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Cloning and Transcription Expression Analysis of Magnesium-Protopor-
phyrin IX Monomethyl Ester Cyclase Gene in Cymbidium Hybrid
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Abstract  Magnesium-protoporphyrin IX monomethyl ester cyclase has been considered to be an important
enzyme which related to chlorophyll biosynthesis. In order to explore the function of MPEC (Mg-protoporphyrin
IX rnonomethyl ester cyclase) gene in leaf color variation, the cDNA of MPEC gene was successfully cloned from
the leaves of Cymbidium hybrid ‘Purple Element’ (K21) and its new strain K21-3 by RT-PCR on the basis of tran-
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scriptome sequencing results in this study. Meanwhile, the biological information and expression of gene were ana-
lyzed. The ORF sequence lengths of ChAMPECI and ChMPEC2 were both 1 221 bp, and they encoded 406 amino
acids. There were two different amino acids in ChMPEC1 and ChMPEC2. Bioinformatics analysis showed that
ChMPECI1 and ChMPEC2 might be stable hydrophilic proteins, and they belonged to the Ferritin-like family. The
phylogenetic tree analysis showed that ChMPEC1 and ChMPEC2 of Cymbidium hybrid were closely related to that
of Cymbidium sinense, Phalaenopsis equestris and Dendrobium catenatum from Orchidaceae. qPCR results indi-
cated that the relative expression of CAMPEC in different tissues was as follows: leaves>stems>roots. The expres-
sion level of ChMPEC in descending order was at middle seedling stage, seedling stage and test-tube plantlets stage
in the comparison of different development stages. Among the different strains, the expression level of CAMPEC in
K21 was significantly higher than that of K21-3. Correlation analysis results showed that there were close correla-
tions among CAMPEC gene expression, chlorophyll a, chlorophyll b and total chlorophyll. It was speculated that
this gene was involved in the synthetic pathway of chlorophyll in Cymbidium hybrid and played a role in the forma-
tion of K21-3 leaf color variation. The above research results can provide a reference for the study on the formation
mechanism of leaf color variation in Cymbidium hybrid.

Keywords Cymbidium hybrid; MPEC gene; gene cloning; gPCR
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Table 1 The primers used in MPEC cloning and qRT-PCR in Cymbidium hybrid
ElEZ B ElEZ)s2 1
Primer name Primer sequence Function
AP 5'-GGC CAC GCG TCG ACT AGT AC(T)7-3" Reverse transcription primer
MPEC-F 5'-ATG GCG GCA ACA GCT ACA GCA G-3' For the cDNA of ORF
MPEC-R 5'-TCA ATA AAC AAG CTT CGG CTC-3'
ChACT-F 5'-GGG TGC TTATGT TGG TGA TG-3' For the internal control
ChACT-R 5'-TTC AGA GGG GCT TCA GTA AGG-3'
MPEC-RT-F 5'-AGT ATC GGC TCT ACC CTA TCT TCA AGT ACT T-3’ For the expression of MPEC
MPEC-RT-R 5'-CGC TGT TGT TCG GTT GGT CTC AAT GAT G-3'

(1% ) 458 1B P VIR 43 16 0 B8 v 00 G 5 e e A afi
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ChMPEC1 A1 ChMPEC2¥) /K i fe e | H il . 4
5T K 5 5 25 0 R 2 o R & 4 T 0, )
ChMPEC1 /1 ChMPEC2 & FH R I & 155 1k, i
JEEZE R, Tots Mg e Lkt , W3 E 7 T4 (chlo-
roplast, chlo)ff) Rl BEPE R K. £ FR 57 45 K4 38 N 4>
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PLIE {55 (extended strand) Al B-5% £ (beta turn) A%,
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2000 bp
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A: K21; B: K21-3; C: ¥ #7411, M: DL2000 marker; 1: K213 4H7; 2: K213 #4647 .
A: K21; B: K21-3; C: amplification product figure; M: DL2000 marker.1: K21 amplification bands; 2: K21-3 amplification bands.
Bl AR S TR RISAERIMPECY 174
Fig.1 The tested materials and amplification product of MPEC gene with whole ORF
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Fig.2 Prediction of secondary structures of ChMPEC1 and ChMPEC?2 in Cymbidium hybrid
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R4 HChMPEC 1 HIChMPEC2 1) 22 5 58 B4 B

Ac: Ananas comosus; Ch: Cymbidium hybird; Cs: Cymbidium sinense; Dc: Dendrobium catenatum;, Jc: Jatropha curcas; Pe: Phalaenopsis equestris; Pt:

Populus trichocarpa; Te: Theobroma cacao; The boxes are two conservative elements; Triangle are leucine zipper; Underlines are differences in amino
acid of ChMPEC1land ChMPEC2.

E3 RIZZMPECRERRFYISHMEMZELLS
Fig.3 Multiple alignment of the amino acid sequence of MPEC among Cymbidium hybird and other plants
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v I Zea mays(PWZ31788.1)

| Ananas (XP_020108573.1)

1

0.01
= AR AR HKAT I ChMPECT HIChMPEC2.
The black triangles represent ChMPEC1 and ChMPEC?2 obtained in this experiment.
4 RRXZ5HMBEYIMPECRGH LR
Fig.4 Phylogenetic tree of MPEC in Cymbidium hybird and other plants
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The gene expression in leaves of K21 with test-tube plantlets stage was set as 100%. Different normal letters represented significant difference (P<0.05).

El5 K21FK21-3RE4HLR H ChMPECER RN FRIE 2
Fig.5 Expression levels of CAMPEC in different tissues of K21 and K21-3
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The gene expression in leaves of K21 with test-tube plantlets stage was set as 100%. Different normal letters represented significant difference (P<0.05).
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Fig.6 Expression levels of CAMPEC in leaves of K21 at different growth stages



1744

BRI

IeAk, B L T RE A AN
Wit s R a. MR EbDRAMSR SR, HE
STIKN, FRETHAM R Ak R e, AR Rb AT SRR
TrER e, B TR AN =
Hoe, N R e, R DAL SR
FoEaAESTHAEEEYF, BERAERE. @
e R a I SRR b BRI, AFRKE
I g e B T4 b & &, Chla/b
H Y5 N2.30~2.90.

2.6 ChMPECERFEMEMFRILESHEZRSEMMHE
KMo
i L CRMPECHE RIAR XN R | 5 4R &

120 (1 K21-3 roots
-]
100 El K21 roots

s 507

Q

E

E .

Z 60

z

=

Q

Qﬁ 40-
20
0

Chla

K21-3 stems

K21 stems

B R A AE, Horp s, A Se MRS (R
2), K ChMPECH:RIAH X} K15 & 5 M4 8K aff /£ i
A ARG, K21-3HH M i i (1 R A5 R A
LR =0.223x+0.661(r=1.000%), K214 51 %
U R K R A O T 20 =4.712x"%(r=1.000%*);
ChMPECH: R X 1k & 5 i 4% 3 bR FE A 1E 2
F IR MO, K2 1-3H 5 M B U () o B o A At
AR 30 y=0.2911n(x)+2.134(r=0.999% ) Fll T 15
3 y=2.050x"12(r=0.999*), K2 1H1 1 5 4F 1) B %L
K AR LR R y=0.234x+2.496(r=1.000%*);
ChMPECHE: R AH X} 375 & 5 S S R AF(E 5 M
5%, HK21-3F0 K2 1AH M 5 4 11 oR 4000 R A8 208

K21-3 leaves

K21 leaves

%
%
N
x
%
x
§
\

Chlb

P T AR 1 b () s 4 383 152 M 100%, A8 ) /N5 - RER R 22 5 8. 25 (P<0.05)
The total chlorophyll content in leaves of K21 at test-tube plantlets stage was set as 100%. Different normal letters represented significant difference

(P<0.05).

E7 K2MK21-3FREEAPHFESELR
Fig.7 Comparison of chlorophyll content in different tissues of K21 and K21-3
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Chlb ' '

ASREFBTIIK 2 o (R G 2 L2 N100%. R FLING 5 IR 2 53 B 5(P<0.05).
The total chlorophyll content in leaves of K21 at test-tube plantlets stage was set as 100%. Different normal letters represented significant difference
(P<0.05).
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Fig. 8 Comparison of chlorophyll content in leaves of K21 at different growth stages
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Table 2 Correlation analysis of relative expression of CkMPEC gene and chlorophyll content in Cymbidium hybrid

LiEES i

Correlation Strains

AR

Linear model

X Y

Logarithmic model

ey ] TR

Power model Exponential model

Chlorophylla  K21-3 y=0.223x+0.661

3=1.795In(x)+2.482

y=12112%% 5=0.920€""%

=1.000% 1=0.853 1=0.984 1=0.922
K21 1=0.693x+4.849 1=12.989In(x)+7.865 y=4.712x05% y=4.718002
7=0.998* 1=0.943 1=1.000%* 1=0.924
Chlorophyll b K21-3 3=0.027x+2.028 1=0.2911n(x)+2.134 3=2.050x0124 1=1.982¢011x
=0.863 7=0.999% 7=0.999% 1=0.922
K21 1=0.234x+2.496 1=4.260In(x)+3.723 3=3.108x0416 1=2.82 10022
1=1.000%* =0.917 1=0.943 1=0.998*
Total chloro-  K21-3 1=0.249x+2.689 1=2.086In(x)+4.616 =3.520x03%7 1=2.904¢0034
phyll 7=0.996* =0.883 =0.971 1=0.944
K21 1=0.927x+7.345 3=17.249In(x)+11.588 3=8.111x"57 y=7.833¢0026x
7=0.999% 1=0.937 1=0.994 1=0.957

#E0.057KF BB A, #*7E0.01 K A B35 A G

*Significant correlation at the 0.05 level; **Highly significant correlation at the 0.01 level.

RNETERER, 23 51N y=0.249x+2.689(r=0.996*) Al
¥=0.927x+7.345(=0.999%)..

3 g

MPEC/E M 4% 25 AE W) & i I8 42 (1) KA g 2 —,
TEHEPIREEEFH PR EEEH. Hal, EREE
VISR DI ACHE . LM BR . W S A A 5 R v S A
VIR IF . K. KIEE)H ¥ H MPECIH )5 3
DR e [ (1) A D4R . 4 WO X B 7T HH PeMPECHS
ER] 5 47 BIF 95 16 &5 51 7R, PeMPEC Y- B0 BT 1
A, 2R B iR, Fod SRk T e 4t
REE, NHSEREMERAEFREBEHN. KA
PLARAZ 22 K21 4 f0) FIK21-3(H w1 iE 2)
Kl TR T 2ANMPECHE R cDNA 741, HAFK21-3
5213k BB 7 FIAFAE6 N R I 2 57, FEUT
2NVEBERIN ZE S o XX 2AN R R 7 4 5 H A A A 3t
AT HI LR, RIS H AR 1) VR s B
R G B 1 2 10 T RE R ARUE ISR M EE A, @
TFerritin-like 5 1%, 3 A 58 2008 H ik F12 4 OR 55 1Y)
EXnDEXRH7G /4. qRT-PCRZ: % % B, ChMPECH%:
PR AE - o 1) 30 8 e o, Ut B ChRMPECHE R AE 32
B GBI ARk, STEEBMW. MR
(PRI G B A — 8 W58 Pl ks M T ChMPECH:
PRI ZE AN [R5 & I BRI B A [ 3R A 1 4, ChMPECHE
DRI R B R (1 308 B 3 v TR v A A/
WA o MERER A EIE AT s R EOR,
M4t FKa. HERDLEM GRS R THRp M

W, BRI A e R ey AR D K 4R
FoEa TIREE AN AN F; s, W58k
MChMPECE:RIAHX ik B 4k 3Ra. 4R Eb I
S SR ER B B P AE AR B U 3 IR ARG, U,
M ChMPECE:RI{EZRAZ = i e 5 5 B SRR M &
Ji o

FeAZ 222 RK21-3R BUA M B o ) B35
R Rumskts, RFEZ. @SR EG=
W5, KINK21-30 it Fa, G RbALA SRR
& B E TR A, HChla/bfE # & FR21H F,
Wi I I 2R 2 byl M B2 B R a s oK, HEMIK21-3
B2 RO e 5 2R R bE Z AR, J8 T 4R RDb
i Z R RARAR, <4 i ) 35 AR = A OK S5
T RABRVS-SYPI RAGAA L RIARL. A T RS
K21-373% 2 [ ¥ B 75 5 ChMPECK: R o5, A
W B e A, 8 B RIE R,
RIK21-3M Z X i Fr 1 JChMPECZ 24 1R )7 41 5
K214k ta it 7 AR AE2 A S L IR 1R 22 S, HK21-30F 2
X M- H CRMPECHE [R (¥ A1 %o 360k & B I FR214%
O A Rk B, SR S ENREE L
FeA—F, b HEN CAMPECHE R Al BEAEK21-3H- 2
TE R 2 — @ R

TEKFE B R AR ygl8 mI167 57 7ysH1, 5ljd
RAFFAIFILK YGLS. OsCRDI. LOC Os01gl7170
Bl oy 2y, KRR 1) O 5k A, H 4w MPEC,
{BAS[R) AR AR I 7 22 S W Bk, A RARAA ygI SIXAE
B A S IS SR R A T RASAR m167H1 57 7ys 15



1746

)

BRI

MK R R R A, H R S577ys T
WAHBPERA, HEN T F R ZERATREE R T
S SN AR BB, SRR, K213 2K
1 o [F R A AR R R R T B (M 5878 1, 43 5
A139GHIZEA1096C, FEEEATALEIEFR th 75 ER(T)
AN TR EIR (A) LA 5B 3667 2 JE IR i i 2 R (K) A
R BN (Q), Herb o 366/ & HE MR S AR A7 i T
PRSP EERIIR P, el HE I 2 R R T 41 1 AR A 1] R
SHMK21-3M AT, £ T ChMPECE: 2 53
b JEE DRI 5 1 3 2 L7 91 1) AR TE K21-3 0 20T
Bl HP D E B A A 7 10— 2D A L SE

H 1 A 5% €048 S 1) T 7t 22 B v A2 JU e I A
AKFEH, T 22 RBHE 28 B T TR 5y i
i o AWFFRIRAG T 4438 2% CRMPECR:H R 1), *of
DA N S MR . R R RIEME G AT 00T, N
A Ja il B R AR AE B SRR RN ChMPECi3E
ITYIREIRUESEHE T S H B RL, oM — P A5
2 ZTE LR T R

2B #k (References)

(1] WEGE, PRI, SRR, 45, JR A0 20T hh e T2 22 0], [ 25k
(ZENG R Z, XIE L, GUO H R, et al. A new hybrid Cymbidium
cultivar “Yuniilan’ [J]. Acta Horticulturae Sinica), 2014, 41(2):
401-2.

[2]  JAIME A, TEIXEIRA DA S. Impact of paper bridges, activated
charcoal, and antioxidants on growth and development of proto-
corm-like bodies of hybrid Cymbidium [J]. In Vitro Cell Dev-pl,
2013, 49(4): 414-20.

[31  75Mp, ZEB0bk, (ERE, &5 RN RO 2 S TR AR A A
FEMZE SRR AL, VA MOl RFS(SU C, L1 Z L, REN Z H, et
al. Morphology and physiological characteristics of Cymbidium
tracyanum *C. Iridioides D. Don with variegation leaves induced
by irradiation [J]. Journal of West China Forestry Science), 2016,
45(3): 38-43.

[4]  WIZRHME, WRRZR, BRiA, & d2mtZ A s R B 8 ot
R VOCRFE T (1] RGP B (XIE T X, YAO R R,
CHEN J, et al. Photosynthetic pigments content and chlorophyll
fluorescence kinetics parameters of a leaf mutant cultivar of
Cymbidium ensifolium [J]. Subtropical Plant Science), 2019,
48(3): 232-6.

[5]  WFIRA, B4, MR, 55 B kB Zm A e m R
By SR E R IR N I S AR At A 1 LA [0, AR
2F4R (XU Q Q, YANG F X, YE Q S, et al. Comparison of pho-
tosynthetic pigments content, chlorophyll fluorescence kinetics
parameters and chloroplast ultrastructure of leaf mutant cultivars
of Cymbidium sinense ‘Damo’ [J]. Chinese Journal of Tropical
Crops), 2017, 38(7): 1210-5.

[6] HTF, ERE, HEL S 00 22RGFETAR RN A B AL
FM RGO CRAERT AL, AL R (TIAN W W, WANG

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

C X, TIAN M, et al. Physiological, biochemical and chlorophyll
fluorescence characters of light green stripe mutant in Oncidium
[J]. Acta Botanica Boreali-Occidentalia Sinica), 2015, 35(10):
2012-7.
ZHU G F, YANG F X, SHI S S, et al. Transcriptome character-
ization of Cymbidium sinense ‘Dharma’ using 454 pyrosequenc-
ing and its application in the identification of genes associated
with leaf color variation [J]. PLoS One, 2015, 10(6): €0128592.
MEI J, LI F, LIU X, et al. Newly identified CSP41b gene local-
ized in chloroplasts affects leaf color in rice [J]. Plant Sci, 2017,
256: 39-45.
TELERE, REHT, M, % KRR A U S AR R
F A0t s R (0], VAR iRk (HUANG X Q, ZHAO H
X, DONG C L, et al. Chlorophyll-deficit rice mutants and their
research advances in biology [J]. Acta Botanica Boreali-Occiden-
talia Sinica), 2005, 25(8): 1685-91.
SAKURABAY, LEE S H, KIM Y §, et al. Delayed degradation
of chlorophylls and photosynthetic proteins in Arabidopsis au-
tophagy mutants during stress-induced leaf yellowing [J]. J Exp
Bot, 2014, 65: 3915-25.
BEALE S I. Green genes gleaned [J]. Trends Plant Sci, 2005,
10(7): 309-12.
LIU H H, ZHENG C C. MPEC: an important gene in the chlo-
rophyll biosynthesis pathway in photosynthetic organisms [J].
Photosynthetica, 2008, 46(3): 321.
YANG L, LOU Y F, PENG Z H, et al. Molecular characteriza-
tion and primary functional analysis of PeMPEC, a magnesium-
protoporphyrin IX monomethyl ester cyclase gene of bamboo
(Phyllostachys edulis) [J]. Plant Cell Rep, 2015, 34(11): 2001-11.
LI C, MA F R, JIAO R J, et al. Mutation in mg-protoporphyrin
IX monomethyl ester cyclase causes yellow and spotted leaf phe-
notype in rice [J]. Plant Mol Biol Rep, 2019, 37(4): 253-64.
MOSELEY J, QUINN J, ERIKSSON M, et al. The Crdl gene
encodes a putative diiron enzyme required for photosystem I ac-
cumulation in copper deficiency and hypoxia in Chlamydomonas
reinhardtii [J]. Embo J, 2000, 19(10): 2139-51.
KAORI Y, KEI M, YUICHI F. Identification of the chlE gene
encoding oxygen-independent Mg-protoporphyrin IX mono-
methyl ester cyclase in cyanobacteria [J]. Biochem Biophys Res
Commu, 2015, 463(4): 1328-33.
ZHENG C C, PORAT R, LU P, et al. PNZIP is a novel meso-
phyll-specific cDNA that is regulated by phytochrome and the
circadian rhythm and encodes a protein with a leucine zipper
motif [J]. Plant Physiol, 1998, 116(1): 27-35.
TOTTEY S, BLOCK M A, ALLEN M, et al. Arabidopsis CHL27,
located in both envelope and thylakoid membranes, is required
for the synthesis of protochlorophyllide [J]. Proc Natl Acad Sci
USA, 2003, 100(26): 16119-24.
W, BT 6 S I i FE I A Ak Bl 5 X B 76 e SRR 1D T R 7
F[D]. Abst: B ML R AR, 2014,
LIUN, YANG Y T, LIU H H, et al. NTZIP antisense plants show
reduced chlorophyll levels [J]. Plant Physiol Biochem, 2004,
42(4): 321-7.
EEE, e, T, 55 G SRR S A L Sk
S U O E RE OR S IR R K 4 T[], T 2 2E R (YAN F,
YANG S H, WEI J J, et al. Chloroplast ultrastructure, metabolite
contents and gene expression involved in the pathway of chloro-



PR A %52 22 B8 S M R IX P 2P i3 DR 1) o B 55 e s 3R i

1747

[22]

[23]

phyll biosynthesis of Rosa beggeriana ‘Aurea’ [J]. Acta Horti-
culturae Sinica), 2019, 46(11): 2188-200.

RN RN, MLLAH, 5. SEH R R B AR AR IR i) T 2
SHERFIEEAFED]. AP E F(LL C H, ZHU L H, YANG
H J, et al. Main agronomic characters and biochemical traits of
xantha mutant of Vegetable Soybean [J]. Molecular Plant Breed-
ing), 2019, 17(11): 3726-34.

KONG W, YU X, CHEN H, et al. The catalytic subunit of

[24]

[25]

magnesium-protoporphyrin IX monomethyl ester cyclase forms
a chloroplast complex to regulate chlorophyll biosynthesis in rice
[J]. Plant Mol Biol, 2016, 92(1): 177-91.

WANG X X, HUNG R, QUAN R. Mutation in Mg-protoporphy-
rin IX monomethyl ester cyclase decreases photosynthesis capac-
ity in rice [J]. PLoS One, 2017, 12(1): e0171118.

HIERR. KRR S SRS T Tys )RR SE D). Al: DU I
AKEE, 2017,



