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Abstract ; Elm( Ulmus ) has a long history of using as high-quality hard wood and could grow in temperate,
warm temperate ,and subtropical regions for its strong ability to resist biotic stresses( drought,cold and salt). By de
novo sequencing of the chloroplast genome of Ulmus laciniata Mayr ,here we unlocked the chloroplast genome with a
length of 158953 bp,which contains four distinct regions, including:a pair of inverted repeat regions (IR ) of 26037 bp,
large single-copy region ( LSC) of 88032 bp,and small single-copy region( SSC) of 18846 bp. The chloroplast genome
shows a GC content of 35. 57% and contains a total of 139 genes, consisting of 85 protein encoding genes,8 rRNA
genes and 46 tRNA genes. A total of 755 SSR loci derived from 49 repeat units were found,and most of them were
developed based on 6 to 8 bp short sequence. The large proportion of SSR loci was designed according to A/T and
AT/AT(499,66.09% ). By phylogenetic analysis using the protein coding sequences of chloroplast genomes in 42
species , U. laciniata was found to be closely related to the plants of Cannabaceae and Moraceae ,which belong to the
genus Urticales, as revealed in the traditional taxonomy. Thus, this study provided a sequence of chloroplast genome
in Ulmus laciniata Mayr,and this resource might be useful in understanding photosynthesis, evolution , primer devel-
opment and chloroplast transgenic engineering.
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T AR ( Ulmaceae ) fii & ( Ulmus L. ) 59,
SRR 40 RF, 25040 T IR0 O Ba B
ST AP DUIIR PEAARE SE 7 i S R ]
FHMLIX 76 2 I8 /A YA At R EA
25 F, IKRVLI AL fE 2 b b i fe |, BAT
RO TR 5 T FE RN SRR AE 7 , 21t R iE kst Ak
PR TR R T B SRR R
1t T e PR ) 35 R R

MEg R A AR b A AR, 5
AR A AZ T PR g = Rl R, mhaik)™
T AEAE T 20 M o L o vp , — R 4 40 s - 10 BROE
HKIE . MERER S 5O EEAN, B 5 ER IR
iR (0 A LR 1) A I B B R 0 g
PRBE PR 20 3 R AR A {5 8L i T I SR 1y A
A HIBLAN A2 A XS ph 7 00 2 A B 2 | AR A i 2
PRI IS AL AR BT LRSI RN I ke A R e A AL
Xof A 40 e PR 2 2 R AR W) 4 L 2 18 R J o A T i ke
) 1940 48 fE [ BF 27 58 8 A A I 2 4 v 2 IR
o, ZJa b oy A W o S B R 2 2 ) ke, N
it SRR L DR A1 A B 98 R R AL SR B AT
RN JAE S R DR 2 1) S AR 25 4 AR AR ST, (EL
RAFAEVE 2 9878 A 26 2 /N N 450 B iy ek
s BN 5 0r, DL AR AR AR, B H AR
1B, A T i 800 4> 5 e 1) I £ 4K 5 K 4 )7
B IRR N T A Ak 35 DR A 2 1 I 9 0
VEREE =40l MR 2 — &4 ik, XA
L 2 5 B R A S BT SRR s . MR A
230 ZFPHEY) , X A BHAE P AT s K A
By TARRHEY) R G AL WAl S e kA T AR S5 A
KLAEMTF I . A B9 8 ML Ay oAy il 5 44
X LRARFE L FE 4T De novo I J7 3 4 Hb 5 FE A
2H = 5% B A A R B I S A SRR AIE BT R S AR HE
A7, It i R GE R BFRic T & PR A E (s
1 Z eV P S SR S =

1 #MR5EFE

L1 B

ARG 4T ( Ulmus laciniata Mayr) “A 3
SobPRL A7 F L KRB R4 AR R L
BT, BT K b I G A 52 5, T
-80°CI~AF, H TR Zads .
1.2 HMHEHFEREEREANF

SR FH S0 5 e A5 2 0 e RIS pHL 9 O i
2Lt 0 7 22 A1 IR R AN AlAL R AR

A I FH S A A ) it S A 1) 6 8 7, T DN Ase 7
A0 A Ko ki A 55 HoAth DNA, 7 1 T4, A
SUF W5 AT SR A 78y 24, BT cpDNA, £
B0 i slifb 5 RS i SRR SE K 4 DNA, &K
DA A8 e, 26 A6 50 U5 B L R A BR A w17
T

1.2.1 MLBFEMEERETE X G EE TS
UE , B ) B T A R 0 B A AR R X
QLB A5 B R ) 5 U B . e SOAPdenovo
BT 4% 155 contig A, FiJH BLAT #5444
BEAR RN AT 9 L BT G R G SRR 2% 3L
4 1135 contig J3 8 Z [B] FEAR XA B 5 AR 8 L AH X
BLE R contig FEAT P42 T AL IE2H AL FE 152, 75 3| &
RIER 2H 4 K AHEZLE i FH GapCloser 84 H & i
)5 7 B G HE 2R P 7 91 1) gap #EAT RN, SR )5
— R St A% ) gap B AT BE IX 3R 1 AT b 7T R A
UE, FEXT LSC \SSC IR DX IR HE AL 17 B E , Je 445
Bl — ZR I 1 i S A S5 R 4 5 1 BT P 471

1.2.2 ERAIRMREZEZESW F CpGAVAS
B SRR S R A P S HEA TR 2R A -
LR 5 B R RAHEL SR IT A RN SR 5 nt
SRARTE R A HEA T LOXT 23 B, R 90 284 A P 2t A4 6 [
A, B E R Y 3 28

1.2.3 SSR fi£7%0 RNA HESH  {liH MISA 2
J¥ ( http ://pgre. ikp-gatersleben. de/misa ) X Z4 4
2R R 3 R AL 2R 47 SSR 7 48 R R bR R .
AR A% R — % B2 VA% 1 B AN A% A 1R
R/ EE BRI R 8.3.3.3 13 Ik, H SSR 3
FEHIK BE K T4 T 50 bp, A [R5z 5 18] F /0N ] Ky
100 bp, GEitsrHr 2Lt 4k iAk SSR o 5 i 45 2 Al
Sy AR

2 FHRE5HMH

2.1 ZAH SRR E AT

R 1 s, 2k fa G R I R 4 7 51 Kk
158953 bp, Ay #LAY () B X 2544, Horp LSC XK &
47 88032 bp,SSC X K: 18846 bp, i~ IR [X K 26037
bp,GC &M 35.57% , LIRS R 5 HAhE 2k %
FIRE A I S AR R TR ZE S 0L, 2 Ay it S 4 56 ) 4
W A 139 AN FER L LSC X SSC X A IR X Ay 3 [
B9k 37 45(26.62% ) 13 45(9.35% ) F11 89 4~
(64.03% ) , F A 4ufih 5L H A7 85 1>, 1 Lk 61. 15% , #%
BEIA RNA (rRNA) %8 8 1, 5t 5.76% , 12
RNA (tRNA) ik 46 4, (5 1 33. 09% .,
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Table 1 Basic characteristics of chloroplast genome of

U. laciniata

FHAE HfH
Feature Numerical value
GC %5 (% )GC content 35.57
AT %1 (% ) AT content 64.43
LSC XK JE (bp) LSC length 88032
SSC XK JE (bp) SSC length 18846
IR XK JE (bp) IR length 26037
FEH B Gene number 139
LSC X 3 [H %4 Gene number in LSC regions 37
SSC X FEHEH: Gene number in SSC regions 13
IR X2 Gene number in IR regions 89
T A iS L [F 4 Protein-coding gene number 85
SIS IE N H 43 (% ) Protein-coding gene per- 61.15
centage

rRNA $# rRNA gene number 8
rRNA H 43 (% ) rRNA percentage 5.76
tRNA %{# tRNA gene number 46
IRNA H 4 H. (% ) IRNA percentage 33.09
K (bp) Length 158953

e 1 R FEMH SRR SRR 2 b A 4 D rRNA
FE[N (16 5,23 S,4.5 SHI5 S) Hl 5 4> t(RNA H:[H
( trnd-CAT, trnL-CAA, trnN-GTT, trnR-ACG, trnV-
GAC) 15 /36 i g i J& A (rps7, rps1 2, pl23
yefl ,ycf2) 00T IR X, 3X 14 AL P 7R 1 444
BRI R B0 2 A9 DL 75 B4R A yefls L
TE IR XAFTE 2 D45 UL, it LA yefls B 4 A
PEDL,

Xof - A 5 R 261 ol A TR ) BB R A7 43 25 T A
(R 2) , B Ay g AL K 5565 76 (genes for
photosynthesis ) Fll F F& & il ( self replication ) #H )
SN AR 2R, O EER T, AR ATP &
Fiff IV % ('subunits of ATP synthase ) \NADH-Jli & fiff (1
WP FE ('subunits of NADH-dehydrogenase ) | 4 Jfd {8 &
b/f 52 & W) W) . 3 ( subunits of cytochrome b/f com-
plex) JER S 1 1.3 (subunits of photosystem 1) |
YRS 1 9.3 (subunits of photosystem 11) Fl 5%
PR AZ i W 4 Tt/ ¥R A 18 SV %5 ( subunit of rubisco ) 6
K, HP 5ER S 1 A9 W HE (subunits of photosys-

tem 11) FHCHY BB H e 22, 2k 15 N EEH 55 8%
W A Tl i 485 Tt/ 422 AL T IV 35 (subunit of rubisco ) #H
KA —FEN 12 A FREZ M (self replication ) F
FeFEPR B AL FEAZ AR K 3 (large subunit of
ribosome ) \DNA K RNA % & ( DNA depend-
ent RNA polymerase ) B A /N F 3 ('small subunit
of ribosome) .TRNA JE[K (rRNA genes) Fl tRNA &K
(tRNA genes) 5 K&, H v tRNA % A (tRNA
genes) K IE A & | £ 1) 25 3 [H, DNA e 3
RNA &M ( DNA dependent RNA polymerase ) 2%
K% H £ b AR 4 14~

Xof BT SR AR EE R E— 2B B AT (3R 3)
STV ) - e A 5 DAL R0 JHC AU AL 90 £ - e AR 5 R 26
L, RELSERALFTEN & T AW 244
LR R SE R0 R 14 AN EERAEE N & L BR yef3
BEAFTE2 ANE TN KRYESH 1 AN E T,
Horr yefl FERB N & F K, 158 5675 bp; trnl-
TAA-HY & T/, £ 108 bp,

FESA A I SR AR LR AL R A 61, 76% )T 51
R BE PR B X R i A 1 G A R R Y A R A T
eIt oAl m (K 4) A 2554 1 (10.47% ) %S T
A5 R MR Leu, o2 4 % 3 B 5 1Y & B R 5 T AT
314 (1. 11% ) RS F At 2 B R Cys , R Ai5R
IARRYZ LR . TEHE 1 9 A% DX, B 750 1 AL 5
2 P ANEE 3 LAY AT &4 5030l 55. 47% .62. 88%
FIT1.63% . SXFRER 3 7R AT & (9 %0 T2
i - A At w5 A5 A 4 ) o o A R TR A b b G
WL,

W 2L - S (AR PR 20 5 30 SR W) A A (Morus
mongolica Schneid. ) , KAEXAHE Y F ( Nicotiana syl-
vestris ) FUFEST (Arabidopsis thaliana (L. )Heynh. ) 4%
B (Populus trichocarpa Torr. & Gray ) F ISR FE R 2H
PEFTIEERME AT T R (18] 2) | AR SR AR L R 41 5
SRR By, HLS H AR R R ) B AR 55
ZILLMOC R P R ARE R R A [ ) R [R] AT 55
e Y )

2.2 EEFIISH

X 4t Ay it SR AR FE I H B 1 ~5 A% H R A SSR
AL HEAT A 4R 43 B K 0, 2 A i A R TR 21
EAFAE 49 MEEA M0, 3L 755 4> SSR fisi, HAE
3 Bl AR SSR A g Y A B TR AR IR
K25, LB H R M H Ry &, 400 b
60. 00% (453) Hl 28.74% (217 ), SSR J¥ 4 & F£ L)
6 ~8 bp MJETHI 0 3, 2l 64. 50% (487) .
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Fig.1 Gene map of chloroplast genome of Ulmus laciniata Mayr
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Table 2 List of genes present in chloroplast genome of Ulmus laciniata Mayr

K% Family name

1€ Functions

FEHAHS Gene code

FEH Genes

JeE AR EER

Genes for photosynthesis

ATP 5 B K
Subunits of ATP synthase
NADH-JIi S 9 7.2
Subunits of NADH-dehydrogenase
43R b/t A3
Subunits of cytochrome b/f complex
RS T
Subunits of photosystem I
JERGE T (1 IE
Subunits of photosystem 11
R R A TR AT
Subunit of rubisco

U SN

Large subunit of ribosome

DNA it RNA Al
DNA dependent RNA polymerase
M /N T e
Small subunit of ribosome
rRNA FE[A]
rRNA genes
tRNA FE[A]
tRNA genes

SEiA]

Self replication

FefbIE A

Other genes

L TE-CoA-FR AL 1A 7.

Subunit of Acetyl-CoA-carboxylase

o RUAAML (3 3R 5 IR R

c-type cytochrom synthesis gene

AR AR 2N

Envelop membrane protein

g

Protease
R IG H T
Translational initiation factor
AL
Maturase
PRAFFFTR I B AHE

Conserved open reading frames

ARATIHERE K

Genes of unkown function

atp

ndh

pet

psa

psb

rhe

ps

rn

trn

acce

ces

cem

inf

mat

yef

atpA ,atpB , atpE | atpF ,atpH , atpl

ndhA ,ndhB ,ndhD ,ndhE ,ndhF ,ndhG,
ndhH ,ndhl ,ndhJ ,ndhK

petA ,petB ,petD ,petG , petL , petN

psaA ,psaB ,psaC ,psal ,psa]

psbA ,psbB ,psbC ,psbD , psbE , psbF , psbH , psbl ,psbJ ,

psbK ,psbL , psbM ,psbN , psbT , psbZ
rbel

pl14 ,rpll6 ,1pl2 ,rpl20 ,rpl22 ,rpl23 ,rpl32 ,rpl33 , rpl36
rpoA ,rpoB ,rpoC1 ,rpoC2
rpsl 1 rpsi2 rps14 ,rpsl5 ,rpsl6 ,rpsiS,
rps19 ,rps2 ,rps3 ,rps4 ,rps7 ,1ps8
rrnl6S ,rrm238S ,rrm4. 55 ,rrnS5S
trnC-GCA ,trnD-GTC ,trnE-TTC ,irnF-GAA ,irnG-GCC ,
trnH-GTG ,trnl-CAT ,trnL-CAA ,trnlL-TAA , irnL-TAG ,
trnM-CAT ,trnN-GTT ,trnP-TGG ,trnQ-TTG ,irnR-ACG
trnR-TCT ,irnS-GCT ,trnS-GGA ,trnS-TGA ,trnT-GGT ,

trnT-TGT ,trnV-GAC ,trnW-CCA ,trnY-GTA , trnfM-CAT

accD

ccsA

cemA

clpP

infA

matK

yef1,yef15,yef2 ,ycf3 , yef4

W3 5 fis, XA SSR A A5 34743 B vl 1,
A SSR HE FoTH , AR 2R ALY SSR &R
JUBR2ZERECR, TERE T IREL ot , LD
A/T RE, 4 99.54% ; fr —HATIRE R oo, AT/
AT B £ iR 3 62. 61% ;T =M REE Z 1

AR AN /D, Hirp A/T 1 AT/AT 2

JCH A SSR 5 Y 65.96% , 4y i SR 3L [A]
ZHIY SSR o 88 & AT, 5 HAth 27 46 4 A A 4y -
A& SSR v i EZLL AT A EMBIEMI A, 28 A 52
BT RS ARIE R 5 AT S p)— B,
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Table 3 The length of introns and exons in the genes
HMH J7 ] R Gl 2k AMEFI(bp)  WEFI(bp) AMEFI(bp)  WHEFI(bp)  AMETF I(bp)
Gene Strand Start End Exonl Intron 1 Exon 11 Intron II Exon IIT
trnl-TAA - 7095 7278 37 108 38
trnl-TAA + 9455 9643 37 119 32
rpoCl - 22177 25069 434 2892 1610
yef3 - 44898 46985 126 1183 229 1133 152
pl2 - 87910 89419 393 1509 469
ndhA - 124153 126758 555 2605 538
yefl - 128729 134404 2400 5675 3232
rpsl2 - 101209 102007 231 798 28
rpsi2 + 144980 145778 231 539 28
trnA-TGC + 106859 107732 36 804 36
trnA-TGC - 139256 140129 33 804 36
trnV-TAC - 54474 55181 35 635 37
trnl-GAT + 105774 106788 40 941 33
trnl-GAT - 140200 142214 33 941 40
x4 HPHFREERATHBETRZE
Table 4 Codon Usage in chloroplast genome of Ulmus laciniata Mayr
HiT /ﬁ%ﬂﬁz B whT /ﬁ%[@ B T ﬁg@z K T ’éﬁ%@pj Kt
Codon Amino N mber || Codon Amino < mber | Codon Amino S mber | Codon Amino -\ ber
acid acid acid acid
GCT A 557 CAT 478 CCT P 374 AGT S 369
GCG A 118 CAC 123 CCG P 123 AGC S 107
GCC A 180 ATT I 1049 CCC P 172 ACT T 504
GCA A 351 ATC I 377 CCA P 304 ACG T 124
TGT C 209 ATA I 684 CAG Q 192 ACC T 194
TGC C 62 AAG K 345 CAA Q 693 ACA T 404
GAT D 810 AAA K 1057 CGT R 314 GTT v 473
GAC D 185 TTG L 536 CGG R 104 GTG v 181
GAG E 282 TTA L 823 CGC R 85 GTC AY 162
GAA E 999 CTT L 546 CGA R 339 GTA \Y 475
TTT F 975 CTG L 160 AGG R 164 TGG w 438
TTC F 456 CTC L 172 AGA R 469 TAT Y 747
GGT G 523 CTA L 317 TCT S 546 TAC Y 172
GGG G 250 ATG M 554 TCG S 174 TGA * 19
GGC G 153 AAT N 985 TCC S 286 TAG * 16
GGA G 665 AAC N 271 TCA S 371 TAA * 42

A.C.D.E.F.G.H.I.LK.L MNP .Q RS TV .W.Y Fl + 2} HIHE N IR EHEARR KRR AEIR IENER H AR AR 55 = R 5

R SRR GERRR KRB IR A5 BN 2R 222

e

DIl

R IR R R KRR T

A,C,D,E,F,G,H,I,K,L,M,N,P,Q,R,S,T,V,W,Y and * refer to Alanine,Cysteine, Aspartic acid, Glutamic acid, Phenylalanine , Glycine , Histidine,

Isoleucine, Lysine, Leucine , Methionine , Asparagine , Proline , Glutamine , Arginine , Serine , Threonine , Valine , Tryptophan , Tyrosine and stop codon
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Fig.2 Comparison of chloroplast genomes in Ulmus laciniata Mayr and other plant species
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Fig.3 The type(A)and length(B) of the CP-SSR of Ulmus laciniata Mayr
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Table 5 List of identified simple sequence repeats of the Ulmus laciniata Mayr chloroplast genome
5 H & KB Number of repeats Bif
SSR repeats 3 4 5 6 8 9 10 >10 Total
A/T 54 42 48 72 216
C/G 1 1
AC/GT 43 43
AG/CT 107 11 1 119
AT/AT 220 43 11 5 283
CG/CG 8 8
AAC/GTT 5 5
AAG/CTT 24 24
AAT/ATT 26 8 35
ACT/AGT 1 1 2
AGC/CTG 6 6
AGG/CCT 3 3
ATC/ATG 3 3
AAAG/CTTT 1 1
AAAT/ATTT 5 5
AAAGT/ACTTT 1 1

2.3 REXREHW
JtE AR TP RGN E S %
NCBI B 2N i i H AL 42 X1 AL 1) - A
5 BEHL 71 AN B A g i 3 AT R Gk o
Mo Z5RWT, B LR, A 31 AT
G U0 EIAE] 100% , A R IS5 vl SE bR
M 4 0 AT, BT AT 43 I 9 3 R 4
[ K EEAIEHIEL, DR HER Rl LA
BE R OB RS 27 R A T
FEAFETANR SRR MR RBE 14 R
S HALHE 2 P B A, Hh SRR T s, 24t
115 KRB RIS B W) B 5 25 06 R , HOR ly 5k
By, WiRHS KRR REYE TR E , kg
RGBSR IEME

3 itie

S AR A A N 2 3 R R AR RO A
YERP EZ BT SHE AR KB RAEEE L,
ISR (AL R ZH AT S 1 — 26 T fif S AR R R 2R 5K |
SR AR BT AR AR SR AR DG T 44t 1k
FRATTHRAE 1 2 Pt 5 SO kS A SR PR 2 ) 2 2 AN
B, SN A SRR SE N ZH K A 158953 bp, IR X
K/NHK 26037 bp, 769 48 ) Sk 44 120 ~ 180 kb,

TR 20 ~30 kb (X [Py "> ELA7 B kA o 2
PRIE PRI FRAR DU A3 RS54 B0 4 AN RTRNAY X 8 . —
XF24 26037 bp By M E X (IR ) ,88032 bp HYKHY
BFE DUIX (LSC) Al — A /Ny B 8 DL IX (SSC)
18846bp, MERAIEZH GC &M 35.57% , 1 139
AFER A R, FEXEEFER B 13 S (ernl-TAA —
trnl-TAA + ,rpoCl — ,rpl2 -, ndhA — | ycfl — ,rpsi2
—,mpsi2 + ,trnA-TGC + ,irnA-TGC - ,trnV-TAC — | ir-
nl-GAT + , trnl-GAT - ) T H BAWE T, 1 4 (yef3
) EH2ANE T R g I N S T
5 3 MEH IR HA BB 0 AT s, b 1 A4
BIEN A/T (05T 5 B 65 15000 55. 47% , 5
2K 62.88% 53 AR T1.63% 3% 5 HA i S
P R B 755 4> SSR i, 45 49 AN
S CEATIRES I L 453 4, A
SSR ALY 60. 00% ; Rk b HuA% iR 4, 2 217
AN, 4 SSR 1 28. 74% PR N =R IR H A
78 4, 5 4%B SSR MY 10.33% , K&
e R 3 7 19 SSR 78 H b 4 B b b BN
BT B G TR R O e A o S [ B A
AG AT AAG AGG Fl AGC %52 T B il i 42 JL P2
B S S SR — Y A/T L AT/AT B
JCE A SSR 51 66.09% , 2R A siZ R T 2
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89 Populus balsamifera NC_024735.1
100 } Populus trichocarpa NC_009143.1
76|\ Populus fremontii NC_024734.1
100 Populus alba NC_008235.1
100~ Populus tremula NC_027425.1
10°| I— Populus euphratica NC_024747.1
100 Salix purpurea NC_026722.1
Salix suchowensis NC_026462.1
B 100 | ~ Salix babylonica NC_028350.1
100 L— Salix interior NC_024681.1

50 Euonymus japonicus NC_028067.1

100[ Vitis vinifera NC_007957.1
L vitis rotundifolia. NC_023790.1

Buxus microphylla NC_009599.1

100

1007 Camellia crapnelliana NC_024541.1
60 L cameliia grandibracteata NC_024659.1
61— Nicotiana tabacum NC_001879.2
94 | 100 100 L Nicotiana undulata NC_016068.1
|— Nicotiana tomentosiformis NC_007602.1
93 |— Panax notoginseng NC_026447.1
100 | Panax quinquefolius NC_027456.1
100L Panax ginseng NC_006290.1

100 Arabidopsis thaliana NC_000932.1
I_':Lepidfum virginicum NC_009273.1

100 Arabis alpinaNC_023367.1
58 Raphanus sativus NC_024469.1
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Fig.4 The phylogenetic tree using maximum likelihood method
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