1458 Y EFE M Plant Physiology Journal 2020, 56 (7): 1458-1466  doi: 10.13592/j.cnki.ppj.2019.0560
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e, MEM, WK, 2RAE, R, A48
ARG 2 507 % 5 AR AR, 16 22 6066004

TE: 2 ¥ RN RIFER ZZFHRN BRI IGATRS . AR IERE 5 RS Ao R
2%, #| A Tllumina HiSeq™ 2000 150PE &l & 0|5 -F & 3 3L B KA £ #4740 5, 132)8.86 G4LdE, 59 065 569
% & i Ereads. TrinityZB ¥ 3K 1350 330444, F# KA1 214 nt. FiA & ZENR. NT. Pfam. KOG. Swiss-
prot. KEGG. GO##% B F 132124, 3#GO% e KA )3 H3KRES3INH L ; KEGGH AT L INEA 11 23555
i A5 130NKEGGHT fRSHE R, 42155 A 521/ K A RMATEEHR, L 14557 A 5MVAR 12 X 48
QAN R, 1255 T A EMEPR 12 K4EBE 60 A Do . F 0T K AE EPCR (QRT-PCR)E =43 F 35 £ o Mm%
4K A FPPS. HMGRADXSELEATR BT FHA &L, £2. RE, HAMALT P ELEAZTHRS, B
HMGR. DXSH R #9A8st RiXk& & FFPPSAE . AT LBEREF 55 KA WS RERF T RIEAH R

RAEAE
FRIA): LB AR 4 Fem; RasHd 4 42 ¥ 7% ; QRT-PCR

b AR (Atractylodes chinensis) N5t 45 AR &
ZEEAREY), TR ZR M5 RN HE
VR, M CHPRAEZ) F 95, R, RE.
o AR R, bR EEZF A
GARE FAREE, B-Fe i B 551 i 2 5 (2
THIAE2010; ZET5R4552016), HIERAEIR . F5 XA
. WHSEH.

H AT, K TA6TAR 7 1495 J7 1H T 78 i
DLRE, AL FDNA & 85 A1 73 brad 8 oR i
1T AR LG B0 [ HE 5 00 R TU (AR /N D55
2009; ABIEZ2015). AL FHA 2 Th g A
MR — AN EEH N, RIS HHEEAE
Yoy LB TT R B BT B, Ref s, HEAf
Mt KRB RAME R, SR R HE R g b5 1 471,
AT INEEARIKE ERREMAEREKRE . RER
U R A B N B s R A (R AR5 2012) 6
T J& J6 2 2% B[R 40 24 FH R i s 2Lt 9, 0o )
i KB HLE] . SSRAFFhric FF & IRAEAR
WA & A B R T R A R
X HHTE3RE P2 (Sung$2010). A Z(Chen
22011). H*E(Ramilowski%$2013) %% 24 FHAE Y 1)
e R, FEEZS Y B & Kk B VLT 7T
F#552019) RBREEDRFZ IR (25 M %52018) FISSR 71
FARL R FHETTEE2018) 55 7 0 T 32 M H « B
FRY, Y s R S & g A M 4% (1)

FF ¥4 12 (mevalonic acid, MVA)I&R4E, 7 T 4 i Jii
R, L I Ik e A AL I B (3-hy droxy-3-meth-
ylglutaryl coenzyme A reductase, HMGR)/& & — >
BR 3% fiff(Lichtenthaler®:1997), 2 J& J R 0 IR A5 i
(farnesyl pyrophosphate synthase, FPPS) & f# 1. 2F 1%
1 005 2 (1 55 B B (Ahmed 252016), 4k 4 i e
F "R (farnesyl diphosphate, FPP) (Vranova%s
2013), AfEFi RSV CISE 4, (2) 2-C-H
F - - 7 #E 4 -4 PR (2- C-methyl--erythritol-4-
phosphate, MEP)i& %, {7 T4, 1-fi A -p- AR
W -5-T 2 A ¥ (1-deoxy-p-xylose-5-phosphate syn-
thetase, DXS) /& 5 — > I8 2 1 i (Estévez45:2001;
SchwenderZ52001; CordobaZ42009).
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Fese o pr, AR - Jb 1 AR e e 21 (0 3R TA RFALE,
IR F R S WA & OB D, R
N 22 RIRAG L, AL AR KA & g1
MR R S % .

1 HPRST%

11wt

2014410 H, A58 FH b AR M1 RKIE T34
ANE] =M P (8 5 8 T [E] A R 24 A PR A W] A
i) PR GREETTEZE) . b3 RAE T 84
B, K 5RO R Z0T A B 0 A RHEAL
AR [Atractylodes chinensis (DC.) Koidz]#JFhF. Fit
T 1201544 A W% T AL RHE M 2 Fi il g A 34,
Z20174F 117 U= ] = AR JU A AR 2L, WG R
J&, BT -80°CHERIR VKA IRAT, F T I s HY
12 BRABERS S

AR A mE N7 5%
ARIEBES AR08 . HABEIHREN
=115 % i A RPvla 5 = N g P i 81U N (T 8
5 FHIkriC (simple sequence repeats, SSR) 7} Hr 2
5 RE P A A5 (2019) I J5 1%
1.3 FHEIERUEMEMEREEZRE

R SCHR & AR 5w A & A&
g R, 45 A KEGGTE RS AL 22 2 i 24
P15 &, FIFBLASTHEAT LUXT, B € AL AR 4
B B 55 B SRS W A S U DS B R A
(#55552018).
1.4 FHEIELXFEMERKIBERRIKBF RS

I3 IMEBANAN F] P A AR = AR 25
M B RZEL BRAZE, B TWA T, FRERNA,
28 [ 3R 15 cDNA, IK¥EHMGR. FPPS (FR4E
252017)FIDXS (KB4 5E2017) 5K 7 51 v it 5| 1tk

1T S0 %¢ 6 52 T2 PCR (real time quantitative PCR,
qRT-PCR), N HUBQ2 (Z:WeE552017), |
IR R ANFE P 2 I SRR AL (2017 K 7k R
TR DR AN 2 vk, SRR AT o0 #r
SIMFI WAL

2 LR

2.1 LBARERABESRENH

AR AL AR 2 I R S L e A
59 065 569% &= )i Freads, £1,78.86 GIX T 15 B,
0,y (B3 B =20%) M0y, (Tl & =30%) 75
97.09%7%192.14%, GC & & ~45.55%, M7 R
U, B EAT R AR . TrinityZH 3575 550 330
FA6H, K15 540 nt, ¢ 4E 9301 nt, P41 214
nt, Ny, (PHE & K B HES, AR Z 0 5 2
BRI ZH R 7N 0% I (1) 26417 K BE) T 748 bp, Ny, (4%
6 KB HES, AN AN R R 2K /N90%
IS} 46K ) 9544 bp. K 9501~1 000 ntff) 4%
WHERZ, 149 202%; HIXKZ1 001~2 000 ntf
FE (1) 47, 548 602%%; 301~500 ntK FiE [ 26 45 42
135%; K512 000 ntff) 4631 4474
22 tBAREFRAFEFTHINEE TR

RAFERAS B2 MENREUE E, 24 294
2 (48.26%) 51, RS B &/ M2 KOGHE P,
6 T795%(13.46%), A3 2705k 5 77/ E 4k [+
A3 B RE, o5 Al 217 106.49% (£2).

FENREE e A, 46 TR I b o0 A i ) 1
B, FEARL % U IC P82 480 v O A0 b b, ) e 5
(Cynara cardunculus)F (5 LA B 55 2937.50%, Lk
N E (Lactuca sativa) 29.30%, [n] H 2%(Helianthus
annuus) 17.40%, &tZE(Beta vulgaris)F15 % (Vitis
vinifera)¥J 50.90% .

#1 qRT-PCRETH 514551
Table 1 Primer sequences for qRT-PCR

B A 1R GIYIFE51(5'—3") KRG FAI(5'—3")
UBQ2 GGTTGAGGGGAGGAATGC AGACGAAGGACAAGGTGA
HMGR AAACAACATAAATCCGGCGAACT AGGCGTCGATGGCTTTTG
DXS CTCTTTGATTTGGGTCTGGG GTTATGGCACCATTTCAGTCT
FPPS CTGCCCTTGGTTGGTGCGTT TTCTTGGGACATGGTTGCGA
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Table 2 Summary of functional annotation of 4. chinensis transcriptomic unigenes
HH e R T 2 B 2% VERE T B TR B 81/ %
NRELHE PR 24294 48.26
NTHRE 2R 17225 34.22
KO E 11235 2232
SwissProtE 4l i B 20 682 41.09
PFAMAR JE 3 R 18 047 35.85
GOHHE P B¢ 18 047 35.85
KOGHUHE e i B¢ 6779 13.46
TE BT AT B0 PE 35 A 3270 6.49
152> — N PR AR 31 160 61.91
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Fig.1 Distribution of the matching species of A. chinensis

transcriptome in NR database
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Fig.2 GO classification of 4. chinensis transcriptomic unigenes
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Fig.3 KOG classification of 4. chinensis transcriptomic unigenes
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Fig.4 KEGG classification of 4. chinensis transcriptomic unigenes

R

020

S Bl

S Bl

| itz




1462 T A 3 4R
23 b AR L4 % KEGGIE 73 bt
Table 3 KEGG pathway analysis of 4. chinensis transcriptomic unigenes
G5 fRgTIE % Sl B/ 5% ELA51/% JEFEID
1 IALHES 453 4.03 k003010
2 T AR 383 3.41 k001200
3 PR I 15 I 337 3.00 ko04141
4 TR G IR 324 2.88 ko01230
5 LIEUN 305 271 k003040
6 WA 292 2.60 ko04144
7 I SR AR HLAE 278 247 ko04626
8 MY REE ST 245 2.18 k004075
9 RNA#iz 245 2.18 k003013
10 WA AR 239 2.12 k000230
11 R A A 234 2.08 k000500
12 RHENFHEAKE 199 1.77 ko04120
13 RNAPEf# 185 1.65 k003018
14 mRNA W 3 B 183 1.63 k003015
15 W A R 180 1.60 ko00010
16 AR 173 1.54 ko00190
17 G ETR AL TR B A G 162 1.44 k000520
18 e g AR 152 1.35 k000240

Hr LIS, I & 76N KRR 01, LLAP2-EREBP,
MYB. C3HMWRKY 5 F 1k,
2.4 SSRS$HEDHT

S AL A EE FLHS0 33045 2671147 SSRs /3 HT,
ARG FN13 09671SSRs (F4). Z5REMH, HhfFE
# 5 SSRsHU B it 5 6 3291M(48.33%), HHA/T
KEiRZ, A2 71540 KRN ZWEER,
4 3261N(33.03%), HirPAG/ICTR B E £, 605
A IR EE A2 0084N(15.33%), HHACC/CCT
K ERZL, G279 WUMEES . At E
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F /%

ARF

bZIP
C2C2-Dof
C3H
CCAAT

C2C2-GATA
C2H2

ABI3VP1
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G2-like
GNAT

SRS AT, 23 1467(1.11%)
1564 (1.19%) 11314 (1.00%), &5 0% s 19
AR .
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KEGGACHHE B 70 M7 & 42146 5615 2 5 i
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Fig.5 Transcription factor classification of 4. chinensis transcriptomic unigenes
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Table 4 SSRs distribution of A. chinensis transcriptomic unigenes
A
e TR &iF %
5 6 7 8 9 10 11 12 13 14 =15
LERTE Y =] 0 0 0 0 0 2764 1229 701 416 294 925 6329 48.33
TR E R 0 1185 732 541 380 267 194 189 129 136 573 4326 33.03
X E Y =) 1172 460 197 81 41 28 6 3 6 4 10 2008 15.33
VY 105 27 12 1 0 0 1 0 0 0 146 1.11
F L E 111 28 8 3 0 0 0 0 0 0 156 1.19
ANTRALE 104 12 7 4 3 0 0 0 0 0 131 1.00
&it 1492 1712 956 630 424 3059 1430 893 551 434 1508 13096  100.00
K5 JCEAREL e %1 IR AEARHKEGGIE B 73 A
Table 5 Secondary metabolism KEGG pathway annotation analysis of A. chinensis transcriptomic unigenes

G5 ARt ST HUE % LA/ % JEEID
1 IRINE A R 87 20.67 k000940

2 T 5 A A 65 15.44 k000900

3 K S REDE K 49 11.64 k000906

4 BUSBE WRIE R IE A= Y008 A= 0 65 1 30 7.13 k000960

5 FTAKEEDE AL 27 6.41 k000908

6 B A R 23 5.46 k000261

7 5 25 AN =5 AE B Rl 21 4.99 k000909

8 SRR A PR A 20 4.75 k000950

9 L 0 I AR A B 19 451 k000941

10 TORCIIE SRR B R B R A A L 15 3.56 k000945
11 A E K 15 3.56 k000904

12 I 5 T A 0 9 2.14 k000944

13 TMSE 2 AR A R 9 2.14 k000905

14 WNHE R AR 4 8 1.90 k000232

15 A0 5 I P A 7 1.66 k000903
16 FE R A R 6 1.43 Ko000902

17 EINB- A B IE A 4 0.95 k000965

18 TR B L 4 0.95 k000966

19 EH R EDE R 1 0.24 k000942

20 W R A Ak A 06 1 0.24 k000901

21 S B A A R 1 0.24 k000943

B EHE 2L, 655, S5 FRE A =i A
A B I8 %A G 1) SR R RS 707, A 215%

FEACTE R S B e b, R 145k 51
Al AEgm RS M VAR Hh 6P, Hrh iR N HMGSHI
MK 56 A 3 5%, VER N HABAP BT 5625 12
2670 ] RE g ASMEPIR /2 (I TRb R, Hoh ek R
DXSI¥ 2% A 556, DXRA 25, 1R A HoAh SR
(¥4 145(36).

2.6 EBATEREBEFIELEMERKLBEE
RIRTZS FRIA

FIFH qRT-PCREZA, #ill 7 ILE RIANAH 7=
Hy SNSRI B A s 2R AR B RO B (A
FPPS. HMGRFIDXSHI RNk & (El6), KIMAE
T ARAFE =1 A [F 2 E 3 F A R IA
BREFRE, BRREEHBMLL, B E
RERK, MAEZE. R, B, A ZER AT R
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Table 6 Unigenes related to sesquiterpenes biosynthesis in A. chinensis transcriptomic unigenes

b Al 2K

IR St Hi/ 2%

MVA Jik FL 4% F2 Biff (acetyl-CoA acetyltransferase) AACT 2
F4 FE TR kA A A 1 B(3-hydroxy-3-methylglutaryl CoA synthase) HMGS 3
F4 L I k4 A OE 5 EF(3-hydroxy-3-methylglutaryl CoA reductase) HMGR 2
FH $2 1% B2 5 (mevalonate kinase) MK 3
Tl F #4219 4 (phosphomevalonate kinase) PMK 2
FF 2 TR B 1 T8 i J2 ¥ (mevalonate-5-pyrophosphate decarboxylase) MDC 2
MEP 1- Bt 8- - A TR B - 5- 1 iR 45 86 (1-deoxy-p-xylulose-5-phosphate synthase) DXS 5
1= 15t 88 - - A A - S - Tl P2 A8 J57 57 M) B (1 -deoxy-p-xy lulose-5-phosphate reductoisomerase) DXR 2
4- TR i -2-C- H & SR B % &l (4-diphosphocytidyl-2-C-methylerythritol synthase) CMS 1
A- TR B FE-2-C- FE L /R B 8 T 13 ¥ (4-diphosphocytidyl-2-C-methylerythritol kinase) CMK 1
2-C-F - - R BRI T2, 4-38 IR A 1B (2-C-methyl-,-erythritol 2,4-cyclodiphosphate synthase) MECPS 1
4-FFE-3-HIE T 2-JF 5 TR A i (4-hydroxy-3-methylbut-2-enyl-diphosphate synthase) HDS 1
45 FE-3-H L T 20 L BRI I 5 [4-hy droxy-3-methylbut-2-enyl diphosphate reductase] HDR 1
A FEHL B el C FEHL
= S R 72 2 LG a =
2 - 43 -3 1500} - 3
12} . b 300+ 1200 b
o I a7 I
.r;' 6 % g g % g % L = gl v
i3 e rml [ 6f
1. 0 ,
0 v % I% % / 0 | olCzm |
it % RE & BEIHF i £ WRE W BEHF i

K6 JLTARA = Hyf 5 & FPPS. HMGRFIDXSHE R FIE 347
Fig.6 mRNA expression levels of FPPS, HMGR and DXS in different habitats and organs of 4. chinensis
A: FPPS, B: HMGR; C: DXS. AN[R//ING 7R 2 57 .3 (P<0.05)

A B AR, HLHMGRAIDXSHE K AR A8 5
=T FPPSHLA
3 Wit

5 AR EE B I PR AT 2 Y o T
AR R AR 2 R . A IRPAEE AR
M2 A K0K, FFIlumina HiSeq™ 2000 150PE &
i B 7T 6 E L A AR S A BN e, T T
BRI R, 371550 3305k 5547, TENR,
NT. Pfam. KOG. Swiss-prot. KEGGHIGO%#
FE o A R R T, Ul T AR AR s =
o G A S AR s M el 47, NAbE AR5
THEYF TR T E W8 5

5 2l 2R A 2 A AR 25 32 B 1
gy, HAYEG BOEEE A, BHTMAR WAL AR S

i AL GG Ry LA O (R B 9T 4

AL A T AL AR 22 s AR AR, $2 90 3165
255 S B G U SG I 45T LA R 21 5% S5 A%k
=05 A6 O DG 1 26417 . AhmedZ5(2016) A
R AR (Atractylodes lancea)F3 285 55 AL, 3k
1362 3525k 57, 1248 BIHGHMVAIZ 2 FIMEPIE 11
B LI SR T A5 2 5 2R 5 . Huang%5(2016)
XS ARy FIAR ZEHEAT e s 4H 3 M, 3R1592 366
S ok, LRBUR I, W AR ZE 22 SR IR L R o
395 s 5 AR hE A oG, Hh 185k Sk
A EAL A PAREAE G . B E Q2019 A
(Atractylodes macrocephala)¥% ¢4 mid &My, %
JE 32 5EMVA @42 K S A Bk < 1) 2% 7, 30
AN 5MEPIEAE KB & U R I 257 o ABEFTZ
P 21456 26 S 5EMVAR R 124 %1 © 5MEP
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AR OB 1) B Ao I 4 OGS IR (1) R
I8 B B RS R S M A G R, X
i KR I 9 Ab & ARk KA &AM &
FSCIE B A3 b S LR P L R A AR R

qRT-PCRELA B FEAE YA T 845 vh DG B il
AN FRIAKR M 2By . Huang%(2016)4; 5% 41
AT R I, S AR R 25 1) 22 S Ak ik PR 8
WERESHES. WIRAWAREAAY . Yangss
QOIS FZ=(Salvia miltiorrhiza)M 5 HR 5 5 20
2 RRIBEEN, KIFEZ 040G o A2 i
i 4B SmMCPS. SmKSLAICYP76AH1 13 R 7E
MR A RIS B . AWK ALIEARFPPS.
HMGRADXSEEKRIAEA R #88 B Hh Rk EAF, HA
[F] = M) 2 AN K, Hoh 28 28, Th. A eF
rhER IS B AN R, MR, $E s b AR A
ik KA G W) B B OB DR 1) Rk ] e SR AR
E AN SE SV S o A
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Transcriptomic analysis of Afractylodes chinensis and elucidation of genes in
sesquiterpenes biosynthesis

ZHAO Jianhua, ZHAO Chongyang, SUN Chengzhen, SHI Fengyu, CHEN Lina, ZHENG Jinshuang”
College of Agronomy and Biotechnology, Hebei Normal University of Science & Technology, Qinhuangdao, Hebei 066004, China

Abstract: Sesquiterpenes are the main active constituents and the index components for the quality control of
Atractylodes chinensis. To study the sesquiterpenes biosynthesis, rhizomes of A. chinensis were subjected to a
high-throughput transcriptomic sequencing analysis by Illumina HiSeq"" 2000 150PE. A total of 8.86 G clean
data resulting in 59 065 569 clean reads were generated. Trinity assembly yielded 50 330 unigenes, with an av-
erage of 1 214 nt. Functional annotation revealed that all unigenes were successfully annotated in the NR, NT,
Pfam, KOG, Swiss-prot, KEGG and GO databases. GO classification contained 3 major groups with 53 sub-
groups. KEGG analysis indicated that 11 235 unigenes were implicated in 130 KEGG standard metabolic path-
ways, and 421 unigenes were related to 21 standard secondary metabolic pathways, among which 14 and 12
unigenes were involved in the biosynthesis of key enzymes in MVA and MEP pathways respectively. qRT-PCR
analyze showed that FPPS, HMGR and DXS genes were expressed in different organs of A. chinensis, especially in
stems, rhizomes, flowers and hibernacula, meanwhile, the relative expression levels of HMGR and DXS genes
were higher than FPPS gene. This study provide a fundamental basis for sesquiterpenes biosynthesis and mo-
lecular regulatory mechanism in A. chinensis.
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