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Transcriptome library construction in whole plant of Erigeron breviscapus
stressed by low nitrogen and its sequencing
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Abstract: Objective To explore the genetic background of Erigeron breviscapus, a very important herb, we used the plantlets under
low nitrogen and normal condition cultured in vitro as material to construct the transcriptome library, and to sequence the library via
next generation sequencing technique. Methods Modified guanidinium isothiocyanate-CTAB method was used to isolate the total
RNA from low nitrogen and normal condition cultured plantlets. The mRNA was enriched from the total RNA and broken into short
fragments, and then the cDNA library was established for RNA-Seq. Results In total, 35.87 million and 25.82 million raw reads were
generated from LD and CK libraries via next generation sequencing, respectively. The overall sequencing outputs were over 6 Gb.
Among all of the raw reads, more than 98.37% and 98.67% had Phred-like quality scores at Q20 level (an error probability of 1%),
respectively. After filtered to remove low quality reads, the high quality sequencing sequence was used for de novo assembling.
Unigenes of 101 and 156 pieces with the average length of 768 bp (N50 1 290 bp) were obtained, and the length of 44 908 pieces (about
44.39%) is more than 500 bp. Among 101 and 156 Unigenes, 59 538 (58.86%) showed the significant BLAST hits in the public
databases. Many sequences concerning flavanoids bio-synthesis which included PAL, C4H, CHS, CHI, F3H, F3’H, and ANS were
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obtained from the experiment. Conclusion Transcriptome information of E. breviscapus has been better preserved, which provides

the foundation for the further analysis in genetic-environment interaction and molecular assistant breeding.

Key words: Erigeron breviacapus (Vant.) Hand. -Mazz.; low nitrogen stress; tanscriptome library; sequencing; de nove assembling;
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N ZigH, e Zi R, H
WITER A Ginkgo biloba L. pett Polygonum
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HATER, FigedE S0 R . CK B 9R5EN
A 60 mmol/L, LN BiFEAE) N 244 CK 1] 75%
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M CK FILN BRI de AR & 15 K, B 54 500
mg, ARG T80 CUKFHTRAT#H] o
1.2 fTZ=7EE RNA RYEE
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Agilent 2100 AP HTACH & RNA SEHEMETHE(RIND
B % 28 S/18 SAEHEATAIIN, Hrii RNA [ 56
1.3 cDNA CEEHIHI&Z
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Illumina TruSeq RNA sample pre Kit i85 5 A Ho4E
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aifk. HWHEZER Oligo- (dT) MIREEKE 4
mRNA. fEE5 mRNA 3’3 poly (A) 7545498
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SN EEHE BT UK E 2 min, BIA R cDNA [H25 1
BE. (4) cDNA 5% 2 BE[F) &/ cDNA 5 1 BEf)&
JS R A TEHAR R TP RN 2 BES RAR R
BNZZ 9 5 uL. dNTPs (10mmol/L) 2 L. DNA %
41 T 100U, RNase H 50U #11 DNA # % 60U.
BEYA)E 16 CRMY 3 h, Atk &Gl %. (5) K
i : H T4 DNA Polymerase. Klenow DNA
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P M Bl e vAoRT B [, Wk (200250 bp
1) cDNA FBo PrH#ESLTHIE R W F: TruSeq
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CGACCACCGAGATCTACACTCTTTCCCTACAC-
GACGCTCTTCCGA TCT; TruSeq Adapter (3’¥fj$%
3k, A NRIZI 6 bp AL N BENLT A Index, LA
24 fif Index): 5°-3’GATCGGAAGAGCACACGTCT-
GAACTCCAGTCACNNNNNNATCTCGTATGCCGT
CTTCTGCTTG. PCR 4. F5HAHXT N5 14
HHECR) (200425) bp cDNA i BLiE4T PCR 71,
[FIS =4 - 4liAk, cDNA SCIEHIA 5E . FIREUT
S A Tlumina HiSeqTM 2000 U 71 & #E4 70 .
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(1) reads. A T RIS BB e, DAZ0000 7 1 K
98, WPEZ G RF IR A 0K (clean reads),
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Fig. 1 Flow chart of de novo assembling
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Nr (NCBI non-redundant protein sequences). Nt
(NCBI nucleotide sequences). Swiss-Prot. KOG
(euKaryotic Ortholog Groups, FAZ/EWH R [FlJHE
M%), KO (KEGG Ortholog database, Kyoto
Encyclopedia of Genes and Genomes, ;i #$FEA 5 3L
2 [ B 1) s 25 Blast HLX), H Hmmscan
#f Pfam (Protein family) ## % 1T Blast2GO #
GO (Gene Ontology) 4 e AR [F] B (1) L XT
#3211% Unigene 1EAH N ECHE 2 1) 82 1 DD g X 45 FE
FEAE S o T RAN[R] P2 22 T 0 B 45 R A 7 J& » 44 N
Swiss-Prot. KO & COG [/l i Unigene
IR 25 8. BREL 2R B LU A F ) Unigene FI4K
1 ESTScan Tl F 4 i DX I-Aff o 747 (K17 17 o
2 R
2.1 KTEREERD RNA B3RS

A4 R R RIRIT-CTAB VEBRHUT S ARRE K
&L RNA, 28 Agilent 2100 ZEH150H I, CK A2 LN
FERLE RNA 235000 505.67. 672.42 ng/uL, T HAHRN
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i3 Tlumina HiSeq™ 2000 347 & 38 H0
SERILE 1. WITHEAE LN A CK FEAH 23 513545
35. 869. 305 /MAl125. 823, 354 4> raw reads, V-
BIEEK 100 bp o AL 5T &M E IR F 20 F5 BB L 5]
BT 98%, MEIAF] 30 /BRI 94%.
fI %46 LN Al CK FEAX GC #5h 43.42%F1
43.59%:.

F1 K= RAE Numina N FEHELT

Table 1 Sequencing data of transcriptome via Illumina

sequencing in E. breviscapus

L7 LN CK
A ERS 35869 305 25823354
S /bp 100 100
Q20/% 98.17 98.29
Q30/% 94.00 94.17
GC/% 43.42 43.59
N 544 63 545 (0.18%) 32709 (0.13%)

R LB 546 553 (1.52%) 294 377 (1.14%)

ek Ll 393 493 (1.10%) 271 933 (1.05%)

R TR 34 865 714 (97.20%) 25 224 335 (97.68%)

BHREH/G 349 2.52
QO-JIJFFEAIA T 20 (e<1%) HIBHIE by S ABRIE N 1 4 L s
Q30T R EAEILF] 30 (e<<0.1%) FIBRIE b7 B AATHHE 1 & 7 b
GC-Hl3E G A1 C AIChE & 3 MR BUR T T 40 b N-57 N CRHf)
TEBIE) LB KT 10%F) reads H M e i AHMNFEAS S raw reads %
WE S CFRED
Percentage of base with Q20- sequencing up to 20 (e < 1%) in total

base; Percentage of base with Q30-sequencing quality value up to 30
(e < 0.1%) in total base; Percentage of content-GC base in total base;
Percentage of reads containing N (uncertain base) in total raw reads

over 10% (same as below)

2.3 %5 R4E de novo tREELER

AL B3 Trinity X423 clean reads fif de
novo 0%, IAFH| 226 401 LEiF A, FHIEK
1 058 bp, N50 CRpA s A4 E N KBNS,
BN S AR, MBI B SR 50% 0T
MFESEAKE) N 1 644 bp, 11 142 919 4
(63.13%) A FEK@EIT 500 bp, 7 88 914 4%
(39.27%) KB 1000 bp. PhiEHEA CHAT A
il comp JPHIS) s A b B K IR e S AR Ky i
ZHHE A 1Y Unigene, & 3£ 3] 101 156 4k Unigene,
P K 768 bp, NSO A 1290 bp. L4 44 908
% (44.39%) Unigene K H T 500 bp, 1 24 185
% (23.91%) Unigene KL 1000 bp. #5 A
H1 Unigene ¥4 & A4 53 A WL 2.

FHF2ZEM) clean reads &7 B4 245 RS A
b (3D, U reads FEFSRAS bR 55 FE A R
NP BSOS 0 A 30T, P R ek
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= Unigene
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Fig. 2 Length frequency distribution of transcript and
Unigene after assembling in E. breviscapus
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Fig. 3  Overlap distribution of reads in assembled
transcript in E. breviscapus

2.4 Unigene IhRE;EFE

T I K 412 3R 15 1) Unigene 545 A 38 PRt
ATHOXE, S5 R 2. KB F 77 1643 21 Unigene
J#%15 Nr. Nt. Swiss-Prot. COG Fl KO 4544 %
HEATFIPEEEER, B e (<1 X107 N pifE, 555
Nr. Nt. Swiss-Prot [JLEXTE5H, DL GO. COG.
KEGG Pathway W) E7I R 534h, it Hmmscan
2% Pfam 3 2| Unigene [¥) D) BE 38 0t A KRR
Ko fidJPaItext, 101 156 % Unigene H i 3tf
59 538 4% (58.86%) 1AL e T FAF LT 51
o, Nr. Nt 5 Swiss-Prot K2 4§ Unigene % T
LAMRIEERS 45 R (e 2 104D o Nr i B33 51 512 010
SAMUT ), S5 PTEEXS ) Unigene [RIVEE: =80%I1)
11 81 567 % (15.94%), [FJETELE 80%~60%I¥AT
221 326 45(43.23%) . Swiss-Prot [ 35435 306 015
SAHUT ], Hdr, 5P EEX 1 Unigene [RY6 1 =
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F2 KTEWFEFED Unigene fEA KEIRERIINGE TR
Table 2 Functional annotation of Unigene in E. breviscapus

transcriptome in public protein databases

BRI Unigene 76N 088 PR H ¥ TL R 5L VT HE A1 /%
Nr 53039 89.08
Nt 18 032 30.29
Swiss-Prot 38 660 64.93
COG 22462 37.73
KO 22391 37.61
GO 43392 72.88
Pfam 41 045 68.94

7.73% 0.30%

Nr “ ’5.63%

33.11%

=100%

43.23%

. 0.31%_6.80%
Swiss-Prot ‘
35.43%
#80%~100%

60%~80%
"40%~60%
#20%~40%

80%I1IHT 21 738 45 (7.11%), 80%~60%[K4 55 588
2 (18.17%) . X Nt R4 A& H AT IR T 41 LE X
[R5k SR e v, 15 30 1A LUt 48 BRI JR P A K
69%, 1L 90 776 ZARFHIH,  [FETE =90% A
9 065 4 (9.99%), 80%~90%HIH 34 665 4
(38.19%) (K& 4). Nr £l R g W, Xt
R %] Vitisv vinifera L. F1K . Glycine max Merrill.
%, [Ah 65 536 4 (12.80%). HUh =t
Populus trichocarpa Torr. K1 ¥ J+ Arabidopsis
thaliana (L.) Heynbh, 4747 61 983 4% (12.11%) Al
47 561 % (9.29%). FJEIER WK 3,

m100%
m80%~100%
60%~80%
W40%~60%
H20%~40%

18.17%

‘39.30%

4 £ Nr #A Swiss-Prot B EE M L 345 R

Fig. 4 Homologous comparison between Nr and Swiss-Prot dadabase

&3 NriBRHHO#HIH
Table 3 Species distribution of Unigene annotated from Nr
dadabase

H ol VERE Unigene BT 7 LB A5 /%
iz 65 536 12.80
K& 65 536 12.80
= 61 983 12.11
ARG TT 47 561 9.29
BB 39372 7.69
PR AE 34740 6.79
MUY 23975 4.68
IKH 21 824 4.26
HoAth 151 493 29.59

25 MREEHEWEYE HEXERZHE
it Nr. Swiss-Prot. GO. COG. KO 254#i )%
PHERAE R, TEAT TR AT S5 A6 sk A e e
PG T S HEMEEYE BB Z AN, A
PAL. C4H. CHS. CHI. F3H. F3'H. ANS %% (£ 4),
MR 5 AR E LN SFAFHRNERAE R, AP3RG T
MY & R 1 B, BFE PAL. C4H.
CHS. CHI. F3H. F3'H. ANS % (£ 4).
3 itHg
3.1 XMEFEEIEFNEERLE de novo BEELERFRE1T
GC ey Iy B v 5 BE AN abr, ARSE

% GC HEAE(50410)% P 36 FEA I 7 0 = 34T
Pl B e S AN RN 1% 2 J5 1) Unigene 17 41 132K 43
A, R T 3 B 1) 7 H B S P A K R LT,
X ] e RO 4L I R P A K R A R A T
NE IR AR, X T REZ NS 3,
M40k Unigene RPIERA WP, o3
fiby o S 1) 45 R BR AR B REG 22 T . AREIT R AT 31
S P e SV AL e i a5 IR R e e, 3RAS Tk
KA K e s AT Unigene o 5571 K 83 3 55 L)
gE IR B EAHOC, WFFUIRTS T IR K )P o A e g5 3,
N 2 )5 IR P L B T R A IR A
32 FMAETEMEEYEREXEER

M AN G REEMR R R ER T S
A R AR SR S R
i 75 38 2 BB AR DG4, 1 5 I IR A b
I A T i TR SIS I AL A P AE AR R AR N 1) S
JFh IS AECEAT ¢, 3% PAL. F3H. F3'H Z:§AH
X 3 P (P A 224 e A S 2 S T AR
P 20 K 5 S B G W A G SE R, 4 PAL
C4H. CHS. CHI. F3H. F3'H. ANS %, #J}
NP HESUAT SR AR AR AR E T RE L Rk 9 A
G375l B B R B e Al

AHEFE LA W BT IR AT SR AELB5 1 o oL
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Table 4 Related enzyme gene to flavonoid biosynthesis in E. breviscapus

il 2 1 A Unigenes/4% K IER

RN RF NS (phenylalanine ammonialyase) PAL 18 P
475 G RAHNE A EHE (4-coumarate-CoA ligase) 4CL 12 P. F
B HH A % (chalcone synthase) CHS 4

A H i 57448 (chalcone isomerase) CHI 2

Tbil 3-¥51bF (flavanone 3-hydroxylase) F3H 2 F
WAERR 4-F51Ll§ (trans-cinnamate 4-hydroxylase) C4H 7 P. F
WA il T/ID (flavone synthase /11D FNS /11 11 F

T EE A 5§ (flavonol synthase) FLS 41 F
KU 3524k (flavonoid 3'-monooxygenase) F3’H 2 F
TR 3-4 LI (flavonol 3-O-methyltransferase) FMT 10 F
A PN E-4-18 )5 B (dihydroflavonol-4-reductase ) DFR 14 F
PR BTN IR . TSR 7-5 B A B I IR S #5 F I8 (UDP-glucuronate: UBGAT 9 F

baicalein 7-O-glucuronosyltransferase)
O 7- S B AL 2" B = B L B B ¥ ( flavanone 7-O-glucoside 7GRT 7 F
2"-0-B-L-rhamnosyltransferase)

166218 )5 (anthocyanidin reductase) ANR 1 F. A
160 % 3-E M # % (anthocyanidin 3-O-glucosyltransferase) AN3GT 26 A
102 53-8 H M (anthocyanidin 5,3-O-glucosyltransferase ) 5,3GT 13 A
1025 3-E W I (anthocyanidin 3'-O-glucosyltransferase ) 3’GT 3 A
Tt 6 FH P Fs M (anthocyanidin 6'-O-glucosyltransferase) 6’GT 1 A
1t 5 5- 5 LR (anthocyanin 5-aromatic acyltransferase) 5AAT 8 A

HAE B ZEXUIN%E M (leucoanthocyanidin dioxygenase) LANH 11 A
166035 3-Fl AL % i (anthocyanidin-3-glucoside rhamnosyltransferase) ~ 3GRT 1 A

P ZRPR-5-F2 1Ll (ferulate-5-hydroxylase) FSH 9 P
WAEEE I &4 (cinnamyl-alcohol dehydrogenase) CADH. REF1 12 P
FHEWFFETR 3-721blE (coumaroylshikimate 3'-monooxygenase ) C3'H 4 P

WAL BE 4B A 3B )58 (cinnamoyl-CoA reductase) CCR P
FARABE N UG (coniferyl-aldehyde dehydrogenase) CALDH 5 P
TENIEEE (peroxidase) POD 78 P
WnHERE AN A S I FERE (caffeoyl-CoA-O-methyltransferase ) COMT 2 P. F
FEHIR A IR IE WAEIE 518  (shikimate-O-hydroxycinnamoyltransferase) HCT 14

AR R AL #5751 (coniferyl-alcohol glucosyltransferase) CALGT 7

PRNKEREY G logtE  F-SOUM MG g A-E R TR & ligR
P-phenylpropanoid biosynthesis pathway F-flavonoid biosynthesis pathway A-anthocyanin biosynthesis pathway

2 T5%A% F A0 AL PR E X AR B, $REE R
RNA, @, JFiid Hlumina HiSeqTM 2000
W1 6 BAT B e 4L mom 0y, 6 30 2047 i
VPN, BE A2 B 5 k] 2RSS B AR ) G K
RO . N — DT S AR s A
H5Rc# M OAE MRS E T Rl

]IS Sk — KT 38 AR 384 B 55 B AR T R o) 1l

Wy E A e al . DU REAS Il IX LI, A

HEPMEYAT AR, Baher. S84

J8C5 v R R BT B U

5% Lk
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