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ABSTRACT 
MIKC plant type II proteins are encoded by the MADS-box genes and play an important role in plant 
development, especially in reproductive and root development. In this study, four previous unknown 
MADS-box genes from the conifer Norway spruce were isolated. A full length clone of 
DEFICIENS-AGAMOUS-LIKE 25 (DAL25) was isolated from vegetative bud and is the homolog of 
the gene GGM19 from the gymnosperm Gnetum gnemon. DAL28 is homologous to the gene ERAF17 
from Cucumis sativus (cucumber) and a full length clone was isolated from shoot of a four years old 
tree. DAL29 and DAL30 were represented by internal and 3’-end partial clones from female cones and 
seedling root respectively. DAL29 has no obvious angiosperm homolog, whereas DAL30 is the first 
gymnosperm MADS-box gene found which is related to the AGL17-like subfamily of A. thaliana. To 
investigate the evolutionary process separating the angiosperms and the gymnosperms, the expression 
patterns of these four novel spruce MADS-box genes were tested by RT-PCR and/or Q-PCR 
techniques together with another two spruce MADS-box genes, DAL24 and DAL26 (Tandre, 
unpublished). Furthermore, phylogenetic analyses were also performed using a protein matrix 
containing 73 MADS-box genes from both angiosperms and gymnosperms. Special attention was 
given to character evolution of root and reproductive expression, and an attempt to model an 
evolutionary split between these two types of spatial expression patterns is presented. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



2 
 

Contents 
 
Introduction……………………..……………………………….……………………………………..3 
Materials and Methods…………………………...................................................................................4 

  Plant material………………………………………………………………..………………….…4 
  Total RNA extraction………………………………………………………...………………….….5 
  Isolation of cDNA clones of MADS-box genes ................................................................................6 
  RT-PCR and Quantitative real-time PCR analyses………………………………………………..…....7 
  Gateway system for plasmid construction…………….…………….……………………….…….7 
  Phylogenetic analyses……………………………...………………………………………………8 

Results………………………………………………...………………………………………….……..8 
  RNA quality………………………………………………...…………………………………..…..8 
  cDNA Cloning of MADS-box genes…………...……………………………………………...…..10 
  Expression analyses………………………………………………..………………………….….14 
  Phylogenetic analyses…………………………………………...………………………………..17 

Discussion………………………………………………………………..………………………...….19 
  cDNA cloning………………………………………………..…………………………………...20 
  Expression analyses…………………………………………..………………………….……….20 
  Phylogenetic analyses……………………………………………..……………………….……..21 

Acknowledgements………………………………………………………..………………………….23 
References…………………………………………………………………...………………………...23 
Appendix………………………………………………………………………...………………….…26 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



3 
 

INTRODUCTION 
The transcription factors encoded by MADS-box genes play crucial roles in plant reproductive 
development and other tissues, such as root and fruit. So far, 13 MADS-box subfamilies and about 120 
MADS-box genes are found in Arabidopsis thaliana; 24 MADS-box genes are found in Picea abies. 
Two types of MADS-domain proteins; SRF-like (type I) and MEF2-like (type II) have been found in 
animals and fungi (De Bodt et al., 2003). Furthermore, MADS-box genes are also recruited for 
controlling the development in yeast and animals (Messenguy and Dubois, 2003; Ng and Yanofsky, 
2001). There is not much information about the type I proteins in plant. The type II proteins in plants 
are also called MIKC-type protein, where M represents the MADS domain; I represents the 
intervening domain; K represents the keratin-like domain and C represents the C-terminal domain 
(Theißen et al., 1996). This study focuses on the type II MADS-box genes from Norway spruce (Picea 
abies). More recently, detailed evolutionary studies on the structure and functional networks of MIKC 
MADS-box proteins in land plants have been reviewed (Kaufmann et al., 2004). The MADS-domain 
(about 60aa long) is the DNA binding domain and is a highly conserved region among different 
subfamilies of MADS-domain transcription factors. Acting alone or together with the I-domain, the 
MADS-domain regulates the formation of DNA-binding dimers (Theißen et al., 1996). The K-domain 
is responsible for controlling the interactions between MIKC-type proteins. Additionally, the 
C-terminal domain is a very variable region and accelerates the K-domain function. The C-terminal 
domain also has a potential function in transcriptional activation. There are several minor 
clade-specific motifs retained in the C-terminal domain which are important for the functional 
specificities (Kaufmann et al., 2004).  
 
Most of the homeotic (ABCDE model of flower development) regulatory genes from A. thaliana 
belong to the MIKC-type MADS-box gene family. The well studied floral organ identity genes 
AGAMOUS (AG), APETALA1 (AP1), APETALA3 (AP3) and PISTILLATA (PI) have the MIKC-type 
structure (Kramer et al., 1998; Theißen, 2001). More recently, the D and E class genes including 
SHATTERPROOF (SHP1/AGL1 and SHP2/AGL5), SEEDSTICK (STK/AGL11) and SEPALLATA 
(SEP1/AGL2, SEP2/AGL4 and SEP3/AGL9) are also proven to have the MIKC-type structure (Becker 
and Theißen, 2003) and have been fixed on the phylogenetic tree. 
 
The expression patterns of the MIKC-type MADS-box flower organ identity genes from A. thaliana 
are mainly restricted to the reproductive tissues during the flower development. Later studies show 
that some of the MADS-box flowering time genes from A. thaliana such as FLOWERING LOCUS F 
(FLF/FLC), SHORT VEGETATIVE PHASE (SVP) and AGAMOUS-LIKE 24 (AGL24) have different 
expression patterns compared with the flower organ identity genes. They are mainly expressed in 
vegetative tissues and some of them like SVP also have root expression (Moon et al., 2003; Gregis et 
al., 2006). In addition, the appearance of floral meristems requires the function of SVP, AGL24 and 
SUPPRESSOR OF OVEREXPRESSION OF CO1 (SOC1) and the expression of these three genes are 
downregulated by AP1 (Liu et al., 2007; Liu et al., 2009). These studies suggest that the MADS-box 
genes are recruited during flower development from the early to late stages and they interact with each 
other where expression overlaps.  
 
The evolutionary studies of MADS-box genes in gymnosperm plants and angiosperm plants show that 
the divergence of the MADS-box genes between these two phyla has taken place about 300 million 
years ago and the gymnosperm MADS-box genes are basal to the angiosperm MADS-box genes 
(Becker et al., 2000). Lots of MADS-box genes which are homologous to angiosperm MADS-box 
genes from the gymnosperm model plant Gnetum gnemon have been found and they have been named 
GGM genes (Becker et al., 2003). As mentioned above, 13 MADS-box subfamilies are found in plant. 
They are DEF/GLO, GGM13, AGL15, STMADS11, AGL17, AG, AGL12, TM8, SQUA, AGL2/SEP1, 
AGL6, TM3 and FLC. Most of the subfamilies are named after the A. thaliana genes. However, some 
of them are named after other plant genes. For instance, the subfamily GGM13 is named after 
gymnosperm plant G. gnemon gene GGM13 and the subfamilies TM8, TM3 are named after 
angiosperm plant Solanum lycopersicum gene TM8, TM3 respectively. Previous studies have failed to 
identify any gymnosperm homologs for the SQUA, SEP1, AGL15, AGL17 and FLC subfamilies. 
Moreover, TM8 subfamily has no reported spruce homologs. The recent review by Melzer et al., 2010 
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summarizes the phylogenetic relationships between the angiosperm and gymnosperm genes. In 
addition, they propose that, in gymnosperms, although the SQUA-like (including AP1) and SEP1-like 
MADS-box genes seems absent, the DEF/GLO-like (including AP3 and PI) and AG-like genes alone 
can regulate the floral quartet formation. This evidence illustrates the molecular evolutionary process 
from non-flowering plants (gymnosperms) to flowering plants (angiosperms). 
 
Previous studies of the MADS-box genes DEFICIENS-AGAMOUS-LIKE (DAL) from P. abies show 
that DAL1 is homologous to AGL6 from A. thaliana and potentially functions as a regulator 
controlling the transition from juvenile to adult phase (Tandre et al., 1995; Carlsbecker et al., 2004). 
DAL2 is another early found MADS-box gene from P. abies. It is closely related to the flower organ 
identity gene AG from A. thaliana and is exclusively expressed in reproductive tissues. It suggests that 
DAL2 may play an important role in controlling the reproductive organ development in spruce (Tandre 
et al., 1998). More MADS-box genes from spruce have been isolated and characterized (Carlsbecker 
et al., unpublished). A recent study on two novel MADS-box genes from spruce, DAL18 and DAL20, 
shows that these two genes are basal to AG from A. thaliana, but have different expression patterns. 
The expression of DAL20 seems restricted to root, whereas, DAL18 has the highest expression in 
vascular cambium (Tandre et al., unpublished). 
 
In this study, we focus on a set of potentially interesting expressed sequence tags (ESTs) from conifers 
and full length clones from G. gnemon for which no conifer homologs have been found, some of which 
have unexpectedly been found in cDNA libraries established from root tissue. As mentioned above, 
AGL24 and SVP belong to the MADS-box transcription factor encoding gene family and act in 
flowering time control. So far, there is not much information about the gymnosperm genes that are 
related to AGL24 and SVP. To investigate the evolutionary process between the gymnosperms and 
angiosperms, more detailed studies about previous unknown genes from gymnosperms which are 
related to genes AGL24 and SVP from A. thaliana become very important. Besides the isolation of 
these genes based on the EST data (NCBI), the expression patterns and phylogenetic analyses also 
should be examined in this study.  
 
MATERIALS AND METHODS 
Plant material  
Plant material was collected from several Norway spruce (Picea abies) trees grown under natural 
conditions outside Uppsala, Sweden. All of the plant tissues from Norway spruce used in the 
experiments are listed in Table 1 and Table 2 (Table 2 shows the RNA samples with DNase treatment, 
obtained directly from colleague my Erika Groth and used for quantitative Real-time PCR). Young 
tissues such as seedling shoot, cotyledon, hypocotyl, root tip and root length were collected from 
seedlings grown under long-day (16 hours light and 8 hours night, 20°C) greenhouse conditions for 
2-3 weeks. Root tip was defined as 5mm upward from the tip of the root, while root length was 5mm 
proximal to the root tip. Seedling shoot included the cotyledons, hypocotyl and epicotyl. Plant material 
was frozen in liquid nitrogen prior to storage at -70°C.  
 

Table 1. Tissues from Norway spruce used in the experiments. 
Tissues                                         Date harvested Remarks 
1. Cotyledon                                         20090701 2-3 weeks old 
2. Male cones                                      20090921 Harvested in September 
3. Vegetative buds                                     20090921 Harvested in September 
4. Root tip                                            20090812 2-3 weeks old 
5. Root length                                     20090812 2-3 weeks old 
6. Hypocotyl                                    20090701 2-3 weeks old 
7. Cambium                                        20091016 Over 50 years old October 
8. Needle                                              19980708 14 years old 
9. Shoot                                         － Harvested in April 4 years old  
10. Seedling shoot                              － 2-3 weeks old 
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11. Female cones                              － Adult trees harvested in April 
12. 3-years Vegetative buds                       19980608 Stored over winter in cold room 
13. 3-years Vegetative buds                      19980627 － 
14. 23-years Vegetative buds                  19980514 － 
15. 13-years Vegetative buds                    19980514 － 
16. 4-years Vegetative buds                   19980609 Stored over winter in cold room 
17. 4-years Vegetative buds                   19980622 － 
18. 1 3/4-years Vegetative buds                19980220 － 

 
Table 2. RNA samples used for Q-PCR. 

RNA Samples                                        Date harvested Remarks 
1. Male cones 23nov                                         20001123 Harvested in Winter 
2. Male cones 20april                                        20000420 Harvested in Spring 
3. Female cones 23nov                                      20001123 Harvested in Winter 
4. Female cones 20april                                    20000420 Harvested in Spring 
5. Seed july                                              20020710 Harvested in Summer 
6. Germinating seed 3d                                   － 3 days old cold treated 
7. Whole seedling                                － 15 days old 
8. Root 14d                                           － 14 days old 
9. Root 21d                                            － 21 days old 
10. Hypocotyl 14d                               － 14 days old 
11. Hypocotyl 21d                                   － 21 days old 
12. Cotyledon 14d                                 － 14 days old 
13. Cotyledon 21d                                  － 21 days old 
14. Vegetative buds 8-years 18may      20000518 Harvested in Summer 
15. Vegetative buds 25-years 18may    20000518 Harvested in Summer 
16. Needle 9june                                     20000609 Harvested in Summer 
17. Cambium                                         － Harvested in Summer 

 
Total RNA extraction 
Total RNA was extracted with two similar protocols. For hard tissues, needles and vascular cambium, 
1.0g frozen tissue was grinded in liquid nitrogen, and mixed with 15mL 65°C extraction buffer (Chang 
et al., 1993) (2% CTAB, 2% PVP, 100mM Tris[=tris(hydroxymethyl)aminomethane] pH8, 25mM 
EDTA, 2M NaCl in DEPC treated water) with 2% β-mercaptoethanol; extracted two times with 15mL 
of chloroform:IAA (chloroform:isoamylalcohol=24:1); ¼ volumes of 10M LiCl was added to the 
supernatants and the RNA was precipitated at 4°C overnight, then, centrifuged at 10,000 rpm for 20 
minutes at 4°C. The RNA pellets were dissolved into 500µL SSTE (1M NaCl, 0.5% SDS, 10mM Tris 
pH8, 1mM EDTA in DEPC treated water); extracted one time with one volume of chloroform:IAA; 
precipitated the RNA in 2 volumes of 99% EtOH at -70°C for 30 minutes. The RNA pellets were 
dissolved in 100µL RNase-free water. The RNA preparations of all other tissues utilized a novel 
protocol of Chang (1993) in combination with a FAST prep run. Maximum 100mg tissue was 
transferred into a screwcap tube with 10 glass beads and 100µL TE buffer (10mM Tris pH8, 1mM 
EDTA in DEPC treated water) with 2% β-mercaptoethanol, run in a FAST-prep machine at speed 6 for 
45 seconds two times. To extract the RNA, 750µL 65°C extraction buffer (Chang et al., 1993) was 
added, and then followed procedures described above but with scaled down volumes. All of the 
extracted RNAs were treated with RNase-free DNase (QIAGEN, Hilden,Germany) using the RNeasy 
Plant Mini Kit (QIAGEN) according to the manufacturer’s introductions. Thereafter, RNA sample 
quality was checked by the Agilent 2100 Bioanalyzer system (Agilent Technologies, Waldbronn, 
Germany) and the concentration was measured by the Nano Drop ND-1000 Spectrophotometer 
(Thermo Fisher Scientific, Wilmington, DE, US), finally, the RNA samples were stored at -20°C.  
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Isolation of cDNA clones of MADS-box genes (3’RACE, 5’RACE and blunt cloning) 
The female cones, shoot, root (root tip, root length) and vegetative bud total RNA samples were used 
as templates for amplifying first strand cDNA using iScript cDNA Synthesis Kit (BIO-RAD, Hercules, 
CA, US). 400ng RNA was used for cDNA synthesis, run at 25°C for 5 minutes, 42°C for 30 minutes, 
85°C for 5 minutes then the cDNA was stored at -20°C. The cDNA samples were used as templates for 
reverse transcriptase polymerase chain reaction (RT-PCR) with the primer pairs 1 to 4 (see Table 3) 
towards the expressed sequence tags (ESTs) DR555684, EF082490, CF476348 and gene GGM19 
(NCBI) respectively. Two separate protocols for the PCR reaction were utilized. For the Norway 
spruce gene which is homologous to GGM19, 20ng vegetative-bud cDNA was used as template, the 
PCR was performed using Phusion High-Fidelity DNA Polymerase (FINNZYMES, Espoo, Finland) 
according to the manufacturer’s instructions, with 40 cycles and primer pair 4. Thereafter, the PCR 
products were cleaned up using QIAquick PCR Purification Kit (QIAGEN). Then the purified PCR 
products were subject to addition of 3’-A-overhangs with Ampli Taq Gold enzyme (Applied 
Biosystems, Foster, CA, US), at 95°C for 5 minutes, at 72°C for 15 minutes and then used for cloning. 
For the other spruce genes which are homologous to the ESTs, 20ng cDNA served as templates, using 
Ampli Taq Gold enzyme (Applied Biosystems) according to the manufacturer’s instructions, with 40 
cycles, and primer pairs 1 to 3, then the PCR products were used directly for cloning.  
 
Rapid amplification of 3’ cDNA end (3’RACE) was performed on the spruce gene which is 
homologous to the EST CF476348 using the GeneRacer Kit (Invitrogen, Carlsbad, CA, US) according 
to the manufacturer’s introductions. The first strand cDNA was synthesized using SuperScript III 
Reverse Transcriptase (Invitrogen) with a GeneRacer Oligo dT Primer (3’ poly T tail), thereafter, 
RNase H treatment was conducted (Invitrogen). The cDNA was used as template for PCR reaction 
using Phusion High-Fidelity DNA Polymerase (FINNZYMES), performing touchdown PCR reaction 
(protocol refers to the GeneRacer Kit manual, Invitrogen) with the GeneRacer 3’ reverse primer and a 
gene specific forward primer (GSP) 5. The PCR products were gel purified using the QIAquick Gel 
Extraction Kit (QIAGEN). Then, the addition of 3’-A-overhangs was conducted as described above.  
 
Both of the genes which are homologous to the ESTs CF476348 and DR555684 was conducted to 
Rapid amplification of 5’ cDNA end (5’RACE) using the GeneRacer Core Kit (Invitrogen). The RNA 
samples were processed by dephosphorylation, removal of the mRNA cap structure and ligation of an 
RNA Oligo to the decapped mRNA, according to the manufacturer’s instructions. The first strand 
cDNA was prepared using GeneRacer AMV-RT Module (Invitrogen) according to the 3’RACE 
protocol (GSP Primer 6, 7 and GeneRacer 5’ forward primer used for PCR), excluding the addition of 
3’-A-overhangs. 
 
PCR products were ligated into the pCR 2.1-TOPO vector (Invitrogen) using the TOPO TA Cloning 
Kit (Invitrogen). The vector containing the gene of interest was transformed into the One Shot TOP10 
Chemically Competent E. coli (Invitrogen) by heat shock at 42°C in a water bath for 30 seconds. For 
blue colour selection, the transformants were spread on LB plates containing 100μg/mL carbenicillin 
and 40mg/ml X-gal in dimethylformamide (DMF), grown at 37°C overnight. Several single white 
colonies were isolated, inoculated into to 3-4 mL liquid culture (LB-100μg/mL carbenicillin) and 
grown overnight. Thereafter, the plasmid DNA from the bacteria was purified using the QIAprep Spin 
Miniprep Kit (QIAGEN). The plasmid was analyzed by EcoRI restriction enzyme (New England 
Biolabs, Ipswich, MA, US) cleavage. The identified correct clones were picked up for sequencing. For 
cloning of 5’RACE PCR products, blunt cloning was performed. pBluescript vector (Appendix 1) was 
prepared from the bacteria using QIAGEN Plasmid Midi Kit (QIAGEN). The purified vector was 
processed by EcoRV restriction enzyme digestion (New England Biolabs) and antarctic phosphatase 
treatment (New England Biolabs). Thereafter, the cleaved vector was cleaned up using QIAquick PCR 
Purification Kit (QIAGEN). The 5’RACE PCR products were ligated to the pBluescript vector in 
about 3:1 molar ratio (PCR products:vector) using Rapid DNA Ligation Kit (Fermentas, EU). The 
ligated vector was transferred to the One Shot TOP10 Chemically Competent E. coli (Invitrogen) and 
followed the rest of procedures described above. Finally, the consensus transformants were frozen in 
liquid nitrogen in glycerol prior to storage at -70°C. 
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Table 3. Primers used in the experiments. 

Primer ID Nucleotide sequence Remarks 

 Forward Reverse  
P1 5'-GATATAGCAAATGTCCAGAAGGA-3' 5'-TAAGAAACTGTTTGTAGCCGAGA-3' DAL29 cloning 
P2 5'-TTCTGGTGTGGAGAGCACTCAAA-3' 5'-ATGGTGGATGTATCCGGAATGAG-3' DAL28 cloning 
P3 5'-TCGCCACTTCCAGCATGA-3' 5'-ACGTTGTAAGGTCAGCTCT-3' DAL30 cloning 
P4 5'-TGTCTGTGGGGAATTGGCAGTTG-3' 5'-CACTTCTCAAGCGTTTATGTTTTCC-3' GGM19 cloning 
P5a 5'-AGGGAAGTTGCGTGACCA-3' － DAL30 3'RACE 
P5b 5'-CAGAGAACCGTTGTGGTG-3' － DAL30 3'RACE 
P5 5'-GCATTGAGCCCGAAAGACCTCCATC-3' － DAL30 3'RACE 
P6 － 5'-TCGTATTGAGACGCAGACGCAT-3' DAL30 5'RACE 
P7 － All of the primers failed DAL29 5'RACE 
P8 5'-GCTCCAGCATGAAGATGATGCT-3' 5'-CTCGTAGTCTTTGATGGCCGAT-3' DAL24 RT-PCR 
P9 5'-GGCTTATCGTCTACAACACAGC-3' 5'-AAGCCTCATAGCCGCAAGGTTA-3' DAL25 RT-PCR 
P10 5'-AGTACTTGTAGTACTAAAGGCTA-3' 5'-CCTAACATGTACTGAATGAAAGT-3' DAL26 RT-PCR 
P11 5'-TTCTCTGCGATGCTGAAGTCG-3' 5'-GCCATTTCTGTTCCCGTCACA-3' DAL28 RT-PCR 
P12 5'-TAATCAGCACCACGAAGTCG-3' 5'-CGATGTCTCAGAAGTTTCCG-3' DAL29 RT-PCR 
P13 5'-TTGAGCCCGAAAGACCTCCATC-3' 5'-GCTGGCAATCCTTTTGAGTCGT-3' DAL30 RT-PCR 
P14 5'-ACCAGCAGAGGCTTATCTTCGC-3' 5'-AGTATTGGCTTCAACCGACCG-3' UBIQUITIN  
P15 5'-ACAGAGGAGTCTTTCTTCATTG-3' 5'-CCTCGTAGTCTTTGATGGC-3' DAL24 Q-PCR 
P16 5'-AGCTTCTTCCTCACATCTTGACA-3' 5'-CCCAAGTTGAAGAGCTGTTTGAA-3' DAL18 Q-PCR 
P17 5'-TCATCCCCTACAAACCAGAG-3' 5'-GATGTCTCAGAAGTTTCCGAC-3' DAL29 Q-PCR 
P18 5'-CCACATGGCCCGCGAGAAAATAG-3' 5'-GCGTCTCAAAATTTTGACTGCGAAG-3' DAL24 Gateway 
P19 5'-CCACATGGGGCGAGTGAAGCGA-3' 5'-TCATAGCCGCAAGGTTAAGAAAGTC-3' DAL25 Gateway 
P20 5'-ATTGGGATGGAAGCTGCTG-3' 5'-CCCACCACTAAGCACAATG-3' ACTIN Q-PCR 

 
RT-PCR and Quantitative real-time PCR analyses 
RNA samples of tissue 1 to 11 (Table 1) served as templates for cDNA synthesis using iScript cDNA 
Synthesis Kit (BIO-RAD). The RT-PCR reactions were performed using Ampli Taq Gold enzyme 
(Applied Biosystems) and primer pairs 8 to 13, 10ng cDNA as template, with 35 cycles. Gene 
UBIQUITIN as positive control was amplified (primer pair 14) in parallel with our genes of interest. 
The PCR products were checked on 0.8% agarose gel together with λ-PstI size marker.  
 
The Q-PCR reactions were performed in triplicates by MyiQ Single Color Real-Time PCR Detection 
System (BIO-RAD) and the data analyzed by the computer programme iQ5 2.0 Standard Edition 
Optical System (BIO-RAD). All of the tissues from Table 1 and Table 2 were tested separately. cDNA 
was synthesized by iScript cDNA Synthesis Kit (BIO-RAD). Q-PCR master mixture was made using 
iQ-SYBR Green Supermix Kit (BIO-RAD) and 2ng of cDNA as template together with primer pairs 
15 to 17. A series of cDNA dilutions (10ng, 2ng, 0.4ng and 0.08ng) was made for the standard curve. 
40 cycles were run and PCR products were detected on the annealing step of every cycle. As reference, 
gene ACTIN was amplified by primer pair 20 together with our genes of interest in the Q-PCR 
experiments. 
 
Gateway system for plasmid construction 
35S:DAL24 and 35:DAL25 plasmids were constructed by the Gateway system utilizing the pENTR 
Directional TOPO® Cloning Kits and the Gateway LR Clonase II Enzyme Mix (Invitrogen) according 
to the manufacturer’s instructions. The coding sequences of DAL24 and DAL25 were amplified with 
primer pairs 18 and 19 and cloned into the pENTR/SD/D-TOPO entry vector (Invitrogen). Destination 
vector pK7WG2.0 (Appendix 2) was prepared using QIAGEN Plasmid Midi Kit (QIAGEN). 
Recombination was performed between the two vectors at the site attL (entry clone) and the site attR 
(destination vector) to create an attB-containing expression clone and an attP-containing product. The 
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recombination was catalyzed by the Gateway LR Clonase II Enzyme (Invitrogen) and transformed to 
the Subcloning Efficiency DH5α Chemically Competent Cells (Invitrogen) by heat shock at 37°C for 
30 seconds. The correct expression clones were selected out from the LB plates containing 50μg/mL 
spectinomycin and 15μg/mL streptomycin and frozen in liquid nitrogen in glycerol prior to storage at 
-70°C. 
 
Phylogenetic analyses 
Amino acid sequences of 73 genes encoding MADS-box transcription factors were translated by the 
programme MacVector from the DNA sequences (with the exception of the DAL genes, the nucleotide 
sequences were from NCBI), then, aligned by the MUSCLE (MUltiple Sequence Comparison by 
Log-Expectation) EBI web server. The obtained alignment matrix that has 73 taxa and 150 well 
aligned amino acids (MADS-box protein M-, I- and K- region) was used for phylogenetic analyses. A 
maximum likelihood tree was constructed by RAxML (Randomized Axelerated Maximum Likelihood) 
v7.0.4 (Stamatakis et al., 2008). The sequence file was interleaved and WAG model was used for the 
substitution model, 100 bootstrap replicates were performed. Expression patterns of the Arabidopsis 
genes and our Norway spruce DAL genes were mapped on the tree by using MacClade v4.08 
(Maddison D. R. and Maddison W. P., 2008). The expression pattern data of Arabidopsis were 
achieved from the website Arabidopsis eFP Browser (http://bar.utoronto.ca/efp/cgi-bin/efpWeb.cgi 
2010/02) and TAIR (http://www.arabidopsis.org/ 2010/02). Then, the mapped tree was read by the 
programme FigTree v1.3.1. (Rambaut A, 2006), bootstrap values over 40% were indicated on the 
branch length. A similar tree was built by PAUP 4.0 (Swofford, 2001) including the entire protein 
sequences (M-, I-, K- and C-terminal domain) using maximum parsimony. Additionally, the tree 
generated by Mesquite v 2.72 (Maddison D. R. and Maddison W. P., 2008) using heuristic algorithms 
including the entire protein sequences also shows the similar phylogeny. The parsimony tree-length of 
a given matrix was calculated and the tree was rearranged by sub-tree pruning and re-grafting (SPR) 
(data not show). 
 
RESULTS 
To study the evolutionary process between the gymnosperms and angiosperms, this project aimed at 
isolation of genes from Norway spruce which were previous unknown and homologous to angiosperm 
or G. gnemon MADS-box genes. Particular attention was paid to SVP and AGL24 homologs. The 
expression patterns and phylogenetic relationship of the novel spruce genes were examined as well. In 
an attempt to clone novel MADS-box genes from spruce, a PCR-based approachwas utilized. Tissues 
and primers for cloning were chosen (vegetative bud cDNA was used for DAL25 cloning, 4 years old 
shoot cDNA was used for DAL28 cloning, female cones cDNA was used for DAL29 cloning and 
seedling root cDNA was used for DAL30 cloning respectively) with the help of the Picea and Pinus 
EST information (NCBI).  
 
RNA quality 
Quality of the RNA samples which were extracted from the tissues (see Table 1) has checked by the 
Agilent 2100 Bioanalyzer system (Agilent Technologies). Figure 1A and 1B showed the result of the 
electrophoresis.  
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Figure 1A. RNA quality check by the Agilent 2100 Bioanalyzer system (Set 1). The scale on the left side 

indicates the time of appearance of the products (in seconds). Green bands are the markers, the ladder shows the 
sizes of 25bp, 200bp, 500bp, 1kb, 2kb and 4kb. The green tissues such as cotyledon, seedling shoot, hypocotyl 
and needles have extra chloroplast bands. Two vegetative bud samples represent the quality without (left) and 

with (right) RNA post-treatment with RNase-free DNase and cleanup using RNeasy Plant Mini Kit.  
 

 
Figure 1B. Vegetative bud RNA quality checked by the Agilent 2100 Bioanalyzer system (Set 2). The scale on 

the left side indicates the time of appearance of the products (in seconds). Green bands are the markers, the 
ladder shows the sizes of 25bp, 200bp, 500bp, 1kb, 2kb and 4kb.  

 
Figure 1A showed the RNA quality before RNase-free DNase (QIAGEN) treatment and cleanup using 
the RNeasy Plant Mini Kit (QIAGEN), while, the Figure 1B showed the quality after DNase treatment 
and cleanup. The green tissues always had extra bands because of the presence of chloroplast rRNA 
(plastid 23S and 16S rRNA). The 18S rRNA came up at about 40 seconds and the 28S rRNA appeared 
at about 44 seconds. Theoretically, the ratio of the 28S and 18S rRNA should be 2:1. In the experiment, 
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most of the samples had the 28S:18S rRNA ratios >1.5 (set 1, Figure 1A, data not show), while, most 
of the samples had the 28S:18S rRNA ratios around 1 in set 2 (Figure 1B, data not show). Additionally, 
it dis not necessarily follow that total RNA with lower 28S:18S rRNA ratios were of poor quality, 
because different tissues had different rRNA ratios. The very weak band that showed up at about 27 
seconds indicated the presence of 5.8S rRNA. Two vegetative bud samples in Figure 1A were from the 
same RNA preparation, the one to the right (next to control) was DNase treated and cleaned up but not 
the left one. The result suggests that the DNase treatment and cleanup after RNA preparation will 
improve the RNA quality drastically. Some of the RNA samples had lower 28S/18S rRNA ratio, for 
example, the male cones RNA (Figure 1A) and the vegetative bud RNA from 23 years old trees 
(Figure 1B). It might due to the degradation of the 28S rRNA during the preparation. Vegetative bud 
RNA that was extracted from 25 years old spruce trees has excluded from the further experiments 
because of the low concentration. The other RNA samples were used directly for the cDNA synthesis.  
 
cDNA Cloning of MADS-box genes  
We have named four novel MADS-box genes which were isolated from Norway spruce. A full length 
clone DAL25 was isolated from vegetative bud and was homologous to gene GGM19 from G. gnemon. 
The protein-coding open reading frame (ORF) contained 232 amino acids. All of the M-, I-, K- and 
C-terminal domains were present. The clone representing the hitherto unknown gene DAL28 was 
isolated from shoot (4 years old tree) based on the Picea sitchensis EST EF082490 (NCBI). The full 
length ORF contains 206 amino acids and all of the M-, I-, K- and C-terminal domains were present. 
However, the novel genes DAL29 and DAL30 were not full length. DAL29 was based on the Picea 
glauca EST DR555684 (NCBI) and was isolated as an interior and a 3’ end clone from female cones 
of Norway spruce. The entire M-domain and part of the I-domain was missing. A total number of 153 
amino acids represented the partial ORF cloned. DAL30 was isolated as an interior and a 3’ end clone 
by 3’RACE (Figure 2) from seedling root of Norway spruce based on the Pinus taeda EST CF476348 
(NCBI). The known ORF contained 176 amino acids, the entire M-domain and a small part of the 
I-domain was absent. Both DAL29 and DAL30 were subject to 5’RACE, but all attempts failed (Figure 
3). 
 

 (A)        

(B) 
Figure 2. Gel pictures of DAL30 3’RACE PCR products. Figure 2A shows the interior 300bp fragment of gene 

DAL30, while, Figure 2B shows the 900bp 3’ end of the gene. Positive control represents the human HeLa 
RACE-ready control. 

 
For DAL30, 3’RACE was conducted two times. Firstly, the forward primer P5a, P5b and GeneRacer 3’ 
reverse primer were used for 3’RACE original and nested PCR. The size of the resulting product of 
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the first 3’RACE did not correspond to the expected fragment. However, a small part homologous to 
the Pinus EST sequence was present in this 3’RACE PCR product. In addition, this sequence was 
located on the interface region between the I-domain and the K-domain of DAL30. It indicates that, the 
specific fragment of this gene might be highly conserved during the evolution between Pinus and 
Picea. So, the primer pair P3 was designed based on this conserved sequence and used for 
amplification of an interior fragment (Figure 2A) of gene DAL30. Once the middle 300bp sequence of 
DAL30 was obtained, primer 5 was constructed towards this region and used for the second 3’RACE. 
The 900bp PCR product of the second 3’RACE (Figure 2B) was cloned and sequenced. Then, we 
noticed that excluding the primer pairs, the middle (300bp) and 3’-end (900bp) sequence has the 
protein coding ORF overlapping (ALSPKDLHHLEQL) on the interface region between the I-domain 
and the K-domain of gene DAL30. This suggests that the 3’RACE successfully amplifies the middle 
and 3’ end fragment of DAL30.  
 
The PCR products of 5’RACE are shown in Figure 3. The shorter 850bp PCR products of DAL30 
(Root1, 2 and 3 represent the different primer pairs for 5’RACE) were gel purified and cloned blunt. 
Additionally, there was another 5’RACE of gene DAL30 (data not show) which resulted in a 500bp 
product, but all of the cloning attempts failed. The longer 1kb products were unexpected. All of the 
three primer pairs (female 1, 2 and 3) failed to amplify the 5’ fragment of gene DAL29. 
 

 
Figure 3. Gel picture of gene DAL29 and DAL30 5’RACE PCR products. Root1, 2 and 3 represent the different 
primer pairs which are used for DAL30 5’RACE. Female1, 2 and 3 represent the different primer pairs which are 
used for DAL29 5’RACE. 1kb and 850bp products resulted from DAL30 5’RACE, but DAL29 has no resulting 

products. 
 
The amino acid sequences of 5 novel DAL genes (including DAL24, Tandre, unpublished) which were 
isolated from Norway spruce have aligned to their homologous genes by the software MUSCLE (EBI 
web server) separately. All of the alignments have been put together in one figure (Figure 4). The full 
length putative protein sequences have the plant type II MIKC-domain structure. The MIKC domains 
were labelled in different colour bars above the sequences. The DNA-binding M-domain was a 
strongly conserved region in all of the MADS-box genes, whereas the K-domain was moderately 
conserved. The C-terminal domain was the most variable region, the length of the C-terminal domain 
was also very varied. As mentioned before, there were several minor clade-specific motifs present in 
the C-terminal domain and they might have important unique functions. The M-domain and part of the 
I-domain were absent from DAL29 and DAL30, for that reason, the missing sequences were marked as 
gaps. From figure 4 we could also see that, DAL24 was homologous to the gene SVP from A. thaliana. 
Gene DAL30 was homologous to A. thaliana gene ANR1 and DAL28 was homologous to ERAF17 
from cucumber. DAL25 was more related to G. gnemon gene GGM19, since it has been isolated based 
on the GGM19 sequence. So far, no DAL29 predicted homologous genes have been found in 
angiosperm plants, but it was homologous to gymnosperm G. gnemon gene GGM5. The N-terminal 
part of the M-domain of GGM5 was missing (24 amino acids), so this alignment has shorter 
M-domain than the other, but GGM5 has a longer C-terminal domain. Now, we have increased the 
number of MADS-box genes isolated from spruce to 28, Table 4 shows all DAL genes isolated to date, 
in addition, the gene PaJTL has been found by Asante. et al., 2009. 
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Table 4. The list of MADS-box DAL genes from Norway spruce. 

Name Status   Name Status 
DAL1 Tandre 1995  DAL16 Tandre unpubl. 
DAL2 Tandre 1995  DAL17 - 
DAL3 Tandre 1995  DAL18 Tandre unpubl. 
DAL4 Carlsbecker unpubl.  DAL19 Carlsbecker unpubl. 
DAL5 Carlsbecker unpubl.  DAL20 Tandre unpubl. 
DAL6 Carlsbecker unpubl.  DAL21 Carlsbecker unpubl. 
DAL7 Kvarnheden unpubl.  DAL22 Carlsbecker unpubl. 
DAL8 Carlsbecker and Tandre unpubl.  DAL23 Carlsbecker unpubl. 
DAL9 Carlsbecker unpubl.  DAL24 Tandre unpubl. 
DAL10 Carlsbecker 2003  DAL25 This study 
DAL11 Sundström 1999  DAL26 Tandre unpubl. 
DAL12 Sundström 1999  DAL27 - 
DAL13 Sundström 1999  DAL28 This study 
DAL14 Carlsbecker unpubl.  DAL29 This study 
DAL15 -   DAL30 This study 
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Figure 4. Protein alignments of 5 novel DAL genes from spruce with their homologous genes. The plant type II 
MIKC domains are indicated with different colour bars. The M-domain is a highly conserved region, while the 
K-domain has a lower degree of conservation. The C-terminal is very varied. DAL29 and DAL30 are not full 

length sequences, the gaps represent the missing residues.  
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Expression analyses  
In order to get information on the expression pattern, in time and space, of the novel DAL genes, 
RT-PCR was performed on DAL25, DAL28, DAL29, DAL30 (isolated in this study) and DAL24, 
DAL26 (Tandre, unpublished). The RT-PCR results of six DAL genes’ expression patterns in eleven 
spruce tissues shown in Figure 5, together with the no template negative control and the UBIQUITIN 
positive control.  

 
Figure 5. Expression patterns of 6 DAL genes in 11 tissues of spruce. Gene UBIQUITIN was used as positive 

control and a reaction without template was used as negative control. DAL26 and DAL30 are root specific, while, 
DAL29 has very weak expression in female cones. DAL25 has high expression in old vegetative and reproductive 

tissues, but not in young tissues. Both DAL24 and DAL28 have a wide range of expression, but not in root. 
 
The PCR products were between 400bp and 600bp and within non-conserved parts of coding sequence. 
Expression was detected for all six genes, even though at low levels for one of the genes, DAL29. 
Further, all tissues have expression by at least one of the genes. Expression of four genes (DAL24, 
DAL25, DAL28 and DAL29) was detected in female cones (the most) and one gene (DAL24) was 
detected in hypocotyl (the least). Negative control had no expression for any gene and positive control 
shows expression in all tissues. Expression of DAL26 and DAL30 was restricted to root. In addition, 
there was no different expression levels between root tip and root length detected. The other four 
genes had no root expression. DAL29 had the lowest transcript abundance. It had a really low 
expression in female cones (can hardly be noticed from the gel picture) and no expression could be 
detected in other tissues. DAL24, DAL25 and DAL28 have similar expression pattern. Expression of 
these three genes was detected in reproductive tissues, old vegetative tissues and young seedling 
tissues. However, in detail, differences of these three genes also could be noticed from the gel picture. 
For DAL24, reproductive tissues and old vegetative tissues had the highest expression level, while the 
expression of hypocotyl was the lowest. No expression was detected in cotyledon. For DAL25, 
reproductive tissues had the highest expression and there was no different expression levels between 
female and male cones detected. The old vegetative tissues had the intermediate expression levels, and 
cambium was slightly higher than the others. In young seedling tissues, only cotyledon had expression. 
DAL28 has the highest expression detected in old vegetative tissues. Reproductive tissues had the 
intermediate expression, and expression in male cones was higher than in female cones. The lowest 
expression of DAL28 was detected in seedling shoot (can hardly be noticed from the gel picture) and 
cotyledon, but no expression in hypocotyl. 
 
As the expression pattern of DAL29 was hard to detect by RT-PCR experiments, to quantify the 
expression pattern more accurately, Q-PCR analysis was performed. Another two genes DAL24 and 
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DAL18 (Tandre et al., unpublished) were also investigated by Q-PCR analysis. For DAL24, it was hard 
to differentiate the actual expression levels of different tissues from the RT-PCR result. Furthermore, 
as mentioned above, DAL24 was homologous to a very important A. thaliana flowering time gene SVP. 
DAL18 was a newly isolated gene which related to the A. thaliana homeotic gene AG. Detailed studies 
of expression pattern of these genes become essential. 
 
For Q-PCR, about 90 to 120bp products (including the primer pairs) were amplified. Gene ACTIN was 
used as reference gene for calculation of the expression levels of our genes of interest. The Q-PCR 
result of DAL18 was shown in Figure 6, RNA samples in Table 2 were used for DAL18 Q-PCR 
experiment. Figure 7 showed the DAL24 expression and Figure 8 showed the DAL29 expression, RNA 
samples in Table 1 were used for DAL24 and DAL29 Q-PCR experiments. 

 
Figure 6. Q-PCR result of DAL18 in 16 tissues. Normalized fold expression is indicated on the Y-axis. Error 

bars represent the standard deviation. Expression in female cones collected in spring is set as the normalized fold 
control (1.00), as DAL18 was originally isolated from this tissue. None of the tested tissues have detectable 
expression with the exception of the cambium, needles and the reproductive tissues from spring. No root 

expression has been detected for this gene.  
 
Consistent with the results from RT-PCR analyses, absolute levels of expression were very low, as 
judged from the C/T values (data not shown). The relatively highest expression of DAL18 was in 
cambium. Reproductive tissues from spring had very low expression, so did the needles. In the 
independent experiment with similar tissues (RNA isolated from different ages and seasons of spruce 
tree), expression in autumn cones i.e. an early development stage was undetectable, the highest 
expression of cambium has been confirmed (data not shown). Additionally, there was no expression of 
DAL18 in reproductive tissues collected from winter, but a very low expression could be detected in 4 
years old shoot (data not shown) (the Q-PCR analysis of DAL18 was a part of another project. Tandre 
et al., unpublished).  
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Figure 7A. Q-PCR result of DAL24 (Experiment I), 10 tissues checked. Normalized fold expression is indicated 
on the Y-axis. Error bars represent the standard deviation. Expression in male cones is set as the normalized fold 

control (1.00). The highest expression is in shoot. Root tissues have no expression detected and the young 
seedling tissues have very low expression.  

 
From Figure 7A we could see that the Q-PCR result of DAL24 confirmed our RT-PCR result to some 
extent. From the Q-PCR result, the relative expression levels of different tissues were judged. The 
highest expression of DAL24 was in shoot (4 years old tree), at least three times higher than the others. 
Root tissues had no expression. The expression in female cones (collected in spring) was about four 
times higher than male cones (collected in autumn). Young seedling tissues such as cotyledon, 
hypocotyl and seedling shoot had really low expression. Interestingly, this low expression level in 
cotyledons was detected by Q-PCR but not by RT-PCR. Furthermore, by RT-PCT, a high expression 
level was detected in seedling shoot, but by Q-PCR, it had a low expression level. For more details 
about the expression patterns in vegetative tissues from different ages, a second Q-PCR was performed 
(Figure 7B).  

 
Figure 7B. Q-PCR result of DAL24 (Experiment II), 12 tissues checked. Normalized fold expression is indicated 
on the Y-axis. Error bars represent the standard deviation. Expression in male cones is set as the normalized fold 

control (1.00). The highest expression is in vegetative bud from 4 years old tree.  



17 
 

 
The results from the second Q-PCR of DAL24 (Figure 7B) was in good agreement with the results 
from the first experiment for expression levels in reproductive tissues, seedling tissues, cambium and 
shoot (4 years old tree). The expression levels in vegetative buds from trees of different ages indicated 
that the young trees had higher expression than the old trees (vegetative buds in our first Q-PCR 
experiment were from about 50 years old tree). In addition, the vegetative buds from 4 year old tree 
showed the highest expression, about forty times higher than the normalized fold control.  

 
Figure 8. Q-PCR results of DAL29, checked in 11 tissues. Normalized fold expression is indicated on the Y-axis. 
Error bars represent the standard deviation. Expression in male cones is set as the normalized fold control (1.00). 

The highest expression is in female cones, low expression in male cones and root tissues. No expression was 
detected in any other tissues.  

 
The Q-PCR data of DAL29 (Figure 8) showed that expression was detected in reproductive tissues and 
the seedling root tissues, but not in the rest of tissues. More specific, the highest expression was 
detected in female cones (collected in spring), and was 4 times than male cones (collected in autumn). 
However, according to the C/T values of the female cones, the absolute expression level was still quite 
low. Expression in root length was higher than in root tip.  
 
Phylogenetic analyses 
MADS-box genes were well studied in the angiosperm model plant A. thaliana. The classic ABC 
model now has been extended to an ABCDE model. Most of the homeotic functions described by the 
model were fulfilled by MADS-box genes (Theißen, 2001; Ng and Yanofsky, 2001). In A. thaliana, 
the MADS-box genes have diverged into 13 subfamilies (Becker and Theißen, 2003; Theißen et al., 
1996), moreover, the phylogenetic analyses have been made together with other land plants recently 
(Melzer et al., 2010). For the spruce MADS-box genes, the previous phylogenetic analyses were 
performed by Carlsbecker et al., 2003. 
 
Together with the four novel DAL genes, a maximum likelihood tree (Figure 9) which contains another 
69 plant MADS-box genes was generated utilizing RAxML (Stamatakis et al., 2008). A well aligned 
150 amino acids matrix (including the M-, I- and K-domain) was used for construction of the tree. 100 
bootstrap replicates were performed resulting in the tree in Figure 9. Out-group genes CsMADS1 from 
Coleochaete scutata and CgMADS1 from Chara globularis were set as the tree root. To evaluate the 
history of expression of MADS-box genes, the expression patterns of the genes were mapped on the 
tree, illustrated with different branch colours. Reproductive expression in red, root expression in blue, 
vegetative expression in green, both of reproductive and vegetative expression yellow, both of 
reproductive and root expression in purple, both of vegetative and root expression in light blue, 
expression in all tissues in brown. Black branches have no expression data available. To get the 
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expression patterns of A. thaliana genes, firstly the Arabidopsis Genome Initiative (AGI) ID of the 
target genes was searched from the website TAIR. Then, the AGI ID was used to find out the 
expression patterns of A. thaliana genes from the website Arabidopsis eFP Browser. Expression 
patterns of G. gnemon genes and spruce genes were gathered from the literature. The values indicated 
on the branches represent the percentage of bootstrap replications (only bootstrap values over 40 are 
shown on the tree) and the scale bar at the bottom showed the expected changes per site. The tree 
showed that the MADS-box genes were mainly expressed in reproductive tissues, followed by root 
expression. Node A showed that DAL28 from spruce and ERAF17 from cucumber had a common 
ancestor gene. DAL30 and A. thaliana gene ANR1 had the same common ancestor at node B. The 
sister group of DAL28 (including GGM4, GGM8 and GGM14 from G. gnemon) had very long branch 
lengths, the same with GGM6 and A. thaliana gene XAANTAL1 (XAL1/AGL12). Similar trees were 
generated by PAUP (Swofford, 2001) with maximum parsimony and Mesquite (Maddison D. R. and 
Maddison W. P., 2008) with heuristic algorithms (data not shown). Node C and node D showed that 
the DAL24 and DAL25 were closely related to SVP, especially DAL24. DAL25 was homologous to G. 
gnemon gene GGM19. All of them shared the same common ancestor at node D. No genes from 
angiosperm plants have been found which were homologous to DAL29, whereas gene GGM5 from G. 
gnemon and spruce gene DAL29 were closely related. The branches in red boxes represent the genes 
that were mainly expressed in reproductive tissues, while blue boxes indicated the genes that were 
mainly expressed in root. From the figure we could also see that, the expression patterns were 
separated at node E and F. All of the branches in the bottom red box were mainly expressed in 
reproductive tissues, no related clade with dominant root expression was resolved. Very few genes 
were expressed in both reproductive tissues and root, such as DAL29 and DAL14. Additionally, 
MADS-box genes exclusively expressed in vegetative tissues were also very few, only AGL24 and 
FLF.  
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Figure 9. Phylogenetic tree of 73 MADS-box genes. The tree was generated by RAxML (Stamatakis et. al, 
2008). A character matrix containing 150 amino acids was used for searching the tree. Bootstrap replicates 

values over 40% (total of 100 bootstrap replicates) are indicated on the branches. ESTs CsMADS1 and 
CgMADS1 are out-groups set as root. Scale bar at the bottom shows the expected changes per site. Branch 

colours represent the expression patterns. Reproductive in red, root in blue, vegetative in green, both of 
reproductive and vegetative yellow, both of reproductive and root in purple, both of vegetative and root in light 
blue, expression in all tissues in brown. Black branches have no expression data collected. Node A, B, C and D 
show the relationships between our novel DAL genes and the angiosperm plants genes. The gene clades which 
are expressed in reproductive tissues are covered with red boxes, while clades with root expression are covered 
with blue boxes. Node E and F indicate the separation sites of the expression patterns. Taxa enveloped by grey 

boxes represent the genes isolated in this study. 
 
DISCUSSION 
As we known, there thousands of MADS-box genes have been found so far, 13 subfamilies and about 
120 genes have been found in A. thaliana. Through this study, four novel MADS-box genes have been 
found in spruce. The total number of MADS-box genes described in spruce thereby increased to 28. 
However, not all of the A. thaliana MADS-box gene subfamilies had gymnosperm homologs. To study 
the evolution between the angiosperms and gymnosperms, finding those previous unknown spruce 
homologs which were related to A. thaliana MADS-box gene subfamilies has high priority. 
Fortunately, four novel MADS-box genes were described from spruce, and one of them (DAL30) was 
the first found homolog to the MADS-box subfamily AGL17. In addition, DAL24 (Tandre, 
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unpublished) and DAL25 was homologous to the MADS-box subfamily STMADS11-like A. thaliana 
gene SVP and G. gnemon gene GGM19 respectively. Lastly, the phylogenetic analyses of the novel 
DAL genes and the differentiation of the expression patterns among the MADS-box genes through the 
evolution were investigated.  
 
cDNA cloning 
Two full-length novel MADS-box genes from spruce (DAL25 and DAL28) were successfully cloned. 
The cloning of these two genes was based on full length ESTs. 3’RACE was performed on DAL30 
based on the full length Pinus EST and a 3’-end fragment was successfully cloned. The Pinus EST 
was chosen for DAL30 cloning because Pinus and Picea were morphologically and genetically related, 
and thereby had certain strongly conserved coding sequences (CDs). For DAL30 3’RACE, firstly an 
internal part representing conserved fragment between the Pinus and spruce was obtained, and the 
3’-end part sequence was cloned. The cloning of DA29 was not based on a full-length EST, so the 5’ 
fragment was absent. Unfortunately, both of the 5’RACE experiments on DAL29 and DAL30 failed. 
Figure 4 showed that, the highly conserved MADS-domain and parts of the I-domain were missing 
from DAL29 and DAL30. The moderately conserved K-domain had some motifs retained in all of the 
genes, such like the motif GE and motif KEL or KDL (7 amino acids downstream of GE).  
 
The 3’RACE was technically less complicated than the 5’RACE. The very crucial step of the 5’RACE 
protocol was the ligation of an oligo to the 5’ end of the RNA. Unfortunately, there was no method 
available for testing if this procedure succeeded or not. In this study, the PCR reactions failed to 
amplify the correct products repeatedly. Five different reverse GSP primers were tried, directed 
towards the region that was already cloned and sequenced. For DAL29, none of the cloning attempts 
succeeded. To figure out which step in the protocol that failed, RACE cDNA construction with 
AMV-RT Module and the Superscript III module (Invitrogen) was tried by using a primer pair directed 
towards a cloned part of DAL29 and the results were positive. This suggested that the RT reactions 
succeed. To see if the GSP reverse primers are good enough, the RT-PCR reactions were performed 
using all of the GSP reverse primers together with a forward primer designed from the known DAL29 
region, and using the female cone cDNA (amplified with iScript cDNA synthesis kit, BIO-RAD) as 
template. Surprisingly, all of the reactions were positive. It indicated that, the primers worked 
satisfactorily. To sum up, both of the templates and our GSP reverse primers were good, so the trouble 
should be the oligo ligation procedure. For DAL30, some PCR products were obtained by using RACE 
cDNA, amplified with the GeneRacer AMV-RT Module (Invitrogen), as template. A 500bp product 
and an 850bp (Figure 3) product were subject to cloning. Several cloning strategies and the high 
transformation efficiency TOPO 10 competent cells (Invitrogen) for transformation were tried, but 
none of the reactions resulted in clones with an insert.  
 
Expression analyses 
Expression patterns of six DAL genes (including DAL24 and DAL26, Tandre, unpublished) from the 
RT-PCR experiments showed that expression of MADS-box genes could be detected from the early 
development stage to the mature reproductive stage. It indicates that the MADS-box genes control 
plant development throughout the life cycle. The RT-PCR results also showed that young tissues, 
especially hypocotyl and cotyledon seemed to have lower expression than vegetative and reproductive 
tissues. This suggests that some of the MADS-box genes are active during different stages of plant 
development. The typical examples were DAL24, DAL25 and DAL28. As described above, DAL24, 
DAL25 and DAL28 had similar expression patterns. For DAL25, it had the highest expression in 
reproductive tissues and relatively lower in vegetative (from old trees) tissues but no detectable 
expression in young tissues, not even in shoot (4 years old tree). The expression was increasing with 
the age of the plant and this expression pattern was similar to the DAL1 expression, where gene 
expression was beginning by four years age and was maintained in vegetative tissues of reproductive 
trees (Carlsbecker et al., 2004). For DAL28, there was no expression detected in root and hypocotyl. 
Low expression was detected in seedling shoot, and cotyledon had higher expression. Finally, the 
highest expression was detected in vegetative tissues, such as vegetative buds and shoot from older 
plants. This may suggest that the transcript of DAL28 was activated in seedling tissues and maintained 
in vegetative and reproductive tissues of the mature tree. The double bands of gene DAL24 might be 
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caused by the presence of genomic DNA, as no RNA cleanup and DNase treatment was performed 
before the RNA samples were used for RT-PCR of this gene. Moreover, with the exception of the root 
specific genes DAL26 and DAL30 plus gene DAL29 with unclear expression pattern, all of the other 
tested genes had expression in reproductive and old vegetative tissues. 
 
The Q-PCR experiment of DAL24 basically confirmed our RT-PCR results. However, expression of 
DAL24 in cotyledon was detected by Q-PCR but not by the RT-PCR technique. Q-PCR results of 
DAL24 showed that expression of DAL24 in vegetative tissues was higher than in the young seedling 
and reproductive tissues. Additionally, the expression in vegetative bud from 4 year old tree was the 
highest, and thereafter, decreased in old trees (Figure 7A and 7B). Noticeably, both the A. thaliana 
genes SVP and AGL24 were expressed in vegetative tissues prior to flower development. The 
expression of SVP which acted as the repressor controlling the floral transition decreases when the 
floral meristems were formed, while the expression of AGL24 increased (Gregis et al., 2006). It would 
be very interesting to characterize the function of DAL24 in transgenic plants. A first step was taken by 
construction of 35S:DAL24 plasmid by the gateway system. 
 
Both DAL18 and DAL29 Q-PCR experiments had similar problems. The expression of these two genes 
in all tissues were very low (C/T values, the absolute expression levels), and the PCR products came 
up at a very late (about 30 cycles) stage (data not shown). This caused some samples to have strange 
PCR base line subtracted curves (data not shown) and high standard deviation. However, when the 
unreliable samples were excluded, the results confirmed the RT-PCR results to a great extent. In 
addition, DAL18 has several amino acid motif duplications in the C-terminal region (Tandre et al., 
unpublished). This causes difficulties in designing gene specific primer pairs. Several primer pairs 
have been designed for DAL18 Q-PCR and the pair which has a unique melting curve was chosen for 
the experiment and an independent replicate. Furthermore, DAL18 seems to be expressed only in 
reproductive tissues collected in spring. From the independent experiment, the reproductive tissues 
collected from autumn have no expression. So, expression pattern of DAL18 may be related to the 
developmental stage of the tissues. Actually, not only DAL18 has this expression character, but also 
DAL24 and DAL29. Combined all of the Q-PCR results, the expression levels of spring female cones 
were always higher than the levels of autumn male cones. Analysis of spring male cones and autumn 
female cones is needed to clarify this result. On the other hand, the fact that the highest expression of 
DAL18 was in vascular cambium suggests that the transcription and function of this gene might be 
dual or had a function in vascular tissue development. In situ hybridization experiments might be 
performed to study the expression pattern in more detail. 
 
The expression analyses showed that DAL29 had expression in both reproductive tissues and root. 
Actually, this was quite uncommon among MADS-box genes (Figure 9). Most of the MADS-box 
genes had the highest expressions in reproductive tissues, while, some of them had root and/or 
vegetative tissue expression. Since the MADS-box genes had crucial roles in the development of 
reproductive tissues and some of them had functions established in root development (Ng and 
Yanofsky, 2001), it is reasonable to predict a function in the tissues and stages of development when 
and where the genes are expressed (Causier et al., 2005). 
 
Phylogenetic analyses 
From the phylogenetic tree (Figure 9) we can see that, our five novel DAL genes (including DAL24, 
Tandre, unpublished) were located in different clades of the tree except for DAL24 and DAL25. We 
know that SVP and AGL24 from A. thaliana were very important for control of flowering time (Liu et 
al., 2007). Interestingly, although SVP and AGL24 were situated in the same clade of the tree, they had 
opposite functions in regulation of AG function (Gregis et al., 2006). In the SVP and AGL24-clade, the 
genes DAL24, DAL25, SVP and AGL24 had vegetative tissue expression. Additionally, SVP also had 
root expression, while, DAL24 and DAL25 had reproductive expression. They shared the same 
common ancestor at node D. From the protein alignment (Figure 4), DAL24 was well aligned to SVP 
in all regions and had similar expression pattern. The bootstrap replicate values were quite high for 
this clade. These results indicate that, DAL24 may have similar functions to SVP. Genes GGM12 and 
GGM19 from G. gnemon were located in this group and DAL25 was closely related to GGM19. For 



22 
 

future more detailed phenotypic studies on DAL24 and DAL25, transgenic plants with 35S:DAL24 and 
35:DAL25 constructs should be prepared.  
 
DAL30 was basal to the clade including the gene ANR1 from A. thaliana and they shared the same 
common ancestor at node B (Figure 9). The MADS-box gene ANR1 was involved in functions of 
nitrogen related root development. ANR1 was induced by N deprivation and repressed by N supply 
(Gan et al., 2005 and Zhang et al., 1998). In fact, in this clade (AGL17-like subfamily), the gene 
AGL16 was induced in the same way as ANR1, but AGL17 did not. AGL17 was not regulated by 
changes of N supply (Gan et al., 2005). The expression pattern of genes in this clade was quite similar, 
all of them were root specific except for AGL16 that also has vegetative tissue expression. In this case, 
from the gene expression pattern and function relativity theory mentioned before, it was hard to 
predict DAL30 functions. DAL30 might have similar functions to any of the genes in this clade. No 
genes from G. gnemon were reported in this group and DAL30 was the first gymnosperms gene which 
has been found homologous to the AGL17-like subfamily.  
 
All of the MADS-box genes evolved from a common ancestor, but to date, MADS-box genes were 
divided into 13 subfamilies and had quite different expression patterns and functions. In the plant 
kingdom, from non-flowering plants to flowering plants, from gymnosperms to angiosperms, dramatic 
evolution of the reproductive structures has taken place. These genotypic and phenotypic changes 
might have a casual relationship. The phylogenetic tree helps to illustrate character evolution of 
MADS-box genes with regard to the expression pattern. Most of the genes which were enveloped by a 
blue box (Figure 9) expressed in root. On the other hand, the genes in the red boxes were mainly 
expressed in reproductive tissues. It raises the hypothesis that there may be a certain timepoint when 
the expression patterns and the functions of these two groups of genes separated from each other 
during the evolution, here marked by the node F (red arrow head). In addition, it seems that the root 
expression genes are basal to the reproductive expression genes. More evidence is needed to support 
the assumption. The same pattern appeared at the top of the tree. Generally, the separation site was at 
node E (red arrow head). Gene FUL was located in this region. FUL had a function in A. thaliana fruit 
formation after flowering and leaf shape formation, so it was expressed in both vegetative tissues and 
reproductive tissues (Gu et al., 1998). Together with AP1, FUL was separated from the root expression 
gene group (in blue box). 
 
The XAL1-clade and the AG-clade were separated at node F and XAL1 was basal to AG. XAL1 had a 
very long branch, this might cause long-branch attraction (LBA), and thereby had an unstable location 
in the tree (Bergsten, 2005). Although expression of XAL1 was mainly in root and the functions were 
quite different compare with the AG-clade, as most of the previous studies described, the XAL1-clade 
was the closest sister group to the AG-clade (Tapia-Lo´pez et al., 2008). The AG clade was enveloped 
by a red box in the middle of the phylogenetic tree. In this clade we could see that the gymnosperm 
homolog DAL2, DAL18 and GGM3 were basal to AG. Finally, expression patterns and gene functions 
of DAL2 were very similar to AG (Tandre et al., 1998), furthermore, the bootstrap values for this clade 
were high.  
 
DAL28 and the angiosperm gene ERAF17 (from cucumber, C. sativus) shared a common ancestor at 
node A (Figure 9). The ERAF17 gene was expressed in reproductive tissues of cucumber and induces 
the formation of female flower in response to ethylene (Ando et al., 2001). DAL28 was expressed in 
both vegetative and reproductive tissues. The protein alignment (Figure 4) showed a low level of 
conservation in the I-domain, the K-domain and the C-terminal domain, it might indicate that 
functions have diverged during evolution.  
 
Another novel gene DAL29 from Norway spruce had no closely related angiosperm genes found so far. 
It was homologous to the gene GGM5 from G. gnemon. On the other hand, the expression pattern of 
DAL29 was special, it was expressed in both root and reproductive tissues. So does DAL14, located in 
the top group of the tree (Figure 9). DAL29 may be involved in both reproductive and root 
development. However, the low expression level in all of the tested tissues indicates that future 
investigations of this gene, e.g. by in situ hybridization, might be troublesome.  
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Last, all of the genes in the red box on the bottom of the phylogenetic tree (Figure 9) were expressed 
mainly in reproductive tissues. It was a special group that totally separated from the others based on 
the expression patterns. This clade had very long branches. Furthermore, generally, the bootstrap 
replicate values were very low, 7 out of 10 nodes were below 40. This might be caused by the 
Long-Branch Attraction (LBA) or the absence of the C-terminal domain (excluded from the protein 
matrix) during the tree search process. The trees generated by PAUP 4.0 (Swofford, 2001) using 
maximum parsimony and Mesquite v 2.72 (Maddison D. R. and Maddison W. P., 2008) using heuristic 
algorithms did not have these long branches. An attempt to construct a tree by PhyML (Phylogenies 
by Maximum Likelihood) 3.0 web server (Guindon S., Gascuel O, 2003) with LG substitution model 
and 1000 bootstrap replicates (data not shown) was made, but unfortunately this data set caused 
exceptionally long run time, and the search was not completed. 477 different trees resulted and no 
consensus tree was obtained. This means that only half of the total bootstrap replicates were performed 
and the programme stopped in the middle of the run by some reasons. By reducing the bootstrap 
replicates to about 200, a tree similar to that in Figure 9 was obtained (data not shown). Generally 
speaking, to avoid the LBA, besides using the maximum likelihood methods to search the tree, the 
easiest way is excluding the long-branch taxa or breaking up the long branches by sampling more taxa 
and characters of another kind (Bergsten, 2005).  
 
To sum up, the SQUA, SEP1, AGL15, AGL17, TM8 and FLC MADS-box gene subfamilies from A. 
thaliana (of total 13 MADS-box gene subfamilies) had no spruce homologs identified before. Through 
this study, the AGL17-like (DAL30), TM8-like (DAL28) and STMADS11-like (DAL24 and DAL25) 
homologs from spruce were isolated and characterized. DAL30 was the first gymnosperm gene found 
in the AGL17-like clade. Another novel spruce gene DAL29, had no angiosperm homolog. Hopefully 
the finding of these novel genes can be useful for further investigations on evolution and development 
of seed plants.  
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Appendix 1. Map of the vector pBluescript (for blunt cloning). 
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Appendix 2. Map of the vector pK7WG2.0 (for Gateway LR recombination reaction). 
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