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Identification of Fiber Length-Related Genes Using Cotton Oligonucleotide
Microarrays
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Abstract: Gossypium barbadense L. is known for its superior fiber quality including long fiber and their quantitative trait loci
(QTL) have been reported. However, little is known about the molecular genetic basis of fiber quality traits. The objective of the
present study was to identify differentially expressed genes in the rapid fiber elongation stage (10 days post-anthesis, 10 DPA)
using a comparative microarray analysis between two backcross inbred lines (BIL) with contrasting fiber lengths. The two BIL
lines, NMGA-062 (33.03 mm) and NMGA-140 (25.87 mm), were selected based on a 3-year field trial in four environ-
ments. The Affymetrix Cotton GeneChip was then used to perform a transcriptome analysis of 24 029 transcripts in developing
fibers (10 DPA). Among the transcripts 7 282 (30.31%) showed a significant differential expression (DE) and 3 993 (16.62%)
showed 2-fold or higher levels of expression changes between the two BIL lines. Through quantitative RT-PCR analyses on dif-
ferent plant organs and developing fibers of 10 DPA, eight selected DE genes, including Ghi.10655.1.51 s_at, ACOI, ARFI,
SAHH, TUAG6, TUA7, p-tubl, and B-tub10, all displayed similar results to theses of the microarray analysis. This indicated that the
comparative microarray results were biologically reproducible. Quantitative RT-PCR analyses were also performed at five fiber
development stages from 5 to 25 DPA on ARF1, -tubl, and fS-tub10. The results indicated that they were all highly expressed in a
period of fast fiber elongation and primary cell wall synthesis (at 10—15 DPA), implicating their roles in fiber elongation. This
study represents the first investigation using a microarray analysis to compare differential gene expressions between near-isogenic
lines with contrasting fiber quality. It provided a list of putative candidate genes for further studies in identifying genes responsi-
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ble for fiber traits and developing molecular markers for marker-assisted breeding.
Keywords: Affymetrix microarray; Fiber length-related genes; Differential expressed genes; Quantitative RT-PCR
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Table 1 Gene and primers for quantitative RT-PCR analysis

Probe Set AcheCs]jilon number Gene name Sequence Length (bp)
18S -F 5'-AACCAAACATCTCACGACAC-3' 20
-R 5'-GCAAGACCGAAACTCAAAG-3' 19
GhiAffx.24112.1.51 at DW509612 ARF1 -F 5'-GGGATGCTGTGCTTCTTGTGT-3’ 21
-R 5'-GCTGACGAAGGGAGTGAAGG-3’ 20
Ghi.8448.1.51 x_at AF521240 p-tubl -F 5'-TAACTATGTCGGCACTTC-3' 18
-R 5'-AATCAATTCAGCTCCTTC-3' 18
Ghi.9969.2.51 s_at DT557030 p-tubl0 -F 5'-TCTCAGTCTTCCCATCACCAAA-3’ 22
-R 5'-TGTCCAACACCATACACTCATCC-3' 23
Ghi.6953.1.51 s _at DQ116442 ACOI -F 5'-TGCCCCAAACCTGACCTAA-3’ 19
-R 5'-ATCCACTGACCATCCTTGAGAA-3’ 22
Gra.2198.1.4A1_at CO100609 SAHH -F 5'-CAGCTCCCAGATCCGTCTTC-3' 20
-R 5'-CACCAACTAATCTCTCCCTCATCC-3' 24
Ghi.10655.1.51 s_at DN780602 Unknown -F 5'-GCTTCTATCACTGCTCGTT-3’ 19
-R 5'-CCTTGCTGCCTTCAAAT-3' 17
Gra.1759.1.51 s_at C0O087419 TUAG6 -F 5'-GTGGATCTTGAGCCTACTGTTATTG-3' 25
-R 5'-CGAAGTTGTTGGCAGCGTCT-3' 20
Ghi.4663.1.41 x _at DTO051323 TUA7 -F 5'-CCGAGGTTCAGAGGGCAGTA-3’ 20
-R 5'-GCACGAAGGCACGTTTGG-3’ 18
50, 100 ; Oligo B2 NMGA-062 NMGA-140
s 2 495 NMGA-140 NMGA-062
, 682 , >
(GeneChip Cotton) ; s NMGA-062 (15550) NMGA-
BioB R 50%, BioC BioD 140 (13 582) R
cre BioB ; RPT (.rpt)
) 3 2.3
5! 1 R
3 ,
2.2 8 R 2 3 10
2 NMGA-062(8479/24029) 30  Fold change lines, 30.
NMGA-140(10447/24029) 1/3~1/2 10. 3. 2. -2. -3. -10 =30,
5 NMGA-062(15170/24029) 2 -2 R 2
NMGA-140(13198/24029) (NMGA-062 NMGA-140 +2)
3 NMGA-062 NMGA-140 s 2 R
7673 12 427
F2 BREXEGR
Table 2 Results of single array analysis
T Vi Vgt oo
NMGA-062 8479 380 15170 24029
NMGA-140 10447 384 13198 24029

Total 18926 764 28368 48058
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Table 3 Comparison of single array analysis

NMGA-062 NMGA-062 NMGA-062
NMGA-062 without NMGA-062 with M NMGA-062 with P Total
signals (A: absent) (M: marginal) (P: present)
NMGA-140 _ 7673(31.93%) 279(1.16%) 2495(10.38%) 10447
NMGA-140without signals (A: absent)
Eﬁg::‘g with M (M: marginal) 124(0.52%) 12(0.05%) 248(1.03%) 384
Eﬁgizijﬁ with P (P: present) 682(2.84%) 89(0.37%) 12427(51.72%) 13198
Total 8479 380 15170 24029
1 NMGA-062 5 NMGA-140 EE TR £ L ESHAE
Fig. 1 Scatter Graph of NMGA-062 and NMGA-140
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R 16.62%, NMGA-062 10 DPA
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1 445 ( ),
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COG NMGA-062 NMGA-140 , NMGA-140 3
2 2
s 23 (2 Ghi.10655.1.51 s at NMGA-062 NMGA-140
(15.57%) 10 DPA
(13.54%), ( ),
(9.29%) 3 >
2.5 PCR TUA6  TUA7 NMGA-062 NMGA-140
, 8 5 TUA6
, 3 ) (Change TUA7
P-value 0.001; log, Ratio 1.5 2.6 p-tubl p-tubl0 ARFI
3, 4), PCR PCR
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, ARF1 NMGA-062 NMGA- R 25 DPA p-tubl0 NMGA-062
140 5 DPA R NMGA-140 ,
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Fig. 2 Functional groups of the significantly differentially expressed genes
x4 BEECHPEARLEHEXESFRIZBEHNER
Table 4 Significantly and fiber-related differentially expressed genes for gRT-PCR
GGenBarllk . logs P
Probe Set ID enBank accession Gene name log, ratio P-value
number
GhiAffx.24112.1.81 at DW509612 Gossypium hirsutum mRNA for ADP-ribosylation factor (ARFI gene) 4.8 0.000020
Ghi.8448.1.51 x_at AF521240.1 Xu-142 beta-tubulin 1 (B-Tubl) 32 0.000023
Ghi.9969.2.81 s_at DT557030 Beta-tubulin 10 (8-Tub10) 2.7 0.000020
Ghi.6953.1.51 s _at DQ116442 Gossypium hirsutum ACC oxidase 1 (ACOI) 2.3 0.000067
Gra.2198.1.41 at CO100609 Transcribed locus, strongly similar to NP_193130.1 adenosylhomo- 1.9 0.000052
- cysteinase S-adenosyl-L-homocysteine hydrolase AdoHcyase (SAHH)
(Arabidopsis thaliana)

Ghi.10655.1.81_s_at DN780602 Transcribed locus -4.9 0.999980
Gra.1759.1.51 s _at CO087419 Gossypium hirsutum alpha-tubulin (TUA6) -2.5 0.999973
Ghi.4663.1.A1 x_at DT051323 Gossypium hirsutum alpha-tubulin (TUA7) -1.7 0.999980




101

3

g

Relative expression Reletive expression Relative expression

Relative expression

>

6.0
5.0
4.0
3.0
20

35.0
30.0
25.0
20.0
15.0
10.0

5.0

25

2.0

p-tubl o NMGA-062
[ s NMGA-140
s 8
i g
(="
5
I 2
I =
[*]
[
10DPA Leaf Flower Bud
~ ARF1
i 1=
F 2
I g
o o
L 5
_ ’—Pi :
[*)
L -4
10DPA Leaf Flower Bud
- SAHH
=]
2
s
g
[+
3
=
[ )
Leaf Flower Bud
- TUA6
=
L 8
B
w
r 2
m :
- &
0 | T iy S

10DPA Leaf Flower Bud

Different organs

300

25.0
20.0
15.0
10.0

5.0

4.0
35
3.0
25
2.0
1.5
1.0
0.5

3 ERREEAMIRRALE
Fig. 3 Differential gene expression for fiber-related genes in fiber and other organs of NMGA-062 and NMGA-140

NMGA-062

100%)

[22-23]

PCR

8

S-tubl0

L.l

10DPA Leaf Flower Bud
ACOI
10DPA Leaf Flower
Ghidffx.24025.1.51 at
1 1 |—.—I— 1 J
10DPA Leaf Flower Bud
- TUA7
1 ODPA Lcaf Flower
Different organs

2 PCR HIE4R

, 8
NMGA-140 PCR
PCR

PCR ,



102

37

350

3.0

Relative expression

ARFI

—s— NMGA-062
o NMGA-140

12

10F

Relative expression

16
141
1.2
1.0
08
0.6
041
021

Relative expression

0
-02*

L
o
5

4 p-tubl. f-tubl0 FN ARFI EFERIER R EE PCR &

Fig. 4 Differential gene expression for ARF1 and p-tubs in
different fiber development stages of NMGA-062 and

Ghi.10655.1.51 s_at
(10DPA) , Shi

1-3 (4CO1-3)
ACO

SAHH

24

15 20 2
Days post-anthesis

#HR

NMGA-140

ACOI
[16]

] c¢DNA

SAHH ,

SAHH ,
NMGA-140 ,
(microtubule)
(tubulin) ,
p-tubulin
tublin

o-tubulin 7
, 4

tubulin

2 o-tubulin
2

(5~15 DPA)

NMGA-062

S-tublin

p-tublin

NMGA-062

[25]

[-tublin
PCR

NMGA-140, 2

[26-27) - ADP-ribosylationfactor (4RF)

GTP , G

[28]

[29]

5 DPA

PCR

ARF

ARF1

ARF

ARF1

10 DPA

ARF1

, ARFI  p-tubl p-tub10

(10 DPA

15 DPA)



103

References
[1] Xiang S-K( ), Yu N( ), Hu Y-C( ), Tang S-R(
), Xiong Z-W( ), Yang W-H( ). Discussion on

(2

[3]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

the current situation of cotton quality in China. Acta Gossypii Sin
( ), 1999, 11(1): 1-10 (in Chinese with English abstract)
Ferguson D L, Turley R B. Comparison of protein profiles during
cotton Gossypium hirsutum L. fiber cell development with partial
sequences of two proteins. Agric Food Chem, 1996, 44: 4022-4027
Schuber A M, Benedict C R. Cotton fiber development kinetics
of cell elongation and secondary wall thickening. Crop Sci, 1973:
704-709

Kim H J, Triplett B A. Cotton fiber growth in planta and in vitro.
Models for plant cell elongation and cell wall biogenesis. Plant
Physiol, 2001, 127: 1361-1366

Basra A S, Malik C P. Development of the cotton fiber. nt Rev
Cytol, 1984, 89: 65-113
Shang-Guan X-X(

), Wang L-J( ), Li Y-E(

), Liang Y-S( ). Progress in studies on molecular

mechanism of cotton fiber development and quality improvement.

Cotton Sci ( ), 2008, 20(1): 62-69 (in Chinese with

English abstract)
Luo D( ). Latest advances in mechanisms of cotton fiber de-
velopment from China. Mol Plant Breed ( ), 2006,
4(3): 1-3 (in Chinese with English abstract)
Zhang H( ), Tang W-K( ), Tan X( ), Gong L-L(

), Li X-B( ). Progresses in the study of gene

regulation of cotton fiber development. Chin Bull Bot (

), 2007, 24(2): 127-133 (in Chinese with English abstract)
LiCH, Zhu Y Q, Meng Y L, Wang J W, Xu K X, Zhang T Z,
Chen X Y. Isolation of genes preferentially expressed in cotton
fibers by ¢cDNA filter array and RT-PCR. Plant Sci, 2002, 163:
1113-1120
Arpat A, Waugh M, Sullivan J P, Gonzales M, Frisch D, Main D,
Wood T, Leslie A, Wing R, Wilkins T. Functional genomics of
cell elongation in developing cotton fibers. Plant Mol Biol, 2004,
54:911-929
Zhao G R, Liu J Y. Isolation of a cotton RGP gene: a homolog of
reversibly glycosylated polypeptide highly expressed during fiber
development. Biochim Biophvs Acta, 2002, 1574: 370-374
GoulJ Y, Wang L J, Chen S P, Hu W L, Chen X Y. Gene expres-
sion and metabolite profiles of cotton fiber during cell elongation
and secondary cell wall synthesis. Cell Res, 2007, 17: 422-434
Wang HY, Yu Y, Chen Z L, Xia G X. Functional characterization

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

[23]

(24]

of Gossypiurn hirsuturn profilin 1 gene (GhPENI) in tobacco
suspensioncells. Characterization of in vivo functions of a cotton
profiling gene. Planta, 2005, 222: 594—603

Li X B, Fan X P, Wang X L, Cai L, Yang W C. The cotton
ACTINI gene is functionally expressed in fibers and participates
in fiber elongation. Plant Cell, 2005, 17: 859-875

Li X B, Cai L, Cheng N H, Liu J W. Molecular characterization
of the cotton GATUBI gene that is preferentially expressed in fi-
ber. Plant Physiol, 2002, 130: 666—674

Shi Y H, Zhu S W, Mao X Z, Feng J X, Qin Y M, Zhang L,
Cheng J, Wei L P, Wang Z Y, Zhu Y X. Transcriptome profiling,
molecular biological, and physiological studies reveal a major
role for ethylene in cotton fiber cell elongation. Plant Cell, 2006,
18: 651-664

Ouyang B, Yang T, Li H X, Zhang L, Zhang Y Y, Zhang J H, Fei
Z ], Ye Z B. Identification of early salt stress response genes in
tomato root by suppression subtractive hybridization and mi-
croarray analysis. J Exp Bot, 2007, 1: 1-14

Yin HY, Zhao Y C, Zhang Y, Zhang H W, Xu L Z, Zou Z, Yang
W P, Cheng J, Zhou Y X. Genome-wide analysis of the expres-
sion profile of Saccharomyces cerevisiae in response to treatment
with the plant isoflavone, wighteone, as a potential antifungal
agent. Biotechnol Lett, 2006, 28: 99—105

Chaudhary B, Hovav R, Rapp R, Verma N, Udall J A, Wendel J F.
Global analysis of gene expression in cotton fibers from wild and
domesticated Gossypium barbadense. Evol Dev, 2008, 10:
567-582

Hovav R, Udall J A, Hovav E, Rapp R, Flagel L, Wendel J F. A
majority of cotton genes are expressed in single-celled fiber.
Planta, 2008: 319-329

Jiang J-X(

), Zhang T-Z( ). Extraction of total RNA

in cotton organs with CTAB-acidic phenolic method. Cotton Sci

( ), 2003, 15(3): 166—167 (in Chinese with English ab-
stract)
Wang H-S( ), Hou X-S( ). Research progress of

gene chip technology. J Anhui Agric Sci ( ), 2007,
35(8): 2241-2243 (in Chinese with English abstract)

Udall J A, Flagel L E, Cheung F, Woodward A W, Hovav R, Rapp
R A, Swanson J M, Lee J J, Gingle A R, Nettleton D, Town C D,
Chen Z J, Wendel J F. Spotted cotton oligonucleotide microarrays
for gene expression analysis. BMC Genomics, 2007, 8: 1471-2164
She Y-B( ), Zhu Y-C(

), Zhang T-Z( ), Guo

W-Z( ). Cloning, expression, and mapping of S-adenosyl-



104

37

[25]

[26]

[27]

L-homocysteine hydrolase (GhSAHH) c¢DNA in cotton. Acta

Agron Sin ( ), 2008, 34(6): 958-964 (in Chinese with
English abstract)
Dixon D C, Seagull R W, Triplett B A. Changes in the accumula-

tion of a-and B-tubulin isotypes during cotton fiber development.
Plant Physiol, 1994: 1347-1353

LiYL,SunJ,Li CH, Zhu Y Q, Xia G X. Preferential expression
of a beta-tubulin gene in developing cotton fibers. Cotton Sci,
2002, 14 (suppl): 43

Ji SJ, LuY C, Li J, Wei G, Liang X J, Zhu Y X.

(28]

[29]

A-beta-tubulin-like cDNA expressed specifically in elongating
cotton fibers induces longitudinal growth of fission yeast. Bio-
chem Biophys Res Commun, 2002, 296: 1245-1250

Yang Z B. Small GTPases: versatile signaling switches in plants.
Plant Cell, 2002, 14(suppl): 375-388

Ren M-Z( ), Chen Q-J(

), Zhang R( ), Guo

S-D( ). The structural characteristics, alternative splicing
and genetic expression analysis of ADP-ribosylation 1 factorl
(arfl) in cotton. Acta Genet Sin ( ), 2004, 31(8):

850-857 (in Chinese with English abstract)

GEATEX )
2010 4 11 A g
ISBN978-7-03-029425-8

Bha K A

B W ARFLE 5

(£ ITIE TR AL F M)

“+—A” BREEE B HBRAXAE
BL R A FEAR K F

ZM: ¥38.00
FFAK: B5

Ew PFE

22

fLET RN

=X BEEAELHERNEE
@Ry i R KA
J Cargrnwni Soren of Aopled Bamorolige

PR NN W'Y

WL I BNCER,COMm

=h

:010-64031535 E-mail: zhouwenyu@mail.sciencep.com

: http://shop.sciencepress.cn

:010-64012501

>

http://www.lifescience.com.cn  E-mail: lifescience@mail.sciencep.com



