
 

Roles of DSCAM in axonal decussation and fasciculation 
of chick spinal interneurons
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ABSTRACT  The ventral midline of the embryonic neural tube, the floor plate, has a profound role 
in guiding axons during embryonic development. Floor plate-derived guidance cues attract or repel 
axons, depending on the neuronal subtype and developmental stage. Netrin-1 and its receptor, 
Deleted in Colon Carcinoma (DCC), are the key constituents of commissurral axons guidance cues 
toward the floor plate. Recent studies have implicated Down Syndrome Cell Adhesion Molecule 
(Dscam) as an additional Netrin-1 receptor. In this study, we examined the role of Dscam in guid-
ing defined spinal dorsal interneuron populations. In vivo knockdown and ectopic expression of 
Dscam were performed in the dorsal dI1, dI2 and dI3 interneurons of chick embryos, by separately 
increasing or decreasing Dscam expression in each of these three specific interneuronal popula-
tions. Neuron-specific gain and loss of function of Dscam had no effect on the axonal trajectories 
of dI1-3 neurons. The commissural neurons, dI1c and dI2, crossed the midline, and the ipsilaterally 
projecting neurons, dI1i and dI3, projected ipsilaterally. However, the fasciculation of dI1 axons was 
diminished when Dscam expression was attenuated. Dscam is not required for either attraction 
to or repulsion from the floor plate. In contrast, Dscam is required for the fasciculation of axons, 
probably via homophilic interaction.
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DCC, deleted in colon carcinoma; Dscam, Down 
Syndrome cell adhesion molecule.

DCC 

 et al.

 et al.  et al.  et al.
Dscam

 et al.  et al. in 
vitro 

 
et al.



236    O. Cohen et al.

 et al.
Dscam in Xenopus

 et 
al. Netrin 
Dscam Dscam 

 et al.

Dscam 

Dscam2J

 et al.  et al., 

in vitro 
 et al.

Dscam2J 

Dscam2J is 

 
et al.  et al.  et al.

 et al.
 et al.

 et al.
 et al.  

et al.

Dscam

Fig. 1. Expression pattern of Down Syndrome 
cell adhesion molecule (Dscam). In situ hybrid-
ization (A-E) and immunohistochemistry (F) were 
performed on cross sections of chick embryos. 
(A) At E4 Dscam is expressed in motor neurons 
(arrow) and in ventral interneurons (arrowhead). 
(B) Double in situ hybridization with Dscam 
(green) and Lhx9 (red). Dscam is not expressed 
in the early-differentiated dI1 neurons (white ar-
row), but is expressed in the differentiated dI1 
neurons (yellow arrow). (C) In situ hybridization 
in the lumbar level of an E5 embryo. (D) The sec-
tion in (C) was stained with antibodies against 
Lhx1/5 and Isl1. The bright-field image of (C) was 
photo-converted to a dark-field image. The early-
differentiated dI2 neurons (white arrowhead) 
are Lhx1/5+/ Dscam-, while the differentiated 
dI2 neurons (yellow arrowhead) are Lhx1/5+/ 
Dscam+ (D’, D’’). The early-differentiated dI3 
neurons (white arrow) are Isl1+/ Dscam-, while 
the differentiated dI3 neurons (yellow arrow) 
are Isl1+/ Dscam+ (D’’’, D’’’’). (E) At E6, Dscam 
is expressed at low levels in LMCl neurons and 
high levels in LMCm neurons. (F) Dscam protein 
is detected on axons that cross the floor plate 
(arrow), project ipsilaterally (arrowheads) and 
at the dorsal root entry zone (asterisks). (G) 
Scheme summarizing the projection pattern of 
dI1-3 neurons and the expression of Dscam in 
those neurons. Scale bar in (F) equivalent to 100 

m for (D), 60 m for (D’-D’’’’), 200 m for (A), 
125  m for (B) and 75 m for (E,F).

Results

Expression pattern of Dscam in the 
embryonic chick spinal cord



Roles of Dscam in axonal decussation and fasciculation    237 

In situ 

Dscam

Dscam

Dscam

Dscam
Dscam 

In situ 
Dscam

Dscam

Dscam Dscam

Dscam

Dscam in the 

Dscam Dscam

Dscam

miRDscam

trajectories by dI1 neurons
D

scam

 et al.

Dscam

 et al.
Dscam

Fig.  2. The effect of miRDscam on Down Syndrome cell adhesion molecule 
(Dscam) expression. GFP-miRDscam cassette was expressed in the chick hemi-
tube. A cross section stained with anti-Dscam is shown. At the dorsal spinal 
cord, neurons expressing miRDscam do not express Dscam (white arrows), while 
neurons at the dorsal part of the un-electroporated side express Dscam (yellow 
arrows). Scale bar in (A), 100 m.
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Strategies for loss and gain of function of Dscam in the 
chick spinal cord

Neuron Enhancers Target plasmids for loss of function Target plasmids for gain of function Fig. 

dI1 
EdI1::Cre 

CAG::GFP-miRDscam 
CAG::STOPLoxP-taumyc 

 2B,D 

 CAG::Dscam-IRES-GFP 2C 

CAG::STOPLoxP-GFP-miRDscam  3B,F 

EdI1::Gal4  UAS::mCherry-2A-Dscam 3D,G 

dI1 
EdI1::Cre 
EdI1::Gal4 

UAS::taumycLoxP-GFP-miRDscam  6B 

dI2 
EdI1/2::Cre 

EdI2/V1::Gal4 
UAS::STOPLoxP-GFP-miRDscam  4B,E 

 UAS::STOPLoxP- mCherry-2A- Dscam 4C,E 

dI3 
215::Gal4 
242::Cre 

UAS::STOPLoxP-GFP-miRDscam  5B,E 

 UAS::STOPLoxP- mCherry-2A- Dscam 5C,E 

     

PLASMIDS USED FOR KNOCK-DOWN AND ECTOPIC EXPRESSION OF DSCAM
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Fig.  3. Loss and gain of function of Dscam in dI1 neurons. Using the plasmids illustrated in (E), Dscam levels were down- (B) and up- (D) regulated. 
GFP expressed by the same drivers (Cre for A,B and Gal4 for C,D) was used as a control. Three representative images from each group are shown. 
White arrows point to the contralaterally projecting axons. Arrowheads point to the ipsilaterally projecting axons. (E) Schemes showing the molecular 
strategies for manipulating Dscam levels in dI1 neurons. (F) Quantification of the ipsilaterally projecting dI1 axons following knockdown of Dscam in 
dI1 neurons. A t-test was performed to compare the adjusted %ipsi of the miRDscam to the Control group. The two groups do not appear to be signifi-
cantly different for alpha=0.05 (p-value=0.074). (G) Quantification of the ipsilaterally projecting dI1 axons following ectopic expression of Dscam in dI1 
neurons. A t-test was performed to compare the adjusted %ipsi of the Dscam to the GFP group. The groups do not appear to be statistically different 
(p-value=0.226). Box plot charts (G,H): The boxes, enclose 50% of the results; the horizontal lines above and under the box enclose 90% of the results; 
the black and gray horizontal lines within the box are the average and the median, respectively. Scale bar in (D), 125 m.
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Fig.  4. Loss and gain of function of Dscam 
in dI2 neurons. Using the plasmids illustrated 
in (D), Dscam levels were down- (B) and up- (C) 
regulated in dI2 neurons. GFP expressed by the 
same drivers was used as a control (A). Three rep-
resentative images from each group are shown. 
White arrows point to the contralaterally project-
ing axons. (D) Schemes showing the molecular 
strategies for manipulating Dscam levels in dI2 
neurons. (E) Quantification of the contralaterally 
projecting dI2 axons following knockdown and 
ectopic expression of Dscam. The difference 
between the ectopic and the miRDSCAM groups 
and the control group was assessed using the 
Dunnett’s test (multiple comparisons). The test 
compares each level to the control level and 
controls for the overall alpha level (with an alpha 
of 0.05). The ectopic and the miRDSCAM groups 
are significantly different from the control group 
(p-value=0.017 and 0.032 respectively). Box plot 
chart (E): The boxes, enclose 50% of the results; 
the horizontal lines above and under the box 
enclose 90% of the results; the black and gray 
horizontal lines within the box are the average and 
the median, respectively. Scale bar in (C), 125 M.

Fig. Statistical test Dependent Variable Significance 
Summary statistics* 
Group N Mean Std Dev 

3F Dunnett's test %ipsi No (P=0.074) 
GFP 38 50.66 6.67 
miRDscam 39 53.70 7.94 

3G Dunnett's test %ipsi No (P=0.226) 
DSCAM 23 73.18 9.28 
GFP 41 76.07 8.99 

4 Dunnett's test %comm 
Yes, for both (multiple comparisons, controls for the 
overall alpha level of 0.05. see fig 4E) 

GFP 33 92.10 3.73 
ectopic Dscam 25 88.43 5.44 
miRDscam 53 89.30 5.85 

5 Dunnett's test %ipsi 

GFP 21 97.44 0.99 
ectopic Dscam 16 97.13 1.52 

miRDscam 35 98.19 0.84 

6 paired T-Test The width of miRDscam and 
taumyc axonal bundle 

Yes (P<0.0001) miRDscam minus taumyc 14 34.29 19.10 

miRDSCAM is different and ectopic DSCAMis not 
significantly different from the control (multiple 
comparisons, controls for the overall alpha level of 
0.05. see fig 5E) 

SUMMARY OF THE STATISTICAL ANALYSIS
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 et al.  et al.

taumyc

Fig.  5. Loss and gain of function of Dscam in dI3 neurons. Using the plasmids illustrated in (D), Dscam levels were down- (B) and up- (C) regulated 
in dI3 neurons. GFP expressed by the same drivers was used as a control (A). Three representative images from each group are shown. White ar-
rowheads point to the ipsilaterally projecting axons. (D) Schemes showing the molecular strategies for manipulating Dscam levels in dI3 neurons. (E) 
Quantification of the ipsilaterally projecting dI3 axons following knockdown and ectopic expression of Dscam. The difference between the ectopic and 
the miRDSCAM groups and the control group was assessed using the Dunnett’s test (multiple comparisons). The test compares each level to the control 
level and controls for the overall alpha level (with an alpha of 0.05). The miRDSCAM group is significantly different than the control (p-value=0.026) whereas 
the ectopic group is not statistically significantly different (p-value=0.581). Box plot chart (E): The boxes, enclose 50% of the results; the horizontal lines 
above and under the box enclose 90% of the results; the black and gray horizontal lines within the box are the average and the median, respectively. 
Scale bar in (C), 125 M.
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Fig.  6. Knockdown of Dscam results in widening of dI1 axonal fascicle. Using the plasmids illustrated in (C), a chimeric axonal genotype of dI1 
neurons was obtained: Wild type dI1 neurons expressing miRDSCAM and mutated dI1 neurons expressing GFP-miRDSCAM. The wide fanning of GFP-miRDSCAM 
axons (A,A’,A”,B,B’B”) versus the tight bundle of the wild type, taumyc-expressing axons (A’’’,B’’’), is evident. The width of the bundles was measured 
as illustrated (D). The chart (E) shows the histogram of the differences. The X axis shows delta ranges - the width of the miRDscam fascicule minus the 
width of taumyc fascicule (width measured as pixels). The Y axis shows the the counts (number of samples). Above each bar the percent of sections 
is specified. Scale bar in (A),100 m for (A) and 60 m for (A’-A’’’).
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