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Study on Role of Foreign Cellulose Synthase Genes in Improvement of Cotton
Fiber Quality
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Abstract: In order to improve cotton fiber quality, the foreign cellulose synthase genes (acsA and
acsB) which were from Acerobacter xylinum , driven by CaMV35S promoter, were introduced into
brown color cotton G007, and white color cotton X003, by two means of pollen tube-mediated trans-
formation (ovary injection and pollen grain mediation). Ovary injection, compared to pollen grain me-
diation, resulted in higher transformation frequencies. Intergration of acsA and acsB genes was con-
firmed by PCR and southern blot, the result indicated that 11 plants possessed acsA and acsB genes.
Four plants with better agronomic traits and fiber quality were selected from transformants. Analysis
of transgenic plants and their progenies indicated that some of their fiber properties were improved.
The length, strength, cellulose content and lint percent of brown color cotton fiber were increased
significantly. However, for white color cotton, although the strength and cellulose content of fiber
were increased significantly, the length and lint percent weren’t changed. The fact suggested that in-
duction and expression of acsA and acsB improved fiber quality of transgenic cotton plants.
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FIRHERBEAR KA REFARABIEFRE, U
REMESES G, B ERFANBELRTE
MBI FER, £EH John Z AWM MNHHE Alcali-
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Fig 1 Map of plasmid pCAMBIA1301—acs
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1.3.1 FRHEHNY. BILEGKETE DNA
ECRLMR BE 2978 200 pg » mL" W% W, B-20C k4R
HEM. AMRRANRRSENE, EFEK
BWE20~24 h EH AR ERAAKEEL
KRR R MR — R, LR R E L)
. ¥tk DNA B ARBREETHSH EINFH
RTINS m THEAL 0.5 cm E 5 k¥ DNA
B REMB AL EEFEHE KN DNA
W, — B ER T 5~7 pL,
1.3.2 ZBEREN%. BN DNABTER
0.3 mol « L' ¥, 20 mmol « L' FIBR I KB R
W, SRR R YR B 300 pg » mLt, WHERE
EHEHFFERN —ROEE, SEERRE, [tk
EEBMUAFTAC, KALT . ITHARBE &K
DNA BB %Ak e, LA % Tz
L, HEREH.
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Seik B W B R B WK A (150 mg, 300 mg,
500 mg.700 mg.900 mg « L), %k dE 5 % A X
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WHEALENE 3 i B, e BT A8
M.
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Jua i, I H 28 (-80pa, 15 min) , B
SR AMB.VCREIR, fBEERNHART
FAA it e, ZHEN B BREA /A
AL AREMBS R RABET R #ITWRE, 20
V& 8,1 - L ZE 11 BT AR Ak A PR R I R AEL R



112 W o % W 20 %

1.6 HEFEMEMHKEN PCR &M, F CTAB %
B GUS [H A8 B Fn E % 25 B A %k DNA, FH F
PCR ", acsA(P,,P;).acsB(P,,P,) 5| ¥ F 3
B L ETEBFHMT .

P, : 5GGOGGATCOGAACOGTGAAAATGGTTTOG 35

P, :5°GGTTGTTCGTATCGTCAGAC 3°;

P, :5°GAACCGTGAAAATGGTTTCG3;

P, :5‘CCCAAGCTTTOGTTTATGGGTCACGACTT 37,

BRI H:95C 5 min; R )5 94°C 30 5,55C
1 min,72°C 2 min, 3t 30 AME¥;72°C 10 min,

1.7 EEEEHE PCR-Southern £ 3 # il
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ern 2438, AR FHEIEN(EYER TR,
1.8 HHERMBRSH

FAF 4 4 & BT 43 A7 B9 1 4% 78 JF 7B 39 3 M A
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2.1 WHEHEEEEERELNER

R 1M, ERBENFRELEET RALRR
BAREENYRBRERHEER . RERE
BB UE 4. 4%, ARFIFH R 7. 8% . B ARE
BB FE R 4 ¥R, B3R 0. 900 T F 5 i 4t
LHYRMBERBSREBE BEREARER
WA, A 1~3 2,8 KRR B A8 7 K
BRRBF ARBFHEY 24. 3%, BRABIN A
BR7 Rk EEALER 3. 2%, MERNTENEKE
R THRBELZNELER, PRERRHFEILE,
B e DA BN B B A F R IE 2 TR A
AT RESEELT,
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Tablel Comparison of two different transgenic methods

BhE  BBRSE/A S8%/4

GRE/N BERE/A BERE/N ARFE/N HFEE/N

FRHHE 942 214 22.7
Vi% g IR ST 934 404 43.3

237 25.2 24.3 3.2
41 4,4 7.8 0.9

2.2 HEREXRNHEEENRERN

AFmEEEREERE. X BEEN
BIREM LRENSHER B RSERER
W, 7~10dJ5RHA,H 150 mg « L'NHBEE
WM R B, & &4 B B 69 K B 300 mg, 500
mg s L'HRMH Ao . 2R THENT
M BEA 3700 mg « L7 #1900 mg « LT HKM M A
MW T REE M THIRFERE. Bk, RIN%EH
500 mg « L' B RIRE R,

HEFRYHBERIUERN , FLBER
MFMTFRE.F3HENANEBRRKEK. 7~
WdEXRAAHY—FFERLH LB R T8
BT, FEX O HE, BT XA
R 20 R B EHRBLLEARKRRE DI
BE—E R,
2.3 #HEFEFHW GUS Kix

2 ial AT GUS e pym 2 JRERA
SAEBME TR —HERBEARESERR

MR, HPHEFAARNANBHEARFREEN D
8, SR, T %o B AR MR Y 4 R oK BT GUS B
BRN, HRARALK GUS BARBRENER
MR, EF g/ NRsRE A RR, KRR EF RSNG4
HE 9HBER ZNANEARERMK DKM
B, XME— MR AFHLN GUS RixHiE
55, AT Re SRR B RIEEE R AR
BAFRX, WHBRIEEKET GUS W,
52 15 R4y FHMERE AR .
2.4 FHEFEHEPA PCR &N

A GUS FHME M #k 47 PCR R i (n J&
3), AT AL DNA 5 BT FR, DLAE % B H AR R R
BAAEXT B, R 0 B 85 EE A R 11 #k. IR 4 %
GUS fRFH¥EAEMR . 7 GUS B FH 4 Y J B 7T 68
RAGEFER G EMER, SERERS B EE
HREER,
2.5 HEHEHEPRR PCR-Southern & 4 #7

Ve F R FEE PCR ML, DL acsA
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PCR =¥y # 17 Southern ¢35, HHE 4 Hix
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M T H acsA ZE R (B 8D M R R/ EE
WA MBI AN A . R 7EE 5 s
LT 5 acsB ZRMRRDE & . XU
XU 22 R L 5 B 5 M L I B AL A

fea
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Fig.2 Histochemical GUS expression for different tissues from a transformed cotton plant
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M 2% marker; 1, 11 R BH#EXTH; 2, 10 A BHMAEXTHE;
3—9 AREEMEE acsA KM ; 12~18 HRHEFMERE acsB Kl
3 B4 ¥ acs(A+B) WHHr EFHE#RE PCR &
Fig.3 PCR analysis for acs{A+ B ) gene in some of putatively transgenic plants,
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1-2 Bk U o a% A ddc s 3 A PEXT R 4 PR XT IR
4 LBlacsA BEEF BAFESTHIE S % & EHEik PCR-
Southern 3¢
Fig. 4 PCR-Southern blot hybridization of cotton ge-
nomic DNA, The fragments were hybridized
with a [**P]-labeled acsA gene probe.

2.6 REAEKRKZEERKORER

B3R 2 AL ANRER A 530 AR
WAk MAEFTHEARKRF 2 RIBAFHE
555 RACEC R T A B B> BRI
BEBEAR s RERGr B BR 47 4 < BE AR A A )72 B 1 3
s A GL9 4785 s R oy & BN AR A ME,
WRKERERIAN G17 K H 29.59% , F W
RAMK, BERFIM 22.85% ., MILETH, L4
KEERKXRHARER> FBNERER—E
B HREMNEATLUES  FEKER2ARKHHE
KOSBEBEREK,
2.7 HEEAISKR(T)RER(T)FLERRSH

1 2 3 4

2.45kb . ..

1 PR s 2 BAERT IR, 3-4 S5 g Il i % A ifc
5 WacsB EEFRFBAFET S HE HEKE PCR-
Southern 3¢
Fig.5 PCR— Southern blot hybridization of cotton ge-
nomic DNA, The fragments were hybridized with
a [ P]-labeled acsB gene probe
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KGEAHEM, FHEKEHMT 16.15%, K5
BBEKE, WIRE TR SRAKSD S B0 m
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Table 2 Agronomic characteristics of transgenic plants growing in field
RERMKE FRME HE/om REE/A BRI KSR cwma owe GEEE KER
CK 7 112 15 48 30 129 F 0 0
Gl 7 100 2 9 3 143 WF 5.69 -22.85
G2 7 121 10 30 13 129 F 8.33 3.17
G3 7 132 7 23 7 131 F 1.63 -22. 60
G12 iR 110 8 17 7 136 F 3.66 -21.52
Gl14 iR 112 13 42 27 127 F 19. 67 12.06
G15 7 135 12 40 25 130 F 18.29 6.67
G17 iR 110 10 44 30 130 F 15. 04 29.59
G18 iR 112 9 26 13 135 WF 10.16 12,54
G19 iR 115 1 28 15 131 F -4, 47 -14, 92
CK B 115 14 53 17 130 F 0
X4 B 120 12 40 17 129 F 2.97 0.45
X20 B 113 15 51 32 128 F 12.34 18.39
BAFRWFP A RAAENEE
xR3 HEET, BT, ROIFERKFELH
Table 3 Fiber properties of the transgenic plants and the offspring plants
CK, 24.70 21.12 4.40 80. 31 31.53
CK, 25.30 20. 39 4.10 84, 62 32. 05
15 {H (CKp) 25.00 20. 76 4.25 82. 47 31,79
é§ T, 28. 94 22, 87 3.60 85. 66 35. 01
L 29.13 24, 82 3.95 87.95 39.37
1B (Tw) 29. 04 23. 85 3.78 86. 81 37.19
Ts—CKg 4.04%* 3.09" -0.47 4,34~ 5.40*
CK, 29. 83 24,29 4.65 85. 25 37.49
CK, 27.84 22.26 4,30 81.35 38.50
- - #46 (CKw) 28. 84 23.28 4.48 83. 30 38.00
T, 31.75 27. A4 4.10 90. 07 41,27
A T, 30. 63 27.93 4.45 90. 56 38. 28
FHE(Tw) 31.19 27. 69 4,28 90. 31 39.78
Ty —CKy 2.35 4.41* -0, 2 7.01" 1.78

e fll % x A HIRSRLE 0. 05 f1 0.01 K F EMEZE. CKo £ Tofxtf#;CK: 2 Ty Mt
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BRTR, AHRARYN, ELHABITHI LR

HMER.T, X T RAGRAEARKTER
HERA/ABERR.
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FREFKAE T EEX T B9, Daniell 738, ¥
T Val—Gly—Val—GLy EH P ITHE [ B
R PBPs Ak BIM 78w , o 468 4F 4% 41 e P BE4F
HRX W PBPs EH. BA PBPs EAKME
HREFMEMEYBARE., KBREAKLR
2 EAREFEE AW, F18 158 S 4 iR
i FEAHF I, R K BEAT B A BRI £ 4, 4F
FREAASER VLR PR R
M KRR KT ERSRNPAN FTEREE acsA W
acsB MBI B AR, 4 BU B 4L 3 8 AU B,
B TR A 48 8 R I A bk 5 R i
HAMERRRR, 2ERALTY S RN E LN,
AR ERE WRE FERXSTEMKDE
BEEM AGHELBENSEZSEAEEN
.,

B TR 4 0 R 57 B Z M AR 7E 8 4% S
KM AEETMEARARERRFES RS &
WRB AR, RFRRAEERE LRI
AN, BRAE—SBRE LB TX—RAHMHE%,
FEEREERE T, & T, REFESREDkE,HE
EENANAE —EZE, TUEH BEXREFMH
MFYRFE—RFERETSERN . HEFT
BB AR B 5] AR — 2R B R SRR
MAHRFENEREEEF ARSI EMEE. B
WL B EE RS, E YRR ENAIE,
PERESEGEMEREAHA S EHETNER,
BmE5HERM AT, BAERPEERF
SRl BRT. RATR BX A B KA R R
MHRHAITHEAEREME— S HHE.

SENH:

[1] JOHN M E,Keller G. Metabolic pathway engineering
in cotton: biosynthesis of polyhydroxybulyrate in fiber
cells[J]. Proceedings of the National Academy of Sci-
ences of the United States of America,1996,93(23):

12768-12773.

[2] AMOR Y, Haigler C H,Johnson S. A membrane-asso-
ciated form of sucrose synthase and its potential role
in synthesis of cellulose and callose[ J]. Proceedings of
the National Academy of Sciences of the United States
of America,1995,92(20):9353-9357.

[3] JOHN M E. Genetic engineering strategies for cotton
fiber modification In[M ], // Basra A S. Cotton fi-
bers: developmental biology, quality improvement
and textile trocessing. New York: Food Products
Press,1999. 271-292.

4] ¥EARNERE,HEZR . F. BRAAEAEEURMA
4 mRBT S]] LR, 2004,16(2) : 72-76.

[5] ROSS P,Mayer R,Benzinan M. Cellulose biosynthesis
and function in bacteria[ J]. Microbiological Reviews,
1991,55(1) :35-58.

[6] SAXENA I M, Kudlica K, Brown R M. Characteriza-
tion of genes in the cellulose_synthesizing operon (acs
operon) of Acetobacter xylinum ; implications for cel-
lulose crystallization [ J]. Journal of Bacteriology,
1994,176(18) :5735-5752.,

(7] EXMFES. HYEETHRIML LT - B2 HK
#t,2004. 848-854.

(8] WS, %18 ML EREHEREELR S £
BEAAY RO BRED] i KFEEHR . RL 54
PR ,2002,28(1) :16-21.

(9] FBEH EFW, LBE. ¥ EFNREBALBRARTE
P BRARESNBRERFNOTETLIL BIEER,
2007,19(6):419-423.

[10] M5, SAEW, KEE MEFEBITEHMRGS

% REK R MFE2ER,2005,17(2) :112-116.
[11] DANIELL H. Genetic engineering of cotton to in-
crease fiber strength, water absorption and dye
binding [ AJ. Proceedings of Beltwide Cotton Con-
ferences[ C]. USA; National Cotton Council of A-
merica, 1998. 595-598.
[12] BB B INER. HBRLEEAZFER/R
SREFEARIELT]. YL TR 224, 2004,16 (1) :15-19.
o



