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Abstract; SPL transcription factors are widely involved in plant growth and development, stress response and so on. At

present, there is no study on the STM ( SPL with transmembrane motif) transcription factor in Dendrobium officinale. In

YFS BHE . 2022-01-02
BEEWMB: HE A KRB R4 (31900164 ) 5 g m #5 £ A B0k 55 2% (2682021CX121) 5 P8 g 38 KA PE 4L 56 56 31 H
(GX2021160027) .
F—EE . WIR(1997-) B+, EEMNFRY LR R E SRARBIF, (E-mail) 2295402195@qq.com,
BEEE TR L B, FENFEYARKEF SR ARG, (E-mail) wanjunwang@home. switu.edu.cn,



1042 L = W7

order to explore the role of STM in the growth, development and stress response of D. officinale, four STM transcription
factors were identified at the whole genome of D. officinale, and bioinformatics analysis of DoSTM gene family members
were carried out. The expression of DoSTM in different tissue parts and different stress treatments were studied by reverse
transcription PCR. The results were as follows: (1)DoSTM1-4 were hydrophilic proteins with SBP conserved domains
and some hormone response sites. (2)Four DoSTM were expressed in root, stem and leaf, and the relative expression of
DoSTM?2 was the lowest in leaf; there was no significant differences in the relative expression level of DoSTM1/3/4. (3)
The relative expression level of DoSTM1-4 changed significantly under low temperature, high temperature and drought
stress, and the expression of DoSTM1/3/4 decreased most significantly. Therefore, it is speculated that DoSTM is related
to hormone response, temperature change response and drought resistance in plants. These conclusions provide the
reference for the further research on STM transcription factor of D. officinale.
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A1 PR 2 L0 A TR 2R R I AR U B AT ST
FAHT b DX, A TR TR I 1 PR G b BB TE R
tuia A B (® PR, 2021), BB A i
( Dendrobium officinale) i *% Bk A fft J& 22 4F H: B A
Y, B s 25 AN (E, & — M2 g P 24
B S TG 2SR A e | R 2R LA
KB TR S A5 | A6 BT Mg R0 3 5 S 0y 45 O T B A
R (I, 2021) , 4RI T EIZR S
RN S DN 8 N O N e i S S e 7 e
B AEREFN A TAEEZ L (BHmaE,
2021) ,

SPL( squamousa promoter binding protein like )
SR G Y R A 1) — 5 sk I, 258
it 45 A T R R 3l 7 DRI AR FH 5T ok i 45
TR AR, SPL R FEMYII A K KT |
T AL S AR R A T A AR (R
85,2019) o X EEE AT I TR L R R B
(Huijser et al., 1992) . ZJ5HA B L W55 % ¥ SPL
e S DA AW A K R D ST 36 o 7 o i
FEAEM (Yu et al., 2015; Xu et al., 2016), fE
HlE RS A2 AR 22 ik 2 AR
A R BoSPL 323k, Jf H. ik 263k P m] BE 7 H 1E
i & P B B AE A (Shan et al., 2021) ., #E#&
VLR IE AR IT SPLs P BEZ: 5 H ) 4F 3 BUAFE 1
B A IE SR AEE R YA R
B (Jiang et al., 2021), H.f SPL3 7E4E
JPHESR E R E h R EEEAEN (Gandikota et
al., 2007) , 7E & PR B H 38 S LA S AR B 25 1
WYL 5 5 2L R Gk P A SPLL 2 54 &
(PR 2016)

M F IR R o T A Y R
RO YU S R A RN, R
I PRI AR FH G A7 %) AH LA FH 300G T AH S B i
SR, RS THEY WP, A — 2Rk
() i DR F A AR, DR 5 7 — B R IX 9l g oy e
SEARES T, 0l AR i IS5
(24 B | R JB DO R A RS A ), — Ak TR B
R, MZ RN RIS ARG |, 25 & 5 sk A
T DR 1R, 55 A8 R s RS I B2 B A i
NATEThE ( FAE%E,2016) , SPL 3K 1
WA XKML G5 RN T, H Bai it &a &1
¥ SPL R4 & 5% S5 T4 iE , 0t , A F 55 i
BLASTP ek B2 A fijt 4 L R 4l rp 45 5 4 4> SPL
45 & &% sk B F, 5 4 8 DoSTM  ( SPL with
transmembrane motif) ¥ 5 K 1, JF A7 )5 e A W (5
B2 R IR AT,

1 #HHEF®

1.1 #F#

Ve B A Rt i 20 i B T 1/2MS B R0k &
100 mmol - L NaCl B9 1/2MS W IR 35 5L & 5
pmol « L MYEBR 9 1/2MS 445 35 35 B & 43 %L
4 10% PEG [ 1/2MS ¥R 37 3L 40 C 1/2MS
WG FRIE 4 °C 1/2MS JRARE; 2L P AL P 6 h,
W T 7K 4 JE K W 4% 200 ~ 300 mg 25 A 1.5 mL &
LA R IR AR, TR TR 1 min, BUH
A =80 CUKFHRAEF . DL A ARk B A it 4 it
AR ZE 20 20 O SRR L, E AT AR 25 i 22 S 3 5K
53T
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1.2 X7

RNAprep Pure Z2 0% 22 [ A 4 5. RNA $2 B0
SCAEHTEERL) BB (JESTEERL) (2 X TSINGKE
Master Mix (b 5LZE Rl )  RNA JoEE/K (LR R |
PrimeScriptTM II 1st Strand ¢DNASynthesis Kit 2 7]
B (FEAEY) SOXTAE( AT .
1.3 ik
1.3.1 2% & & STM & & 69 Z2AL M R R I 40 8 8 A
AHr M\ NCBI BH 3 R 84U g I ST™ & H 7
B W IR 2 7 Bk 52 A1 f8t ( Dendrobium officinale)
FFHEAT BLAST 85, T #RA%R EAYBR K2 A fifHA ST
EHFH, ZBRIUARFF S, AT TMHMM (hitp://
www.cbs. dtu. dk/services/ TMHMM-2.0/) THUi 5 fi &
Fapdak | B A H XP_020685848 . XP_020681923  XP_
020672795 ,.XP_020688542 i 4 /™ (I #EATRF 5T, I
53 3 i 4 7 DoSTM1 , DoSTM2 , DoSTM3 |, DoSTM4
FIH ProtParam ( https : //web. expasy.org/protparam/ )
I3 HTER B A M STM A L KR BRAL BT . H Plant-
mPLoc ( http ://www. csbio. sjtu. edu. cn/bioinf/plant/ )
(Chou & Shen, 2007) %} DoSTM #5 [ %8 % k47 I 2
JLE LT
1.3.2 4% &/ STM Kkt 2t o N
NCBI 45 F 287 2 ( Musa balbisiana) 8R 2
£1f#t ( Dendrobium officinale) AR I% ( Arabidopsis
thaliana) W E >~ ( Phalaenopsis equestris ) & 144
( Populus tomentosa ) . i & 3 > %2 ( Erycina
pusilla) \ KK (Zea mays) JKFE (Oryza sativa)
% ( Zingiber officinale) 1) STM 2 [ J¥ 5| Fasta #%
o I MEGA-X 43T i # # E AL A, 15 81 e X 2R
H ClustalW, # #& Bootstrap method, Bootstrap
replications £ £ 500, Model % £ p-distance , Gaps/
Missing Data Treatment 1% #% Partial deletion, Site
Coverage Cutoff BEE R 50, #EA7 A FE A 45 R AE
ITOL( https://itol.embl.de/ ) 131734k
1.3.3 4k & & it STM & & Jt =R & # - FIH]
SOPMA ( https://npsa-prabi. ibcp. fr/cgi-bin/npsa _
automat.pl? page =npsa_sopma.html) 7£ & ¥ 3 XF £k
B AT STM 28 1T — A5 M BEA T 43 BT, B8R
NN
1.3.4 4k & % it STM % & fi /5 7) W 3¢ B4R 5 28 5
S ¥ 4 1 DoSTM & 3 A MEME ( Bailey &
Elkan et al., 1994 ) 7F £& % 3} ( https://meme-
suite.org/meme/tools/meme ) FE1T 43 M7, #F motifs [

B BOETE 10, HABSBORIA AT 007 o KBk
A fifh STM HE H 41 Fasta #6305 A MEGA-X i
AT B, 7 31 He X) R F Clustal W, 3E £ Bootstrap
method , Bootstrap replications % £ 500, Model % %
p-distance , Gaps/Missing Data Treatment Y£#§ Partial
deletion , Site Coverage Cutoff % & A 50, #E1T 4
M ONCBI B 5 2 b R #8008k B2 A0 fift STM 8 /Y
CDD, #] | TBtools ( Chen et al., 2020) X%} DoSTM
TRAF R ORSF S5 A 0 IR R AT 2 IR BBk
A fk STM 2 F1 1% ClustalW Fe X} 25 5 5 A ESPript
3.0 7 2 W vl (https://espript. ibep. fr/ESPript/ cgi-
bin/ESPript.cgi) #1754

1.3.5 2k 2 % At STM 35 B %5 #y BOIR X AE A T4 4
M N NCBI B e b T 280k B A0 ik 1 2 I 41
K, JH TBrools FEF T N 45 #4222 1, W] ik 30645 15 3l
L7 2 000 bp #8917 545 B, A5 17 51E B
PlantCARE ( Lescot et al., 2002) R %4 ( http.//
bioinformatics. psh. ugent. be/webtools/ plantcare/html/ )
PEAT A Ao 30, I TBrools #EAT22 &L,
1.3.6 31 4%t FIH 4 4~ DoSTM [¥) cDNA 751,
A3 cDNA J¥ 51 ] Primer-BLAST #£15 5| #)i%
i, 5K /NEEE N 18 ~22 bp, PCR P2#) K/ %
JE K 400~ 800 bp , HoAth Z 801 S BN S50, 7 i
51y h e R EE T 37 i 1V S e B F S 1 4, ik
M EF1-o N2 MBS Y 504 1 iR,

*1 SlHF5
Table 1

Primer sequence

P Z TR

Gene name

ElkZ2]

Primer sequence

F:GTCTATCAGCGTCTCCTGCC

DoSTM1 R:CGCGCATAGTCTTCAGGAGT

DoSTMR F.CTTTCTGATGCAATCGGGCG
o R:ATAAGGCATGTTGACGGCCA

DoSTM F:TGAGCCGAGCAGTGAAGAAG
o R:GGAGCACCTCGGAAGAACAA

DoSTIA F:AGCAGTGATTGTGGGCATGA
o R:ATGCAAGTGCAGGAAGCTCA

F.CCACCACCCCCAAATACTCC

EFl-a

R:TCCCTAACAGCGAAACGTCC

1.3.7 2k B G it STM Jk B £k 547 K 58K K A fik
Y HE T 1/2MS KRR R %L & 100 mmol -
L NaCl () 1/2MS AR E; IR 5L & 5 wmol - LB #%
BRI 1/2MS AR B3R 3L 5 10%PEG 1) 1/2MS )
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PREE TR HE 40 C 1/2MS AR KRG F2 45 4 C 1/2MS
AR SE IR E AL 3 6 h,ﬂﬁﬁ?(&ﬁqq 1 min, H
A -80 C UkAF PR A7 . 16 5E, JH RNAprep
Pure ZHE 2 W A4 AL RNA 42 B0l 70) & 42 5 6 Fif
ACFR R B A L B RNA R4 B2 A sk 2 i AR
ZE ) RNA, Jf ] PrimeScriptTM Il 1st Strand
¢DNA Synthesis Kit #£17 ¢cDNA 28 —#E 095 8, 2R
J& , BL ¢DNA 5 — % O # A, 2 X TSINGKE  Master
Mix 25191145 PCR 9734 . PCR W FEFF:98 °C
A E 2 min;98 CAEME 15 5,55 CiR K 155,72 C
FE T min, A2 PR~ K - E A 30 DGR ;72 CUkLE
FEAF 10 min, fJ5, #EAT 19% & W LUk, #0 IRC SR
LUK 2%

1.3.8 & BA LA F Image] M5 HLIK 55745 1
JRIEAE, Excel Xf T 45 5K BE AR HEAT A0 38, 4k B )
e F A GraphPad Prism 5 W47 087 RAEE, 43
o728 Students i-test, i /K FEH5M 0.05,

2 HR 54

21 KEAH STM EARKEXERELHMMEE
5 #r

DoSTM 25 11 5% % i HRLAL 1k 5 4 #7405 SR 2 0,
DoSTM1-4 [ 2 @ % H 4+ % & 1 025,977,
1 104 830, A X} 43+ i # 43 il o~ 113.53,109.09
121.67 .93.177 ; %5 ¢, 45, pl 1E 6.07 ~ 8.06 Z [a] ; A
FasE RENTE 44.37 ~58.41 Z 6], 5 ARG E ; g
FEUAE 78.15 ~83.04 Z [a] 5 B V-3 2R K RE
T8, 7E-0.405 ~ —0.335 Z [a], £ B DoSTM & 145
FIEKE R (2 2) o 040 i RE A 0 4 R
DoSTM1-3 % {7 75 4f Jfl #% , DoSTM4 7 fii 7E M- &
A O O 0 B A Bk B2 A B STM 2 DoSTM 1 -4
T 25 M S T (TR 1), &5 SR I s A I 45 A d
T C A 22 MRIERRIEFEAL

&2 DoSTM ZEARKREUMER
Table 2 Physical and chemical properties of DoSTM protein family

T h

R e R X R 2k 4 S
HNFG 5 FEIH 44 R HHID Q%Mﬁd\ Molecular SEH N /f\*"‘“‘m./%ﬁ( izl 2 5 ,u,ﬂ:ﬂ‘],
. N . Amino acid size R Instability Fat FIKERE
Gene symbol  Gene name Protein ID weight pl .. _
(aa) (kDa) coefficient coefficient GRAVY
LOC110102024  DoSTM1 XP_020685848 1025 113.53 6.79 55.34 80.40 -0.347
LOC110099183  DoSTM2 XP_020681923 977 109.09 8.06 50.08 82.72 -0.335
LOC110092545  DoSTM3 XP_020672795 1104 121.67 6.64 58.41 78.15 -0.405
LOC110103975  DoSTM4 XP_020688542 830 93.177 6.07 44.37 83.04 -0.280

22 BEAM STM ERXRKW R G H LD

ARG AT BR 9 MR 34 4> STM &
HE N 44 (A-D) (FE2),A 4K STM & HILH
34 ,BARY STM HHILA 6 4>, C 411 STM & H
A9 4,D AR STM &E 3L A 16 4>, Hi,
DoSTM1-2 & 13 [F SRIE7E B 41, fi il ie B i &
A B 3 R A A 558 T 2 B DoSTM4 B2 7E C 45
DoSTM3 #E I RIEHE D 4.,
2.3 SEAR STM EAM_REWN

X} DoSTM £ [ 5t 1) — R 45 M #4720 7, — )
SR L UNER 3 iR, g E A E 3 B, 4
RRW BB A STM B 1 1) /A A4 o 12
JE AR BE B AR SRS il I rh ) Bk R A AR
STM E MY o B2E 5 H ol 28.62% ~33.76% , i &
BEH LN 11.68% ~14.70% , B % fA 5 1 N4.09% ~

4.78% , A& 5 LR 49.56% ~55.34%
2.4 KEAH STM REEBEHHT
X 4 4~ DoSTM £ H#E4T Z )75 LL Xt (K 4),
gL I 7R DoSTMI -2 2 [ )7 41 W) 8 M &% &
DoSTM 25 H PR SF 57 40 Hr 45 SR K B 4 4> DoSTM
HIBIA SBP LRAF 454 58, 177 DoSTM1/3 iA [F] B
£14 Ank 2 superfamily , DoSTM2 M)A A8 ANKYR
(K5), [FVRA DoSTM1 5 DoSTM2 %A motif 1-
10,1 DoSTM3 5 H:AH Eb &k 7> motif 7/10, DoSTM4
AALER D motif 7/10, B E/D> motif 3/4 (K 5), #
1 4 1~ DoSTM FHR 145 K8 A 8 BE DR ST
2.5 SREAK STM BEELEMEIRAER TH S
DoSTM JEH 2518 4y Hr an &l 6 i, &K B 4 4>
DoSTM FJ4 10 45 X (T gff3 K F R UTR,
TRPRRAEGRS X)) , AR T 50 B & B 4 A~
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Fig. 1 DoSTM protein transmembrane structure prediction
. £3 HEAR STM EOM SN L
LA W T R A Table 3 Proportion of secondary structure of
©, W Y 30§ Jig . : .
ﬂ%‘%%& %5, LU B g & b Dendrobium officinale STM protein
%
+ v ¥ ¢ 2 . . N
™ v sEap O MRS pEEM RN
n w»“’&& Gene name a-helix Extended B-angle Random
ﬂ“wm”‘sﬂ 2 o ’ (%) strand (% ) (%) coil (%)
XP_ 0424207, Zosmy
PO B DoSTM1 33.76 11.90 4.78 49.56
XP_042430294 ZoSTM P C
ZosT D DoSTM2 33.06 12.08 4.09 50.77
o031 X0
0 B ‘%M
y.tmﬂ N ‘%,,,a% DoSTM3 28.62 11.68 4.53 55.34
. 2, ™
08 4 DoSTM4 29.52 14.70 4.58 51.20
& & af %, \%‘% "
€ 4 Lol Ry
Sid § PR
& § & 8 % Y
o B B SRR AE DoSTM2/4 B4 BRILZ Sh DoSTM4

Mb. BF4E; Do. Bk A1 ; At IRIT; Pe. WIBE:; Pt £
F4%; Eg. liAs; Ep. BIE 00 2%; Zm. E2K; Os. /KFFE;
Zo. £,

Mb. Musa balbisiana ; Do. Dendrobium officinale; At. Arabidopsts
thaliana; Pe. Phalaenopsis equestris; Pt. Populus tomentosa;
Eg. Elaeis guineensis; Ep. Erysina pusille; Zm. Zea mays;
Os. Oryza sativa; Zo. Zingiber officinale.

B2 9#EY STM ZEAHFNLXER
Fig. 2 Evolutionary relationship of
STM proteins in nine plants

DoSTM v ¥ 45 ¢ Wiy B X A1 ¢ mw o7 oG #F, H:
DoSTM1—3 F:[v] 41, 55 2 1] iR HH B i 1oz X, 11T [y i oz

WS ARZ W BT (B 7). T DoSTM1 W) )
LT it 7% 195 1E L2 W 1S, DoSTM3 AE A4, 5 I =/
TelF i Z 0 STM 25 A, Bk 1T LIXT R 5 2 K%
i Az 2 BRI AE i 1

2.6 Bk AR STM HIRIES

2.6.1 Bk & fF STM EARErt b og Rkl ],
11X DoSTM FERRZEM: 3 AR IR A8 B A AT 1k 7K
AT T R (K 8) . AW E B, DoSTM TE AR
22 R A ik DoSTM2 AE M v A A X 2 35 1 ik
FREA, T AE ZE P AR K O ) S B 22
DoSTM1/3/4 Wy AH XF 57K F ¥ L W 1B 2 &,
DoSTM1 #£ 25 Fnf v () ik b AH 22 0L, (R &5 1
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DoSTM1

DoSTM3

0 200 400
DoSTM4

600 800

T T T

0 100 200 300

500 600 700

TR o BIE, 2L EARMRSE , SR g e, RONTTMEN,

Blue represents a-helix, red represents extended strand, green represents B-angle, and purple represents random coil.

3 SOPMA Till¥) DoSTM & B — i 45#
Fig. 3 Secondary structure of DoSTM protein predicted by SOPMA

MR, T DoSTM3 — 4 WU £ W vt (1) A0 X 28 3K 7K °F &5 F
2% HEMIRTAR

2.6.2 £k B BF STM F2 kit 4L 32 F o R A B L
B A R E S I EE, 28 ZFAE4 Y
Jpia, STM e S IR 7 A B i 2 5 2 Fhi il g
N FE AR, 2016) , WA BESR 3 — L BT T
DoSTM FEA TR 8 254 T B FBIEDL (B 9) . 45
RFW, DoSTM1 #£ 4 C ik .40 C & & A1 10%
PEG W38 b 38T (14 FH X 2% 35 K SR X B4, T
TE ABA Wt A B R (R AR X 2635 K F TG B 3 5
{H NaCl Fipitt Ab R, 335 5 WA K ; DoSTM2 7F
4 CARIEAN 40 °C =il 38 2 FT (9 A X 35 7K -
50 FRZH AR Lo b 2 REAIG, 7E I V% R \NaCl,10% PEG
Joip s b H R TG B (25 5% ; DoSTM3 7E NaCl 4 C Ak
TR 40 °C 1= R B 30 A0 B R A9 AR X 26 3k K - 5 Xt
HEZH AH L S 2 B AT, 7 D6 75 R A 10% PEG 36 ik
T 5% A AH LR A 25 55 5 DoSTM3 AL )
J&,DoSTM4 7¥ 4 CAILIR AN 40 C & W8 b BT

A RFARAL T80T TR M 30 Ab BN kA A
& {B7E NaCl B3 2b B0 JF TR .22 5=

3 WikEE®w

AT 5T AR K7 A st PR A 85 1 4 > STM
EHFH, X 4 4 STM 4 fish i 8 H AT B Y15 B
2EOHT, BERFEI 4 4 DoSTM & (M ¥k 3K
F 5T ; DoSTM1/3/4 155 L f5.3/NTF 7, DoSTM2 1
KT 7,1 X — 55 K 4> STM H FH Z 0% 1 51 ) B
WHBAKT7ABA (KRR, 2016; X355,
2017 ;487 7945 ,2018) . SPLIEHNFEEHSH 1
A ST R SBP-BOX 45 ¥4 3, ‘& J& SPL &K 4 fl
DNA S FHEF LS ST, X 5ATIER ST
5 by S T B A % B — 2

AR5 (2021) % FI#E BpSPL6 %& K ) 8l F 4K
Bl GUS 3 PR 5 kDU R T 8 35 28 K AR 9 &
HR AR At 38 00 2 3k | & BUAE 8 o A8 K ) LA AR
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1
DOBTML crensucoBsns SaaRs s sms @s REm U ae SEANE IR ®e® 8d s MEAN
DOSTME! & v« e oo o ot o fivis w20 ia te1as o) fui & 8w i (0118 0 e Wi e fat e (6100 w3 ehie et oa fahies fa” i
DoSTM3 MMEGEVDAGVAPPIFLHNQALPGRFSNASSMARKRDLPWGNTGFHHV
DOSTMA . cwsme wime @s 8@ e m§ f6 56586 @Es 33 G605 08 5866886 @ M

60 70 80 90 100

DoSTM1 NKQL|LPD I[VLSN|S S|S|S|CSDEAEF GV[VGKV|LGEGDKRRRIVAVEDDEH[®DDTRS[LITILKLGAHAYPV|LIYGD|LNP GGMKN|GKIVLVQMAT|N|SNH .
DoSTM2 . KQP|CHDV|CVSN|TS|L|T|GSDE[CNYRIIGKGLGEADKRRRILV|VEDDKQ[¥DEVGS|LTILKLGGQIYP|IMDD|LDVGGMKN|GKRKIGLEQAS|NILNH .

10 20 30 4 50

o]

FEGENH[QF[F|AAG|S SIKRF|GKKAIQEWD L NDGIKYD(GD LIFMA(TPIVNP GPLIKCL

MG|GD I H[QI[F|S TD|S SlRGQK|QK T|QE(W|D LNERTRD|GE GF|VIA[VIP[VNPRP|LIDCN

HQEKIQE S[QHW/LMG|S G|L.P AP|S N S|N|S[W|N P KMEQIEYD(S VRIF|S|SKP|S . . . .|.]. . .

DFPPRP S[PAE|SSVIP TIEAV|GI SDD|LIS|A SAVIIDIGNLLDFAIIETDD SLILJLPW
11(? 120 130 140

DoSTM3 . .EDV[P[EV|SCLG|T QGVIAAV|VINNGSC|VEIQRKNAGIE|SGKALLLRD|TVEEMEN . . .[LALKLGGGGCRVEBOVIORAN . . . KRVISGSP|GSARS|Y .
DoSTM4 DAPDI[LSHP|P YMR[PP|L|S|. DA[EITHADP|T PV L|LP|P AlG)S SNRVRKRDPRLV[EAN Y LA|GRVP CAICPELDEKELEGDEEEQVF|GGEIKRARAGVIVNIVG
15(? 159 179 18(_) 199 209 21(_) 22(_] 23(_] 24?
DosTM1 ENEGEYT S O TEOMEESEIKRAEE MEAKA S SAVV GN VT O F SOPXE s REE L0 EBEEEEEEN R A GERY K REWK TIF[S|GA T[T|P[S|. . . ESSAAGDQSAGYL
DoSTM2 E|G[8DENY L. S OCEADMER K el E vV EAK A S SAV TGN I|T QI [efefeYel s Rjghzi 140 E jlodoled @ ¥LehBAR A~ DAY K KIBAK N|T(S|. D I|S|P|S|. . . GSSAVDNQIS|TNHL
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Fig. 4 Multiple sequence alignment of DoSTM protein

R e Tk AR BB 0 G A B RS N, 5 R I AR
— 2, B HEI BpSPL6 JEF v REXE MM AR &K B
AREPEREN, X5ATMAE DoSTM2-4 FEAR h
PR RE X 2235 7K - 5 — 25, I DoSTM W RES
WRIKE,
WESHTHDAERERENSA FHH,CfH
LI 5% 32 W1 SPL %1 2 5 R 9 19 80 K i b7 ok
. XFEHE BpSPL6 %A e 8l i i =X A8 ot -
SR (A, 2021) , B sh FIX &4 10
HMERmB T (EKR FRER KGR %R
Y X SHATISE Y DoSTM IR A Bl 7T 1443 #r

AL, T H SR TR 8 454 DoSTM3 -4
AR X 2R 38 7K & A W 35 8 Ak — 3, R RNA-
seq WFFE K LA RETF SPL10 X SR AT R /K 4% 1R A1 4k
KEFMEMMN S BEA ) Z W, ASPL10 38 i
FWAERRNAEY S RN HIR YA (Ye et al.,
2020) , 758 FE TR 2R AR AU Y AiSPL3 -
5 FHEMEHEITFAE (Galvao et al., 2012) , 1E DoSTM
JashF bt & BT Z Bk E e N e 4, A
DoSTM T BEZ 5 Z R R miJ

Kt 5% 26 B SPL 3 Kt % i iy I 3R L =5 1R
AR AW A 55 . A0 Stief %5 (2014) & BUAE



1048 L = W7 43 %

- : motiﬁ
e moti
DoSTMI1 ! iyl O E iy .| © motif2
t motggg
—_— — ™ — __m(mf
DosTM2 &1 Rl B EET . mont?
_motigzlgo
— — f— o _moti
DoSTM3 8 1 2™ ! ] 3 m_ motif4
s SBP
- i —
DoSTM4 s 1 ;o A3k 2 sup
i \ ' { ' { T T 1 1 T
0 200 400 600 800 1000 1200 0 200 400 G600 800 1000 1200
5 DoSTM ERRFEF il
Fig. 5 Conserved motif prediction of DoSTM protein
o 4if%IX CDS

{DOSTMI I I I H-|-H-I-I
posnz - f————iiiH
- DoSTM3 I'IIHJIH'“
o |
5 g

| | | | | | | I | | | | | I
0 3000 6000 9000 12000 15000 18000 21000 24000 27000 30000 33000 36000 39 000

CDS TRty X, MR RHNT T,

CDS indicates coding region and black line indicates intron.

B 6 DoSTM EFE%H
Fig. 6 DoSTM gene structure

- it 7% R S Abscisic acid responsiveness

JREEFE WM. Gibberellin responsiveness

DoSTM1 H_l_l—l = = - J4 8 76 Light-responsive element
{DOSTM2 1 B i B 5o Light responsiveness
—————————DoSTM3 —H_ 11 = = - AL TN MeA responsiveness

DoSTM4 —I'I = - [5775 B2 #0 7 Defense and stress responsiveness

5 '\ 3 A B G Auxin-responsive element

1 T T T T \ T 1 T 1
0 200 400 600 8001000 1200 14001600 1800 2000

FREE N T Gibberellin-responsive element
- {IiR S Low-temperature responsiveness

KRS Salicylic acid responsiveness

B 7 DoSTM IR 1ER TS
Fig. 7 Analysis of cis-acting elements of DoSTM

O &R, SPL2/9/11 FE N BE miR156-f R VeSBP3 FI VuSBPS5 33k ¥ ¥k M, i VuSBP4 Fil
miR156-h VA7 32 kBRI, HE T ZE K A %F B VeSBPT ik M B 9% T 14, £ W] VuSBP3 Fl VuSBPS
T TR AZ 0BRSS BT A HIRIR A S E A NMGRERNE Y (RHE%,2019), X5
PR 5 0, TE MR IR A FF (5 C), KN DoSTM1-4 EARTE R IR MG 24 F iy A X Fak &



6 1 ARG . BRI A SPLBREE A (STM) ¥4 55 R 1 4 356 R 21 58 5 W 3R iR Bt 1049

- DoSTM1 DoSTM2
(=}
g 15 § 15
= 1.0 20
HE qelo
[}
ES =S
v 0 o 0
=4 = ~
DoSTM ! [l DoSTM? [
o1 Y - —r———

DoSTM3

—
(=]

Relative expression
X B IR
Relative expression

f=J
(=}

! E mt
Root Stem Leaf

DoSTM4

Root Stem Leaf

DoSTM3

EFl-a HNZ, s FR P<0.01,n=3,

EF1-a is an internal reference. ** indicates P<0.01, n=3.

8 DoSTM TERZERT HEYHE X R IA K F
Fig. 8 Relative expression levels of DoSTM
in root, stem and leaf

KR EE A,

XTEIHE BpSPL6 % 5& U R I+ #4147 T NaCl #l
PEG Wi S8, KMz B ria J5 , Kk e A TR
(ZE5%,2021) , 5ATUM ] 7E PEG Wil 4%
PFF, DoSTM (X ik /K - i 2 F 18— 2, 40
DoSTM RV RS S 0 T R Whaa ma i, , #4555
(2019) &8 £ K1 5z T S W8 B, ZmSPL16 7E4R
RN E B E LIE, X5 DoSTM4 45 % —3, 1
5 DoSTM1/3 AN—3, BAKJE R A fFiE— Lo,

AR FE AR e A b 4 L ALK %2 4 A4
STM, £ W5 B % A o R b fi1¥ R K E L K
B3 AV TE AN A%, EB 2 AT = AR SE Y SBP 45 4
B R 5 R R R AT O A T, Rk o
BT S8 s At AT AE AR ) 3R 5K B o T 2R A kA
AR SR FLAE G IR L R R T S A R A X Rk
KB EAEAL, HE A DoSTM W] DL B 7% FR A H
M., DA oE 25 R A i — 2 5E DoSTM %% S A
TR EY 2 DI RE B T SRl

SE .

BAILEY TL, ELKAN C, 1994. Fitting a mixture model by

DoSTM1

DoSTM2

—_

w
—_
w

—
(=3

S
HOR kK F

Relative expression

R R Ak K -
Relative expression

0.
CK ABA NaCl LT HT PEG
DoSTM I D, 5T\
A — — — — — — R — — — — — |

—_
wn

DoSTM3

—_
(=]

S
FAR ik K P

Relative expression

FHRF kK P
Relative expression

(=]

CK ABANaCI IT HT PEG
DoSTM e DoSTM

CK ABA NaCl LT HT PEG

Al — — — — — — W — — — — — —
CK. X} f; NaCL. & 100 mmol - L' NaCl fi§ 1/2MS & 1A 5%
FIAEFE 6 hy; ABA. & 5 umol - LT HIBE KRR AV 1/2MS
WK R SR 6 hy PEG. 7 10% PEG [y 1/2MS W A&
BB 6 hy HT. 40 °C 1/2MS AR IR H P 6
h; LT. 4 C 1/2MS IR =B 5% 6 hy EFl-a HHNS,
# IR P<0.05, s IR P<0.01, =5 F/R P<0.001,n=3,
CK. Control; NaCl. Cultured in 1/2MS liquid medium containing
100 mmol + L' NaCl for 6 h; ABA. Cultured in 1/2MS liquid
medium containing 5 wmol - L' abscisic acid for 6 h; PEG.
1/2MS liquid medium containing 10% PEG cultured in medium
for 6 h; HT. Cultivated in 40 °C 1/2MS liquid medium for 6 h;
LT. Cultivated in 4 C 1/2MS liquid medium for 6 h; EF1-c is
an internal reference. * indicates P<0.05, #* indicates P<

0.01, =#* indicates P<0.001, n=3.

B 9 DoSTM TERhBALIE 6 h THIMEXTFRILKF
Fig. 9 Relative expression levels of DoSTM
under stress treatments for 6 h

expectation maximization to discover motifs in biopolymers
[J]. Proc Int Conf Intell Syst Mol Biol; 28-36.

CHOU KC, SHEN HB, 2007. Large-scale plant protein
subcellular location prediction [ J ]. J Cell Biochem,
100(3) : 665-78.

CHEN CG, CHEN H, ZHANG Y, et al., 2020. TBtools: An
integrative toolkit developed for interactive analyses of big
biological data [J]. Mol Plant, 13(8): 1194-1202.

CUI Y, FENG YH, CHEN ZF, et al., 2019. Cloning and
functional identification of maize transcription factor
ZmSPL16 [ J]. Mol Plant Breed, 17(20) : 6583-6589. [ #
Py, WEWE, PRI, 4, 2019. F K EH T ZmSTMI6
ke SOae s e [J]. o FAEWE M, 17(20):
6583-6589. ]

GALVAO VC, HORRER D, KUTTINER F, et al., 2012.
Spatial control of flowering by DELLA proteins in Arabidopsis



1050 U0 Y 43 &
thaliana [J]. Development, 139(21) : 4072-4082. 1445-1445.
GANDIKOTA M, BIRKENBIHL RP, HOHMANN S, et al., STIEF A, ALTMANN S, HOFFMANN K, et al., 2014.
2007. The miRNA156/157 recognition element in the 3'UTR Arabidopsis  miR156 regulates tolerance to recurring

of the Arabidopsis SBP box gene SPL3 prevents early
flowering by translational inhibition in seedlings [ J]. Plant
J, 49(4) : 683-693.

HUIJSER P, KLEIN J, LONNIG WE, et al., 1992.
Bracteomania, an inflorescence anomaly, is caused by the
loss of function of the MADS — box gene squamosa in
Antirrhinum majus [J]. EMBO J, 11(4): 1239-1249.

JIANG XW, CHEN P, ZHANG XW, et al., 2021. Comparative

analysis of the SPL gene family in five Rosaceae species:

Fragaria  vesca, Malus domestica, Prunus persica,
Rubusoccidentalis , and Pyrus pyrifolia []]. Open Life Sci,
16(1) . 160-171.

LUO K, LI ZS, BAI YB, et al., 2021. Current situation of
diversity utilization and protection of Dendrobium [ ] ].
Heilongjiang Agric Sci, (8): 85-890. [ &Y, 2594, HHe
UK, A, 2021, b ZRPER T R R BIR (D], R
AR, (8) : 85-89. ]

LEI KJ, REN J, ZHU YY, et al., 2016. Arabidopsis SPL1 gene
is involved in regulating rhizosphere acidification under low
phosphorus conditions [ J]. Acta Bot Sin, 51(2). 184 -
193. [P, 1Tah, RERE, 45, 2016. $IEEFF SPL1 3
K2 5P RBEAE T RO BRI AL S [J]. MR,
51(2) . 184-193.]

LESCOT M, DEHAIS P, THIJS G, et al., 2002. Plant CARE,
a database of plant cis-acting regulatory elements and a portal
to tools for in silico analysis of promoter sequences [ J]. Nucl
Acids Res, 30(1) . 325-7.

LI D, SU GB, HU XQ, et al., 2021. Cloning and expression
analysis of BpSPL6 gene promoter of Betula platyphylla
[J]. J Beijing For Univ. https://kns.cnki.net/kems/ detail/
11.1932.8.20210610. 0948.001.html. [ 225, FRIhHE, SALE
W5, 4%, 2021. FIHE BpSPL6 JE KIS 3l T ) v b J 3k o
Hr [J]. dEERUARlk R 22224k, hitps://kns. enki. net/ kems/
detail/ 11.1932.5.20210610.0948.001. html. ]

LIU C, 2017. Identification of 18 Betula platyphylla STMs genes
and functional analysis of BpSPL8 gene [ D ]. Harbin:
Northeast Forestry University. [ X[, 2017. 18 4~ H HE
STMs H [ (% K BpSPL8 FE K B SBEM AT [D]. MR
T ARAuARll R, ]

QI XN, 2018. Identification, evolution and expression analysis
of Actinidia sinensis SBP-box transcription factor gene
[D]. Yangling: Northwest A & F University. [ #8 & 7°,
2018. HAHk SBP-box %55 H 73N 1) e 7 | kAl S Hk
KT [D]. B PUALRMBHE 7.

SHAN X, ZHANG W, HUANG JX, et al., 2021. Identification
and characterization of SPL transcription factor family reveals
organization and chilling-responsive patterns in cabbage

( Brassica oleracea var. capitata 1..) [ J]. Agronomy, 11(7) .

environmental stress through SPL transcription factors
[J]. Plant Cell, 26(4): 1792-1807.

TANG WW, XIA JL, CHEN Y, 2021. Functional components,
antioxidant activity and correlation of stem, leafl and flower of
Dendrobium officinale [ J]. Food Mach, 37(7) : 45-50. [ &
SO, BARW, BREE, 2021, BB REE i AEDI AR
o BUAATE P RO S [T]. Bk SR, 37(7) .
45-50. ]

WANG N, XIANG FN, LI S, 2016. Advance in plant
membrane-bound transcription factors and stress response
[J]. Chin Bull Life Sci, 28(7) : 799-806. [ £A#, R\,
A1, 2016. HEVIIESS G T S hama i [J]. Hdr
Blef, 28(7) : 799-806. ]

WU Y, HOU ZH, CHENG Q, et al., 2019. Research progress
of SPL transcription factors [ J]. Soybean Sci, 38(2) : 304-
310. [ R, BEAEILL, EfE, 47, 2019. SPL sk H T HYBE
FEHERE [J]. KREREE, 38(2) @ 304-310.]

XU ML, HU TQ, ZHAO JF, et al., 2016. Developmental
functions of miR156-regulated SQUAMOSA PROMOTER
BINDING PROTEIN-LIKE ( SPL) genes in Arabidopsis
thaliana [ J]. PLoS Genet, 12(8) : e1006263.

YE BB, SHANG GD, PAN Y, et al.,, 2020. AP2/ERF
transcription factors integrate age and wound signals for root
regeneration [ J]. Plant Cell, 32(1) : 226-241.

YU ZX, WANG LJ, ZHAO B, et al., 2015. Progressive
regulation of sesquiterpene biosynthesis in Arabidopsis and
patchouli ( Pogostemon cablin) by the miR156-targeted SPL
transcription factors [ J]. Mol Plant, 8(1); 98-110.

YANG ZT, XIONG ML, JIAN Y, et al., 2018. Research
progress on the activation mechanism of membrane-bound
transcription factors in endoplasmic reticulum stress [ J]. Mol
Plant Breed, 16(24): 8028-8033. [ #71E4, fEiii%, fi
e, A5, 2018, PAJBT ORI RS G e S T AR T AL AL AR
WL [1]. A FHYE R, 16(24) ; 8028-8033.]

ZENG DQ, ZHANG MZ, HE CM, et al., 2021. Identification
and analysis of WOX transcription factors in Dendrobium
officinale [ J]. ] Trop Subtrop Plants, 29(3) : 301-310. [
FRey, SRUIRE, UM, S5, 2021, BREC AT WOX 55D
TISE A AT (], Bl WG Y 224, 29(3) .
301-310. ]

ZHANG XH, 2016. Functional study and regulatory analysis of
flowering related genes in upland cotton [ D]. Yangling:
Northwest A & F University. [ 5% BEZL, 2016. [ AR - 46
ORI DIRENF I S 4 034 [ D], #53 : PHALARAR
PR ]

(HfERE FEEB)



