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Identification and expression analysis of the CM family gene in walnut
(Juglans regia L.)

LU Hailing, YANG Wenjun, ZHANG Dengshan, WANG Li’

(Key Laboratory of Forest Genetics and Breeding on Qinghai Plateau, Qinghai University, Xining 810016, Qinghai, China)

Abstract: [Objective] It is estimated that about 20% of the carbon fixed by green plants goes through
the shikimic acid pathway (SAP), and provides the carbon skeleton for secondary metabolites such as
aromatic amino acids, vitamins, lignins, phenols and aromatic substances. Hence, SAP is regarded as
the bridge connecting sugar and secondary metabolism in both plants and microorganisms. Chorismate
mutase (CM) is a constitutional enzyme of the SAP pathway, catalyzing the conversion of chorismate to
prephenate. In the present study, genes of the CM family were first identified from the genomic data of
walnut (Juglans regia L.), aiming to uncover their physicochemical properties and genetic features.
[Methods] Protein identification was performed by searching the genomic data using the Hidden Mar-
kov Model (HMM) model of the CM family protein. The Arabidopsis thaliana AtCM1 protein was also
used as the seed to BLAST against the walnut proteins, in order to further confirm the searching result.

The walnut genome data was downloaded from the Ensembl Plants database. The non-redundant se-
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quences were re-confirmed by querying the SMART and CDD databases and used as sequences for
downstream analyses. The physicochemical parameters, including gene length, molecular weight, iso-
electric point, amino acid number, instability coefficient, signal peptide, chromosome location, trans-
membrane structure, hydrophobicity and subcellular location, were obtained by calculation and predic-
tion using bioinformatic tools. For display of gene structure, structure information was extracted from
the sequence annotation file, and displayed by using TBtools. We also predicted the cis-acting elements
existing in the promoter regions by querying the PlantCARE database, and the location of the motifs
was displayed using GSDS. The phylogenetic analysis of plant CM proteins was performed using the
neighbor-joining (NJ) method with 1000 bootstrap replicates (implemented in the MEGA11 software).
For quantification of gene expression by qPCR, the primers of CM genes were designed using the Oligo
Architect Online tool, and the walnut /8S gene was selected as the internal reference gene. Real time
fluorescent quantitative PCR was then conducted to quantify and analyze the gene expression in differ-
ent tissues (leaf, stem, fruit stalk, green husk). [Results] After HMM and BLAST search, seven CM
proteins were identified from the walnut genome. All the CMs contained the CM-2 domain, which was
specific to the family. Therefore, these seven genes were identified as members of the CM family. Anal-
yses of physicochemical properties showed that all 7 CMs were hydrophilic proteins except for JrCMS.
No signal peptide was detected in walnut CMs, except for JrCMS5. Most of the CMs identified in other
species had no signal peptide, such as Petunia hybrida PhACM1 and Salvia miltiorrhiza SmCM1. It was
speculated that walnut CMs had similar property and function like other homologues. The prediction of
protein subcellular localization showed that walnut CMs were all located in the chloroplast, which was
consistent with that of PhCM 1. Therefore, the functioning place of the CM homologues could probably
be in the chloroplast. The CMs might play active roles in plant defense by affecting the synthesis of sec-
ondary metabolites, such as salicylic acid and flavonoids. The gene location analysis showed that these
7 CM genes were distributed on 6 chromosomes. Each gene contained 5-6 exons, and their structure
was conservative. All the 7 CMs contained no transmembrane structures, except for JJCM4. The results
of protein three-dimensional structure prediction showed that there was a high similarity between the
members of the walnut CM family proteins and the template AtCM1 protein. A diverse set of cis-acting
motifs were detected in the promoter region of CM genes. The CAAT box and TATA box were constant-
ly found in all the promoters. In addition, a total of 296 elements, which could be grouped into seven
major categories were detected. These cis-elements could be grouped into 7 categories, including the
light response, hormone response, stress response, transcription factor binding site, growth and develop-
ment response, and circadian rhythm regulation. The phylogenetic analysis showed that the plant CM
proteins could be divided into four groups, and the CMs were clustered in branch I and IV. Wherein,
JrCM2 and JrCMS5 were closely related to Populus tomentosa CM Potri. T174200 protein; JrCM®6, Jr-
CM7 and JrCM3 were closely related to grape CM GSVIVGO1010091001 protein; JrCM1 and JrCM4
had close relationship with Phalaenopsis Aphrodite CM PEQUO04269. The results of qRT-PCR analysis
showed that 7 genes were expressed in walnut leaves, stems, fruit stalks and green husks, and their ex-
pression was tissue specific. [Conclusion] In this study, seven CM family genes were identified from
the walnut genome. The proteins of walnut CM family had physicochemical properties and three-dimen-
sional structures similar to those of their homologues. A variety of cis-acting elements were detected in
the promoter region of these 7 genes, implying responsiveness to multiple signals. The expression of
CM family genes was universally detected in different tissues. The gene expression profiling of CM

genes is not only helpful for better understanding of the generation of secondary metabolites (various
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amino acids, phenols and antioxidant active substances), but also benefitial for the regulation mecha-

nism study of CM proteins. The biosynthetic pathway of plant polyphenols is very complex, involving a

wide range of enzymes, and chorismate mutase is only one of them. At present, the functional mecha-

nism of this family is still not fully elucidated, and we will continue to carry out downstream experi-

ments to uncover the molecular mechanism of the shikimic acid pathway regulation.

Key words: Walnut; CM family genes; Bioinformatics analysis; Expression analysis
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Table 1 Sequence information of the primers used for qRT-PCR
£~ 37| LiESI kY
Gene Forward primer (5’-3") Reverse primer (5”-3")
JrCM1 GAGCCATTGTTGCCACCTT ATCCGCAGTTGCCATCATC
JrCM2 TGAAGAAGAGAGTTGCGAAGAAG AATCAAGACGGTGTAGGAGGTA
JrCM3 TTCTTCATCCTCCTCGTCTCC AGAGTGCCTTATGCCGTCTA
JrCM4 AAGATTGGTTGAGGAAGGAGATG TCTGATGGCGAGTTCATAGGTA
JrCM5 CCTGGTGATGATGGCAATTATG CTCCTCCACACTCTCAACTG
JrCM6 AGGCTGCCATTAGAGTACAGGA CGATTGCTGCTTCCACTGTT
JrCM7 AGGCTGCCATTAGAGTACAGGA TTCGCAGCAAGTATTCAACCT
Walnut /88 GGTCAATCTTCTCGTTCCCTT TCGCATTTCGCTACGTTCTT

2 ER50W
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Table 2 Physicochemical properties of walnut CM family proteins

SR FEFE gmiBIX TR HIER ARE REKYE e F24 At
b Pt iR s KE  KEZ A TV U e S Hydrophil- ' SE T
2R FER 1D Molecular . L ik
Chromosome Gene  Length Isoelectric Number Coefficient icity/ . Subcellular
Gene Gene ID . mass/ . . Signal o
location Length/ of CDS/ point of amino of hydrophob- . localization
name ku . . e e peptide .
bp bp acids/aa instability icity predicted
JrCM1  Jr10_01790 Chr.10(+):1 068 413- 1327 954 36.06 5.64 318 47.67 -0.305 JoNo  HR&RAR
1072 381 Chloroplast
JrCM2  Jr08 00830 Chr.8(-):718 168-720 722 1279 774 29.26 5.82 258 49.71 -0.250 JeNo &Rk
Chloroplast
JrCM3  Jr13_14800 Chr.13(+):11172097- 1290 960  36.36 7.62 320 57.64 -0.348 JiNo  Matfk
11176 153 Chloroplast
JrCM4  Jr01_03110  Chr.1(+):2 236 541- 1561 1101 41.74 5.83 367 51.19 -0.213 JoNo  HpR&Rfk
2 240 708 Chloroplast
JrCM5  Jr11_30250 Chr.11(+):36 459 446- 1228 840  31.64 8.45 280 52.93 -0.163 AMA- 4k
36 461 883 LN Chloroplast
JrCM6  Jr16_12450 Chr.16(-):20 451 797- 972 969  36.77 8.4 323 51.86 -0.378 ToNo  WRZRfk
20456 245 Chloroplast
JrCM7 Jrl6 12460 Chr.16(-):20 451 797- 930 900  34.05 8.16 300 51.43 -0.408 JoNo  HR&RfA
20 456 245 Chloroplast
s
(W—srcma JrCM1
~ A JrCM2 M)
. (JrCM3
rCM6
JrCM7

5 7 10 HT 7 13 1@ 15 16
JrCM5
1 #Zk CM RigEFE R E R EN

Fig.1 Chromosome location of CM family genes in walnut
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Fig.2 Tertiary structure of walnut CM family proteins
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Fig.3 Response elements in the promoter of walnut CM family genes
*3 koM EEBRFMRBIREER R B ST
Table 3 Number of cis-acting motifs that predicted to be abundant in CM promoters
K Gene MYB ERE MYC Box 4 G-Box ABRE ARE STRE 02-site TCA-element
JrCM1 5 4 2 2 6 4 1 1 1 2
JrCM2 4 4 3 1 2 2 3 1 2 1
JrCM3 7 1 2 2 2 2 1 2 0 2
JrCM4 10 4 5 3 4 3 2 2 1 1
JrCM5 5 1 6 4 1 0 2 1 1 0
JrCM6 1 4 1 4 2 1 1 1 2 1
JrCM7 1 4 1 4 2 1 1 1 2 1
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Fig. 4 Gene structure analysis of walnut CM family genes

AR CM B8 A3 & B 12 KGR A I CM_2 45 1)
1%, H PLN02344 #11 CM-plyst i 45 #4552 8 (& 5) .

GG ET T R T LA Y CM_2 IR AE M 45 1
15 3 Bt Motif 1.2.3.4 Fr e i (& 6D, 4 il /2 Jr-
CM2X & Lida Ny, H EiR 4N EFEE 7

1 5 50 k:d 100 125 150

MMk CM K E B h R R . R RA
—E IR 1, W Motif 8 X A77E T JrCM3 F1 JrCMS
s Motif 9 XA 7E T IrCM3 . JrCM1 Al JrCM4 1, 1fij
Motif 10(289~293 bp X AF1E T JrCM 7. JrCM6 Hll Jr-
CM3 1,

175 20 25 20 7 300 318

Query s

Specific hits
Non-specific 1ot
hits

‘ JICM1

Phet ‘

Super families CM_2 superfamily

zsn 28

— ‘ -
CM_2 superfamily

25

Query seq.
Specific hits

Non-specific

hits
Super families

uery seq.
Specific hits
Non-specific

— # JHCM3
hits
Super families CM_2 superfamily

Query seq. O NI S S A, (. |
Specific hfl_ts :
Non- SpeC}ll 11tg Hploust . # JrCM4

Super families : CM_2 superfamily

1 25 50 75 100 125 150 175 200 25 20 280

Query seq. e
Specific hits
Non-specific st ﬂ
hits -

Super families CM_2 superfamily

1 % 50 ki 100 125 150 1 200 2 250 5 300 323

Query scq. it
Specific hits
Non-specific tHploust : IrCM6
hits

CM_2 superfamily
1 b3 50 s 100 125 150 175 200 25 250 5 300 309

Super families

Query seq.
Specific hits
Non-specific N ploust ‘ JrCM7
hits ‘

Super families CM_2 superfamily

El5 #&bk CM HixEBNEE

Fig.5 Structural domain of walnut CM family proteins
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Fig. 7 Multi sequence alignment of walnut CM family proteins
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Fig. 8 Phylogenetic relationship of walnut CM family genes
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