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Cloning and evolutionary analysis of homologous
sequences of RALF in Cruciferae
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Abstract: Peptide hormones genes are important in plant growth and development and RALF (rapid alkalinization fac—
tor) is one of them. Cruciferae is a big family in Chinese vegetable crops. Polypeptide hormone gene RALFbn was cloned
from Brassica campestris (rape) in the authors’ previous work. In order to find out the information of RALF homologous
genes in Cruciferae vegetable crops this experiment was done. At this time the primers were designed according to the
sequence of RALFbn gene. The genomic DNAs of 7 important vegetable crops were extracted in advance. The vegetable
materials were selected from Brassica Raphanus Rorippa and Barbarea and they all belonged to the same family of Cru—
ciferae. Seven sequences homologous to RALF were cloned from the 7 materials from important vegetable crops with the
primers designed from RALFbn. Then the 7 DNA sequences together with the RALFbn gene were analyzed. The results

showed that all the DNA sequences’ open reading frames were about 300 bp long. There was no intron in the 7 genes.
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The 7 proteins encoded by them were all made by 73 amino acids. All these indicated that the RALF homologous genes
were very conservative in the 4 genera of cruciferous species. At the same time the 7 RALF homologous genes expression
analyses were done in four genera in Cruciferae. The result indicated that these genes were not or weakly expressed in
root stem leaf inflorescence axis and other vegetative organs while mainly expressed in reproductive organs in which
the total amounts of the expression in flower buds and open flowers were generally higher than those in tender siliques.
All the expression indicated that the physiological active period of these genes in Cruciferae was in the flower growth pe—
riod. The system tree was constructed with the 7 RALF homologous genes in the 4 genera of Cruciferae. The NJ tree of
RALF homologous genes reflected that RALFbn BoRALFjx and BoRALFzh formed a branch while BjRALFdn4 and
BjRALFxlh formed another branch with the rest RALF homologous genes from Raphanus Rorippa Barbarea clustered in
the same branch. The evolutionary pathway of these RALF homologous genes in a certain extent also reflected the genetic
background relationships between these crops. In all this study enriched the information of the rapid alkalinization factor
(RALF) family and expanded the knowledge of the molecular evolution data of Cruciferae.
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Table 1  Materials in the experiment

(Lucrezia et al. 2012 ;Ricchiuto et al. 2011).

Genus Species Cultivar Gene
N name
el var. tfmljtlit:l “ T()ngnjng4 BjRALEFdn4
(Loivaméki et B. juncea BiRALFxlh
. . var. multiceps Xuelihong 4 )
al. 2010;Kouchi et al. 1999) (rapld Brassica 1. B. oleracea BoRALFjx
alkalinization factor RALF") (Pearce et Varé ”“jﬁ;ﬁfw Tixin
! Iboclah Zhoneh BoRALFzh
al. 2001 ;Germain et al. 2005). var. abograbra onghua
N Raphanus R sativus Yuanbai RsRALF
s (Haruta et al. 2003 ;0ls— , R indica _ RiRALF
Rorippa Scop.
en et al. 2002; 2009) .
Barbarea B. wulgaris - BvRALF
(2008 2010) R Br vegars !
RALF o
RALFbn ( GenBank
4 RALF
:KC149515) DNA P1:
X 5-CGTATGGGGGATGTCTGAAAGT3". P2: 5'-GTA-
RALF AAATTAACCAAGGGTGGTG-3
° o P1 P2
7 RALF . PCR
1 DNA (20 ng ML“)I wL dNTP (10
pmol * L.7)0.5 pL 10 x PCR 2.5 uL
L.1 (10 pmol * L) 0.5 pL Tag (5 U -
7 pL1)0.5 pL. PCR 94 C
4 \ \ 1 2 min 194 C 30 s
¢ Do 56 C 30s 72 C 2 min 72 C 2
45 d 5 5% min 30 72C 10 min.
1.0%
DNA o DNA 4 C T4
1.2 DNA DHS5«

DNA CTAB 0 EcoRI
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PCR 300 bp ( Do T-easy
o DH5a
1.3 RALF PCR  EcoRI
8 RALF
(ORF)  DNAStar DNAs- DNA 300 bp
sist 2.2 MegAlign o
ClustalX 8
(Nie et al. 2013),
1.4 RALF
Kimura MEGA 4.1
MEGA 4.1 NJ.ME
MP
(Bootstrap) 1 000 (Nie et al. 2012).
1.5 RALF
RALF 4l RALF ‘ 1—7\.
o “ 7 (BoRALFzh) - 8. 3 kb DNA
“ 7 (RsRALF) « “ 7 o o
(RiRALF). ‘ " (BoRALF) R
NN N N hong B. oleracea cv. Jixin B. oleracea cv. Zhonghua R. sativus
. 7 RN A( Life Tech— cv. Yuanbai R. indica Hiem and Barbarea wvulgaris respectively;
nologics TRIoL® ) 8. 3 kb DNA ladder.
c¢DNA (cDNA 2.2 RALF
SMARTer PCR ¢DNA Synthesis Kit 4 7 RALF
) RT-PCR c¢DNA
P1.P2 PCR (10 ng » pL*) cDNA o
1 pL P1.P2(20 pmol * L") 2 plL Taq 30% ; 10%
Buffer (10 x)5 plL Mg (25 mmol * L')4 pL 11.4% ; 5%
dNTPs(10 mmol * L)1 pl. Taq (5 U+ nL?)0.5 o 7
ul ddH,0 50 plL. PCR : 94  RALF RALF
C 2 min; 94 °C 30 5356 C 30 5372 C RALFbn( 2) 8  RALF
1 min 30 ;72 10 min. 8 5
B-actin pActinl  pActin2 11 “YIXY” 4
5 TCGGAATGGGCCAGAAGGAC3” 5°IC- o blast 7
CACGTC-GCACTTCATGATG3". RALF ¢ 3)
80
2 25%
( 2011) RALF
2.1 RALF ( 2008) -
4 8  RALF
N N 1 DNA o
P1.P2 7 DNA PCR 8 RALF
RALF o 7 o NJ. ME MP
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Fig. 2 Alignment of the amino acid from RALF homologous gene

3 RALF Blast 8

“YINY”

Conserved “YINY” motifs and 4 cysteines are showed in frames.

“RALF superfamily” 1

Fig. 3 Blast result of RALF protein Blast results of 8 RALF proteins are the same “RALF superfamily” only one is showed.
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NI (
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8
NJ ( 4),
4 4 RALF
4 7
RALFbn
RALFbn
2.3 RALF
cDNA B-actin
P1.P2 RT-PCR ( 5.
4 RALF RALF
4 Y Y N
(RiRALF) ( BvRALF)

4 8 RALF NJ
MEGA4. 1 (1 000 ).
Fig. 4 NJ tree of 8 homologous RALF sequences Made by
MEGA4.1 numbers on the tree represent confidence values from boot—

strap test (1 000 replicates).
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5 RALF R.
S.L.Ra.B.F.Si NN . N
; Actin o
Fig. 5 Expression patterns of homologous RALF in four
genera of Cruciferae R S L Ra B F Si indicated roots stems
leaves rachis the total buds open flowers and siliques respectively;

B-actin was internal control.
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