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Table 2| Morphological feature at dendritic branching point

cross sectional area matching index conductance-matching index
AC index EM Modd EM Model
cell hpe n 3D image n Real Mor. C. Mismatch  n 3D image n Real Mor. . Mismatch
Martinotti Average 7 G23+015 18 100=011 O024+025 7 112017 18 122+0.15 1.14+022
range 0.464-1.09 044-111 0.54-1.33 080-129 080-1.45 0O71-1.54
FSbasket Average 7 108+02%9 16 1.20+023 127+03% 7 124021 16 1372019 1350256
range 0.82-1.69 082-189 0.84-231 096-1.59 096-1.85 0956-184
double Average 11 1.07021 26 132030 1.07=021 11 121017 26 145*x026 144*0.35
bouquet range 0.71-1.138 071-188 072-232 0.84-1.49 084-192 091-209
large Average 10 103=031 25 113023 1.12=037 10 121 =029 25 13=022 1.24=031
basket range 0.50-1.56 050-1556 0.40-1.89 0.63 =160 063-1465 053-174
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Table 3 | Length, surface areq, volume of dendrife trees

length pum % surfoce area pm® % % indendrite  volume pm® % % in dendrite
M1 1202.0 33.5% 2894.2 30.5% 32.7% 2791 11.2% 28.9%
M2 831.7 21.6% 1729.8 18.3% 19.5% 168.6 7.5% 17.5%
M3 6%90.4 17.9% 1778.7 18.8% 20.1% 231.8 13.3% 24.0%
m4a = 1040.2 27.0% 24611 26.00% 27.8% 285.6 11.5% 29.6%
MA  dendritetotal  3854.4  100.0% 8863.7 93.6% 100.0% 965.1  43.5%  100.0%
soma 17.9 == 610.1 6.4% 1406.4 56.5%
total Q473.8 100.0% 2371.5 100.0%
tree average P63.6 25.0% 22159 241.3
5D 2619 6.8% 562.0 54.1
F1 2508 8.2% 447.0 7.3% 7.8% 355 2.9% 7.7%
F2 1370 4.5% 2409 3.9% 4.2%% 16.8 1.4% 3.6%
F3 37346 12.2% 748.0 12.1% 13.0% &6 7 5.5% 14.4%
F4 4932 16.1% @77.0 15.8% 16.9% g3.8 6.9% 18.1%
F5 690.4 22.5% 1270.6 20.6% 22.0% 100.5 B.3% 21.7%
Fé& 4962 16.2% 234.7 15.2% 16.2% 729 6.0% 15.7%
F5 F7 1082 3.5% 192.3 3.1% 3.3% 13.6 1.1% 2.9%
F8 2014 6.6% 3a5.2 5.9% 6.3% 271 2. 2% 5.9%
FQ= 3166 10.3% 588.5 2.5% 10.2% 460 3.8% 9%
dendrite total J067.5 100.0% 5764.3 93.5% 100.0% 462.8 38.1% 100.0%
soma 11.8 *= 400.1 6.5% 751.5 61.9%
total 6164.4 100.0% 1214.3 100.0%
tree average 3408 11.1% &40.5 51.4
5D 1918 6.3% 368.2 ng
D1 2255.7 43.3% 40861.9 40.4% 42.9% 414.4 18.2% 42.9%
D2 2306 4.4% 397.4 4.0% 4.2% 395 1.7% 4.1%
D3 498.0 Q.6% 204.7 2.0% 2.6% 89.2 3.9% 9.2%
D4 = 506 1.0% 80.0 0.8% 0.8% 6.6 0.3% 0.7%
DB D5 2169.8 41.7% 40145 39.9% 42.4% 4158 18.2% 43.1%
dendrite total 5204.7 100.0% Q9458.5 94.1% 100.0% 965.6 42.3% 100.0%
soma 17.9 == 597.7 3.9% 1316.8 57.7%
total 10056.2 100.0% 2282.5 100.0%
tree average 1040.9 20.0% 1891.7 193.1
5D 1081.9 20.8% 1981.5 2048
L1 926.1 21.6% 1597.1 18.7% 20.1% 151.9 8.4% 19.5%
L2 8503 19.8% 1480.5 17.4% 18.7% 142.4 7% 18.3%
L3 1109.8 25.9% 23341 27.4% 29.4% 2455 13.6% 31.5%
L4 = 258 0.6% 31.3 0.4% 0.4% 1.4 0.1% 0.2%
L5 1375.2 32.1% 2488 4 29.2% 31.4% 237.7 13.1% 30.5%
LB dendrite total 4287.1 100.0% 7931.3 93.1% 100.0% 778.9 43.0% 100.0%
soma 26,7 == 588.5 6.9% 1030.8 537.0%
total 8519.9 100.0% 1809.7 100.0%
tree average 857.4 2000% 1586.3 155.8
sD 5070 11.8% 975.0 ?8.5
dend average 4103.4 8004.4 23.6% 7934 41.7%
All 5D 891.0 1620.3 0.4% 237.1 2.5%
cells soma average  18.6 ** 549.1 6.4% 1126.4 58.3%
5D 6.1 99.7 0.4% 296.8 2.5%
*weith et end | “long s
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Slice recording. Sections of frontal cortex of young Wistar rats (19-23 days postnatal) were cut to a thickness of 300 um in oblique horizontal cutting plane and immersed in a
buffered solution containing (in um) NaCl, 124.0; KCl, 3.0; CaCly, 2.4; MgCl,, 1.2;NaHCO3, 26.0; NaH,POy4, 1.0; and glucose, 10.0, aerated with amixture of 95% O and 5%
COs,. Cortical cells were targeted for whole-cell recording on a fixedstage at 30 31uC using a 40x water ipmersion objective. The electrode solution consisted of (in pm):
potassium methylsulfate, 120; KCl, 5.0; EGTA, 0.5; MgCl,, 1.7; Na2ATP, 4.0; NaGTP, 0.3; HEPES, 8.5; and biocytin, 17.

Histology. Tissue slices were fixed in 4% paraformaldehyde, 1.25 or 0.05% glutaraldehyde, and 0.2% picric acid in a 0.1 Mphosphate-buffered (PB) solution and resectioned
into 50 pm thick slices. Slices were incubated with avidin-biotinperoxidase complex (VECTASTAIN Elite ABC Kit PK-6100, Vector Laboratories, Burlingame, U.S.A.), in
Tris-HCI buffered saline (TBS) with or without 0.04% Triton X-100 (TX), and reacted with 3,3-diaminobenzidine tetrahydrochloride (DAB) (0.05%) andH202
(0.003%). Slices were then postfixed in 1% OsO4 in PB, dehydrated and flat embedded on silicon-coated glass slides in Epon. The osmium/epon fixation process generates ,
10% distortion in x, y, and z directions16. The shrinkage was not corrected in the analysis. They were reconstructed with Neurolucida (MicroBrightField, Williston, VT) with a
60x objective lens. We selected 4 interneurons representing each of 4 nonpyramidal cell subtypes: a regular spiking nonpyramidal (RSNP) MA cell, a fast spiking FS cell, an
RSNP DB cell, and a BSNP LB cell. Neurons were selected based on the intactness of their dendritic trees, having only minimal dendritic severing during slice preparation (Fig.
1b). The stained cells were photographed at 0.5um focus steps using a 100x objective, and dendritic segments identified for EM observation were marked on those photo
images. Each subtype had the stereotypical morphological properties of axonal and dendritic arborizations previously associated with those subtypes. From these neurons we
selected 14 to 29 dendritic segments to make 3D reconstructions using Visilog software (Noesis, Ve lizy, France). Segments without bifurcations were chosen every 50um along
dendrites lacking artificially cut ends. We also chose bifurcation points from all subtypes to reconstruct. Cells were then serially sectioned into 90 nm thick slices using an
ultramicrotome (Reichert Ultracut S, Leica Microsystems, Wetzlar, Germany). Ultrathin serial sections mounted on formvar-coated single-slot grids (NOTCH-NUM Grids, 132
um slot, SynapTek) were stained with lead citrate. The segments for EM observation were identified by comparison of EM images and light microscopic images. Electron
micrographs were taken with aHitachi H-7000 electron microscope, using tilting of up to 60pum. The thickness of ultra thin sections was calibrated by a color laser 3D profile
microscope (VK-9500; Keyence, Japan). EM images of the segments and associated structures were captured using a CCD camera (Kodak Megaplus 1.4i, Princeton
Instruments, USA) and reconstructed using a 3-D reconstruction system with the software developed by Noesis (Ve lizy, France) as an extension of their Visilog program. The
mean length of the segments was 16-18 pm (minimum 3.7pm, maximum 34.3um) and 7-13% of the total length of the nonpyramidal cell s dendrites was reconstructed 3
dimensionally (Table 1). These segments were reconstructed from 35 145 successive ultrathin sections (90nm thickness). Dendritic cross-sectional area and circumference were
measured as averaged value of a short part of the reconstructed dendrite segment, cross-sectional area was determined as volume divided by length of a portion of the segment,
and circumference was defined as surface area divided by length of the same portion (Fig. 4a). The average length of each segment portion was 724.14407.1 nm (range:
183.1-2737 nm, n=164).

Ipmunohistochemistry. Three male Wistar rats (6 weeks of age, 140—160g) were anesthetized with an overdose of Nembutal and perfused through the heart with 10ml of a
solution of 250um sucrose, Sum MgCl; in 0.02M phosphate buffer (pH 7.4) (PB), followed by 300 ml of 4% paraformaldehyde containing 0.2% picric acid and 0.1%
glutaraldehyde in 0.1M PB. Brains were then removed and oblique horizontal sections (50 pum thick) of frontal cortex were cut on a vibrating microtome (Leica VT1200S,
Nussloch, Germany). Tissue sections were dehydrated in 10% sucrose in PB, followed by 25% sucrose and 10% glycerol in PB for 2 hours, frozen in liquid nitrogen. The
sections were then incubated in 0.1M PB containing 1% sodium borohydrate for 30 minutes and in 0.05M Tris-buffered saline (TBS) containing 1% H2O» for 30 minutes before
incubation with primary antiserum against either somatostatin developed in rabbit (generous gifts from Dr. R Benoit, mixture of S309 [1:1000] and S320 [1:4000]),
parvalbumin developed in mouse (1:4000, P-3171, Sigma-Aldrich, Saint Louis, MO, U.S.A.), or calretinin developed in mouse (monoclonal; Chemicon, Temecula, CA, U.S.A.,
MABI1568; 1:2500) diluted in TBS containing 10% normal goat serum and 2% bovine serum albumin overnight at 4uC. The sections were then incubated in biotin-conjugated
secondary antiserum (1:200, BA-1000 or BA-2000, Vector Laboratories) followed by the ABC (Vector Laboratories), and staining with DAB with nickel (0.02% DAB, 0.3%
nickel in 0.05M Tris HCI buffer). The stained sections were post-fixed for 40 minutes in 1.5% potassium ferrocyanide and 1% osmium tetroxide, followed by 1 hour in 1%
osmium tetroxide alone and dehydrated in graded dilutions of ethanol with 1% uranyl acetate added at the 70% ethanol dehydration state. After flat-embedding in Epon, the
sections were observed and photographed under the light microscope as described under ‘Histology’. Then slices were serially re-sectioned at a thickness of 90nm using the
ultramicrotome. The labeled dendrites and associated structures were photographed and digitized from EM negatives using a scanner (GT-9800F, Epson, Suwa, Japan). The
structures were reconstructed using the 3D reconstruction software, Reconstruct; http://synapses.clm.utexas.edu/tools/index.stm.

FIB/SEM image capture (Microtubule analysis). Two male Wistar rats (8 weeks of age, 240g) were anesthetized with an overdose of Nembutal and perfused through the
heart with 10 ml of a solution of 250um sucrose, 5 um MgCl in 0.02 M phosphate buffer (pH 7.4) (PB), followed by 300 ml of 2% paraformaldehyde containing 0.2% picric
acid and 2% glutaraldehyde in 0.1M PB at 37uC. Warming up the perfusion solution to body temperature preserves the structure of microtubules. Brains were then removed and
oblique horizontal sections (50um thick) of frontal cortex were cut on a vibrating microtome (Leica VT1200S, Nussloch, Germany). The sections were post-fixed for 40 minutes
in 1.5% potassium ferrocyanide and 1% osmium tetroxide, followed by 1 hour in 1% osmium tetroxide alone and dehydrated in graded dilutions of ethanol with 1% uranyl

acetate added at the 70% ethanol dehydration state. Tissue was then flat-embedded in Epon.
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For electron microscopy observation, the Epon blocks containing cortical layer II/III were glued to an aluminium stub using silver paint. Besides the top surface, the whole block
was covered by silver paint to avoid charging the epoxy. The top surface to be studied was coated by several 10 nm thick layers of iridium using a sputter coater. For 3D analysis
the mounted blocks were transferred in a combined FIB/SEM (Focused Ion Beam / Scanning Electron Microscope) system using the Carl Zeiss Auriga40 Crossbeam(Carl Zeiss
NTS GmbH, Oberkochen, Germany). In a combined FIB/SEM system, very site specific regions of interest near the surface of embedded tissue in epoxy can be directly
cross-sectioned and imaged for three dimensional analysis. The z-resolution is given by FIB slice thickness which can be in the nanometer scale. Regions of interest were
identified by SEM imaging the top surface of the block and by comparison with light microscopy images. The top of the regions was protected by ion beam induced deposition
of platinum (25um*25um area, 1 nA ion beam current, 900 sec deposition time). A view channel for SEM observation was coarse milled and the region was separated from the
bulk by two side cuts using a 16nA ion beam. With a 2nA ion beam, the first coarse cross-sectioning was medium polished. Using a 600 pA ion beam probe, the surface of the
crosssection was further fine polished and slices of 10 nm thickness were milled. After each slice, the milling was paused and the freshly exposed surface of the cross-section
was imaged at 1.5kV acceleration potential using the in-column energy selective backscattered electron (EsB) detector. The retarding potential of the EsB detector was set to
1314V (data cube A) or 1014V (data cube B). By low kV imaging and detection of the low loss back-scattered electrons of the stained tissue surface, imaging was achieved.
Using contrast inversion, TEM-like contrast and comparable imaging information was achieved. The acquired images have a 2048*1536 store resolution, and a image pixel size
of 5 nm (data cube A) or 7 nm (data cube B). The cross-section was imaged by the SEM at 54 deg stage tilt and the tilt of the cross-section vs. the electron beam was corrected
(tilt angle of 36 deg was used for correction). The milling time per slice was between 15.8 and 17.5sec. The imaging time per slice was about 52sec. The serial image alignment
and tracing the microtubules were done using Fiji image processing package: http://fiji.sc/wiki/index.php/Fiji, plugins “Register Virtual Stack” or “TurboReg” for the alignment,
and “TrakEM2” for the tracing. The structures were reconstructed using the 3D reconstruction software, Reconstruct (available at
http://synapses.clm.utexas.edu/tools/index.stm)

Statistics. We used Mann Whitney U test for statistical analysis and ANOVA (followed by Tukey test) for ellipticity index of 4 subtypes of nonpyramidal cells for Fig. 3¢ and

Table 1, and Wilcoxon signed-rank test (non-parametrics) for Fig. 4e.
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