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W E: BM EE Curcuma longa FARTEHZiZEE, MIRERAMAIE. ATRMZEE ERSMRIE SO R Z SRR AE
KRERI 73 FHU, X 2238 ER S MAREAT F s 2T, 423 R AEMIARAE K R oG BEEE R . 7ok DA EARANMUAR b4 Kt
K Tllumina HiSeq /=i &l /7 F G AT He SR 4N 7, 38 SRR T 2 R RIS AR ik 48R 47343715 42.69 Gb
clean data, 351331 42 748 % Unigene, . 35 456 S54F R . EARFNIAR 10 2= 57 R 1K JE K] (differentially expressed genes, DEGs)
F 1551 4, FEAAE (gene ontology, GO) EHELREY], =W SMARA DEGs T2 5 E T, e, ik
W, HiZidRE. 4A5%T6, COG ZRAREY, FREMIRY DEGs 12 & & T ok & MRIUFIE S S1Hl. KEGG
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Screening and analysis of genes related to lateral root development in Curcuma
longa based on transcriptome sequencing
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State Key Laboratory of Southwestern Chinese Medicine Resources, Chengdu University of Traditional Chinese Medicine,
Chengdu 611137, China

Abstract: Objective The main roots of Curcuma longa form Chinese medicine Jianghuang (Curcumae Longae Rhizoma), and the lateral
roots form Yujin (Curcumae Radix). Transcriptome sequencing was conducted to explore the differences in the formation process of main
roots and lateral roots of C. longa and the molecular mechanism of growth and expansion of ateral roots, so as to explore the key genes
promoting lateral root growth and expansion. Methods The main roots and lateral roots of C. longa were used as materials, and
transcriptome sequencing was performed by Illumina HiSeq high-throughput sequencing platform. After assembly and annotation,
differentially expressed genes were screened. Results A total of 42.69 Gb Clean Data and 42 748 Unigenes were obtained by transcriptome
sequencing, of which 35 456 were annotated. There were 1551 differentially expressed genes (DEGs) in the main roots and lateral roots. The
GO enrichment results showed that the DEGs in the main and lateral roots of C. longa were mainly enriched in metabolic processes, cellular
processes, catalytic processes, transport processes, binding and other functions, and the COG enrichment results showed that the DEGs in the
main and lateral roots were mainly enriched in carbohydrate metabolism and signal transduction mechanisms. KEGG enrichment analysis
showed that DEGs were mainly enriched in starch and sugar metabolism and plant hormone signaling pathways. The differentially expressed
genes related to lateral root development were screened from the annotated information. The key differentially expressed genes and pathway
analysis indicated that the up-regulation of sucrose synthase gene and auxin response genes (S4UR32, SAUR76, SAUR50) in the lateral roots

of C. longa may be the influencing factors of the lateral root growth expansion of C. longa.
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W Curcuma longa LNZER} (Zingiberaceae) 3%
B ZEARAEY), FMRMEEEAM £,
MARMH S AEZ98 “AB 4", 2o AR EAFE 5
R, REEEE, AHEHRN; URESEY, £
kR R AN, LA MATS. BEIERMIIR, #B
S HIGIMAIRE . ATASRAR 35O L ThRE. 223
FRE AR = A 2 o) 22 3 R R R 2R T
UeAh, FARA A . R, MR SRS
T TR RN Ry . IR ZG PR A 2R AR K
MARAEHLR . PUME . Jra el IR RT VYT 41
I, RO A A B BRI T AR R

LR ARAEKE K2 ZHEERNE R,
VRIS RENE e R A A SC R 2R 1) e B
HpAKZFE AR A KK EE R, AR
AR A I B . DU 53 1 R B AR 232 21
ZUPIEEE 3 AP B AR @, w] DU AR
AR KRB, MR KT EZDmRAGEE, £hE
FEMMNIRBIE G, MIRAEAESE, BEREESRE
AT, RAEMIREZ . ZEAMRE 10
H AR, SRR w6 &K & K,
AR, WRTHRENM, T 12
H AR 57 Bk B e KAl . 12238 EARTE 8 H I iR
Ko 11 AR R 1 HAFR TPk 2 ok
H, 2258 F R S MRER T AR A ARIE,
Ty M T TR X, IR SERRAE 7, 2
ANIREERO, TR IR 22 B0 b = [XORH 52
P S A 4 = X 181, 22 B I AR AF G 32 AR 1)
ARKIRERRZ, HZEKER. R LER
S5 HoAh N B BT IR 2R B2 e 1) A LR A B, R
RNA-Seq FiR, K B AN Z T ERR /T
e M PR 78, A 2 MR R B AH I 22 e 3Rk
FERIFAT IR, WA KPR L Z MR K & 1
FERIZRIKRFIE, BT 9 SEPRA: P2 i 2238 AR SR
R E FhiE (RO Bl .
1w

ZBT 2021 4 12 FRUCT Y )1IAN B (A
Fr: 104°07'22"E, 029°03'48"N), £#RrH B2k
ARG R 8 N EREYZEE C. Longa L..
FERUHT I 22 58 EARAMARIL 6 DMEAR, SRR
BRI, ZJEBET-80 CIHRERM. FlRmS AN
JH-1. JH-2. JH-3; MiR%5HN YI-1. YI-2. YI-3.

2 FHE
2.1 B RNA BRIV SCEME

K H] Trizol Kit (Burlington Co., IEX) £
HUAFE S RNA, Oligo  (dT) RéEk7 B 4ifh, K
mRNA 73 2 R Fr BUR [FE s cDNA 88, &
FEAbL 50 B A R AR AT BR 2 ) R g Fy ST e
2.2 HRENMF. BRRINEERE

K H Illumina Hiseq2500 =il sl /7 6% 2
B SR SO AT I . AT 51, R GG
FPAI MR s, 435 clean reads. ffiH Trinity
BAFK DT Reads FTWONEE £ B (K-mer), 24
JE W IX LG By BOIE AR K ) B (Contig), FFA53
£ F Bt&E 4 Comonent (Unigene). F|H BLAST #
¥ Unigene J¥%15 NCBI HAETL &R & AP 5
(NR). Swiss-Prot £ [1/7%1 (Swiss-Prot). F:EA
& (gene ontology, GO). Y& [F] V5 #F 6 E 4 2
(clusters of orthologous group, COG). HA%I[FJYREHE
4 F Ceukaryotic orthologous groups, KOG).
eggNOG4.5. HHEER 5K HA BRI 21 Kyoto
encyclopedia of genes and genomes (KEGG) 5%
JEBEATEEX . (] KOBAS2.0 5% 7 Unigene 7£
KEGG "' /] KEGG Orthology 45 %, H#&37T
Unigene FVFEBAE B
23 ERERESEEFEESH

A TransDecoder # ATl Unigene )4 H5 X
I R R B R 81 . MISA A AR T 1
kb [#) Unigene #17 SSR 7347 A FH STAR # A4 X} %5
MNFEAH) reads A1 Unigene 54 EAT b S, FHid it
GATK #f%f RNA-Seq MJHIZ TR Z &1 (single
nucleotide polymorphisms, SNP) 7%l (SNP Calling)
JikE, W SNP Aisi. 7E FPKM ik 870 ki
b, WEREIRE (false discovery rate, FDR<X0.5).
2351 ZE 7% $(Fold Change, FC) =2, ¥} DEGseq
R TSR AR L 2 e RE i, A Goseq R
KOBAS #fifonf 22 5 1A £ K] (differentially expressed
genes, DEGs) #1T GO. COG. KEGG. KOG. Pfam.
egeNOG 51 EHE 7M.
2.4 SLRTRAEE PCR (qRT-RCR) IiE

BEALIEEL 5 N2 5K RIBMRAMH K2 R KL 5
AI3E4T qRT-RCR 381F, 5 A2 5 B PR AR K 2K B
FHE[H 16 (auxin response factor 16). AKFKizHiE
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1 BIG (auxin transport protein BIG). £ 2N
FE[A 12 (auxin response factor 12) M| Wg-3- 2, BR -
f & A % GH3.1 ( indole-3-acetic acid-amido
synthetase GH3.1). A K FK WM I 7 (Auxin
transport protein 7 ), LA 7 5256 [H] 4tk kR )

cDNA it N Actin WA, FIH CDS
Fr3#1 Primer5 2 ¥ 1 qRT-PCR FF -tk 514) (R
1)K SsoFast™ Eva Green Su-peremix (Bio-Rad,
FE) HHATEERERN, [ 2788 Tkt R AN
FRIAE N R IA B

&1 qRT-RCR #1845 325(4)
Table 1 Specific primers of qRT-PCR amplification

£ ID EF5Y (5°-3) IG5 (5°-3)
actin AGGAACCACCGATCCAGACA GGTGCCCTGAGGTCCTGTT
c410320.graph_c0 CCTGCGGCTTGTGGATTAGT TTCGCTGTGACCTTGGGGA
c409034.graph_c0 CATGAGGATGACGCAGCAAA CCGCAAACTGTCGGAGAACG
¢397769.graph_c0 GGCAACCCCGTAGACATCTG ATTCCCAACCTCAACACCCC
c405834.graph_c0 CTTTCGCTGGTTTGTACCGTTA TCCACCTCGTCCGTCTTGTC
c404082.graph_c0 TACAGGGAGCCAGGCAAGATG CGCTAGGGGGACAGGAAACT
3 ét%'_ﬁﬁ*ﬁ . Volcano plot
31 HRENFSER o
X 223 EARAUAR 6 /NBE i i S 28 SC e i3k A7 )
7, 33k 15 42.69 Gb clean data, %% £f & clean data -
)35 5] 6.48 Gb, Q30 WA T 4y e 93.32% L £ | o
N & Fi
b, HAFFEMR 70 279 161 %% clean reads, 4R < K
72 305 640 % Clean Reads, £id Trinity £ 253545 25
F 42 748 %% Unigene, Nso N 1768, FKEHARSLGZET
e AR R E s, AT RS2 dE . 0
B BLAST 4 E-value AKTF 1X10°7 ° omFC
A HMMER 24§ E-value A~ KT 1X10710, 243k
35 456 N VERAS B Unigene, 4845 5H L% 2. 1 ZEHFRMR DEGs Geit
32 EBFRIESH Fig. 1 DEGs between main roots and lateral roots of C.
W B k2R &N FDR<0.01 HFC=21E)y  longa

i niE, LIRS 1551 NEREER, HPMREE
& FIREEEN 675 4y, NIAAER 876 4~ (K 1),

# 2 Unigene ;TB5tit

Table 2 Statistics of annotated Unigene

HaEE  VERHE KE=300 0 KJE=1000
COG 10 362 4297 6 065
GO 25667 11907 13760
KEGG 20 082 8930 11152
KOG 17 341 7766 9575
Pfam 24 480 10 794 13 686
Swissprot 18 887 7968 10919
TrEMBL 29 165 13 541 15624
eggNOG 23517 10315 13202
nr 34 987 18 043 16 944
All 35456 18 455 17 001

3.3 FEiR. {U4R DEGs 74

W TR 4 2 18]I DEGs 7R3 GO & A ik
W, B R E A IR (biological
process) ZiiffiZH %) (cellular component). 73 LIfE
(molecular function) 3 NS 58 NIhEE/ N, BHER
Z PRI T U AR TR R B S
EET-AHML 485 A\ HHAEIR S 485 4~ 54T IReAE R
M EEINRE T EA 4541 622 4, 254 4> DEGs |
A1 368 I~ DEGs Fiff. SAEVISFEA R DIReE 2
BAEEARCHIERE 489 4~ (B 2). 476 257 RIEFIRAG
COG 718 (Bl 3), TEAREZEIN 26 MUiRer 2K, H
HR KA S DS IG5 () Unigene &R
(G, 84), HXRESHSHH (T, 53), —MIIEe
B E (R, 50) AWRANRBAED SR, &%
Mo ARAH (C, 40D
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Fig. 2 GO function classification of DEGs in main roots and lateral roots of C. longa
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[ G: Carbohydrate transport and metabolism
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. 'W: Extracellular structures

ABCDEFGHIJKLMNOPQRSTUVWXYZ

Thte a9

"] X: MOBILOME: prophages, transposons
. Y: Nuclear structure

&3 Z=HEERSMREFREFS] DEGs B COG 732

Fig.3 COG classification of DEGs in main and lateral roots of C. longa transcriptome

3.4 DEGs KEGG RigtiBEE o

AT 2 SRR 2 R AR R /E KEGG 4
PEEEXTLL, 25 SRR, £ 909 2k 2 5 FE DRl v R 2
SAREH, OFEYIMREFE . (G B 8k
R, HIERMAAEY ARG, BERZNNH
PRACHIZE . 22 Rk R & 4R 3 115 MR shaE g, 3%
R 72 S R R R K/ IMRICHE T, S ELAT 20 MR
BHER (% 3), FEERIEVHEGESHES

(plant hormone signal transduction ) % f{i4f (carbon
metabolism ) « 18 4 - i Jii H {F ( plant-pathogen
interaction)+ P4 )i % &5 N T. (protein processing in
endoplasmic reticulum ). &4 FJE HEAC S (starch
and sucrose metabolism). MAPK {55 il -8 %)
(MAPK signaling pathway-plant). &L EYE R
(biosynthesis of amino acids) ZFiH S, & HEFEE K
EACHNE R YR E TS, A 46 MER
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B EERFERRETEKSRE EAI T 10 D
ARERZMA, MM EH TR, LRRIERNAREMN
KIEKA 6 4>, TRREM 44, AKEK IPA 5K
WAREERA 44, BHERIE 34, TR 1 AGR
4), RIS AR, ZHMARE KRG TEERE

SR o FLUCONRRAC R )99 5 B ELAE, 4 A
44 33 DNFERFED o BEAMERY A REREACHT (29 ).
KHNREMER (221 BHKEERER T E.
AR EK A AT ) 87 G B 72 S R A R DR B R AR
BRI A A K i T WL 4

%3 ZH} R DEGs KEGG BRE S gt
Table 3 KEGG pathway classifications of DEGs in C. longa transcriptome

% 5 ey % ID  DEGs ¥(&
1 fEHYIEERESH'S (plant hormone signal transduction) k004075 46
2 A (carbon metabolism) k001200 44
3 fH-WIEEAE (plant-pathogen interaction) k004626 33
4 WFMEAIL (protein processing in endoplasmic reticulum) ko04141 29
5 UERAIEEREACUT (starch and sucrose metabolism) k000500 29
6 MAPK {55# -84 (MAPK signaling pathway-plant) k004016 29
7 RBIEMAEMAE R (biosynthesis of amino acids) k001230 26
8  PEEEAR/BESF A (glycolysis/gluconeogenesis) k000010 22
9 KNI EMEN A (phenylpropanoid biosynthesis) k000940 22

10 By4%4K (spliceosome) k003040 19
11 SFEMEFZE M4 (amino sugar and nucleotide sugar metabolism) k000520 18
12 ZBERAM R (glyoxylate and dicarboxylate metabolism) k000630 15
13 FWHARMEZIRNY (cysteine and methionine metabolism) k000270 14
14 SeHEAEYFIEKEE (carbon fixation in photosynthetic organisms) ko00710 13
15 AEEH (endocytosis) ko04144 12
16 2EFFERH (galactose metabolism) k000052 12
17 RNA iz%i (RNA transport) k003013 12
18 HEfE (ribosome) k003010 11
19 HAER. REERMAZIR Y (alanine, aspartate and glutamate metabolism) k000250 11
20 HAMR. LERAFRIR/E (glycine, serine and threonine metabolism) k000260 11

F4 EZRRPEKREEER
Table 4 Genes of auxin pathway regulated in roots of C. longa
e YE R FKikA FEDIARE

¢397769.graph_c0 T AR N E T Cauxin response factor)

¢391677.graph_c0 T AR BT (auxin response factor SAUR32)

¢389801.graph_c0 T AR BT (auxin response factor SAUR76)

¢409034.graph_c0 T AR N E T Cauxin response factor)

c407275.graph_c0 i K FEM RN F Cauxin response factor AUX/TAAD

¢395155.graph_c0 i AR Z M MK (auxin response factor SAURS0)

¢410320.graph_c0 i AR Z MM AF (auxin response factor AUX/IAA)

c404082.graph_c0 A AE K Z BT (auxin response factor GH3)

c405834.graph_c0 A AR N E T Cauxin response factor)

c407971.graph_c0 TiA K FE M B 7 Cauxin response factor AUX/IAAD

¢396355.graph_c0 Bl K E A (auxin response factor YUCCA2)

c401872.graph_c0 il KK A EF (auxin response factor TAA4)

¢409165.graph_c0 Bl AR ZEA G (auxin response factor TAA2)

¢387677.graph_c0 A KK GRS (auxin response factor YUCCA10)
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Fig. 4 Heat maps of key DEGs for auxin synthesis and response (A) and pathway diagram of auxin promeoting plant root

growth (B)
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91 N2 AR R T EAEMIAR ik, ORIz oK et
PRy e P 2 AR R B i E AR A
3.6 qRT-PCR IiE

AW AR F B I T FEE, BEALIE L
5 MERFEM K FRIBIEF AT qQRT-PCR Kk,
5 N2 S E DR R AR N ek B 5 e A B4 1Y) FPKM

150

100
I8

O T
CET oI EER B2 ¥ 220gER ¥
SN T HUSE5T = Qé#:m Z <
O E Sézszogologkqéwz

g g8 2 ¢ 2¥3% o
IN z L > & Eé ]
S = g <§<g s
< ﬁ O O”‘UM' O

e~ %M‘A

S

M2

20

5 ERERETREGIT

Fig. 5 Statistics of C. longa transcription factor family
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TR AR A A 2 K 75 B e B b 7 AR A B R
L, TEVERy FIORE AR o Ao 5 ZE A AR 1 3L ]
TERTT, MR SEAEKKE . AP REL S %55
FroRBt, 238 FARAMMARERACHT ek FIFE AR
W 2E AR E AR Z AR v e R B A A
KNP BE DR eIk R, DNAR g DR R R B R 3 o A
R, EZRMARAR S EATUR, Teme A KR
MR 2 —, ABFFE ek IR QbR & S 2
R L, HEHREGRNERKRILE 3 NMEF sucrose
synthase 1 (SUSI). SUS2. SUS4 i, SUS FRTE
MY AT DM R S ORI AE KR S 75 A A2l
AFl0, BRARILZAN, 3 ROAEREY S ENESE, 5
TR SUS (R HZ YRR, R RN & s
AR e MR R EE R R (B 4.

TV R RN RIMFER — RIVEHLAL
GV, YRR K ERE B LRI ERNY,
BEAFEAEKER (auxin, IAA). EER (abscisic acid,
ABA). 7% % (gibberellin, GA). /> H &
(cytokinin, CTK). &% (ethylene) %, A<SZEGIE
It e FARAAR A R 2 R e KI5
ZEMAREKKEHCHEEENGE 5 KD

HEE
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Fig. 6 qRT-PCR validation of DEGs
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