of the PR are distinct from Wnt-
685 responsive cells, as revealed in Tg(GBS-ptch2:NLS-mCherry, TCFSiam:GFP) double transgenic
686 larva. (G) Hh-responsive and Notch-responsive cells of the PR are also distinct, as revealed in
687 Tg(GBS-ptch2:NLS-mCherry;tp1bglob:GFP) double transgenic larva. (H) Hh-responsive cells of
688 the PR are distinct from nestin expressing cells, as revealed in Tg(GBS-ptch2:NLS-

689 mCherry;nes:EGFP) double transgenic larva. (1) Schematic ventral view of the larval

690 hypothalamus showing cell-signaling pathways examined and four distinct radial glial types, as

691 defined by gene expression in fluorescent reporter lines. pit; pituitary. Scale bars: 20um.
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692 Figure 5. Hh-responsive progenitors of the hypothalamus give rise to dopaminergic,

693 serotonergic, and GABAergic neurons.

694

695 (A) Dopaminergic cells and Hh-responsive cells in the ventral brain, as visualized in a

696 Tg(slc6a3:EGFP,GBS-ptch2:NLS-mCherry) double transgenic larva. A small subset of cells

697 express both the GFP and the NLS-mCherry proteins (arrowheads, circle), suggesting Hh-

698 responsive cells can give rise to dopaminergic neurons. (B) Monoaminergic neurons and Hh-
699 responsive cells as visualized in a Tg(slc18a2:GFP,GBS-ptch2:NLS-mCherry) double

700 transgenic larva. Again, a small subset of cells express both the GFP and the NLS-mCherry
701 proteins (arrowheads), suggesting Hh-responsive cells can give rise to monoaminergic neurons.

702 (C) GABAergic neurons and Hh-responsive cells as visualized in a TgBAC(gad1b:GFP, GBS-
703 ptch2:NLS-mCherry) double transgenic larva. A small subset of cells express both the GFP and

704 the NLS-mCherry proteins (arrowheads), suggesting Hh-responsive cells can give rise to

705 GABAergic neurons. (D) Antibody labeling in a Tg(GBS-ptch2:NLS-mCherry) larval brain

706 showing Serotonin (5-HT) expression in the ventral hypothalamus. The presence of double-
707 labeled cells is consistent with Hh-responsive cells giving rise to serotonergic neurons. (E-F)
708 Ventral views of anti-serotonin antibody labeled 7 dpf larval brains labeled cells following

709 conditional manipulation of Hh signaling using the Tet-On transgenic system. (E)

710 Representative single transgenic [Tg(GBS-ptch2:RTTA-HA) or Tg(TETRE:shha-mCherry)]
711 sibling larva, identified by the lack of mCherry expression, showing number of serotonergic cells
712 in the absence of effector transgene activation. (F) Representative Tg(GBS-

713 ptch2:RTTA, TETRE:shha-mCherry double transgenic larva, identified by mCherry expression,
714 showing increased numbers of serotonergic cells in the posterior recess following 2 day

715 activation of the shha-mCherry transgene. (F) Representative Tg(GBS-
716 ptch2:RTTA,biTETRE:gli2aDR,nls-mCherry) double transgenic larva, identified by mCherry

717 expression, showing decreased numbers of serotonergic cells in the posterior recess following 2
718 day activation of the gli2DR transgene. (H) Graph showing serotonergic cell numbers, at 5 dpf,
719 6 dpf, and 7 dpf following 1 or 2 day activation of the Tet-On system in doxycycline (see

720 diagram at top of graph). Error bars indicate standard deviation. Sample numbers for each

721 experimental condition are shown on the graph, with significance determined using a one-way
722 ANOVA. *;p<.05, ***;p<0.001, ****;p<0.0001. (A-G) Show ventral views of dissected brains

723 from 7dpf larvae to show the hypothalamus. Dotted lines outline the lateral (LR) and posterior
724 (PR) recesses. Small panels at right in A-D show single channel data for a single optical section

725 in the boxed regions. hyp; hypothalamus, tel; telencephalon. Scale bars: 20um.
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Figure S1. Hh-target gene expression in the hypothalamus.


http://dx.doi.org/10.1101/740613

bioRxiv preprint first posted online Aug. 26, 2019; doi: http://dx.doi.org/10.1101/740613. The copyright holder for this preprint
(which was not peer-reviewed) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity.
All rights reserved. No reuse allowed without permission.

726 Supplemental Figure 1. Hedgehog signaling pathway gene expression in the larval and
727 adult hypothalamus.

728

729 (A-F) Expression of Hh-signaling pathway genes in sectioned tissue from 4 dpf larvae. (A) in
730 situ hybridization (ISH) showing that shh is highly expressed in the ventricular regions of the
731 lateral recess and posterior recess of the hypothalamic ventricle, as well as in ventricular

732 regions of the diencephalon/telencephalon border, cerebellum, and tectum. (B) The Hh-target
733 gene patched?2 is similarly expressed in ventricular regions throughout the larval brain, with

734 ptch2 transcription being eliminated by treatment with cyclopamine (B Inset). (C) shh (green,
735 Shh-source) and ptch2 (red, Hh-response) expression in the larval brain as revealed by the

736 Tg(shha:GFP) and Tg(GBS-ptch2:NLS-mCherry) reporter lines, seen here in a double

737 transgenic larva. This midline section reveals Hh-response in the midline ventricular region. (D-
738 F) ISH showing expression of the Hh-responsive transcription factors gli1, gli2a, and gli3,

739 respectively. (G-L) in situ hybridization (ISH) on tissue sections showing expression of Hh

740 signaling pathway genes in the adult hypothalamus. (G) shh expression is maintained in the
741 lateral and posterior recesses of the adult hypothalamic ventricle. (H) Expression of the Hh-
742 target gene patched? in the hypothalamic ventricular regions as revealed by ISH and compared
743 to nuclear mCherry expression in cells of the LR and PR driven by the pfch2 promoter construct
744 in the Tg(GBS-ptch2:NLS-mCherry) transgenic line (inset). (I) ISH using a ptch2 probe shows
745 that cyclopamine treatment (bottom panel) of 6-month-old adult dramatically reduced ptch2

746 gene expression in the lateral and posterior recesses compared to an age-matched DMSO

747 control treated fish (top panel). (J-L) ISH showing expression of the Hh-responsive transcription
748 factors gli1, gli2a, and gli3, respectively, in the hypothalamus. All panels show sagittal tissue
749 sections, except L, which shows a transverse tissue section. cb; cerebellum, di; diencephalon,
750 hy; hypothalamus, LR; lateral recess, PR; posterior recess, tect; tectum, tel; telencephalon.

751 Scale bars: 50um.
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Figure S2. Cyclopamine treatment
does not increase cell dealth in
the hypothalamus.


http://dx.doi.org/10.1101/740613

bioRxiv preprint first posted online Aug. 26, 2019; doi: http://dx.doi.org/10.1101/740613. The copyright holder for this preprint
(which was not peer-reviewed) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity.
All rights reserved. No reuse allowed without permission.

752 Supplemental Figure 2. Cyclopamine treatment does not increase cell death in the
753 hypothalamus.

754

755 (A) Cell death in a DMSO treated control larva as revealed by anti-activated Caspase3

756 antibody labeling. (B) No cell death was seen in the hypothalamus (arrows) after two-day
757 cyclopamine treatment, while increased cell death was seen in the tectum (arrowheads). cb;
758 cerebellum, hy; hypothalamus, LR; lateral recess, PR; posterior recess, tect; tectum, tel;

759 telencephalon. Scale bar: 50um.
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