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Analysis of Characteristic of Codon Usage of Eucommia ulmoides Transcriptome

LIU Huimin?,WUYUN Tana'?,DU Hongyan"?
(1. Non- timber Research and Development Center, Chinese Academy of Forestry Science, Zhengzhou, Henan 450003; 2. The Eucommia
Engineering Research Center of State Forestry Administration,Zhengzhou, Henan 450003)

Abstract ; Eucommia ulmoides was used as test materials,the correlation between codon composition and gene expression was
analyzed based on the transcriptome data by using CodonW and SPSS software,in order to offer a theoretical foundation for
transforming exogenous gene and Fucommia genetic engineering. The results showed that the gene expression had a significant
and positive correlation to G3s,C3s,G+C and GC3s(P<0. 01)content and a negative correlation to A3s content, T3s content,
gene coding sequence length and effective codon number(ENC) (P<<0. 01)and Aro content(P<C0. 05). These results indicated that
genes with a high expression had a stronger codon usage bias and likely end with G/C. ENC had a significant positive correlation
to A3s,T3s and Aro content (P<C0.01)and a significant negative correlation to C3s,G3s,G+C,and GC3s content (P<0. 01).
Fifteen optimal codons were identified, namely, AAC, AAG, ACC, AGG, AUC, CAC, CAG, CCG, CUC, CUG, GCC, GGC,GUC,
UAC,and UCC. Fruit and leaf special genes had difference on the codon usage of Leu,lle,Ser,Pro,Thr,Asn,Glu and Cys.

Keywords : Eucommia ulmoides ; transcriptome; codon ; bias

89

PDF SCH# ] "pdfFactory Pro™ X RAG)E www. Fineprint.cn



http://www.fineprint.cn

- EYEAK -

wF @ ¥ 2016013):89~92

FEA R A R A K IR & E A F#h
JE B IR B AR LRAE (5 i, IR 3 KT S B AR ORAE IS
AR R e, DA SE B A A PR SR B IR Y
WK AR AR LR 2E BRI TN S R AR R

1 #MBS5SF*

L1 Rehk

MR RFEEAJIEE. ZMEE 3 FEH
RS
L2 R®rk

¥RZFEaA4RES.)IaARES. 2MNE &g
A ZES IR 2, BY 0t B DAARIE B 2R A 3 1
FE—B0 Bk K/MER W ZE AT B IR R . R
200 mL 7R, FER G S 3R 2 120 mL, BHFEHARE
HREARRFEHE N MS+1 mg« L' 6-BA+0.5mg » L*
NAA, %I 0.1,5.10 mg « L' B 7% Z (PCPA) 4 M Ab 3
TR I B AR S EAREFREN MS+]1 mg+ L
6-BA + 0.5 mg + L' NAA, %t 0.0, 1.0, 1.5,
2.0 mg » L' FHR M4 MEEBFTHRE; ZME A
G HEAEFEL N MS+0.5 mg « L' 6-BA+
0.1 mg+ L' NAA, %N 0.5.10.15 mg « L' 23 mk
(PPyy )4 MACBEHATIRAE . EACBRER 10 MR, M 3 4%
REW,3KEE., RAFWIE, G 30 d & F KL
MRS B B W B R A DR
T 5E 5 WER 0% 25 230 2 5 A 7= 3T W /N B 25, g i g4 ik
MRS TR,

FREL 3 M EH A BRGSO B
MARLREMREN Lo g, THEBEEBHRRHA
0.05 mol » L™ Tris-HCl 2% wh & $2 8 ; [/ TE§R FH 10%
HIMR B, FUkoKB R RS K, BB E B L8
7000 r+ min ' 4 °CE .0y 20 min, B 15 W 3 17 HL UK.
FL YK R FH 2 ELARAS 7% 4 2R 40 3% TR s TR 68 JGC L 0K » 43 25
JRRHEBE R 10%0 IR AE IR R BE N 3%, RIVEMEER H R A
WA D I Y vk e, [R) TSR A R 2R 85
RR #Hkye ™ . MEC ik A iE i .

2 HRESW
2.1 TR[RIHR BE BB 7% 2 (PCPA) X B 2 B A A B 1
FEIRZ

FRFAM TR E AR EH 300 d FHAKE
M 1 FE 1,k%E PCPA WREMF 1,10 mg+ L™}
PCPA Lh3EXHH0 i e 25 A A8 1 AR R ISR B B 8
SH U 22 5 8 2 40 B (R) 8525 B AR A LR,
BT BB /NS 2K , 1304 T AT SR 7E 96. 0020 L I,
2.2 ARWERHFTEHEEMD I EAREEREN
21|

FRFMH T RN EERE D 150 d fFHARENR

90

UL 2 FE 2,kEE MH WREMARHRS ) e i8N
5t REAM RS B, 2.0 mg s L' MH 45
XTHEFI 1O mg« L' b B . MR ERBE. B
MH ) 35 7 3 76 4100 A =5 A [R) Bsf, 85 25 B A2t BR & 3%
KB L H AR ERZ RS WS A /N 2L 25
R, 2.0 mg+ L' MH ZbFRFR$ )1 B SV w4 K3
RAE,5 MARBREAR 0.5 cm, 45 8% 5 1 17 75 R
% 100. 00%
%1 PCPAMEFEARXBEHRE
300 d JERY RN

PCPA ¥ & 7323 BEER 2R AR
/(mg+ L™1) /em /cm /% /%
0(CK) 6.131+0.17a 1.1540. 08 0 94. 40
1 5.81+0.13a 1.32+0. 10 0 100. 00
5 3.18+0. 06b 1. 2840. 06 0 98. 00
10 1. 8440.12¢ 1.3440.11 0 96. 00
7
6
s ——0(CK)
g 4 —&— 1 mgL!
12 3 —&— 5 mg L
*® 2 —o— 10 mg-L"!
1
0

{RAFIR ) /d
1 AERE PCPAMEFEAREHBERERKIIMN
#2 MHXIEBERAEERT 150 d BREMN

MH #k B¢ Wi BEEHR LR R
/(mg e+ L™1) /cm /cm /% /%
0. 0(CK) 4.23+0.18a 1. 1340. 05¢ 33.82 100. 00
1.0 3.15+0. 09b 1. 5240. 04b 82. 67 100. 00
1.5 0. 43+0. 04c 1. 88+0. 09a 97. 88 100. 00
2.0 0.31+£0. 10c 1. 9440. 12a 100. 00 100. 00
5
4 ——0.0(CK)
§3 —=—1.0mgL"!
'\U*;]E 5 ——1.5mgL"!
—e—2.0mgL"!
1
. A
0 . 4 T
0 30 60 90 120 150
ORAEIS1E)/d

2 FEWRE MH 3| B & B ik £ KR m
2.3 NIAIEFE A 2 R0ME (PPyys ) X 22 M B A i T AR 77
FAI R

FREAM T RAZMNEARET 300 d 5ot Ha
KAFHILER 3 FE 3, FfiE PPy, ¥R EE K T+, X0t R
K B w0 B0 R, R OB R AR R RO T R,
15 mg+ L' PP, LI T8 1 /N8 X B
% 45 8% 7R [ B 65. 00% , £7 1% L F B R 85.00%,

PDF SCH# ] "pdfFactory Pro™ X RAG)E www. Fineprint.cn


http://www.fineprint.cn

wF @ ¥ 2016013):89~92

- YRR -

10 mg - L PPy, Egﬁ%ﬁﬂg%%$ﬁ§“ 100. 00%97?
EHRIL 94. 409,
£3 PPuMZMEAREERE
300 d IFRYE M

PPgss ¥ i e WL E R LR HIER
/(mg+ L™1) /cm /cm /% /%
0(CK) 8.0140. 06a 1. 0440. 08d 21. 30 88. 00
5 4.26+0.11b 1. 3340. 09¢ 42. 45 96. 00
10 0. 45+0. 09¢ 2.45+0. 06a 100. 00 94. 40
15 0.21740. 14d 1.5240. 11b 65. 00 85. 00
9
8
7 —+—0(CK)
g g —=— | mg-L!
2 4 —+— 5mgL!
-><'H§ 3 -1
*2 —e— [0 mgL
1
0 - - P -
0 30 60 90 180 300

A TE)/d
3 FERE PPy X2 H &R B WA A KM

2.4 WL E R

2.4.1 WHRWHEAREN MABEERGEENELERE
HAT IR R R B AT S M B R T SDS- R
IR L kAR B LS R E , B E A RS 4
PCPA Ab3J5 , HoXf R 5 &> b PR AT B2 2ot AT 5 1 28
FERA, BRI T 6 Ak, Bk A KR
(B O)IEAREEZE MH 435, KX RS54
A AEFRR R AT R BRI Y B T 9 A
W B B EA R SR (B 5) s 2 M A A IRE
430 PPy, AbFR T X FR 5 A Ab B B2 vl M 2R
H BRI, B B T 7 &5, B R A R R A&
HHBLE 6),

B4 ZFFEAAREERAREEL

2.4.2 PERgF TEHAGI R TRERE R — R R
DRIRIK 477 40 » 410 AT LA B R S DRAF R 0 388 4% A E
X B AR A S B A 1 B A IR T e R R T
Pl [ Tl 2 1 2 R T e G FRL UK, DA PRI R S b i
FE & B AR5 iR B -5 0 R 2 (6] 18 i () TR 3

B6 =MEATAEEAREEL
W HE AL R BEAR T, TR B S AR X — ik
WEERE LR MR B R I K4 R A — B 7~
9. LULESREN, REERERFHESFEREES
BKF EAREFF T RGBT ENE.

B8 JIEGRITHEE

91

PDF SCH# ] "pdfFactory Pro™ X RAG)E www. Fineprint.cn


http://www.fineprint.cn

- EYEAK -

wF @ ¥ 2016013):89~92

3 I E
9 ZMESFEIHEE

3 #FitHiig
3.1 AR At 4 A8

BRI PCPA 5~10 mg « L' f&4F 300 d
JEHIRHE AR E T A K EE, FFIE R TE 96. 00 L)
b ORAF IR AR TE R VA AR 1 R [) T A U i
et BAsE . BHEl PCPA I T B AR RER D, ¢
X e B EEE AR B T LA IR TE R 3 K
RREVEY R B AR TR TR E IR

A IHF MH 1. 5~2.0 mg « L™ #£4F 150 d
JEWNIE S AR AR B T8 I E B R £
7 150 d BLE AU B AR T SR A4 B 5 /A8 100. 005,
PRAF 5 U v 2 W] I MR SR R ) A It 35
ARIAESR . MH Z—FhA KM A R BRI, 3
BERTRI L DR AL NETE RS2

AIMA A M5 PPy, 5~15 mg « L7 R4F 300 d
SRR ZINE &, BB B B AE KM I ROR B R, AT LR
VR B A AR R, R 5 BV e AT I R B R
i g ) I ol A ) s 95 AR S o 3K AR ) 990 1
YEFRIWE B PPy ¥ BE B9 3G /0 100 /0 38, 24 PPy ¥ E
15 mg « L' A, PPy IVE FHE S8R il 7 3048 1 /) V8%

IR, X 5 T2 EHED 3 E AR E SN R i
E—B, 5 B E SN g R AL,
3.2 FMREAEKAFRSESEHSER

TEVR N T3& B R MH 1 PPy, 935 #5571, MH il
PPyss Xt AR 43 A B S B A0 4 (ELX 45
% 25 H R HEVE D DR B R BE 1 0, 25 8% 2R R R 4R ey , %
ZEEW R, KEESSRNRENEERFR
R—MAE RIS, Wl R ERF IR Bk BY %,
3.3 WEAERBR

FE Wi B PR AT 35 45 F0 8 TR R DU pl o R T 2852
I B 0 T s P WL R N B T I 1 A 1 R[] g A
N 55 T S i T B B A TRl ) S T 7
H R TR R R 2Rk 1 B8 4 B2 5 32 AR FEAE
BHAFRZS RAE BT (8] M FEIREE SRR e, AR B HE R
ST, UNSREE A SRR R ARSI 7 i, 30 B AR R AE A
BHOPE TR B E RS E &M ETE
BARAE R R M BAL AR E M. (B XS T Rh BT B IR
AN IS » BEAS ORAF b 5 05 U 1) 36t £ 22 RE P A
BIEEMER R E Y, BB EZEMIEHRES .

S E 3k

[10 R RIAR. 4 Fh T B8 U8 B A R AF B ST sk SRR [T ], o g AR 2% B 24 it
2000,20(4) :81-87.
(2] AR, 3KPEm, EP A, % LA EE B RERZ LR SEOH
AMHFL]. PEREAR M 2538 ,1999,12(4) :92-95.
(3] EZE,FABMS MEC, % BEREESEMIRL] kS
i CRAML A AR R ,1998,17(1) < 71-75.
(4] SHEAE, 3RS 0. SRR EWHAE R PEAD] BE%2HR,
1994,21(3) :288-292.
(5] ABE 4. M A0 SR 25 SRR R BE U5 B A DA R g 1% 78 5 (D,
BB AR gl KA, 2000.
[6] ASHMORE S E. Status report on the development and application of in

vitro technique for the conservation and use of plant genetic resources[ M.

Rome: International Plant Genetic Resources Institute,1997.

Study on in vitro Limited Growth Conservation and Genetic Stability of Three Edible Lily

WAN Zhuzhu, NIU Laichun, TAN Xiumei, LIU Min, WU Liang, DONG Cao
(College of Arts and Sciences, Yunnan Normal University, Kunming, Yunnan 650222)

Abstract; Taking three kinds of edible lily plantlets as materials, by method of limited growth conservation,the effects of
three different growth inhibitors on the preservation of edible lily plantlets were studied,and the genetic stability of stored
plantlets was detected. The results showed that the plantlets of Lilium browrzii var. viridulum added 10.0 mg » L™}
PCPA for 300 days grew slowly,and the survival rate was 96. 00% ;the plantlets of Lilium davidii added 2.0 mg + L™*
MH for 150 days were limited obvious,and the scaling rate and survival rate were as high as 100. 00% ; the plantlets of
Lilium davidii var. unicolor added 10 mg « L™! PP,;, for 150 days were limited obvious, and the scaling rate was
100. 00% ,the survival rate 94.40%. Compared with the limited growth conservation of soluble protein and esterase
isozyme,the bands were similar between treatments and control, initially proved the feasibility of above methods of
preservation, better maintained genetic stability.

Keywords: edible lily;inhibitating conservation;genetic stability
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