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SUN Yanyan, QU Gaoping, HU Shengwu
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Abstract: [Objective] This study revealed the acetolactate synthetase (ALS) genes from six Brassica
species to lay foundation for genetic manipulation of ALS and creation of herbicide resistant materials.
[Method] Specific PCR method was used to isolate ALS genes from 16 accessions of six Brassica species,
including Brassica napus L. ,B. oleracea,B. juncea,B. rapa,B. carinata,and B. nigra. Bioinformatics and
the isolated ALS genes and their encoding products were also analyzed. [Result)] Except for one B. nigra
accession, ALS genes from other 15 accessions were successfully amplified. In total, 30 ALS genes were
cloned and their GenBank numbers (from KM816807 to KM816836) were obtained. ALS1, ALS2 and
ALS3 had no introns and only one open reading frame (ORF). ORF of ALS1 was 1 968 bp in length,enco-
ding a peptide of 655 amino acids. ORF of ALS2 was 1 914 bp in length, encoding a peptide of 637 amino
acids. ORF of ALS3 was 1 959 bp in length,encoding a peptide of 652 amino acids. Seven single nucleotide

polymorphisms (SNP) were detected among ALS1,and four of them resulted in amino acid change. Three
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SNPs were detected among ALS2,and two of them resulted in amino acid change. Twenty-five SNPs were

detected among ALS3,and two of them resulted in amino acid change. Genetic distance between ALS1 and
ALS3 was relatively closer than that with ALS2. ALS] was located in CO1 chromosome, while ALS2 and
ALS3 were located in A01 chromosome. [ Conclusion) Nucleic acid differences in ALS1,ALS2,and ALS3

were detected among six Brassica species, resulting in changes of several amino acids of the encoded pro-

teins.

Key words: Brassica species; acetolactate synthetase ( ALS) gene; gene cloning; bioinformatics; se-

quence analysis
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Fig. 1

PCR amplification of ALSI1

M. Marker [l ;1. Zhongshuang No. 9;2. SH11;3. Qinyou No. 3;4. New type Brassica napus ;
5. Texuanzhonggan No. 11;6. Wanfeng; 7. Dodalla;8. 09H2901003
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Bl 2 ALS2 JEH Y H 4
M. Marker [T ;1. #0809 552, SH11:3. ZE4 3 5 5 4 0 0 H s 3 38 5 5. 38 PR K 2607
6. EHPIFHE 7. B VU A RN SE 5 8. 2Bk 6659, B L TTTih3E 510, Opava; 1. Rapido
Fig. 2 PCR amplification of ALS2
M. Marker [l ;1. Zhongshuang No. 9;2. SH11;3. Qinyou No. 3;4. New type Brassica napus ;5. Weiyuandahuangjie;

6. Guanzhongjiecai; 7. Qianxiniuweiyoucai; 8. Jingiu 66 ;9. Binxianyimenyoucai; 10. Opava;11. Rapido
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B 3 ALS3 B[N 4 ]
M. Marker Il ;1. X 9 45 ;2. SHI1:3. 23l 3 4554 B B H 35 B0 ah =% ;5. T IR KB IF 6. 6P Ivss
7BV RN ;8. A Bk 6659, M ITIM 3K 510, Opava; 11. Rapido
Fig. 3 PCR amplification of ALS3
M. Marker [l ;1. Zhongshuang No. 9;2. SH11;3. Qinyou No. 3;4. New type Brassica napus ;5. Weiyuandahuangjie;

6. Guanzhongjiecai; 7. Qianxiniuweiyoucai; 8. Jingiu 66 ;9. Binxianyimenyoucai; 10. Opava; 11. Rapido

12380 B. napus. B. oleracea . B. carinata F Y~
wats # ALST 3L (W 1), 7 B. napus. B. rapa. B.
Jjuncea F ISR ALS2(J& 2) 1 ALS3 R X (Kl 3),
XFHE R Bt AT M, s R VY, Rl 2l SR T
30 4~ ALS HE[H . JF 78 GenBank ¥ 2 v & ¢ 345

5 KM816807 —KM816836(% 1), Z&if NCBI 1)
Blast 5041 » 45 28 87 B st B 26 19 5393 5 NCBI B2 24
JFH) B. napus ALS1(Z11524) \ALS2(Z11525) ,ALS3
(Z11526) H: PR ) — B Ak 3 99 76, Uk W e Je e 143 K]
5 BUR A RANLT

®1 BEAMBREIIEERN ALS BE

Table 1 Plant materials and cloned ALS genes
TR EST P Gi I Genbank G
Materials name Species Cloned gene GenBank No.
ALS1 KMS816810
9 " )
Zhongshuang No. 9 Brassica napus ALS2 KMS816811
ALS3 KMS816812
ALS1 KMS816807
SHI11 Brassica napus ALS2 KM816808
ALS3 KM816809
ALS1 KMS816813
Zh 3 5 Qinyou No. 3 Brassica napus ALS2 KMS816814
ALS3 KMS816815
ALS1 KMS816816
Foil - T TR I 5
%Aﬁmﬂ{mi Brassica napus ALS2 KMS816817
New type Brassica napus
ALS3 KMS816818
.,
R 1 Brassica oleracea ALS1 KMS816819
Texuanzhonggan No. 11
3= Wanfeng Brassica oleracea ALS1 KMS816820
I R SR ALS2 KM816821
. L .. Brassica juncea
Weiyuandahuangjie ALS3 KM816822
B i=d o ALS2 KM816823
. o Brassica juncea
Guanzhongjiecai ALS3 KM816824
A A 3 3 ALS2 KM816825
R . . Brassica juncea
Qianxiniuweiyoucai ALS3 KM816826
B 66 Tinan 66 . ALS?2 KM816827
4 inqgiu rassica rapa ALS3 KMS16828
R T ALS2 KM816829
e . Brassica rapa
Binxianyimenyoucai ALS3 KM816830
ALS2 KM816831
Opava Brassica rapa
ALS3 KMS816832
. ALS2 KMS816833
Rapido Brassica rapa
ALS3 KMS816834
Dodalla Brassica carinata ALS1 KM816835
09H2901003 Brassica carinata ALS1 KMS816836
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FIFH NCBI M5 5 ORF Finder ##FXF 2. 1 5
v REAS B B K P AN AT 0 B A R R W] L 5 P
JEAEY PR ALS RN A EHNE T, HA 1
AT B e HE . ALST 3 R F i R 2 HE K R 1 968
bp, Jitth 655 A2 HEMR s ALS2 3 P JF i ) B2 HE K
1914 bp. 4 637 % KR s ALS3 J K I il 1) 332
FEK M 1 959 bp, Zafid 652 A& Hw. FI A Clustal
X 2.0. 12 B4y A7 2R B 5 A 25 22 J@ AN [5] B kA R 1)
ALS BN IR T HIAFAE 22 5 (R 2~4) . 28Uk H 4
W EA LR BAAAEES . X 8 MR ALST B

FEXt o3 &3 T 7 A SNP, Horp 4 4> SNP A] 3 20
HAR RS, B. napus $B SH11 #) ALS1 3N 5 H
b B. napus #FFHEIAFTE 3 4> SNP{HEAT 1 4> SNP
SFRHERERRAL . X 11 AR ALS2 K /Y EE Xt
ST RBLT 3 A SNP, H 2 4> SNP B JE R %
A5, X 11 ANk ALS3 JEPH A X o Hr R BT 25
A~ SNP, HALA 2 4> SNP S B SR R AZ. N
SNP %t K FH 7E AR KA T ALS3 KA [n) SLHEAE
)RR 38 A O T R A At 578 B E R 0/ 5 AL S2 7
SRR PR ST o A= ) SCoR 7S B de /N B Fie oy A

x2 ALSI BBMEARFIER
Table 2 Mutations of ALS1 DNA and protein sequences

H AR FE A7 # Location in the target gene

B2 R ZAER A
Materials name Species 232" 241 387 1287°  1347°  1873" 1920

711524 Brassica napus G(E) C C G(TD) G(E) A(D A
H1XL 9 5 Zhongshuang No. 9 Brassica napus G(E) C C G(T) G(E) A(D

SH11 Brassica napus G(E) T C A(D G(E) A(D C
Z&9i 3 5 Qinyou No. 3 Brassica napus G(E) C C G(TD) G(E) A(D A
iﬁe%?;i%ﬁ%m na pus Brassica na pus G(E) C C G(TD) G(E) A(D A
FrikpH 11 TexuanzhongganNo. 11 Brassica oleracea  G(E) T C G(T) A(G) A(D A
1 Wanfeng Brassica oleracea  G(E) T C A(D G(E) A(D C
Dodalla Brassica carinata  A(K) T T A(D G(E) G(V) C
09H2901003 Brassica carinata  A(K) T T A(D G(E) G(V) C

TE:211524 52 NCBI L2 ATF i ALST ¥ 51 5 KRR FE AR 5 H bt 3 PR {00 8 o 450 940 o 20 8 A T I 4 I PN 8 5 R SR 7R i A G 5 + 3R

AN R RS RAE . TR

Note:Z11524 is the sequence of ALSI1 published in NCBI; Mutations are showed in bold;outside brackets are the coding nucleotides, in

brackets are the mutation amino acid. * means missense mutation at this site. The same below tables.

x3 AL BBMEBEARFIER

Table 3 Mutations of ALS2 DNA and protein sequences
IR A e 14 H #5335 K 7 B Location in the target gene
> \ ==
Materials name Species 263 * 1179 1367
711525 Brassica napus G(S) C ACY)
H XL 9 5 Zhongshuang No. 9 Brassica napus G(S) G ACY)
P
SHI11 Brassica napus G(S) G ACY)
Zh 3 5 Qinyou No. 3 Brassica napus G(S) G ACY)
R H W RS2 New type Brassica napus Brassica napus G(S) G ACY)
VH K 87+ Weiyuandahuangjie Brassica juncea G(S) G ACY)
F ¥ 3% Guanzhongjiecai Brassica juncea G(S) G ACY)
J
P78 4R Bl 3¢ Qianxiniuweiyoucai Brassica juncea G(S) G ACY)
4:%k 66 Jinqiu 66 Brassica rapa G(S) G ACY)
#H X TI3E Binxianyimenyoucai Brassica rapa G(S) G ACY)
Opava Brassica rapa A(N) G T(F)
Rapido Brassica rapa G(S) C ACY)

7 :Z11525 J& NCBI EE A I ALS2 )73,
Note:;Z11525 is the sequence of ALS2 published in NCBI.
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Table 4 Mutations of ALS3 DNA and protein sequences
ﬁﬂz*{’ﬁ EHEA H F55 [K {7 B Location in the target gene

aterials n

name Species 46 177 366 495 576 615 714 759 870 993 1029* 1117 1287
711526 Brassica napus T(L) A C A C G A T C G G(E) A G
A9 5 Brassica napus T(L) T T A C G T T T G C(D) A G
Zhongshuang No. 9 N ’
SH11 Brassica napus T A C G T T T G C(D) A G
Z1h 3 5 Qinyou No. 3 Brassica napus T(L) T T A C G T T T G C(D) A G
e 0 H e A v 3
R A w Brassica napus T(L) T T A C G T T T G C(D) A G
New type Brassica napus
YHE IE
) {»?j(’ﬁjﬁ: . Brassica juncea T T C T T C T C T G G(E) A G
Weiyuandahuangjie
FHJF3E Guanzhongjiecai Brassica juncea T(L) T C T T C T C T G G(E) A G
%@q:}%{m% . Brassica juncea G(V) T T T C G A C T T C(D) A A
Qianxiniuweiyoucai
4%k 66 Jingiu 66 Brassica rapa T(L) T C T T C T C T G G(E) A G
ﬁ?%‘xn?m * . Brassica rapa T T C T T C T C T G C(D) A G
Binxianyimenyoucai
Opava Brassica rapa TL) T T T C G A C T T C(D) A A
Rapido Brassica rapa T(L) T T C G A C T T C(D) C A

'fI;//f[?H% flf’li LR H F7HE K 7 E Location in the target gene

aterials .

name Species 1413 1500 1506 1521 1527 1545 1593 1602 1896 1902 1917 1986
711526 Brassica napus A G G C A C T C T G C C
95 o , . . . . . . .
Zhongshuang No. 9 Brassica napus A G G C A C T C T G C C
SH11 Brassica napus A G A A C T T T A A G A
Zh 3 % Qinyou No. 3 Brassica napus A G G C A C T C T G C C
9 T 3
AT B 2L - Brassica napus A G G C A C T C T G C C
New type Brassica napus
SE G i
ik {Jf?j(ﬁﬁ .. Brassica juncea A G G C A C T C T G C C
Weiyuandahuangjie
X H1FF3K Guanzhongjiecai Brassica juncea A G G C A C T ( T G C C
%\ 7 ﬁF E i % . Brassica juncea C G G A A C C C A G C A
Qianxiniuweiyoucai
4%k 66 Jingiu 66 Brassica rapa A G G C A C T C T G C C

A NERP A

WR TR Brassica rapa A G G C A T C T G C C
Binxianyimenyoucai
Opava Brassica rapa C A G A A C T C A G C A
Rapido Brassica rapa C A G A A C T C A G C A

711526 J& NCBI |8 A FF 1 ALS3 J¥41,
Note:Z11526 is the sequence of ALS3 published in NCBI.

2.3 ALSEARGABHAUNHME

FIH MEGA 5. 1 #44  R FIR KA R 1 (Maxi-
mum-likelihood, ML) Xf 2. 1 45 i ¥ vo F& #4930 4>
ALS B X 4 5% 1 35 F1 5T Y 500 R g K i AR,
GERULE 4, B4 FW],ALST ALS2 ALS3 il [
F—%L, K5 ALSL Fl ALS3 B —E. &5 5
ALS2 BAE— i, 6 W] ALS1 Ff1 ALS3 i 1% FE &5 4%
I, 5 ALS2 (35 4% B B A XTI . 8 A 4 R 4w
7 4 FhoR TR ALS] % 1 (SH11, 8 3= . Dodalla FI
09H2901003 JLAth 4 4R . 11 A RS T 2
it ALS3 21 Hh il R8T R IT S L 4 Bk 66
il i) ALS3 55 LR i Z11526 Za B 1) AH 7] 5 FoAt

8 B R i i) ALS3 AR . 11 ARk 4 1 2
i ALS2 &, Opava if3 7 1 Ff ALS2, Hfh 10 4~
FHOEMR5  ALS2 A
2.4 ALS EEHECHT

M A ™ 4 http://brassicadb. org/brad/*}
B. oleracea # B. rapa # B0 ALS FL R #E47 0 4
RSB S5 FEKBH (1) B. oleracea ¥ #F ALS1 3 [K 4
X P (55 1—1 968 i ) & i T Col Jefa ik -
(5% 17 124 680—17 122 713 #3L); (2) B. rapa ¥
BEALS2 B 2 5 X (55 199 —1 217 Bl ) & fi T
AOL Yo fk [ (55 14 732 437 —14 731 422 §{3L) ;
(3 B. rapa BB ALS3 FH IS IX (5 1—1 959 B
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INIFIF L 45« 25 2 R AR B P ALS1-3 1 52 B K7 5 43 #r 107

) hE N T AL Y ik | (%8 14 183 751 —
14 181 793 #%) . ALS F:[H 4 % X 15 3] 5 %8 v 1F

W STl 3 Br_ALS3_Binxianyimeryoucai ™\
Opavaili 3€ Br_ALS3_Opava
FrEH BRI MK Bn ALS3 New_type
Z 35 Bn ALS3 Qinyou No.3
Sh11j#H3% Bn ALS3 SHI1
HXN95 Bn ALS3 Zhongshuang No.9
Rapidoiifi 3¢ Br_ALS3 Rapido
LB TE 2R R EE Bj ALS3 Qianxiniuweiyoucai
Z115263f 3% Bn_ALS3 711526
VB Y8 K# I+ Bj ALS3 Weiyuandahuangjie
K HIF3E Bj ALS3 Guanzhongjiecai
4 %66 Br ALS3 Jingiu_66
SHILM3E Bn ALSI SHI1
- % Bo ALSI_ Wanfeng

Dodallajifi 32 Bc ALS1 Dodalla
109129010033 Be ALSI 09H2091003
Z115243 3% Bn ALS1 711524
4%k s H 11 Bo ALS1_Texuanzhonggan No.11
I XX9%5 Bn_ALS1 Zhongshuang No.9
Z 35 Bn ALS1 Qinyou No.3
PR HE AWM Bn ALS1T New type %
Opavailli 3¢ Br_ALS2 Opava N
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The number for each interior branch is the bootstraps value (1 000 replicates)
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