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Abstract: Peganum multisectum is a common plant in arid-desert areas of Northwest China, which has the effects of
resisting wind and sand fixation, preventing soil erosion, inhibiting bacteria and insects, and resisting tumor. But the
lack of molecular biology research on this plant, such as gene function and metabolic pathway, leads to its
underutilization. Here in this study, the transcriptomes of P. multisectum leaves were sequenced by the platform of
[lumina. According to the sequencing results, we analyzed splicing, functional annotation, sequence level and
expression level of the transcriptome data. Then we obtained a total of 7 723 653 900 bp nucleotide sequence
information, assembled 78 641 Unigene sequences and predicted 55 535 CDS sequences. After comparing with several
databases, 33 184 NR database annotation information, 31 835 GO database annotation information, 17 206 KOG

database Unigene functional classification information and 7 617 KEGG database metabolic pathway annotation
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information were obtained. In addition, we detected a total of 86 113 single nucleotide polymorphism sites and 6 987

microsatellite information. In this study, transcriptome data of P. multisectum were obtained and analyzed for the first

time. These analyses not only shed light on the molecular information of P. multisectum, but also provide a certain

reference for the post research, development and utilization of this plant.
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(G S AL T B A R R S i ) st A% 2 AR 1
B s it 1 BOE e ; £ 9525 (2019) B 58 T 4
75 22 ( Dysphania schraderilana ) ' 5% 240 50 45 ¢
) FPPS J:IH X iZAE 2w b S Y A 9 &
BUBEE T A, H AT, © A B 25 A E R AR
Wy 58 W S 20 AR, 40 N2 (Panax ginseny)
(AR Rk ,2016) . =& ( P. notoginseng) ( &I 55% ,
2017) . H ¥ ( Glycyrrhiza uralensis ) ( 5k & 5% 5§,
2015) . 5 3k (Aconitum carmichaelii) ( 5% K e 45
2017) M4 881 ( Psammosilene tunicoides) ( 7 LR
2019) &5, gtk — 2L AT 5T 25 F AR W) 1 ) R Ak PR K AR
(IR RS A N e ae O Ti

SR EE R AE Y BT IR R R O O R JE Al ) 0T
R TR 5 R, Ok H B PR T RE A B A R AT
RAWTFT . PRI, 7 300 B2 2L 0% 58 3% it v g iF
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L RNA L FH BUIE B B8 2 HL Uk 70 Bt RNA A 3 £ e 2
AR5 75 e 5 F Nanodrop 2000 #7745 K6l RNA
(40 )3 ( A260/A280 I 1E 1.9 ~2.0 {5l P9) ; i
Agilent 2100 T 5EFES AT RIN {HLAHHE RNA 5884k,
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Wy & #1470y, 15 80 5 J5 a6 K5 808E
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FVERE4E J, 454 Uniprot ( UniProt, 2018) {71 B
i B 1% 3 GO B, M A KAAS (KEGG
Automatic Annotation Server ) ( Moriya, 2007 ) %
Unigene J¥41| 5 KEGG & [K 4l 2 i 17 BLAST &%
GHOST FLAE, L) ok 28 75 3% P4 A4 2 e 3 B 15 2o
B RS NR |, Swissprot , TrEMBL ) f5¢ {4 b X 25 1
¥ HAR S 0¥ 7 %€ Unigene 1Y ORF 32 A5 HE ; #R
Ji AR I b o % A - 3R 5 2 L CDS J¥ %1 ( Coding
Sequence , & % R I3 51 ), A 05 K K b X b A9

Unigene i i TransDecoder 34 1l H: CDS F#%1

1.2.4 SNP #= SSR & ff it 5 %3t LI
Unigene 7E & 2 % J¥ 51|, ffi | BCFtools ( bt 4%
2.4.3) (Quinlan,2010) # H HA Y SNP {7 5, %

A KT 20 HOE 5 KT 8, Xk Y
SNP AR AUFEAT G AT 50 B, Al MISA (WA Ky
1.0.1) ( Thiel,2003) &l Unigene 341 H 1) SSR 155
BRI Y 2 R A 4 58 6 AU (perfect) M G AL
(compound ) f¥ SSR., 13 T3 B 4% 5 &2 H.5T 1Y i e A
HEN AT IR SSR 2/ HEKE 6 Ik, = iF R SSR
FOEE SR, UEHFRELER 5K, AEHR
BLEESK, A ABETRELER 5K, HH
Excle (AN A Microsoft Office 2016 ) #K 4%} SSR 1
FA B E TR AT,

2 BREHHH

2.1 HRAHFIEHI K Unigene 3k X

X} 22405 0y % ik - mRNA PEATIN R, HL R4S
51 491 026 %% Raw reads, 1% 7 723 653 900 bp
EAF 75015 B, T35 7% read (BN 150 bp,
K EER T 30 bp FFHN &t R 93.76% ,GC H 41
K 47.65%, XF Raw reads #f 17 i J&, #k 15
50 104 364 %% Clean reads, fil 75 7 257 449 296 bp
R T I AE B, F ¥ 5 5% read 19K JE N
144.85 bp, K KT 30 bp 71 it h 95.06% ,
GC H4rHh 47.46% ,

HH Trinity #X4:X} Clean reads 47 de novo 2%
J5 #RA5 148 317 /> Transcript, 5 TUA G 3615 78 641
%% Unigene , H SV AT BR300 R 117 421 439
52289 971 (£ 1), Unigene K FEE7E 200 ~300 nt
ZIEA 31 316 5%, 5tk 39.82% ; 7F 300 ~ 2 000
nt Z [A] (Y 42 524 5%, 5 0 54.07% ; K B2 o
2000 nt FJ45 4 801 45, i 1L 6.10% (K 1:A) . [F]
i, X 22 24 3% g 3% Unigene A g 155 7 B 0 47 F s
4R 15 55 535 45 CDS J¥ 41, CDS J¥ 4 K J& 7¢
100~200 nt Z 0] A 12 541 55, 5 H622.58% ; 1F
200~300 nt Z A A 15 311 55, 5 1 27.57% ; 1¢
300~2 000 nt Z A HIA 26 416 4%, 5 1 47.57% ;K
FEHIEL 2 000 nt BT 1 26755, 516 2.28% (F 1:B) .,
2.2 HRAEFNGEER

# Unigene 4355 CDD KOG \NR NT ,PFAM ,
Swissprot, TrEMBL ., GO il KEGG i d & #E47 b Xt
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Table 1  Assembly result of transcriptome data from Peganum multisectum
g B KRR /MR B 58S KB
DataTt Number =500 nt =1 000 nt Ny Ny, Max length Min length Total length Average length
e ’ (bp) (bp) (bp) (bp)
Transcript 148 317 74 914 41 673 1259 319 8 787 201 117 421 439 791.69
Unigene 78 641 29 091 16 071 1 154 260 8 787 201 52 289 971 664.92
35000 A 18 000 r B
30 000 16 000 f
- 14 000 |
8 25000} 5
£ 2 12000
2’ 20 000 g 10 000 f
i 15 000} = 8000}
& 10000} w 60007
4000 f
3 000f 2000} I
0 Illllllll-------l 0 Illlgéééééééooo;
S oo oo oo o oo S oo o
SSSSSSSSE88528EE8EE S233888835585828888:8
S A S A el alaliey INEN Pl L1l ]l T e PN
$585888s LTI TTTTIN 22888g8gslLiL LN
wam\ol\w§§§§§§§§§§§ THNTNYEORESRIACRE2R
K XA Length interval (nt) K XA Length interval (nt)
K1 Z249%53¢3% Unigene 20/ & (A) 55 CDS KK (B)
Fig. 1 Length distribution of Unigene (A) and CDS of Peganum multisectum (B)
IERENIIRE (X 2), Ko, ERE NR Gk % 2 Unigene ERE RS

JE TrEMBL S8 22 A GO BUHE 2 /9 3k [ 8 H %
£ 594 33 184 .32 887 .31 835 4, 5 B AL [ %k
) 42.2% 41.82% .40.48% ; 13 ¥ 5| KEGG ¥
JERFEHECE e, R 3 875 A A B HEEH
B 2.97% . MK , 4G 38 598 4~ Unigene %E[A
2o i Z2 BOHE PR L X IS LB TR AT 40 043 4
Unigene J& PR K B4R BUEBE(F B,
2.3 NR #(#EE Unigene 3 {0l 4 7 bk 33
# Unigene 55 NR B4 R AT LL XT, 45 R @R
4 33 184 > Unigene K75 1 EFEf5 B, 5 Unigene
Hi 42.2%, @i 5 NR RN 81 T 2245
SEEERE S Y 5 5 B ) AR R ST RS O, S5 R B
INIZY P S A ( Citrus sinensis) BIAHLF P & £ |
A7 078 4%, i NR J&E & B 19 Unigene & % (1)
21.33% ,,\{}\jﬂﬁﬁén M1 (C. clementina) ,H54 827
2%, 15 NR & 7 BE Y Unigene BLEUAY 14.55%, It
Hb TR R IR 22 S0 B AT KR AR 51 A
AL, an v] v] ( Theobroma cacao ) . 55 % ( Vitis
vinifera) RIS ( Jatropha curcas) | B BK ( Ricinus
communis) . & ( Ziziphus jujuba) . BHA% ( Populus

Table 2 Statistics of Unigene annotation results

" SR 4
Database umber o ercentage
Unigenes (%)

TERE] CDD 22911 29.13
Annotated in CDD
HRF KOG 17 206 21.88
Annotated in KOG
TEREF] NR 33 184 42.2
Annotated in NR
HREE NT 20 527 26.1
Annotated in NT
EREF] PFAM 17 042 21.67
Annotated in PFAM
H R Swissprot 28 796 36.62
Annotated in Swissprot
% TrEMBL 32 887 41.82
Annotated in TrTEMBL
FERE GO 31 835 40.48
Annotated in GO
TER S KEGG 3875 4.93
Annotated in KEGG

AR A M 38 598 49.08
Annotated in at least one databases
TERE 2 A B8l e 2338 2.97
Annotated in all database
Unigene B3 78 641 100

Total Unigenes
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trichocarpa) . 7 5¢ 15 FC 3 ( Gossypium raimondii ) Fl
K (Hordeum vulgare) , XYY Fh 5 22 54 3% Ty 3% A
IR H P 51 36 7 218 4, 5 NR JFE B
Unigene & 889 21.75% . H 4% 42.37% 09 1 B
Unigene 73 fii T HAth 561 N (K 2) .
2.4 Gene Ontology #{#&FEE Unigene I BE 53 17

TE GO s e v L X 598 B 7 5% 5% 41 Unigene,
A 31 835 %% Unigene K15 210 748 4 i B {5 B,
PR R B = R MY %R
( biological process) .4l AL ZH 43 ( cellular component )
143+ ) g (molecular function) . Ff A K& v 4
43R 67 A 95325 ., Kt Unigene 75 4125
Sy A I OLHEAT e 3 AT, 45 5 S 7 40 M ( cell) FTZH
RS 43 (cell part) 287 Y] Unigene fix 2, 43 5l K
23 443,23 3994, 4 il 5 GO R AR B BB
73.64% . 73. 50%, 1t Sb, 4 Ml 3L #2 ( cellular
process) 3% ( binding ) | 40 i #% ( organelle) {85}
i #2 ( metabolic process ) F14H A X ( membrane ) 2871
() Unigene %% £, 43 7l A 21 154 (66.45%) .
18 776 ( 58. 98%) . 18 689 ( 58. 71%) . 18 477
(58.04%) #1110 999(34.55% ) Z i REf5 B, L2
51175 # 3 PE ( chemoattractant activity ) | £ ¥ #H
(biological phase ) Hl J& & & 4= % ( morphogen
activity ) 2R IR B B (K 3)
2.5 KOG #(#&FE Unigene Ifi £ 53 £

7E KOG di 78 L X % BE 2 5% S 41 Unigene,
25 o3k 17 206 & Unigene -1 RBAR &, B 5)
R 25 K (K 4), Hod — BT RE BN L A ( general
function prediction only) \FHIF /5 &M . & H T &
143 F £ 18 ( posttranslational modification, protein
turnover, chaperones ) | 5 5 1& 5 ML #l ( signal
transduction mechanisms) RS E B K L, 00 A
2179.2 049 F1 1 871 7%, ZHMITE T ( cell motility)
PAFE R AL 6 K (K 4)
2.6 KEGG #{#& F Unigene X 1§18 B& 5> #7

i KEGG %0 ¥E )% X} Unigene ¥ 51 #E47 Eb X
TERE A 5 0 B 45 2R B o 22 2408 B0 2 5 s
Hi3EA 3 875 4 Unigene #8757 617 A1 #% 1+
RS =SS SN o U e S i k|
Mg i 2 ( cellular processes ) . ¥ 53 15 & 4b #
( environmental information processing) 3% % {5 & 4b
F ( genetic information processing ) F1 Hr B 18 i
(metabolism) , X PURIEA] HE— 240k 23 /NS

(Kl 5), H i, #7F (translation ) fl 7 5 £ 5
(signal transduction) K3 EBH B &£, 7l A
662 451 590 7% ; 7 5 70 T MU BAR H (signaling
molecules and interaction ) M fiX iz #i ( membrane
transport ) AIVER A A 2 45F1 21 %%

B A T B A AU E 15 B, 3R A 240 A
Unigene 5 251 5 ¥ 18 70 & BUAH G, Hodb, 51 4
Unigene 25 T il 35 22 A4 W A Wl 5 ( KEGG %k
P 238 1% 1D : ko00900) , 5 > Unigene =5 T HLij
KA Y & R (KEGG ¥ 48 il i 1D
ko00902) ,9 /> Unigene 25 T il 25 4= ¥y & hil i
# (KEGG %4fs ) i #% 1D : ko00904) ,9 /> Unigene
Z: 5 7 A5 2R =W 28 A W) A U B (KEGG
B PEIE B 1D :ko00909 ) 33k 13 % 34 15 5 24 4y Jot
B RAE, H 62 > Unigene 25 T KN L4 W)
5 WGH % (KEGG U 5 1 1% 1D : ko00940) |, iX 5
RNRIBRY A AL, Ah, B4 13 4~ Unigene
Z 57 B2 Y & i s (KEGG B 8 18 %
ID :ko00941) ,16 4~ Unigene 25 T 5 W Wk A= ) i
HEW 5 GE B (KEGG 046 178 18 #% 1D : ko00950) |
31 /> Unigene 215 1 12 It A1 A il S 185 A= ) 5 A
W% ( KEGG %% 9 & i #% 1D ko00130) , 19 4
Unigene Zx 5 1 46 4= 10 M B2 28 A= ¥ & WLl %
(KEGG ¥ 538 # 1D : ko00590) .

Z SR B AL T AR B R AT AT AR 0 1
(XL, 1995) i % A Bt o i e B, 23R
GRBETEN e s AR B AL S A 24 T TR (abscisic
acid, ABA) & W A & %L A, Bl ZEP ( zeaxanthin
epoxidase ) FE£[H | AA03 (abscisic-aldehyde oxidase ) &
[0 PYL( abscisic acid receptor) F£[H , Ak, b A
HKAMR (jasmonic acid, JA) A RUAHSCEEE B LOX
(lipoxygenase ) £ [H | TGA ( transcription factor) F£[H |
JAR1 ( jasmonic acid-amino synthetase ) 3& A | A0S
( hydroperoxide dehydratase ) & [ F1  MYC2
(transcription factor) FE[Hl, C A A5 R B, i 7% R
FNSREFTR 0 5 J8C AT LA BS As ) 00 Bt B g (9K &
TRAE,2015)

2.7 ZHIETETE Unigene F I B IZH B 25 MHRE
i 53 1

Xf 2 5488 BETE Unigene J7 81 AT R I, 3 % 81
86 113 MR K AT R £ & M (SNP, single nucleotide
polymorphsims ) {37 5, X iX £& SNP i s5 #1725 #
Geit, G R MR R A I SNP £ 58 486 4>
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] #8 Citrus sinensis

TR C. clementina

B "7 Theobroma cacao

[0 %4 viris vinifera

B BRI Jatropha curcas

M ERR Ricinus communis

B ® Ziziphus jujuba

B &&% Populus trichocarpa
[ EZERM Gossypium raimondii
B R# Hordeum vulgare
HAbPF Other

K2 ZRLEGEE NR TR A Y Fh oA

Fig. 2 The distribution of NR annotated species of Peganum multisectum

(5 67.92%) , i 5 72 R SNP A 27 627 4>
(1 32.08%) , FEFGHRIRALIEHI ¢ B NS 5%
R RIS (Y 28 A e 22 (15 042 A4 ), FEvk Ay g e g
WA e J 1 E B € 728 (15000 1), KW G—A
M C—T ZE KRR ER K, TEBIH R AR
R ply R R A M R NE R R R R £
(4 13671~ , T 5% W2 % F01 80 Ay Jif i e 11 2 7 e
(27001) (Kl 6),
2.8 ZZIRIYZE Unigene M I EEEHH
FI K AF MISA Xf 22438 0¥ 3% Unigene #E17 1
TRV A5 (SSR, simple sequence repeat ) #4174 Il |
LRI 3 399 4~ SSR. X SSR AT 51T, 45
R 2 A5 (compound ) SSR F158 3 Hl (perfect)
SSR 43 il A 442 A1 2 957 A, R B R Ny
4.32% (il Y SSR e 5 A P S8 H 1Y It
B) o WIrREOLRT , 2 2455 BE 2 5 sk 1y 41

SRR 15.38 kb (P A MK RS SSR M H 1Y kb
) B —> SSR, F % W) Fh i S 41 SSR Uit 44
FFE R, EELR SR, =M ELE S
45.01% ; BT RERIRZ, 5 38.22% ; U 1T R
iR AT BREREMAEFREL 50N
2.53% ,0.65% 1 0.59%

3 Wik 5 4k

2 5408 Uy T 2 7 AU 5 B X H LA A,
HR R KA, BA R K SR EEH (S BAE
B, 1998) , FLZHLYINE Ry 4T | 552 iy I R 1)
HHIE ) (/45,2008 228145, 2015) E A K
AW, 22405 5e R P AL Mo X W R B,
N T A AT S5 R Sk — A A e R, R AT A 0
SR 3 1 T B LR BOHR 7 91045 1B K 5E R 3R ik
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SEAFL G 15 BRI 16, $a EAE e, 17, WIE A ENE 18, BEIE SN 19, 2RI 200 1705 210 2
YIEEBE s 22, ZEWIAR; 23, EWTETY 24, ANRREE ; 25, AR5 26. AN ISR A s 27 A R 5 28, fEERAEH
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Fig. 3 Statistical diagram of GO function of Peganum multisectum
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