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Abstract Protein arginine methyltransferases (PRMTs) are one of the important epigenetic regulators in
eukaryotic genomes. PRMTs are important in plant signal transduction, protein subcellular localization, and
transcriptional regulation. Based on the Dendrobium officinale genome database, bioinformatics methods
were used to identify the members of the Dendrobium PRMT gene family. Their gene structure, motif,
physicochemical properties of proteins, and promoter cis-acting elements were analyzed. The expression
pattern of DoPRMT in different tissues and response to different photoperiod conditions were detected using
qRT-PCR. Six PRMTs were screened and identified in the D. officinale genome. Gene structure analysis
revealed different numbers of intron exons of each member of the family. Among these, the number of exons
differed by as much as 25. Phylogenetic tree analysis found that the Dendrobium PRMT family can divide
into three types (I, I, and Ill). These included five type | PRMTs and one type || PRMT. There were no
type Il sequences. DoPRMT family members contained specific PRMT and PrmA conserved domains.
Most members contained only PrmA domains. Conservative motif analysis revealed that all DOPRMT family
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members contained motif1 and motif4. Promoter cis-acting element analysis revealed that DoPRMT family
members contained light response, hormone response, anaerobic induction, and stress response elements.
gRT-PCR results showed that the expression levels of DOPRMT were higher in leaves, lower in stems, with a
few members expressed at higher levels in roots. At the same time, DoPRMTs displayed different expression
patterns in various photoperiods. The relative expression level of each member was higher under the 24 h (light)
/ 0 h (dark) photoperiod treatment, and relatively low under the 12 h/12 h, 8 h/16 h, and 4 h/20 h photoperiod
treatments. The collective findings show that the expression of Dendrobium PRMT family members is tissue-
specific and may play an important role in the photoperiodic response of Dendrobium.

Keywords Dendrobium officinale; Dendrobium nobile; DOPRMT; expression pattern; photoperiod
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T AR F e S AT AT, i Bl SE 986 2 it PCR (gRT-
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&BUA T (Dendrobium nobile ) 73R THEL AR &4 —H
AR B ZE W FE BT, e BUAE K R AT A7 AR, R R4 4455
A CGHELL 280 M) BETHEURE (B, T-80 CHRAE&FH. 6 E )
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Fig. 1 Different organs of Dendrobium nobile. R: Root; St: Stem; L:
Leaf.

(Dendrobium officinale) X 40 %4 /2 Herbal Medicine
Omics Database (http://202.203.187.112/herbalplant)
R B AR AR AL B, R TR Y (TAIR http://
arabidopsis.org/) K /K FE 44 )% (http://www.ricedata.
cn/gene/) FIPRMT S5 M 01 1 8 T 51 Jo FL AR < 45 4 45
PRMT. PrmA (PF05185. PF06325) /£ A #1541, LAl
THEHE PE R BPRMTE H P SIE MRS, K A HIBLASTP
HEAT BT 3%, K 3R A5 1 FE PRM TR (A 7 51 A7 9 1% 3k 1
5], A FIHMMER Chttp://www.hmmer.org/) . Pfam Chttp:/
pfam.xfam.org/) fzBatch CD-Search (https://www.ncbi.nlm.
nih.gov/Structure/cdd/wrpsb.cgi) #F— 25 X fig 1k 5 51 i3k 1T 4
. BIBRRSE S MK < 90741, fRE A 5E BEPRMT,
PrmAZs ¥ 38 1 7 5I4F I PRMT 5k B 34T JG 22047, 315
2 1% 3 FITAE 2 [R 4 scaffol d W e 4 V8 3o 44 1l 53 b 47 4.
1.2.2 DoPRMTZRIRIEBULFRME., HALKAEZE T LK B
r fiek i R 2 A 2R R O 3k B B PRMT 2R 17 31 R H bR P 1
I A 2235 EXPASY (https://web.expasy.org/protparam/)
T AMPRMTEAMA LR E. »F & ARER
. S S SRR E S, R Plant-mPLoc Chttp://www.csbio.
sjtu.edu.cn/bioinf/plant-multi/) 7 £& & 3k 5 F 47 W 41 i 52
LL TR 53 H7; R FIMEGA 5.0584F F 2 47 fsk $l s 7+ /K &
PRMT S 1 1 E A A%, A% 2% FH 484292 (neighbor-joining
method) , Bootstrapia {7k #2481 000, FAth 2%k & N ERIA
8, i FHITOLE &k 4 (https:/itol.embl.de/) i i 4k #1247
F ..

1.2.3 DoPRMTERAR_ZKEHWE=ZREHTN
T8 b 0 Gk I PRM T 5 iR 72, R A 2 oA
SOPMA (https://npsa-prabi.ibcp.fr/cgi-bin/npsa_automat.
pl?page=npsa_sopma.html) 43H7 1% 5 %k 1k 7 & (A R 2% 45
#, 35 A SWISS-MODE (https:// swissmodel.expasy.
org/) #t—3LXI DoPRMTH 41 it — 2 45 /4 it AT Tl 43 4.

1.2.4 DoPRMTERE ) REBLMIG fi Bk e
ik DR 2H B PR GFF 3RS, 456 i e M I PRMT K %
F 5L, 38 I TBtools i *#/2: i J: R 45 14 F&l, KT PRMT 5
WA S T AT R AT 206 255 HMMERFMINCBI-
CDD (https://www.ncbi.nlm.nih.gov/Structure/bwrpsb/

#1 qRT-PCR3|¥IFFIE 2
Table 1 Primers used for qRT-PCR

bwrpsb.cgi) 7EZ&H M, X H& 28 18 T BT OR 57 45 #3845
1, FI FH Photoshop4 45 &z il SR EL 1 - 7 &5 ¥ 35k, FIFH MEME
TELL B A Chttp://meme-suite.orgl) 3 KT sk e E 5t 5 1 AR
SFHEF (motif) , 47 TBtoolsHI #LAL S 3122 il motif 4k #4 1],
1.2.5 fAEDoPRMTER & K BT miRNAs T A
miRBase (http://www.mirbase.org/search.shtml) ¥
B ImMIRNATE B, 8% 50 15 K15 1A S PRMT A% 8 5 41
JHF¥RFFI, FH psRNATarget?t £k % {4 Chttp://plantgrn.
noble.org/psRNATarget/analysis) il o] LLE 52 DoPRMTI
miRNA.

1.2.6 DoPRMTZ & B & F IR AE R T4 74 FIH
TBtools# &k j 1 fist = 8 4 B4 i - Do PRM T 5% it 1l 1A
IR FATG L2 000 bplt /7 5I/E N A 3+ )7 51, FIH
1E 26 % F PlantCARE (http://bioinformatics.psb.ugent.be/
webtools/plantcare/html/) Tl I 5 H7 AR [ % 572 3 2 7 i =X
1 FH G AR

1.2.7 DoPRMTHIQRT-PCR4#t  FIfTransZol Upid i
& (&, JbaD) GBI R R E A7 S ARG i
AR FIRNA, K85 i 4 6 B i (Thermo Electron
Corp, £E) K MRNAJ & ik, 0D260/2807£1.8-2.0
2 8. ZHEvo M-MLV RT Kit for qPCR (X R Hif, Wimg) 18
i 3 R @ 417 cDNAG . { FIDNAMAN 6.0% & 1t
DoPRMT/ 1qPCRE| 4, LI18S rRNANNZEAN, 51411
W21, 1§ fIRoche LightCycler 480%¢ % & & PCRA #H T 46
W, BANFEARY R EINEYFEE, BRI A RIS &R
2T 5. FIISPSS 22.0%) & A fA 1 36 i B 47 B 3%
PO, SRELExcel M1 GraphPad 4 43 5l 3 47 K 38 20 ¥ J2 &
x e,

2 BRGS0

21 EEABPRMTERERENEEREBREK

Y

F Tk A it R DR BB T DAL TS KRS B E T
W94 8NPRMTEE (A 7 51 73 IAE R AR & 51, A A 1
BLASTP 2 [K 21 # E #EAT A %%, (R EFE-value < 10 )
¥ 4. 1§ FHBatch CD-Search. HMMERIPfam % 4 2 # i
PRMTE B AT 05 HIPRMT. PrmAff: 57 45 M3, 2B R sr 454
WK R B AN TR R B, TR HE P R ) R 0 3 H 64
DoPRMTZ R i i1, I3 Rk 52 i 75 2[R 41 11 scaffol d I 7 %
Hins (£2) .

X DOPRMT 5% Jk i 17 ) 36 A BEAR R 1 BE 4T 40, 45 S
F2FTR. H WAL CDSH 4K 1£489-3 135 bpIil, &
F 5 51K B 7E 162-1 044 aa 2 [A]. & A4 T &7 18 168.47
-117 202.36. 2 [f], H 7y F & 5 KKK 2 NDoPRMT3, 3

B LS (53

TSI (5-3D

T TR kR

Gene Forward primer Reverse primer Amplication length Annealing temperature (6/°C)
DoPRMT1  TGCGGGGACAGGGATTTTATC CTCAAACAACAGGAAATAGCCCATC 205 60
DoPRMT2  ATGGGCTATTTCCTGTTGTTTGAG ATCATGGCCTGCTTCTTGATG 209 60
DoPRMT3  TACTGTGATTTCTTGTGATATGCGC TTTGTAGTGGTAATCGGTTGGAGAT 198 60
DoPRMT4  GGAGTCAGACTTGCTTCAGAACG ACCAAACCGATCGGCTACAAA 135 60
DoPRMT5 ACCCCTGCAGTCATTAAAGAAATTG ATACTACCCCGAAAATGGACATCAA 152 60
DoPRMT6  ATTATTTGGACTTCGCGTGCG GATTCGGACTGCTGGAAACGA 139 60
18S rRNA CCTGAGAAACGGCTACCACAT CACCAGACTTGCCCTCCA 60
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Table 2 Analysis of basic physical and chemical properties of Dendrobium officinale PRMT family
- JE———— = S v— N i
#HID AR IﬁigT)éz/bp %l\%ﬁnﬁble?gfa 2 M?Iiﬁar TIniut;);l%l\t%/ﬂz R N 24 52 A .
Gene ID Gene name ORF amino acids weight coefficient | Gravy Subcellular location
ZHffIf5E Cell membrane
Dendrobium_GLEAN_10132534  DoPRMT1 489 162 18168.47 31.85 5.58 0.506 #fiffi/ii Cytoplasm
4iHfit% Nucleus
) I-4¢4& Chloroplast
Dendrobium_GLEAN_10132536  DoPRMT2 915 304 34450.25 29.52 5.92 0.083 4iffujE Cytoplasm
Dendrobium_GLEAN_10116216 ~ DoPRMT3 3135 1044 117202.36 43.60 6.52 -0.196 #4iffii% Nucleus
Dendrobium_GLEAN_10110081  DoPRMT4 1023 340 38303.06 46.32 765 -0.241 nfZkfk Chloroplast
; _ Zif i Cytoplasm
Dendrobium_GLEAN_10100768  DoPRMT5 1149 383 43401.38 38.98 5.85 0.179 Mk Nucleus
Dendrobium_GLEAN_10062323 DoPRMT6 2382 793 89272.45 53.83 6.98 -0.128 M%¢fk Chloroplast

X HDoPRMT6, MDoPRMT14} T & fi /)y, a3 55 2
AR 5. DoPRMT A E REUE29.52-53.832 ], H
DoPRMT6 R EasE &%, Bt % i (ph) #5.58-7.652
M), AE AN RAREE T E H (pl > 7.00) . K Plant-mPLoc
T 28 T 35 o 5 7 B 1164 DoPRMT R 523 i3k 47 SV 200 fifd < 57 T,
KILDOPRMT1EALIE AN HL 5+, DoPRMT3HIDoPRMT54%
HEAAAEM AT, DOPRMT2. DoPRMT4#1DoPRMT6E
PLAERZRAR . [, f£7E3M % 2 (DOPRMT1. DoPRMT2,
DoPRMT5) Jf:ok Hi— @ AL 7E4H IR PN SN0 B, RITZ R
RTER A, ATREMI T RE IR 4% A7 TE 2 FE 1.
2.2 DoPRMTZR G i {L 1%

N F AR S P PRMT Z B R GE R &% &, IFiF
£k 3% 86 1 PR A R SR T ROK FE B HE AL S5 R, IR 34
)b AR JE23ANPRMTE (41, BI9ANAtPRMT, 84
OsPRMT. 6/~DoPRMTH#J## &4t k &1L (K2) . PRMT
AR A A 0 K 2 R T A AB A 1 2 By 3 F L 1L D
PRMT 152 H i f SR sF fl e )32 RIA W IZPRMT, 7EA A7
1£ 4 DoPRMT1. DoPRMT2F A [EJE /7 %1. PRMT4A%FR A3t
BT VAR SRS &R L # R BE1 (CARM1D , 5PRMTA[A Jg 17

B2 #%EAR (Do) . kiE (0Os) FHlETT (A) PRMTERMN ARG A E
.

Fig. 2 Phylogenetic analysis of PRMT proteins in Dendrobium
officinale (Do), rice (Os) and Arabidopsis thaliana (At).

s SN SR R SR FE B R R ik, TR R B I K AE R
BAE T 20 IR, R G 0 B R 4 fit FDoPRMT4
FIDoPRMT65AtPRMT4. OsPRMT4J& T-[F—/4r%. PRMT5/
JBP1 (Jak245 &8 H1D) 2 BT 2 41 fi B0 AL 5 26 R 20
RS B B RIER Z Mk 2P, 453 2 7RDoPRMT3
KRG U T AtPRMTS B A e B R YR, J8 T 1R R
FEERE. R AR B IEEEPRMTI0, At
DoPRMT5/K 52 5PRMT10[R J5 14 £ 5. PRMT3. PRMT6A
PRMT7/E 2 i L 57 /K Farb B 124N F e 51, 78
. HPRMT7E UK AR P R by, 45 1,
FHFR I PRMTA 54 (DoPRMT1. DoPRMT2. DoPRMT4.
DoPRM5. DoPRMT6) , I/ PRMTH 14~ (DoPRMT5) , 117!
R B B RS G TE A At AP AS A TE R 4.

2.3 DoPRMTEHR - R R = K&

T F I A SR8 TSI E5 1y, 111 7 41 485 44 38 1 ok 58
THIIEE. XA BIPRMTER (0 4k 25/ B0 o i (R3) 13
F|, DOPRMTHE A i — L 45 My 38 ha- 12 i . 1% . 8-
TC N A 4R AR, e a9 e AN TC B i o LRk, BT
&5 L7140 0N 27.11%-54.94%« 17.28%-42.43% 2 [A). 1 B-4
5 ELIUN, BTG EE I 7E3.92%-8.95% 2 [A]. R WY PRMT
TR 1T AR 45 4 1) 22 B A5 R e A8 a- W e AN TE R4 i

TIRER U R R N BRI R 1R T S R = g g
KL, NP0 AR (R Th g A 3L HAE R QPR (A, A DA
FTPRMTER [ g 25 W i A i 36k 1, 3k — 5 B0 40 0 1
DoPRMT/RIEE 1 i = R 4544, K iz B 1 ot = B2 bH - 3 e
TR A5 20 B, R = s kTl as R (B13) —3. DoPRMT
R B A B = R A A P S, AR IEAT AT RRAT (A
AR A = ThEE.

2.4 DoPRMTERA %M KR ERRIKTERF (motif)

P B T A TR A Y B O, T R 9 B 0 R 4
BRI R Rk, ATATFRLRW], W& T8RS B IR
B EEEHEER Y. DoPRMTSK & A &AW &
¥, Hha Ml i & 7 #7641 L, DoPRMT3W & F &
&%, N7, B E &/ NDoPRMT1, XA 24 (H4A) . %
FR AR R 45 M A B I T- 8 A B R A T & 5

18 FIE 8 MEME #1E % DoPRMT#E [ 5 57 3 5 3k 47 4%
M, JL%E B30ME T 7 (K4B) . 61 DoPRMTHL A EL{
Iy motif £ & 1AL B3 i 22 57, Hod & motif ik 2 19 5l it
NJDoPRMT3, 25/, iiiDoPRMT1% A & /> i motif, {164

(motif 1-motif 4. motif 18, motif 27) . H:LEmotiffE &l 7
YIAFLE, Wimotif 1. motif 4 (E4C) , %R & F RIFEAAF T
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LoD
DoPRMT3

DoPRMT1

DoPRMT4 DoPRMT5

DoPRMT6

E3 $REAHPRMTREMR R =HTNE. DoPRMT1-DoPRMTEX )i
HEH 23 519 1£31.1. 5dst.1.A. 5fa5.1.A. 5ful.1.A. 3r0q.1.A. 6s70.1.A,
DoPRMT1-DoPRMT6 5 F B AH fBL £ 1 ¥k 90.47. 0.48. 0.42. 0.32,
0.51. 0.43, DoPRMT1-DoPRMT6 i R4k X 461.65% 56.19%.
45.44%. 28.76%- 64.15%-~ 51.29%.

Fig. 3 Three-dimensional prediction map of PRMT family members
in Dendrobium officinale. DoOPRMT1-DoPRMT®6 corresponding
templates are 1f31.1, 5dst.1.A, 5fa5.1.A, 5ful.1.A, 3r0q.1.A, 6s70.1.A; the
similarity between DoPRMT1-DoPRMT6 and the template is 0.47, 0.48,
0.42, 0.32, 0.51, 0.43; DoPRMT1-DoPRMT6 coverage rate is 61.65%,
56.19%, 45.44%, 28.76%, 64.15%, 51.29%.

sy 8 M I X 38, 26 B motif 1. motif 47] g2 2H il PRMT.
Prm A ¥ 5L 7, #E I TTRE7E R I A KR B it B ok 1%

=3 SEARPRMTEA-ZLEHES

HEAEH. B motif L 7EREE 2 I DoPRMTHAE 7,
DoPRMT3J, i i B A5 5 7 [y motif 1541 motif 2. DoPRMT44!
DoPRMT6H 0,2 45 5 M i motif 5. DoPRMT/{4 57 3L 7 H 72
N 5 Cfi 7 B 1) 25 B 5 R 35 8, 30 W 4% A 7L O o 8 7 2 i)
e BAE /. HEMIDOPRMT & B 5 ) A% 1T g B A5 {57 1 S
AT
2.5 1= DoPRMTZR ik Bk 52 BImiRNA
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Table 3 Secondary structure information of PRMT protein in Dendrobium officinale

EEELRN

= . DoPRMT1 DoPRMT2 DoPRMT3 DoPRMT4 DoPRMT5 DoPRMT6
rotein name
a-12JiE a-helix (r/%) 54.94 38.49 37.26 44.41 37.86 2711
JEAH5E Extension chain (r/%) 19.75 25.33 15.42 17.06 22.19 27.24
B-#% 11 B-turn (/%) 8.02 3.95 4.89 6.18 3.92 8.95
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Fig. 4 Gene structure (A), protein conserved motif 1-motif 30 prediction of PRMT family members in Dendrobium officinale (B), and

motif 1 and motif 4 Conservative motifs (C).

#4 KEARPRMTREZ EERImMIRNA

Table 4 The miRNA prediction analysis of PRMT family in Dendrobium officinale

L [KID Gene ID K 4 Fr Gene name miRNA HAEE{H Expectation #0177 3X Inhibition
Dendrobium_GLEAN_10132534 DoPRMT1 miR7525 35 Z4fi# Cleavage
Dendrobium_GLEAN_10132536 DoPRMT2 miR7525 3.5 Z4fi# Cleavage
Dendrobium_GLEAN_10116216 DoPRMT3 miR5043 2.5 Z4fi# Cleavage
Dendrobium_GLEAN_10110081 DoPRMT4 miR867 miR1102 miR8011b 3.5 %4fi# Cleavage
Dendrobium_GLEAN_10100768 DoPRMT5 miR3630 4.0 Z4fi# Cleavage
Dendrobium_GLEAN_10062323 DoPRMT6 miR2111 2.0 %4fi# Cleavage
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Fig. 5 Putaive cis-acting element distribution in the promoter of
PRMT gene family members in Dendrobium officinale.
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Fig. 6 Expression analysis of PRMT family members in different organs of Dendrobium nobile. Different lowercase letters indicate

significant differences between the tissues at the level of 0.05.
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Fig. 7 Expression analysis of PRMT family members in various photoperiod. Different lowercase letters indicate significant differences

between the treatments at the level of 0.05.
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