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Supplementary Methods 

 

RNA extraction, quality testing and cDNA synthesis 

All surfaces and dissecting tools were treated with RNAZap (Ambion) and rinsed with 

DEPC-treated water. RNA was extracted in Trizol reagent (Invitrogen) by phase 

separation with chloroform, followed by precipitation with isopropanol and linear 

acrylamide. The RNA was washed in 70% ethanol, air-dried, resuspended in DEPC-

water and frozen in liquid nitrogen. Total RNA was quantified and quality tested using 

the Agilent RNA assay (Agilent Bioanalyser pico RNA chip) by ARK-Genomics. 

Samples with a RIN number above 8.0 where selected, RNA was reverse 

transcribed, amplified x2 labelled and hybridized to the Affymetrix GeneChip Chicken 

Genome Array. 

 

Cloning and wholemount mRNA in situ hybridisation 

PCR amplification of desired gene sequences (primer sequences available on 

request) from HH22 cDNA and were cloned into pSCA/B (Strataclone) (EP300, 

FABP7, FDFT1, GREB1, HDAC1, HMGCR3, IDI, JARID2, LSS, Mid1, NCAM, 

PSMA7, PSMB1, PSMD3, PSMD7, PSME3, SMARCA2, WEE1), purchased from 

ARK Genomics for antisense mRNA synthesis (AXIN2 ChEST 755616; BTG2 

ChEST 835n23; FABP5 ChEST 75n20; NCAM ChEST 463a15; Ret ChEST924e6; or 

kindly provided, CYCLIN-D1, A. Munsterberg, CYCLIN-E1, FGF8, G. Martin, FGFR2, 

E. Pasquale, FZD1, P. Francis-West, HES5.1 D. Henrique, HOXB4, R. Krumlauf, 

IGFBP2, G. Allen, ID2, M. Bronner, PTC1 C. Tabin, PAX6, J. Briscoe,  RARb, D. 

Dhouailly, SMAD6, C. Stern, WNT8c, J. Dodd, SPRY2, G.Martin). 

 

Control for potential sex bias The chick embryo exhibits early sex specific 

differences in gene expression (Zhang et al., 2010; Zhao et al., 2010). These are 

largely due to lack of dosage compensation for genes on the Z chromosome and a 

smaller number of W genes (males are ZZ, females ZW).  Differential expression of 

sex identity genes is likely to be masked by sample pooling, but to assess any 

potential bias significantly regulated gene lists were compared with a list of Cell 

Autonomous Sex Identity (CASI) genes (M. Clinton and colleagues (Zhao et al., 

2010) and pers. comm.). This indicated no consistent up regulation of CASI genes, 

for example, only 6 of 259 CASI genes are upregulated in PNT in comparison with 

CNT, and none of these genes were included in significantly regulated pathways 

identified by KEGG analysis.  
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Comparison with Direct RNA sequencing (DRS) data 

Direct RNA sequencing was carried out on three biological replicates of PNT tissue 

from individual HH10 embryos. Total RNA was extracted from the biological 

replicates using standard procedures (as above) and was then sequenced by Helicos 

Biosciences, producing between 7.2 to 16.4 million reads per sample. The raw reads 

were mapped to v2.1 of the chicken genome (galGal3) with Helicos Bio’s proprietary 

mapping pipeline (v2.0.022410) with the default parameters. The mapped reads 

were then filtered with four additional selection criteria to remove as much noise from 

the data as possible (details available on request). The DRS PNT data finally of a 

total of 5,178 ensembl genes with measured expression in all three PNT. 

 

Probability evaluation for conserved gene cohort We assessed the chance that 

the 29 conserved RNA processing and cell cycle regulating genes represent an 

entirely random result by simulating 1x105 random draws of 80 genes from the 

population of genes sampled by the chicken microarray. We then examined the 

number of genes from these random draws that showed a statistically significant 

(>2σ) fold-change in any of the tissue comparisons. Of the 1x105 random draws, 104 

contained 29 or more genes with a significant fold change, indicating that the 

probability of a random set of 80 genes containing the same number of regulated 

genes that we observe in the orthologous set is small (p = 0.001).  

 

References 
1. Altschul SF, et al. (1997) Gapped BLAST and PSI-BLAST: a new generation 

of protein database search programs. (Translated from eng) Nucleic Acids 
Res 25(17):3389-3402 (in eng). 
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Microarray PNT data (arbitrary units)
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Supplementary figure legends 

 

Figure S1 Expression patterns of genes not previously shown to be 

differentially expressed along the elongating neural axis 

Fifteen genes with restricted expression patterns along the neural axis indicated by 

microarray analysis were cloned and labelled mRNA probes made for whole embryo 

in situ hybridisation to reveal expression patterns at HH stage 10-11. A-J genes 

expressed higher in the preneural tube (PNT) than caudal neural tube (CNT), 

including 6 genes associated with steroid biogenesis/signalling, Greb1, FDFT1, 

HMGCR3, LSS and SC4MOL, IDI-1; K, L genes expressed higher in the caudal 

neural tube than preneural tube; M-O, genes higher in the RNT than in the caudal 

neural tube. Ten further predicted expression patterns for cell cycle and proteasome 

genes are presented in Figure 5. 

 

Figure S2 Comparison of microarray and DRS data for the Preneural Tube 

Plot of 5178 Ensembl genes with measured expression in both the DRS and 

microarray datasets, showing a good correlation (Pearson correlation coefficient r = 

0.68, where 1 is a perfect correlation, -1 is a perfect anti-correlation and 0 

corresponds to un-correlated datasets). High-lighted in blue are the 353 genes within 

this 5,178 that were found to be significantly (>2σ) differentially expressed between 

the PNT and CNT tissues in the microarray analysis. These genes are distributed 

over the full extent of the graph, demonstrating that the differential expression 

analysis results from the microarray data are not strongly affected by sampling 

effects, and the expression levels for these genes results are broadly robust to the 

technology used to measure their transcription. 

 

Figure S3 Conservation of downregulated RNA processing and cell cycle 

genes at neural differentiation onset Expression heatmap of the 29 genes found to 

be orthologous to the 65 Drosophila homologues of mouse cluster V genes identified 

by (Mitiku and Baker 2007). The heatmap shows the log-base 2 of the absolute 

expression intensities for the genes in each of the four tissues, scaled so that the 

mean value of expression from summing all four tissue intensities is the same for 

each gene. The hierarchical clustering was computed with the most conservative 

(complete) linkage. The genes cluster into two broad groups, but most indicate 

reduced expression as differentiation commences (see text).   
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Table S2 Genes known to be expressed in restricted domains along the neural 
axis were represented as expected in the microarray 
Comparison Exemplar genes  

RNT > CNT Sox10 (Cheng et al. 2000), NRG-1 (Falls et al. 1993), SFRP-1(Terry et al. 2000), 

FZD1 (Fz1) (Chapman et al. 2004), Zic1(Khudyakov and Bronner-Fraser 2009), 

Sema3D (Bao and Jin 2006). 
CNT > RNT  Cdx2 (Marom et al. 1997), Cdx4 (Marom et al. 1997), Ahcyl1 (Gammill and Bronner-

Fraser 2002), Hoxb7 (Bel-Vialar et al. 2002), Hoxb4 (Gaunt and Strachan 1996)  

CNT > PNT Ptch1 (Aglyamova and Agarwala 2007), Pax6 (Pituello et al. 1999), Pax7 (Basch et 

al. 2006), Pax3 (Bothe and Dietrich 2006)  Irx1 (Ogura et al. 2001), Irx3 (Diez del 

Corral et al. 2003), Dbx2 (Rangini et al. 1991), Dkk3 (Monaghan et al. 1999)  Foxd3 

(Kos et al. 2001), Sox9 (McKeown et al. 2005), Cdx1 (Marom et al. 1997), Id1 (Kee 

and Bronner-Fraser 2001a), Id3 (Kee and Bronner-Fraser 2001b), Bmp7 (Liem et al. 

1997), Hes1 (Palmeirim et al. 1997), Hes5 (Fior and Henrique 2005), Hes6 (Fior and 

Henrique 2005), Jag1 (Serrate1) (Myat et al. 1996), Lfng (Rodrigues et al. 2006), 

RARβ (Diez del Corral et al. 2003), Sox8 (Bell et al. 2000), Fgfr3 (Walshe and Mason 

2000), Nkx6.2 (Diez del Corral et al. 2003), Nkx6.1 (Qiu et al. 1998), Crabp1 (Maden 

1994), Snail2*, FoxD3 (Adams et al. 2008), Notch1*,Optc (Frolova et al. 2004), Wnt4 

. 

 

PNT > CNT  Spry1 (Dessimoz et al. 2006), Spry2 (Chambers and Mason 2000), Dusp6 (Eblaghie 

et al. 2003), Add3 (Akai and Storey 2002), Prickle1 (Cooper et al. 2008), Wnt8C 

(Hume and Dodd 1993), Fgf18 (Ohuchi et al. 2000), CyclinD2 (Lobjois et al. 2004), 

Sox2 (Uchikawa et al. 2011), Nolc (Gammill and Bronner-Fraser 2002), Etv5 (Lunn 

et al. 2007).  

PNT > SZ Sox3 (Uwanogho et al. 1995), NeuroG2 (Diez del Corral et al. 2003), Gbx2 (Niss and 

Leutz 1998), Olig3 (Storm et al. 2009), Fgfr2 (Lunn et al. 2007), Pdlim4*,  Prtg 

(Toyoda et al. 2005), Sfrp2*. 

SZ > PNT Bra (Kispert et al. 1995), Delta1 (Henrique et al. 1995), Cyp26a (Swindell et al. 

1999), cNot-1 (Stein and Kessel 1995), Bmp2 (Ghatpande et al. 2006), EphA4 

(Baker and Antin 2003), Wnt3a (Jin et al. 2001). Fgf8 (Crossley et al. 1996), Fgf3 

(Paxton et al. 2010), Fgf19*, Msx1(Khudyakov and Bronner-Fraser 2009), cMyc 

(Khudyakov and Bronner-Fraser 2009), Wnt5a (Garcia-Castro et al. 2002), Wnt5b 

(Garcia-Castro et al. 2002), Akap12*, Epha1*, Epha4 (Bothe and Dietrich 2006), 

Etv1 (Lunn et al. 2007), Fzd10 (McCabe et al. 2007), Has2 (Klewer et al. 2006). 
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Table S3 KEGG pathway analysis of Steroid biogenesis genes 
Steroid biosynthesis genes upregulated in PNT vs CNT (HSD17B7 
and GGPS1 additionally upregulated in SZ+PNT vs CNT+RNT comparison).  
 

Gene name Chromosome Log2 FC p value 
HMGCR 3-hydroxy-3-
methylglutaryl-CoA 
reductase  

Z 0.87 0.0223 

IDI1 isopentenyl-
diphosphate delta 
isomerase 1 
 

2  1.16 0.00159 

FDFT1 farnesyl-
diphosphate 
farnesyltransferase 1  

3 0.73 0.0002 

NSDHL, NAD(P) 
dependent steroid 
dehydrogenase-like 

4 0.63 0.0188 

SC4MOL, C-4 methylsterol 
oxidase 

4 0.97  0.0133 

LSS - lanosterol synthase 
(2,3-oxidosqualene-
lanosterol cyclase)  

7 0.74 0.0132 

HSD17B7 - hydroxysteroid 
(17-beta) dehydrogenase 7 

8 0.53 0.0034 

GGPS1 - geranylgeranyl 
diphosphate synthase 1 

3 0.46 0.0022 

SREBF2 – sterol regulatory 
element binding 
transcription factor 2 

1 0.37 0.0218 
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Table S4 Differential expression of transcription factors in SZ+PNT vs CNT+RNT 
identified in significantly regulated probeset lists by GO analysis term 0030528 
  
GO term ID 
 

Description p-value Genes up and down regulated in SZ 
+PNT in comparison with CNT+RNT 

0030528 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0030528 
 

Transcription 
factor activity 
 
 
 
 
 
 
 
 
 
 
 
 
 
Transcription 
factor activity 
 

0.013 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0 

EGR1, DACH1, SMAD6, HIF1A, CDX2, 
BETA3, EBF3, NR1H3, HOXA7, 
SREBF2, HOXA4, CDX4, MSGN1, 
LOC395448, HOXC-6, MAFK, MAFF, 
TEAD4, ATF4, HOXC8, HOXB8, ETV1, 
ETV5, T, PITX2, MITF, ZFHX4, 
HOXA9, IRF2, CNOT2, MYBL1, 
GNOT1, TEF, REL, TSHZ3, ELK3, 
ATF7IP, EP300, CREB3L2, GABPA, 
SIM2, ELF1, CBFA2T2, HNF4A, RERE, 
ETV7, STAT3, NCOA2, HOXA6, 
JARID2, ESRRG, HSF2, NCOA1, HDX, 
SLC29A3, HOXD4, HOXC9, 
RCJMB04_17o18, ALX1, LOC429524 
 
NR1H4, IRX2, SOX9, IRX1, HDAC4, 
FOXO1A, NR2F2, SMAD3, TCF3, 
BETA3, EBF3, NR1H3, TOB1, ID3, 
ID1, GBX1, CITED4, SOX8, TWIST1, 
HOXB3, RUNX1T1, PBX1, MEOX1, 
VSX1, SMAD9, SOX10, MEIS2, NKX6-
2, MEF2A, NEUROG1, TFAP2B, NKX-
6.1, ID2, PITX2, MAFA, MITF, ZFHX4, 
PAX7, PAX6, GBX2, NR5A2, TFAP2A, 
NFE2L2, ZEB1, MYBL1, PGR, RARB, 
TCF12, LHX1, NTN1, GATA5, TSHZ3, 
RCJMB04_6b10, DBX2, ATF7IP, 
EP300, GABPA, C21orf66, SIM2, 
TFDP1, ELF1, GATA3, HNF4A, HES5, 
NCOA2, RCJMB04_3c23, GTF3C6, 
DST, NCOA1, HDX, SLC29A3, LHX8, 
HES6, LASS5, TSHZ1, 
RCJMB04_8e18, FOXP2 
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Table S5 Hox gene expression across the elongating neural axis 
Significantly regulated probesets for all comparisons were assessed for differential Hox 
gene expression. The pooled SZ + PNT vs  CNT + RNT comparison indicated that Hox 
gene paralogues between 4 and 9 are all detected in the SZ+PNT at higher levels than 
in the CNT+RNT, while HoxB3 is enriched in the CNT+RNT. Pairwise comparisons 
between the four rostro-caudal regions revealed higher expression of paralogues 6 to 9 
in SZ in comparison with PNT, and higher 6 to 9 in PNT than in CNT, and that CNT 
expresses higher 4-7 paralogues than RNT. Note extensive shared expression of Hox 
genes paralogues across SZ, PNT and CNT and that cells in the SZ, PNT and CNT 
have yet to acquire a final Hox code 1. Each shade of blue represents a different 
paralogous group. 
 
     
Hox gene SZ + PNT vs  CNT + RNT SZ vs PNT PNT vs CNT CNT vs RNT 

 
B3         
A4         
B4         
D4         
A6         
A7         
B7         
B8         
A9         
B9         
C9         
 

 
Hox gene 
paralogue group 

SZ PNT CNT RNT 

3     
4     
6     
7     
9     
 
 
1 Deschamps, J. et al. Initiation, establishment and maintenance of Hox gene 

expression patterns in the mouse. Int J Dev Biol 43(7, 635-650. (1999). 
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Table S6 KEGG pathway identification of t-RNA biogenesis, proteasome and cell 
cycle-associated genes  
 
Genes that are upregulated green or downregulated red in the CNT+ RNT in 
comparison with the SZ+ PNT; in brackets, additional manual annotation of related 
genes from statistically significantly regulated gene lists. 
 

KEGG  
Pathway ID 
 

Description p-value Genes 

03050 
 

Proteasome 0.0274 PSMA7, PSMD7, PSMB3, PSME3, 
PSME4, PSMB1, PSMD1, PSMD3 

00970 Aminoacyl-tRNA 
biosynthesis 

0.0016 KARS, IARS, HARS, RARS, LARS, 
YARS, EPRS, WARS, FARSB, TARS 
/RCJMB04_4k14 
 

04010 Cell cycle 0.1404 HDAC1, CCND2, SMAD3, CCND1, 
CCNB2, RBL2, CDC45L, EP300, 
TFDP1, DBF4, CDK6, BUB1, ORC3L, 
MAD2L1, WEE1, ORC4L, CCNE1, 
GADD45A (CCNG1, CDC14A, 
CDKL2/CDK1, CENPJ, CKAP2,) 
(CDC37, CDK6, CUL3, DNM1L, 
RCJMB04_1o21/MOB1) 
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Table S7  
Notable GO terms assigned to genes significantly enriched in SZ+PNT or 
CNT+RNT in comparison with each other 
 

SZ + PNT 

t-RNA metabolic processes GO:0006399 
Ribosomal RNA processing GO:0008033 
Actin filament depolymerisation GO:0030042, GO: 00300837 
Cell leading edge GO:0031252 
MAP kinase phosphatase activity GO:0033549 
Oxidoreductase activity GO:0016614 
Hormone binding GO:0042562 
 

CNT + RNT 
Cell size GO:0008361 
Cell growth GO:0040007 
Biological adhesion GO:0022610 
Neuron projection GO:0043005 
Membrane-bounded organelle GO:0043227 
Membrane receptor signalling GO:0019199, GO:0005057 
Cell surface GO:0009986 
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