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Abstract: In order to understand the function of POR gene in Cymbidium sinense ‘Dharma’, one POR gene
family member CsPORB was cloned from young leaves. The CsPORB gene contained an open reading frame of
1 200 bp, which encoded a protein of 399 amino acids with molecular weight of 43.13 kDa and theoretical
isoelectric point of 9.30. Sequence alignment showed that CsPORB was highly homologous to the sequence of
POR family protein of other species, indicating conservative evolution of this gene family. The CsPORB
expression showed obviously difference in different developmental stages and tissues, and high expression in
growing young leaves. Furthermore, both of the PORB and its downstream chlorophyll biosynthesis enzyme
activity increased in transgenic 35S:CsPORB Arabidopsis, as well as chlorophyll content, especially 35S:CsPORB
transgenic plants remained green under dark for one week. Therefore, CSPORB could play an important roles in
chlorophyll synthesis pathway of Cymbidium sinense ‘Dharma’.
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Fig. 1 Cymbidium sinense ‘Dharma’ green leaf (left) and leaf color variation

(right)
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FIFH RNAprep Pure 2§52 WHEY) = RNA $H2HL
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PORB &K, MLEEFR Y 25 ul, HLE AR cDNA
1.0 uL, Phanta Max DNA Polymerase 0.5 ulL, 2x
Phanta Max buffer 12.5 uL, dNTP Mix 0.5 uL, 1E.
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i+51%): CSACTIN-F: 5-CAATGAGCTTCGTGTTG-
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c-like) WK%, FF& 4 Rossmann #1& NAD (P)(+)-
ZiaEA(E 2,
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1 ATGGCACTCCAGGCCTCCTCTTTCCTCGCACCAGCCCTATCCGCGCATAAAGAGGGGAAGGCCAATGGTGGACTCAAGGACTCGGCTTTTTTGGGAGTTCATCTC
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TII"\I\l\’s\J’I’I{:\KK[I.RK(}\\‘\'[l'l(}:\.\'.\'(xl(}Ivﬁ\l.“\I\'.\
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316  CTGGCGGAGACCGGCAAGTGGAATATCGTGATGGCCTGCCGCGACTTCCTCAAAGCCGAGAAGGCCGCGAAATCAGCCGGCATGGCCAAGGAGAATTACAGCATC

141 M H LD E A S E D & V R Q F ¥VN'NERRS G MPED ALY €N AA NV Y
421 ATGCACCTCGACCTCGCCTCCCTCGACAGCGTGCGCCAGTTCGTGAACAATTTCCGGCGGTCGGGGATGCCGCTCGACGCCCTGGTTTGCAATGCCGCCGTCTAC
176 ¥ P T A § E P T ¥ ¢ 4 DG FEMNS V¢V NTYHIGGHEILLAREMIE.D

526  TTCCCCACCGCAAGTGAGCCTACCTACACCGCCGATGGGTTCGAGATGAGTGTGGGGGTCAACCATATCGGCCATTTCCTGCTTGCTCGAGAGATGATAGAGGAT
oAy MK QLIS P PSRBT BGE N OGS R R Gl NG PR N T e oA 6 N R R R A N T IR
631 ATGAAGCAGTCTGATTATCCCTCTCGGCGCCTTATTATTGTTGGCTCCATCACAGGAAACACAAACACGTTGGCGGGCAACATACCACCGAAAGCGAACCTCGGA
246 D L R 6 L A GG L N G T T 6 S P M T D GG KPF DG A K A } i DS g vV C

736 GATCTCCGAGGGCTTGCAGGCGGGCTAAATGGGACTACCGGATCGCCGATGATCGACGGTGGCAAGTTCGACGGCGCAAAGGCTTACAAGGACAGCAAGGTTTGT

281 N-M-[ M- N-Q EF-H-R Q YV HEE T 6T S FA-S I ¥ PG E I & TT 6L E-R
841  AACATGCTGATGATGCAGGAATTCCACCGGCAATACCATGAGGAGACAGGCATAAGCTTCGCTTCCCTCTACCCTGGCTGCATCGCCACCACCGGTCTATTCAGA
3 B W I ¢ L ¢ RA L P PPR QK'Y T PTEKEGEN VS PEEEAGEK RL A -Q W ¥

946  GAACACATCGGTCTCTTCCGCGCACTCTTCCCTCCTTTCCAGAAATATATCACCAAAGGCTACGTCTCCGAAGAAGAGGCAGGCAAGAGGCTTGCACAGGTGGTG
3510 S D P S L. T K8 G V ¥ W i8S W N KNS A 5§ F EN QL S @ E-A S DV E K A
1051  AGCGATCCGAGCTTGACCAAGTCGGGCGTCTACTGGAGCTGGAACAAGAACTCTGCCTCGTTTGAGAACCAGCTTTCGCAGGAGGCCAGTGATGTGGAGAAGGCT
386 R K VvV ¥ E M T FE K L L AL A *
1156  CGAAAGGTGTGGGAGATGACGGAGAAGTTGCTCGCCCTGGCTTGA

P 2 522 <iKJE CsPORB L H IR T FIANHEN M B SR T 51 KL E 2 POR fR57 4543

Fig. 2 Nucleotide sequence and amino acid sequence of CsSPORB in Cymbidium sinense ‘Dharma’. Underline indicate POR conserved domain.
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%] 3 CsPORB 5 HAl#Fh ) POR 351112 B LbxF . 7 HE g v AR5 (1 NADPH %5 &4 & (TGASSGLG) AN 437 /5 (YKDSK). CsPOR: 22%; AtPOR:
HLFEIF; OsPOR: 7KF&; NtPOR: #H%i; TaPOR: /.
Fig. 3 Multiple alignment of CsSPORB sequences and POR sequences in other species. The boxes indicate highly conserved NADPH binding site (TGASSGLG) and

active site (YKDSK). CsPOR: Cymbidium sinense; AtPOR: Arabidopsis thaliana; OsPOR: Oryza sativa; NtPOR: Nicotiana tabacum; TaPOR: Triticum aestivum.
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{ AtPORC (Arabidopsis thaliana)
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%3 { AtPORA (Arabidopsis thaliana)

88

AtPORB (A. thaliana)

& 4 CsPORB 5 H A4 # ) POR RGi#ELM . CSPOR: 852%; ACPOR: RZY; ZmPOR: E>K; HYPOR: KZ&; AtPOR: #l#7F; OsPOR: 7K7#; NtPOR:

i, TaPOR: /IN#; RsPOR: % |v; PePOR: Ml >%; DcPOR: k7 £ fil; SOPOR: i,

Fig. 4 Phylogenetic tree of CSPORB and POR in other species. CsSPOR: Cymbidium sinense; AcCPOR: Ananas comosus; ZmPOR: Zea mays; HvPOR: Hordeum

vulgare; AtPOR: Arabidopsis thaliana; OsPOR: Oryza sativa; NtPOR: Nicotiana tabacum; TaPOR: Triticum aestivum; RsPOR: Raphanus sativus; PePOR:

Phalaenopsis equestris; DcPOR: Dendrobium catenatum; SbPOR: Sorghum bicolor.
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EACHE 4 h J5F5E0L R, £ 0~1 h [ CsPORB
FIKWBERTIEIN, B 5 B SRR ] 1) 1 KR IA IR

WORE%, FFEEYE 4 h EREEEARE 405
Hi7K~F, iBH CsPORB 1] Hemif Tz .

L 557
HESZ

2.4 CsPORB ##i&

BREEHEEIE % PCAM1300:CsPORB
BRI NN FE SRR, 7 3RAS 1 BE P 1 BE AL
RN 10 AT SER 2 E B PCR A& 7). 45
REW, BAMPIekA# CsPORB %Kik, 10
PRE Bk &2 CSPORB ik B H W EH 1R
(5~140 %), WilH & 3k75F 35S:CsPORB % 3L K {5
TFHEE .

KA Pk 3 MR R, CsPORB
RIL B ICH line 2>line 7>line 5, IX Le A bk [
42 a(Chla). M4t b (Chlb). KHH4E2(Chl a+h)
MSKEAE MRTCCO)HFEYE T AR, 4B
AEE 1 A, BFPAETES Chl av Chl by Chl a+b Al
TCC & & WA 5 BRI, 171X S8 R MR N PR
D(F 1), NFER EFETFAERIF CsSPORB #E# A
PRI I AR B LG, HLP AR AR R I
FE R E (K 8); fEAEIEHR R, CsPORB #
IR R L RIA R m IR R AR IR X
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Fig. 5 Expression of CsPORB in tissues of Cymbidium sinense ‘Dharma’
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Fig. 6 Effect of light on CsSPORB expression in Cymbidium sinense ‘Dharma’
F 1 BEEALPEX; CsSPORB R IAEMRADL A (B R B BT
Table 1 Effect of dark on photosynthetic pigments content in CsPORB over-expression lines
Chla Chlb Chla+b TCC
Chla/b TCC/Chla+b
(mg g FW) (mg g*FW) (mg g FW) (mg gt FW)
Jei WT 1.298+0.019¢ 0.447+0.001c 1.865+0.027b 2.902 +0.036¢ 0.156 +0.001c 0.083+0.001c
Light CsPORB 1.41240.001a 0.458 +0.004b 1.98940.003a 3.084+0.029a 0.192+0.003a 0.096 +0.001a
M WT 0.711+0.002b 0.266 +0.001b 1.102 40.005b 2.893+0.016¢ 0.157 +0.002c 0.142+0.001b
Dark CsPORB 0.888+0.003a 0.310+0.002a 1.268 +0.005a 2.955+0.010b 0.185+0.001b 0.138+0.002a
[ 5Bl 5 AN A = 8RR 2 7 R (P <0.05) . WT: B4R,
Data followed different letters within column indicate significant difference at 0.05 level. WT: Wild type.
E LR P OB AN E NI R - N U2 e N 8 REBEFEMEAA 1L 35S:CsPORB 2k K]
ﬁpr‘JJ&ﬁ, CsPORB ZE il id fit i POR VETERAE PR ARPRIAE &SR line 2, Xf H I 7 ik 4 3 5 B

BEF SRR A R, AR AR S R, A
A5 R AL ) CSPORB B 3 1A AR A H 28 3 FA D
B AR X

U iRAE T 14 MOCHBEEVEET Tl (K 9). 45
RAKW], CsPORB HIARZIAMEIR 2 3 & ARl & 4%
P POR i 1k LL B A2 RURE PR W] R 4 155, £ POR £
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5 R BT HIB B, BDPG (H 2,25 J5 i 2 i, hydro-
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Fig. 7 Expression of CsPORB in CsPORB over-expressing lines of Arabidopsis. CK: Wild type.
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Fig. 9 Activities of key enzymes involved in chlorophyll synthetic pathway of CsPORB over-expression lines. BDPG: Hydroxymethylbilane; UROS:
synthaseUroporphyrinogen 1Il synthase; UROD: Uroporphyrinogen decarboxylase; CPD: Coproporphyrinogen oxidative decarboxylase; PPOX:
Protoporphyrinogen oxidase; PPIXM: Mg-protoporphyrin IX methyltransferase; DLR: Divinyl reductase; POR: Protochlorophyllide oxidoreductase; CS:
Chlorophyll synthase; CLH: Chlorophyllase; CAO: Chlorophyllide a oxygenase; MDCase: Mg chelatase; PAO: Chlorophyllide a oxygenase; RCCR: Red

chlorophyll catabolite reductase.
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