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Transcriptome Analysis of the Expanded Daughter

Root of Aconitum carmichaelii
GAO Jing, LUO Min, LIU Ran, HU Yi-wen, CHEN Li-juan, HUANG Li, WANG Guang-zhi
(Pharmacy School of Chengdu University of Traditional Chinese Medicine, Chengdu 611137)

Abstract: Transcriptome sequencing was performed on the daughter root of Aconitum carmichaelii (DR) to
explore the underlying molecular mechanism regulating the root expansion. DR at three time points during the
expansion stages, namely S1 (1 D), S2 (31 D) and S3 (61 D), were harvested for sequencing. The identified
differentially expressed genes (DEGs) were validated by real-time quantitative polymerase chain reaction

(gqRT-PCR). 73600 unigenes were obtained via de novo assembly, including 7555 DEGs that are differentially
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expressed by comparative transcriptome analysis. There were 2560, 2171 and 6320 DEGs in the three pair-wise
comparison groups of S2vS1, S3vS2 and S3vS1, respectively. KEGG enrichment analysis showed that DEGs were
mainly involved in starch and sucrose metabolism, plant hormone signal transduction, plant-pathogen interaction
and phenylpropane biosynthesis. The genes in starch biosynthesis pathway were up-regulated and these genes in
lignin biosynthesis were down-regulated, which was considered as a sign in the root expansion. The genes related
to auxin, abscisic acid, cytokinin and gibberellin were involved in regulating the process of enlargement. Through
testing a subset of candidate genes in these pathways using qRT-PCR, a pattern similar to that revealed by
transcriptome sequencing was revealed. This study is the first to explore the dynamic transcriptional changes in the
process of DR enlargement, and excavate the related genes involved in the regulation of the enlargement process,
which provides clues for further research on the molecular mechanism of DR.
Keywords: Aconitum carmichaelii; daughter root development; expansion process; transcriptome
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AR BRHE AR 1 5 S AR, 20 F0HT 8 24 K 2 24 2 B O R U A E 3 %58 % 3k Aconitum
carmichaelii Debx KW IR T 2020 4F 11 7 18 HARHE £ HUAR H B K2 2 2 F ) el
(E103°48'18.96", N30°41'31.89", ##{k 504 m) .
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1.2.1 HmaE

M 2021 423 H 6 HES B HEARIFARMH (1 D) 2021 428 4 H (152D) FHRiL
Pufil. f£ 1Dy 31D, 61D, 121 D i) s 70 B ELAR N 2909 12 mm. >4 mm., >10 mm.
>20 mm TR, B4R S1. S2. S3. S4. HIKE/KVEIHFES, FKE LR TFR L
FREE A ARSRIMIAR, VIR, B T-80°CUkF .

1.2.2 RNA REUSF

FE il FIVBCERIT S OR A, B 100 mg #2HE 20 2 Mt ) 5 RNA UL & (DP441, K
) BT A RNA $RE $2EUS f6 RNA I Agilent 2100 Kl Hoafi 5 | ok 5 A0 50
PE; %08 NEB il i e 7 (k4T cDNA @ FE: FH illumina NovaSeq 6000 i f7~F & #£47 Il
FFo
123 MFHEFRIESHEE

XA ZRRE A ) cDNA SCPE BN /515 20 IR AR B2 (raw reads) BEATREDE, ZXFRAGIH
B FHSKACRENIEEE N & &2 11 reads, MITH 2] B &1 (clean reads) o FJH] Trinity
# clean reads HEAT M4, 19287 A (transcript) , A5 Corset TR E LU
A, RIGHRILH (Unigene)
1.2.3 Unigene BINREEFEFN 432

FIF BLAST 4K Unigene /%15 NR. NT. Pfam. KOG. Swiss-prot. KO. GO % 7
B B AR P EL B, W blast HEXF 2 H0 E-value<<10-5 S £ R 197 VEREAS B 5
o
124 ZFRIEERE S

F FPKM THHEFER %I & . FIH DESeq2 R #fiiide 72 B2, i bl e i R B4
FDR (false discovery rate) <0.05 H. log2 fold change %} {E>1. % ik HH ) DEGs #17 KEGG
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1.2.5 THit 5 5k FiRE AT 2 X AR EEE

M KEGG ‘& £ IUAR S I % Hh 1 12 15 5 Sk 7 i KOS #2AH G 1 DEGss.
1.2.6 qQRT-PCR 3&3iE

SRNAFEHUA 1.2.2, 1 pg it RNA F T 5 5%, 77 4% HR s A br 25 25 (K1 41 28 — % cDNA
G RGBT W SR SE SRS K cDNA #i Bt 10 5 3E4T qRT-PCR, 250 i 72 4%
Real Time PCR Easy™-SYBR Green I 177 &1t B 157 T100™ Thermal Cycler PCR {347,
RPZAENH SIS 95°Cy 3 min; 95°C. 5s, 60°C. 30s, 40 NMEH. LLACTIN (WLshE&
FEEED NAZ, [ 22Ok FE AR RIA & . AR SR 50 0 SR T S, X
BT AN EMERE M= KBARES . SIWTFH WL 1.

% 1 qRT-PCR B[ #¥:it
Table 1 Design of qRT-PCR primer
Gene ID Description Abbreviation ~ Primer
WMahEH F 5-“ACAGGACCAATCAATACTCAC-3'
Cluster-5683.29966 ACT
(ACTIN) R 5“TGGCTTCCCTTAGCACAT-3'
o S A 8 1 F 5-CCATACCACGACTTACACA-3'
Cluster-5683.36937 TIR1
(TRANSPORT INHIBITOR RESPONSE 1) R 5'-AATCTCCTTCACTCACTTCC-3'
EX SN LIV F 5-GCAGTATATGTAGGAGAGGGTGAG-3'
Cluster-5683.15057 SAUR
(SMALL AUXIN UP RNA) R 5-CCGAGATGTGAGGTTGACGAA-3'
EX SN LIV F 5-TTGTTTACACCGATCACG-3'
Cluster-5683.37263 ARF
(AUXIN RESPONSE FACTOR) R 5-TTCTGTCAATGCCTCTTC-3'
M ZEER A 2 R T F 5“TTTGGAAGAAGGGGCAGAGG-3'
Cluster-5683.32278 (TYPE-A ARABIDOPSIS RESPONSE ARR-A
R 5-GGATGACAGAGTTGACAGGGG-3'
REGULATOR)
ABA RN TG4 E T F 5-TGGCGGTATAGTCGGTGAAG-3'
Cluster-5683.17816 (ABA RESPONSIVE ELEMENT BINDING ABF
R 5-TGTAGCGGATTCTCTGTTCTTG-3'
FACTOR)
HMERMEEARET 4 F 5-GTTAATCGGTCTATCGCCTCTG-3'
Cluster-5683.10302 (PHYTOCHROME-INTERACTING PIF4
R 5-ACTTGCTGCTTGGTGTATTCTC-3'
FACTOR 4)
1,4-0- % FEWE 7 Sl F 5-CTTACCGAGCACATCTTGATTATC-3'
Cluster-5683.36484 (1,4-ALPHA-GLUCAN BRANCHING GBEl1
R 5-TGACGAGCCATCCACATTG-3'
ENZYME)
VEM G F 5-GGAGCCAGCAACAACTTACG-3'
Cluster-5683.47197 GLGA
(STARCH SYNTHASE) R 5-CCAGACCATAACCACCTTCAATG-3'
0 B - 1- T IR R R T Bl F 5-“GGAGCACAACACATGGAATACT-3'
Cluster-5683.34778 (GLUCOSE-1-PHOSPHATE GLGC
R 5-CGTCCTTCTTCGTCAATCTTCA-3'
ADENYLYLTRANSFERASE )
RN R F 5-TAATGAGGCGAAGGTGGAGTT -3'
Cluster-5683.42210 PAL

(PHENYLALANINE AMMONIALYASE)

R 5-TGCGTGGGTTGATTCAGTCT-3'



PR T i S F 5~ATCACACCCTCTCTTGCCATT-3'

Cluster-5683.31175 (CINNAMYL-ALCOHOL CAD
R 5-CGCCTATTCCACTTCCACCTA-3'

DEHYDROGENASE)

M EA F 5-“AGCACCTCATCATCTCCATCTTC-3'
Cluster-5683.33017 CYCD3

(CYCLIN D3) R 5-ATCCACTCTCAGTATCCATTCCA-3'

KNOX1 AR 7 M & 1 F 5-CCTTCACATCCTCTTCATCT-3'

Cluster-5683.30404 (HOMEOBOX PROTEIN KNAT1

R 5-CAGTCAGCCTGTTCACTAT-3'
KNOTTED-1-LIKE 1)
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I B, I 56 Gb A R, VR 2. 203 577 4E 73600 2% Unigenes, 41768
% Unigenes (56.75%) 7 LLLLXT%E] NR. NT. Pfam. KOG. Swiss-prot. KO f1 GO &/ 3t
i e (B 1A, 2 5IERE T 36304 2% (49.32%) + 19470 %% (26.45%) 26015 4% (35.34%).
7224 % (9.81%) + 26662 % (36.22%) ~ 13033 %% (17.7%) 126013 %% (35.34%) Unigenes.
NR Ei#s P A 21 5 8 (R A 7 AT B 1B s, 115 5390 #6313 (Aquilegia coerulea)
7% Bl (Macleaya cordata) « ¥ (Nelumbo nucifera) ~ Fi%j (Vitis vinifera) « %3¢ (Papaver

somniferum) o

2 B TRIEFABESA ISR
Table 2 Transcriptome data of DR

sample raw_reads  clean_reads clean_bases Q20/% Q30/% GC/%
S1 1 20949881 20104026 6 96.97 91.98 45.71
S1_2 23080486 22107075 6.6 97.1 92.23 46.01
S1_3 21781232 20766359 6.2 97.19 92.45 46.03
S2 1 21741614 20851993 6.3 97.18 92.39 45.76
S2 2 22036972 21173324 6.4 97.22 92.55 46.27
S2.3 21639746 21258695 6.4 97.36 92.62 45.52
S3 1 22250881 21277173 6.4 97.07 92.16 45.78
S3.2 20212078 19164699 5.7 97.15 92.39 45.71

S3.3 20604735 19922852 6 97.01 92.09 45.77
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Figure 1 Functional annotation of Unigenes
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Table 3 Differential expression gene analysis

Compare All DEGs Up DEGs Down DEGs
S2vS1 2560 619 1941
S3vS1 6320 2194 4126
S3vS2 2171 1046 1125

2.3 EFRIEERE KEGG B&E A
S2vS1. S3vS1. S3vS2 =AHLAALM DEGs J3 MlVEREE] 87, 110, 95 s MhdE K. K&
2/3/4 ¥ WU BoRHT 20 26AAHHEE . K 2 BIRTE S2vS1 o DEGs 7258 A be LM A
(Phenylpropanoid biosynthesis, ko00940) %, 438 1, AJE MK NIEY)- JEARAE
(Plant-pathogen interaction, ko04626) 5i&¥y MAEHE(CH (Starch and sucrose metabolism,
ko00500) , 733l Jy 34 A1 33 A, pAb, HYIME S 5% T (Plant hormone signal transduction,
ko04075) REFHE, H30 1. £ 83vS1 (B 3) , w4 DEGs HraHE4 nr =i im ik
NVER AR . SRR G R YRS S5 S 0004 85 . 724, 614, fE
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Figure 2 KEGG results of S2vS1
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Figure 4 KEGG results of S3vS2
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Figure 5 Biosynthetic pathway of lignin in DR
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Figure 6 Biosynthetic pathway of starch in DR

eoz--r.7 1,
1

1
:
[ 1 1!
! 1 . 1
; i Auxin :
i DELLA e T | !
Legend ! H 'y |
|oggz FC i J— * i 1 Abscisic acid E i V |
PIF4/3 ' i R E T
s | ) | i R '
______________ ! .
i PPYRPYL[ [+ ] |1 i Cytokinin
1
| ! J_ z | | AUXIIAA (-1 71
! 1 1 1 1
0 i R g L / I
i PP2C ) r ’
4 i J_ i E i ARF[ T+] | T .l v
i 1 1
i L | e e
. | SnRK2 [, ! ! n LT
S2/S1 S3/S1 S3/S2 : ¢ | i 7 - R
i 1 4 S |
(|
lignin biosynthesis ! 1 1 SAUR [ == - CYCD3
[_Soni ooynthesie J;  ase I} S0 (R
: * * : :
1

I starch biosynthesis I T ‘ ______ ' %

Cambium activity

Cd

3T KL (T

7 HXESEFENELFIREAZIENFIE
Figure 7 Regulation of related DEGs on expansion process in DR

FA LN G B2 B RORIUR N Ry, KRR S SR AR Y . |/
NI FC R DA LA AL A ) H 38 B (0 5 B 31 SRS A SR T8 A BIUAR o B A o AR P 52
Bk PRI AR R, BRI R A A B Sk IR K. B 5 s AR R R B &



B&A%, PAL. HCT. CAD. COMT M F5H S8t 5 3k TR 5T 3 AE W) & 1 00 S0 Bt ik [R] 49
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K 6 ffix, SUS. GLGC. GLGA M GBEI %51X¥e¥ /31 45 DEGs #i1 B3 2 5 5 3 T
& BB . SUS 78 S3/S1 SR N, #%r B, GLGA M1 GBEI1 1 S2/S1 1 S3/S1 ik i
= B

KEGG 7 #T & £ R R E S S@E b, DEGs FEEETAEKER., MRSRER.
TR R E RS 5@ . B S AR, KRGS SRR K CE T,
TIRI M ARF 1t S3/S1 3% Fi, AUX/IAA £ S3/S1 .35 Fifl, SAURs ' 4 MEEBITE S2/S1
E. BEE G L FIR BRI, R T BRI R OKP R %, ARR-A £ S2/S1 &
# LW, ARR-BTE S3/S1 3% N, CYCD3 1 S2/S1. S3/S1 fl S3/S1 & N, KFER
55 BRSO T %, 9miY DELLA s H KRR Z 7KL, KA GID2 5 PIF3/4 1%
S3/S1 &3 T ifl. BVEIR(E SH 3/ BT, %ifh ABA 324K PYR/PYLs [ AI7E S2/S1 &
# LR, gnfiSBEERES PP2Cs. 4% R 1 SnRK2s. wf ABA i B 5% 55 [K 1 [ SE R 7E S3/S1
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kAT WOX M KNOX 2 5 TR R K B FAEE HL 0. A — AR &R
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AOFLAtIE R 38 B 07 i e 4L 45 IR 45 SR 2.
3.1 B RANERAFHIE

S1 M5 Sk AR R WIEE SLi A S BD 1 D 7EiZIS A, BUREAZ 88 12 mm, &
TR SR & L FARTF A IR AR RAE TR U P BB 1, W BE 20 I T A6 AR SR Ve k121 PAL
HCT 1 COMT %5 B HIAE S1 ¥ 5 Bl e HE A, 7T R 2 5 AC T 30 3 R4 4 2 Bl 1) 2 LB A
TE Y S R SR SRR K B (5 I 5. Utsumi ZE0SHR S T R4 I3 0 AR 2 Bt AR K
rggmi, AKR. SRR SR A BRI (E 5 S R AR E IR BRI
Immanen 2509 A K KAE B O (Populus trichocarpa) 25T /R ZWR BRI e, %)
HERM T RILTYRZ PR, 8 RESETERUZ AT, AR
E R IR T T R E A 4y R . KRR R E TR R A A HEAEA.
Randall #&38 ANT 5 CYCD3, 1 37 H.UU A S 40 70 22 20U R /AR A AR A 1200,
Liu 25205 B, 4 & WML DS 3L K] CYCD3,1 M CYCD3;2 {E40M /> S K 584Gk ahk2, 3, 4 & B
i N A1 RARAK arrl, 10 K1 arrl0, 12 WZGE 5 H AT L B2 8. 72 ST, 24015
HEGES N CYCD3 £ik/AKF 5, HEN CYCD3 215 15 Sk THR Y KA A T R )
.
3.2 BRHHRHE
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