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Abstract: In order to understand the biosynthetic pathway of phytosterol in Dendrobium officinale, the
transcriptome sequence of stems and leaves at two growth stages was analyzed by using lllumina HiSeq 4000
high-throughput sequencing method, and the expressions of key enzyme genes for phytosterois synthesis were
compared. The results showed that a total of 43 085 Unigenes were obtained by transcriptome sequencing, of
which 24 459 Unigenes were annotated in Nr, Swiss-prot, KOG and KEGG databases, and 7 333 were commonly
annotated. KEGG metabolic pathway analysis showed that phytosterol biosynthesis of D. officinale could be
divided into three stages with 50 Unigenes (30 enzymes) involved. The expressions of DXR and HMED were
significantly higher in stems and leaves than that of MK and MVD. The expression of SMT1 at mature stage was
higher than that at growth stage, while the expression of SMT2 was the opposite. The expressions of SMT1 and
SMT2 were higher in leaves than that in stems at the same stage. These would be lay a foundation for the
development and utilization of phytosterol and regulating phytosterol biosynthesis in D. officinale.
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B 7 2 2 ARTE TR A, R DL & (S
B4 S SR S BE RSN IS B4, CARIE T
I 250 FRIATAEDD, W ES AT LSS AR AR R
T 658 B AN S 2 I BB, A S BN 2 A T
AMNWAIELE 2 ThReS], 3B xF 2 Fh e (1) AR
FUR & B T FniG T fE -9,

% K¢ 7 fis} (Dendrobium  officinale) & >~ #}(Orchi-
daceae) f1 fit /& 2 AL 25 S 0 AR, HLAT BE 9R F 9%
JI~ PUMRE . FEILRE . BUAE AL RO PR 57 5 A B
PEOOI Bk B2 A A RO PR 2R, B T AR
SRR, EE IR R HIE, 53¢
W, R R F T RELA, LR A I CUbt
TR A TR 2R &
22,23- " AT HEEE. - . TS RN R S
FHXHE B3 A 11.093%.4.126%. 3.138% 411 1.648%,
4 b S o % R 1 43 1 20.005% . AR IEARFEEIAT N
[i6] A 1 77 Bk B ek iR R 25 H R SR I Hh 4 B e
BT SR B S A ST T 6 A7 b
BB A TIREE R B S A - S R, PR T o
AT A B S SRS s, 4 86.399 ug g7t
FE WA SRIG TG 2 1) p-A B & e, N
344.683 ug gto

% 5 2 (RNA-seq) I 5 R % 3K HURE 4 F o2 40
LR BTN NERREGER, AR T2
6 24 AR D O LE AR =0 5 G 8 O B R IR . SR
7 S5 STk R A ki EAT i Ny, KEGG ¥
st LA 1006 4 Unigenes 5 kA=A 1) 4=
Y6 B K. Guo STk Je 7 fift 25 2 50 oy
T8, 4 69 /> Unigenes 2 5 4= W13 22 (1 2E 4
B . Zhang S5ED8IFEk B A ik AR K AN B R AT
SR, KEGG JE R 45 SR AH 430 AN plFLi;
T, 89 MNLT4ER &, 135 4 Unigenes 15 Bb
FH 7 EAU

AL 2 MEKB BBk B2 AR L b
KL, A Nlumina HiSeq 4000 =538 &5 H AR BT
I, DRSS S B -G BorE ¢ 1) 25
G, TR A A S AR R, R A
SR B e () AR R 42 I AU AR 22 A A

1 PRI 7

1.1 At
Bk 2 A fil(Dendrobium  officinale) J& fh =% [H 48 2

BlETENE TS LR, SRy EEME
TAE A AR A2 B ARy A 5 T YR, 4y
AT A K1(2016 4F 8 A 15 H) AR #Y (2016 4F 12
H 15 H)BEHLRAE 3 BB 25 i, o lbric v T1 (2F
KHIZE) T2 (EKIII) . T3 (L) A T4 (il
M), 3R Ja oK 2 20 N B A R
FABR A A AT RNA $2HL, 20 7 F1 Unigene
hReERE.

1.2 YIS BEEYIE B RS T

WARTE Y S B W6 oA, 456 s HEuR
GO ThREREER, I iTiEd) S BEA Y6 OS2 IR A
5% Unigenes.

1.3 FEY S BEAEY& B R R A

FH AR UEAL )5 ) Reads Per Kilobase per Million
mapped reads (RPKM){E k&~ FES RIS &, 04T
REL A 855 T2 A 0 5 S % e T 2 TR 8k B2 A At S TR 2R
BRI,

2 SRR

2.1 AN FAEEEALR

TR AL 4 ASFE L JE A HHE (NCBI SRA 5
SRP181716) 21 JEFR AL B J5 , 4313k 45 22 809 182,
19 492 544, 21 587 660 A1 21 058 784 reads, 737)fl
4 3388594 751. 2884 066 418. 3171 710 203 Al
3132109 020 MEHBRFANEE o FIRIFH &5t B A%
HIELF #1347 de novo 4%, AT 200 bp
f*) Unigenes J7 Bt 43 085 %%, N50 >4 1628 bp, ¥
K-JF 902 bp, # Unigene B¢ Ay 20 526 bp, K&
£ 200~299 bp 1 e %, A 13 280 %%, HiEZ
300~399 bp, 5 5558 4%, = 3000 bp [ 1701 %
(K 1).

Wik BLAST HEx A1 ESTscan Fitilll Unigene H
B 9mis[X (CDS), 45 KB, f 25 928 2% Unigenes
R BB CDS (413K 13 24 266 F1 1 662 %), 5
Unigenes J7 B[ 60.18%, HH CDS KT~ 1 000 bp
1] Unigenes 1 BtA 7550 %%, 5 21 17.52% (181 2).

2.2 FEE TR K
#4 43 085 % Unigenes /7 BLfE Nr. Swiss-prot.
KOG Fil KEGG #¥i 248 & LU /P H AR, 347


https://trace.ncbi.nlm.nih.gov/Traces/sra_sub/sub.cgi?acc=SRP181716&focus=SRP181716&from=list&action=show:STUDY
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24 459 A3 TERE, 5 EH 56.77%: i, 7ENr
R R 23 460 2%, 1 54.45%, Swiss-prot
Bl A 18514 4%, 15 42.97%; KOG ¥l E
15 522 4%, 5 36.03%; KEGG ¥4l H 8972 4%, &
20.82%; 7E 4 NI FEHRAR B ERBE I 7 333 5%, b
17.02%.

it GO ThAE KR Xt /0, 446 13710 4%
Unigenes 13 2B IIRE 72, 40 3 KK 49 4>
RE(R 1), AV 20 N hfE, ¥ 31519 4%
Unigenes, AR it FERI4H B #2405l & 7 617
F17200 % AHMIZH S 17 AN ThAE, % 24983 %

Unigenes, A 2 R 40 i 28 47 53 7313 S 6 008 Fi

6 006 %%: 70 FINRES 12 NIhfE, ¥ 5 14 948 %
Unigenes, 1, fEALIENER 6967 2%, 456 00A
6 448 %

KEGG 7B 8 972 4 Unigenes 14 7 890 4%

315 Pathway JERE(FR 2), 43 5 K2k 19 &g
o WL RIS 4 £AuHEE, HPRiEm
Unigenes ¥ %, A 929 %%; HEE(E R HESH G
GGG 2 ARNE T AT ERAE LR
G 1 UhER: RS A 11 FARhEAE,
DAkt &R %, 1118 4.
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Table 1 GO functional classification of Dendrobium officinale Unigenes
293 Type 732 Classification & Number
EINEE Y%%H Reproduction 485
Biological process LT Cell Killing 2
Yol RYEHEFE Immune system process 139
R Metabolic process 7617
4iffuid FE Cellular process 7200
I FE Reproductive process 481
HEYIFHT Biological adhesion 33
{55 %% Signaling 497
Z AP 2 Multicellular organismal process 691
K EILFE Developmental process 999
EK Growth 114
45 Locomotion 2
H—HHAFE Single organism process 5385
i fE Rhythmic process 21
M Response to stimulus 1969
5E47 Localization 1943
ZAHAITRE Multi-organism process 291
£ Biological regulation 2131
4 MIZH 53 K KI5 Cellular component organization or biogenesis 1509
fi#A#§ Detoxification 10
7T I . A5 G B TiE T Transcription factor of protein binding activity 34
Molecular function WRR 45 & e R T3 Nucleic acid binding transcription factor activity 161
AL IEYE Catalytic activity 6 967
155 %935 Signal transducer activity 60
4Ry 7 iEYE Structural molecule activity 355
BEIE3G 1 Transporter activity 660
454 Binding 6448
ML 7 #AE M Electron carrier activity 24
PrAIE N Antioxidant activity 86
B A IS Translation regulator activity 3
S TR AT TE Molecular transducer activity 55
TR 2% Molecular function regulator 95
FiliakEsy Jfu#h X Extracellular region 148
Cellular component S Cell 6008
Z# Nucleoid 8
& Membrane 2712
JREER Virion 42
AMfi%HE Cell junction 230
Jlu4h3E5 Extracellular matrix 2
JiEdF (I Membrane-enclosed lumen 81
KarTHAEY Macromolecular complex 1247
ZHHuE Organelle 4913
Jfu &b 5 414> Extracellular matrix component 1
HIAR X84 Extracellular region part 3
4l #5754 Organelle part 1735
WEERER > Virion part 42
JES# 4> Membrane part 1802
NP ER 5> Cell part 6006
B F44E Super-molecular fiber 3
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Table 2 Metabolism pathway annotated by KEGG

9 Type #1% Pathway ¥/ Number
WAL R AL % Translation 929
Genetic information process & HEFIE %M Folding, sorting and degradation 644
#1515 Replication and repair 332
¥ Transcription 311
2 AN GEE {555 S Signal transduction 283
Environmental information B
process iK% Membrane transport 44
4L #2 Cell process iZ2§5CH Transport and catabolism 456
HHLZSE Organ system P& 1% Environmental adaptation 220
A Metabolism HAFEACH Nucleotide metabolism 308
fe AL Energy metabolism 416
KA AR Carbohydrate metabolism 1118
WAARHIRI M) & ) Biosynthesis of other secondary metabolites 251
femiAit Lipid metabolism 536
4 )57 Global and overview 685
HAbZE LS Metabolism of other amino acids 223
FHEMAH Amino acid metabolism 588
i A2 Wi Metabolism of terpenoids and polyketides 164
R 7 A4 4 AR Metabolism of cofactors and vitamins 237
ZHEEY A RS Glycan biosynthesis and metabolism 145

2.3 YK ERAEY A BRR

KEGG 7 RE4E KB, 34 50 /> Unigenes (30
FiE) 2 58k 5 A HE ) S BE I AR 5 BU(3R 3). HE
W858 B LR W) OB AR T 43 R s RS P 2R AR )
B RSN = R AR A R S R S A
B3 FFARU &R .

HEAE Pathway 34T 45 S T2k 5 A1 fsHAE A7) 6 It
A s (B 3), WA E BEY &

% 3 KEGG VR Ik KA s ) 88 B AR W04 A 5% 1) Unigene 2

2 IR A (MVA) M A R 14242 (DEP) A, MVA
BN CHE CoA B4 ik R SAERRIRIL 7 25 7 M
(10 /I Unigenes)Z: 5 DEP 43 M P Bl i1yt -
3-WE IR 2 AE i Je FE R 3L 11 48 10 MEE(15
Unigenes)Z: 5 . &5 1mb2f =i AW & L e 5
FERERR T 2,3-F A0 & 3t 325 2 /ME(4 1 Unigenes)
Y, SRICEAEDE B 2,3-F A BRI
AN S R AR R 16 45 12 /MEF(22 4™ Unigenes) 3 5 .

Table 3 Unigene number annotated by KEGG related to phytosterol biosynthesis in Dendrobium officinale

Rz 'S ity Ko
Metabolic pathway No. enzyme Number

AT 4e  KO0626 £ WA A 22l (atoB) Acetyl-CoA C-acetyltransferase 1

AW R . . ,

Terpe;loid backbone 01641 FE T HR —HE AR A 7 HHF(HMGS) Hydroxymethylglutaryl-CoA synthase 2

biosynthesis K00021  ¥2 WLk —HE4fll A i85 B (HMGR) Hydroxymethylglutaryl-CoA reductase (NADPH) 3
K00869  F¥2 &% (MK) Mevalonate kinase 1
KO00938 e ¥4 IR IR Uit (PMK) Phosphomevalonate kinase 1
K01597 W& F ¥2 2 i 2B (MVD) Diphosphomevalonate decarboxylase 1
K00787 e 3t £k i e A (FPPS) Farnesyl diphosphate synthase 1
K01662  1-fi4H-D- AR bE-5- R 5 (DXS) 1-Deoxy-D-xylulose-5-phosphate synthase 2
K00099  1-fii 4 -D- A B -5~ i I 3 A4 i (DXR) 1-Deoxy-D-xylulose-5-phosphate reductoisomerase 1
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#:2% (Continued)
Righigst ELRs) ity ig
Metabolic pathway No. Enzyme Number
RS Y e K00991  2-HJt-p- 7Rk WEIE 4-Tf 2 I 1 I % F2 B (CMC) 2-C-Methyl-D-erythritol 4-phosphate cytidylyltransferase 2
ijﬁﬁgbgﬁaﬁs KO0919  4-— i iy 17 3L -2- HF ik -D-7/5 B W 4 (CMIK) 4-Diphosphocytidyl-2-C-methyl-p-erythritol kinase 1
KO1770  2-FiJL-p-FRe# WEEE 2,4-F R A i (MCS) 2-C-Methyl-D-erythritol 2,4-cyclodiphosphate synthase 1
K03526  (E)-4-¥33-3-F 3L | fi-2-M & IR & B8 (HMED) (E)-4-hydroxy-3-methylbut-2-enyl-diphosphate synthase 1
K03527  4-¥25E-3-FAIE T Jfs-2-Jd 1 — IR 14 J7 B (HDRY) 4-Hydroxy-3-methylbut-2-en-1-yl diphosphate reductase 1
K01823 S Wikt —MS A-HBF(IDI) Isopentenyl-diphosphate Delta-isomerase 3
K14066 & mf-3: ik & Wi (GPPS) Ggeranyl diphosphate synthase 2
fELiE R A =4y KO080L il ok — Ry e E 2k i #£ (SQS) Farnesyl-diphosphate farnesyltransferase 2
ﬁtﬁpﬁiﬁ?ﬁ[ﬁsﬁ(ﬁ?ﬁsﬁzd KO0511 1 i # ¥ in % B (SE) Squalene monooxygenase 2
I A DA 1 K01853 #f i tfiffi 4 (CAS) Cycloartenol synthase 1
Steroid biosynthesis K00559  §§MiE 24-C HIZLH 4 HF(SMTL) Sterol 24-C-methyltransferase 4
K14423  4,4-—F3E-9p,19-3 3L (S i -4a. F LS LR (SMOL) 4,4-Dimethyl-98,19-cyclopropylsterol-4a-methyl oxidase 2
K08246 ¥ fi i iE ¥4 7 Il (EC) Cycloeucalenol cycloisomerase 1
KO05917 (% 14 i F 3ERE(CYP51) Sterol 14-demethylas 2
KO01824 fiH ()% lE 4 5+ #4f#(EBP) Cholestenol 4-isomerase 1
K08242  24-1 Hi & i C I JE4%4 #5 il (SMT2) 24-Methylenesterol C-methyltransferase 3
K14424  40-H13E-A7- 5 W -4a H ILE ALEE(SMO2) 4a-Methyl-A7-sterol-4a-methyl oxidase 1
K00227  A7-ik% 5 L MIFIRE(STEL) A7-Sterol 5-desaturase 1
K00213  7-Jfii % JIH [ 534 J5 i (DWF5) 7-Dehydrocholesterol reductase 1
K09828 424 {§ ik Ji7 i (DWF1) 424-Sterol reductase 3
K09832  {{F 22 I fIfilf(CYP71) Sterol 22-desaturase 2

2.4 TEY) S EEEYE AR REERE R RIE ST

%+ MK, MVD. DXR. HMED. CAS. SMT1
FISMT2 45 7 FoCEEmgIE R, K RPKM {73 H itk
IR BR B A it A A A 22 L TR R IE & .
ME 4 7] UEH, MVA &) MK Fl MVD KI5 &
tt DEP #2421 DXR #1 HMED ik 1%, CAS 7E4:
KR BCASA R A B2 R AR, AEZNEREE
Lt Ff . SMTL 7R 25, Rk st A
KHAZE, Iy, SMT2 AR K HHFRIA & T o
[ — A, SMTL Al SMT2 fER Fr RIS R AR L2515 .

3 SR

AHFFEiETE lumina HiSeq 4000 JI5-F & %4 Kz
A 2 MEFIAMZE M TR AT, 4 de
novo P45 3543 43 085 KT 200 bp ] Unigenes
FrBL, o 24 459 257F Nr. Swiss-prot. KOG f
KEGG ¥l FEIRFFVERE . Y5 KEGG R4 R,
B FRHREL ) S I AR )6 L0y Tk 3 AN B, R 50
A~ Unigenes (30 filif) 2 5.

TEY) S WA RS — B B v e R IR 1) &

B, H MVA Fil DEP Wifligfe. il L fh g s
) 2 Aok EEIE A ) RPKM B, DEP 242/t DXR
A1 HMED #iA& & & T MVA 2421 MK A1 MED,
Vi BBk B A i s e R B R A CE P PP 12,
DEP i&f23 T MVA &1%, X n]RE 585 A ek
PR RIS RIS %

T S BEAR R B C-24 A7 b e 43 Jg F L &
A0 23 B g, JE O S C-24 FHEEL RS (SMT)
TE C-24 A7 b4y lid@ sk 1 Y0RT 2 YR R 2 1 0 B
SERRO2, SMTL 4 1 AN F A AN S-JIRH H B 2 R
(SAT) e F2 2IIAR T BE (1Y) C-24 £ b, B C-24 H
I FEI R i s SMT2 MIMEALTE C-24 HA SR F s
R FRIRTAE ) 24-30 F R JIH S I I ) C-24 FRE TR
LSRR, RO HEE RS, Fitk, SMTL &
PRk S IR0 2 S P BB g, SMIT2 2 22k S
BEA R PR . FEMHE R R R RIE SMTL, SR
S AN S 3 A $2 751 80% A1 50%, 11y FA ] ol 5 ATl
I [ 5 B0 391 F P& 53% 11 34%. i ik SMT2 &
PG T RHE EEA C-24 R KIS &, 1A S B
BB W R RS, AR AR F AR E IRk A
it SMTL A SMT2 75w 3Rk AR B & s T
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MVA
2.1 CoA Acetyl-CoA

l atoB

LIk £ HERHTE A Acetoacetyl-CoA

l HMGS

3-FRAE-3 TR BRAARA
3 -Hydroxy-3methyl-glutaryl-CoA

l HMGR

P2 L i Mevalonate
MK

T TP #2148 Phosphomevalonate

l PMK

DEP
PRI R - 3- T
Pyruvate and Glyceraldehyde-3-phosphate
DXS
1158 %-D- A Rl -5- Bl
1 -Deoxy-D-xylulose-5-phosphate
DXR
2 -MUEL-D-TRAEHE B4 -l
2-C-methyl-D-erythritol-4-phosphate
CMC
A(METTSL - %)-2- 11 RE-D- o e
4 -(Cytidine 5! |-diphospho)-2-C-methyl-D-erythritol
CMK
2-fel-4 (I 5 0 - ) -2- I Ak-D- PR sl
2-Phospho-4-(Cytidine 51 -diphospho)-2-C-methyl-D-erythritol
MCS
2-MV LD~ 2, 4- 0 R
2-C-Methyl-D-erythritol-2,4-cyclodiphosphate
HMED

TR 2L Diphosphomevalonate <« HDR 1-FE -2 -2 TR A4 — R
1-Hydroxy-2-methyl-2-butenyl-4-diphosphate
l MVD HDR
DI I R AR
R 1- < _
5% 11045 2 R Isopentenyl-PP - Dimethylallyl pyrophosphate
FPPS
FPPS o FPPS
7 JE ML FR Farnesyl-PP «— Tl SEAEBERE Geranylpyrophosphate

& ses

5 M HE B R Presqualene-PP 5Q8

C24-3F LR B[ A C24-Methylene cycloartenol

SMOI1

BB Cycloeucalenol ——— > {lin | Obtusifoliol %

——> &M Squalene ———>

SE 23584k % 4 Squalene-2,3-oxide
CAS

SMTI N
€———— FRTHIE Cycloartenol

88,14-f1 8% 88, 14-Sterol
EBP

2431 AL A §5§ 475 5 24-Methylene lophenol € do-F1 L3 K 4a-Methylfecosterol
SMT2 o
24-\). £ BE IR 45 24-Ethylidene lophenol
A SMO2 ‘l'
F M Epistero 1 HE# FIE Avenasterol
[ STE [
A 4 v
Ji5i 2% 1% Dehydroepisterol JI5é S 1§ i Dehydroavenasterol
€ DWFS Jd,
e
A TEEA A Methylene cholesterol 574 B BT sefucosterol
| DWF1 J
W \ 4
Fh B2 C ampesterol 2 BE Sitosterol
CYP710A

v
FAT i B Brassicasterol

B 3 8k B itk 8 e M 6 1o A2

Fig. 3 Biosyntheic pathway of phytosterol in Dendrobium officinale
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TS Stigmasterol

300, 140
EMK OMVD EBDXR ERHEMD mCAS OSMTI1 B SMT2
250F 1201
. 200 - 100+
80+
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I~ = 2 60F
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TI T2 T3 T4 Ti T2 T3
AR Growth stage AR B Growth stage
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Fig. 4 Expression patterns of seven genes related to phytosterol biosynthesis in Dendrobium officinale. T1: Stem at growth stage; T2: Leaf at growth stage; T3:

Stem at mature stage; T4: Leaf at mature stage.
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