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arboretum ldentified by cDNA Microarray

ZHAO Guo-hong, WANG Sheng, JIA Yin-hua, SUN Jun-ling, WANG Jie, DU Xiong-ming

(Cotton Research Institute, Chinese Academy of Agricultural Sciences/Key Laboratory for Cotton Genetic Improvement,

Ministry of Agriculture, Anyang 455000, Henan)

Abstract: [Objective] The objective of this study is to isolate genes related to fuzz initiation and development in Gossypium
arboretum. [Method] The filter arrays of cDNAs were performed to identify the differentiation expressed genes between the
wild-type DPL971 and its fuzz mutant line DPL972 in the early developing stages of -3DPA, ODPA, +3DPA, +5DPA, and +7DPA.
Compared with the database of model plant Arabodopsis thaliana, some genes related to the initiation of the cotton fiber were
isolated, and part of them have been verified by RT-PCR and QRT-PCR. [Result] Eight genes related to fiber initiation and
development in Gossypium arboretum were identified, and seven of them, KAK(DR461366), MYBS5(ES812048), TTG1(ES811600),
MYB23(DR453866), CSLD3(DR459646), RHD2(DR461821), ZWI(ES791383), were highly homologous to the Arabodopsis
proteins which played important roles in the initiation of the trichomes development in Arabidopsis. The result of RT-PCR and
QRT-PCR indicated that the 5 genes of MYB23, MYB5, TTG1, CSLD3, and RHD2 had significantly different expressions in +3DPA
ovules between the fuzz mutant line DPL972 and its wild line DPL971. [Conclusion] It implied that these genes may be related to
the initiation of the fuzz fiber, the first gene may inhibit the fuzz differentiation and the latter four may promote the fuzz
development.
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B35 6 4 R2R3IMYB KKK (GhMYB1—
GhMYB6) , H' GhMYB1. GhMYB2. GhMYB3,
GhMYB6 IA K] JLAN iy WS 43l B BRAE AR fS 9 d
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111 MM cDNA GRS AR A 0 9 A
DPLI71 K o848k DPLOT72, it iy 5143
FARL, BRTERIGRIIR G PAFEE I W 2 mah, fif
WS RHE FJL T8 200 o ] LUK 2 45 5L A
F o MORVRIRE T B A A} 27 B AR AR I LT S 50 A 3
MOEHETFARET 1 d JEAT A A IFMlbRid 43 Sl EY
-3DPA, ODPA, +3DPA, +5DPA, +7DPA [FIJIFEk,
1 —70C.,

1.1.2 B4 5&7  cDNA GH P 36 000 AN
FEPR pe [ f bR R B B AR A, A A% dr b
5CT B AR Wy AT R 2 | A B 5E . To-oligo(dT)s
( 5“AAACGACGGCCAGTGAATTGTAATACGACT
CACTATAG GCGCTTTTTTTTTTTTT TTTV-3', V iJ
L2 G, C 8 A) #1 9 Random Primer W i1V 4=
WEARGIRAT] . Klenow [ &% RNA PCR Kit Ik
HERAY AT . RT-PCR (£ 1) Al QRT-PCR Fi 4
Fol W KEE YA A G . QRT-PCR H1,
DR453866 5914 F Bt JE K 94 bp, WAREERRY
B-actin. [ 4%k SuperScriptIll (Invitrogen) Tt
W B Y E AR AR AR . SYBR Green PCR
Master MIX (ABGene, Epsom, UK) T It 5{BKEL
R AR AT

1.2 Fik

1.2.1 RNA AY4REC & RNA FO42EUEH CTAB 5
12, Fi DNase 1 4b2E 2% DNA 154,

1.2.2 RAKESHOHE& KHEH PCR 5199
#, PCR RN K= atitk FIARHEJ7 233047, it 3l
Bl HL K I 4% PCR i o K Il 5 (SR L IR T
3XSSC ¥, ARJF s IESRE Fr b Gk A il TR
UV Bk, SRJ5H 0.2%SDS, 7K 0.2%M Ak i i
ABFE 10 min Jig By T4 H

1.2.3 cDNA HATERKER & RNA LL Ts-oligo
(dT)s H 514, il cDNA Synthesis Kit & XU cDNA;
XHE cDNA HEATHRAMNE G % cRNA; | M-MLV
(Invitrogen) ¥ 5A1 9 Random Primer #8417 [ i%
Ko FEHLL 9 Random Primer 4y 514317 KLENOW i
Fric, Jrf Cy5-dCTP . Cy3-dCTP K JE A 40
umol-L™ s #ic [ DNA %1~ 30 pL 2458+ (3 X SSC,
0.2%SDS, 5XDenhart’s, 25% il , 42°CHATE
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Table 1 Part of PCR primers with differentiation expressed
genes used in RT-PCR amplification

51951

Primer sequence (5'—3")

Clas]

Accession No.

DR453866 GGT TGA GAT GGA AGA AAG AGT G
ATT GTG AAG AAT GAG CAG TAG G
ES812048 GTG AAG GTT TGA GTG ATG GT
CCC CTT CTA AAG TTC TCT CG
ES811600 TAT TTG GGA GTT GCC TAC G
ACT CTC TTT CCT GCC CTT CT
DR459646 TTA AGT GGT CTG GCA TTG AGT T
CCC AAA GGA GTG ATA TGG TGA T
DR461821 AAC TGA ACA TGG CAC TGA TAC T

GCA CTT CCA TAG AGGTCGTAA C

Wo FAEER G, AF 42°CH 0.2% SDS, 2XSSC I
AR 5 min, T ELE 0.2 X SSC F1 3 H%E 5 min. B

AT G T4
1.2.4 YREGFXESHE 2P A LuxScan

10 KA XUHIEHOEH X (CapitalBio 2 w76
K H GenePix Pro 4.0 K143 #7144 Axon Instruments
AFD RS EUGIEAT 0T, RGBS SR
559 AR EEEEH Lowess ikl TIH—
s 5 i DA S oA P A5 AU AR HE DR o 22 e AR IB I TR
Ratio>2 AFIAWE FiH, Ratio<0.5 HFAWET
W, HR4E Ratio {H AR L AT AHE T 5L DRI 7E A 7] B
WA ZRIB AR EAE o

1.2.5 RT-PCR #1 QRT-PCR Wif ZH2FE i A4
HraRAF )P4 DPLO71 A HOGFF 584844 DPL972 ]
H 2 F R LK HEAT RT-PCR fl QRT-PCR il o
J RNA PCR Kit ¥ 1 pL & RNA #5558 cDNA 45
—iE, RNAKZ N 2 mol-uL”! Z£4 514, 0.2 mmol-uL!
dNTP, 0.5 U Ex Taq DNA K&, 1/10 AR 10X
Ex Taq buffer, HI/KIAFE] 20 pL. B TASFEIZEKE K
BT AR UG E, A B & A2 )5, A RN
HHT 2 KEH .

QRT-PCR Jx % ] Lightcycler480 ( Roche ,
Switzerland) BEAT, AN [HJIE HA R IR R HR 20 B 2 pg
RNA H T ek, [k SuperScriptlIl, [z AAFR
20 pLo f/K 80 pL W2 J5H T QRT-PCR.
QRT-PCR Jx WAk &% SYBR Green PCR Master
MIX, ¥ #FEFM R, 95C 10 min; 95C 155, 60°C

1 min, 40 MEH, HMAKRER 3 K, HEHCFY
fH.

2 %R

2.1 EERIKIEDH

I 2> BB PN DPLO71 A HOGkF 58 48 1k
DPL972 [#]-3DPA, ODPA, +3DPA +5DPA, +7DPA
BRI IRER RNA Hil#¢ T 5 ik . BF2ER DPL971
M TG4 DPLIT2 435l Cy3 #1 Cy5 i 4258
TRk E, FH Lowess J7vkidb4rmlH s34, LA
Ratio>2 Hll Ratio<<0.5 AFrAEFREI/E T PHE DPLI71
J K548/ DPL72 Jitikse 5 NI A Rk 72 ¢
FE I 1 779 A~ Y5 NCBI 4 7+ 8 e
BLASTx LUXT&ESR, 402 A2 RIAIER 2 24 WA
PIThREERE, RATIEEIEFA 1 377 e M &5 R
(B 1D FTLUE IR 1 2 R IA B AE ODPA i,
TE+3DPA iA 3 H . 78 ODPA FiREEI A 1714, F
WL 235 4~ FE+3DPA LY 584 4N, FifiSE
K2R 663 Ao XA R 5T AW TR AL 3 % BAE
+ADPA JFUGEEAT S 2 IR S 45 FARST -
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1 cDNABRHRENESRAENAERREERLER
Fig. 1 The number of differentially expressed genes in ovules

at different developmental stages by cDNA microarray

2.2 BYERABHEXEENHE

FEBRIE) 1 779 A2 5k DA 5 10 B A ) o i 0 vl
FrEHEE (http://bioinfo.capitalbio.com/ mas) #H%5 4,
RIAE U P 22 5 RIBFE R A7 A 8 NS TR 4B
SR BRI (R 2) , Hdf 7 NMERL
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BT i AT AN I 2 1, KAK (DR461366) - MYBS
(ES8120 48) . TTGl (ES811600) . MYB23
( DR453866 ) . CSLD3 ( DR459646 ) . RHD2
(DR461821) . ZWI (ES791383) . iX#EJLprhdy 3
>, MYB23, ATMYBS fil TTG1, B4 #4RiE (ol pg I+

R 2 cDNA R IFIERI AT BES R TEIESEIE N L A HHEXHER

BB E RS T EEER .. RHD2, 45
WEE T ZWI FIEF4E 55 i 11 CSLD3 fE414E R B
WAHEEMEN. X 8 A& RKIAIERFIYLE ODPA K
+3DPA & 25w, P 6 ME+3DPA HA B
(12558, 47 3 MEKTE ODPA BAG B MR (£ 2).

Table 2 Genes related to the initiation of the cotton fuzz fiber identified by cDNA microarray

B AR R ERE EfH RISIEDL **
Accession No.  Ath Gene ID Description E-value -3, 0. 3.
+5. +7DPA
CMO096F05 AT4G38600 HECT $AZ #iEH:H A Putative HECT ubiquitin-protein ligase 3 (Glycine max) 7.00E-20 00-00
UFL062F06 AT3G13540 MYB2 K MYB-like protein 2 (Gossypium barbadense) 3.00E-48 0+00+
UFL047B02  AT5G24520 WD H& 4 GhTTG3 WD-repeat protein GhTTG3 (Gossypium hirsutum) 1.00E-56 00-00
CMO017G06  AT5G40330  DNA &G 1/#5% 41  DNA binding / transcription factor (Arabidopsis thaliana) 7.00E-53 00+00
CMO05E08 AT5G55480  H MBI G — R EWERR — Nl S A 3.00E-71 00-00
Putative glycerophosphoryl diester phosphodiesterase family
Protein (Nicotiana tabacum)
CMO78E04 AT3G03050 Y FEATRUE I D4 Cellulose synthase-like protein D4 (Populus tremuloides) 3.00E-74 00-00
CM101D12 AT5G51060 FALEFE 1 C  Pespiratory burst oxidase protein C (Arabidopsis thaliana) 2.00E-93 0-000
UFL144A01  AT5G65930 A ZE 45 Kinesin-like calmodulin binding protein (Gossypium hirsutum) 3.00E-142 0+-00

*: CMO096F05. UFLO62F06. UFL047B02. CMO078E04. CM101D12 ©L44:5d RT-PCR 5. **: JEFFE-3. 0. +3. +5. +7DPA cDNA .5 )7 1)
FIEMWUL, “07 FIRAE cDNA B ERARE, “+7 Fox LRE, “-7 o8 THRE

*: The microarray results of genes CM096F05,UFL062F06,UFL047B02,CM078E04,CM101D12 have been verified by RT-PCR. **: The expression of
microarray results in -3, 0. +3. +5. +7DPA, “0” shows no difference expression between wild type and its fuzz mutant, “+” means gene expression in fuzz
mutant>>2 fold in wild type, “-” shows gene expression in fuzz mutant<<0.5 fold in wild type

2.3 RT-PCR #0 QRT-PCR IiEER i H £ R R IEERA
HUESEE R EE AL, K TPkt k)

8 ANFEPHIEIL 5 4 (] 2) 7£ ODPA. +3DPA. +5DPA.
+7DPA HHATIGUE, R4l cDNA {5 243874 EST
w514, Wit RT-PCR 4 M EM AL A [A] I # 30k
A . ANE G DAY I R AN E] 9 SR A 2
(25—45 MBI RATY 3G 2 7 RO e, BN

HEE Y W Ur 2= S rfae . RT-PCR 45 oK,
MYB23 (DR453866) {15874 A& DPL972 H[{) ik & L
$y4E7 DPLO71 i By, H+3DPA 727 f ¥,
ZHE N FEEY A B+3DPA Rk AR, LA,
MAE AR AL AR B A, I 3 AN
ZENMEEBE Z M5 BE; MYB5
(ES812048) 7EiX 4 AWM ER h ik ik, By

NSRS A+5DPA FI+7DPA %53 B3, AR
ZHERAE+SDPA i B, SR A R
W, M+7DPA 1ZIE RIAE SRR A R i, fE5EAR R )
. %EKAE ODPA FI+3DPA % FAK; TTG1
(ES811600) E+3DPA HpA: I W I 11, 145748

e I, e R ZE R AR CSLD3 (DR459646)

FikEWBAL, HAF+3DPA HI+5DPA %3 4W3%, 1F
X2 NI AR R 2 R R SR e L SR R A
;5 RHD2 (DR461821) fEiX 4 AR HIFRIA 2 AR L
R, P, BR{E+3DPA, BFAEALIZERILEL
FESRAR I g 2 Ah, HE 3 NS LD AE S AR A
HIZRIR R A LB AR By, Gl 5 Ratio {HALL
AT LLE Y, Z%0 RT-PCR 41 45 B 51 F 4e s 45 1
AR —8E (B 2 FR 3) o (H)E, s
ERIFAE RS B8 ]R8 #iln, MYB23 1k
+7DPA.MYB5 7t 0DPA L) J2 RHD2 7i: 0ODPA FI+5DPA
HAFFE B MR (HAKKDE, RT-PCR FUS
MG RAF AR o ARE— DRSS e, 28
#LL MYB23 (DR453866) MHIRANMEAT T RT-PCR
1 QRT-PCR 7341 (& 3) o R M T iz 3k A (1)
FILFHE, ZEHAE RT-PCR 840 T AN [ i 01V 26 £
RNA. 8 E/R, 554k DPLI72 AHELE:, %K
TEEP AR DPLO71 Rk il 4K, 7E+1DPA,

+3DPA, +4DPA X JL/NWFIH 2 g Wb 2%, JUHAE
+3DPA ZAERIAE R AR R LA, 55 Ratio
{H 45 LAY . 7 QRT-PCR 1, %K 7F ODPA FI
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DPLY7I DPL972 +3DPA %t 3, RN BWEAFIE 45 R AE XL
: AN SO [+

iR gE Ba LI ] MYB23 (DR453866) . MYB5
(ES812048) . TTG1(ES811600) . CSLD3(DR459646)
I RHD2 (DR461821) X 5 /™ [ 7 4 48 5 4% 44
DPL972 L H#f/E7 DPL71 [{)+3DPA JRERH ik 22
SR, T+3DPA IE MM R B ISR
W, T LABEEIX 5 AR AT e 5 4k AR R B ARG
MYB23 (DR453866) {L5¢74% & DPL972 i3I Fii,
SRR REL R, 17 MYB5 (ES812048) . TTG1

2 SANEREREAEAELE NERHEIRY RT-PCR (ES811600 ) . CSLD3 (DR 459646 ) . RHD2
Fig. 2 RT-PCR detection of five differentiation expressed (DR461821) E5%4 4K DPL972 RN, B4
genes at different fiber developing stages TR R I X B MYB23 1] BEFI I 98 0 A Fl K

R3 SNERREERAEAELETFEH DNA R TR Ratio B

Table 3 Ratio value of five selected genes from cDNA microarray analysis

ko b E EfH Ratio
Accession No. Gene E-value

0DPA +3DPA +5DPA +7DPA

R(M/W0) R(M/W+3) R(M/W+5) RM/W+T)

CM017G06 MYB23 8.00E-51 1.1886 2.7015 1.1657 0.8766
UFL062F06 MYB5 2.00E-45 4.4666 0.5892 0.7508 11.8886
UFL047B02 TTG1 4.00E-51 0.6904 0.2781 0.8168 0.9737
CMO078E04 CSLD3 7.00E-74 1.0988 0.3161 0.6532 0.9962
CM101D12 RHD2 2.00E-109 0.3884 0.5572 1.1165 1.4774

5 FrRatiofd ¢cDNA microarray ratio value

—8— DPL972FIDPLI715¢ ¢ 58 B Ratio bt fH
3.5 DPL972 and DPL971 QRT-PCR Ratio relative value

30 F
25 F
20 F
1.5 F
1.0 F
05

0

A B

DPL971

LA Ratio

DPL972

UBQ7

0 3 5 7
KM ] Development stage (DPA)

A: MYB23 (DR453866)I] RT-PCR 4iiF; B: MYB23 (DR453866)[t] QRT-PCR 43 iiF
A: Verification of microarray results by RT-PCR; B: Verification of microarray results by QRT-PCR

Bl 3 RT-PCR 5 QRT-PCR 3t cDNA itk i 45 SR AU Y IE
Fig. 3 Verification of cDNA microarray results by RT-PCR and QRT-PCR

7, 1l MYB5 (ES812048) . TTG1 (ES811600) . 3 i
CSLD3 (DR459646) . RHD2 (DR461821) ki nJ vire
REfE HER R ML MRETHERER R BB M K T 2 4 DB 2T
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Yekilh . MK, AEREDIRRA 4, X 4
AN AR A, (RIS, AT AT
A TR AEIX 4 AN, SFYEa0 B4 25 i o,
FEpEE B AR AN, A AENERNS L4
RE DR K9 E MREIHRR, HITk
I JG 1) 1—2 d AR (01T 22 3 5 4N IR ey A= 386K
R, ARG RN, MO ISR AT
4 dP, g NN AETFAE G 5—10 dM. g &S]
AT UG Fr W82 I/E I A= R DPL971 fI+4DPA JEEREE 7
A A O ARG, B A IR ER R
FeA Mt B T 58, DPLO71 %5 2% o8k 1 4 Il 7
+SDPA, —BRUL, LF4ERIE SN LR AR e LRI
Z W1 2—3 d, Kt DPLO71 FRERZE S 4t 4 2 Wk
b CEYRRE) NAZ KR AAE+3DPA 2R . iz HIFER T
B ARG AR B AE A DPLO71 % L J 48 58 A8 1k
DPL972 £F 4k Kk & i Wb A7T b i ik fe b, R BLAE
0—3DPA, JUILE+3DPA 7 57 04 fh FE R i e sR 1
T, KT R AL T LT 4 AN T A 45 P B R AR O i
(1, XSGR AT Re AR B3R 2 IRy T
KR

IR TF2 B B AR LT YR 40 M #1021 & 7
MR, iR 7R R, M TR
BOLPWIENIAR L BRE M —FER, Wt 53
FATFAE R LA, ik 8 AN nT e S ARET 4k H A
KIHE . X 8 MIERI P, A5 4 AL HAT ALK
Tk, TERBIA+3DPA HAT B FifiEs, XA
IR T +3DPA TERS AR 4RSS 2 RSS2,
FWIIE ) P2 R 7 vl /e AP R 4G R B b il T1R
KEILHI.

FIFH cDNA & B AR M YRR B 474 DPL971
HIEY G Ak DPLOT72 $hik () 8 NS5 4F4E R H AL
Z e FILFER T, DR461366 ST KAK R E A
B R, KAK 2 1 4mhd K 1) HECT 2 2 5
RSN, XANFKIRIIEN SR Y BB SEE
MG, %I R Z AR £ 1N 3R B W4y U
DR453866 Fl1 ES812048 4754 m 7+ MYB23 Fl
MYB5 HA B i Al M, iX 2 AN 3E K8 T R2R3MYB
FWEHEIN, AtMYB23 714U R I+ A= R Hp (g il SRk mf 3
O R BHCR D, AMYB23 1] gL GLL/WER
Hi M ReES, WHEMEITH A REEMEE
A ATMYBS H REZEPLRE 7+ ) B4 IRl i
& A I AE IS, QRT-PCR 43 #7 & Bl MYB23
(DR453866) {EBFAM+3DPA AR AL, MAESRAR

R ZIE N RIA B — AR LU, Al iR dE N AR T
YA b B RIS S EUEBA R, Rk
M ¥ RT-PCR 275, MYB5 (ES812048) 7£5E
AR R R Rk BIRAK, JUHAE ODPA (. +3DPA Fil+5DPA,
MAEEFE+3DPA FI+5DPA FRiZJL N ik B,
N RE T ZIE N G KR B M R — e e
HEAEM . HATCUF Sl S+ R B 8 2 i 3 A4
FE GL1. GL3. TTGL 77 W 4 1 1) &2 4 4k
MYB-bHLH -WD40 JJ1## il . ES811600 5Ll g7+ TTG1
AR AR, TTGL 4itd &4 WD40 EE A1
A, XA DR T D s S e S A A
YEHIUY, TTG1 (ES811600) 7EiX 4 M) RT-PCR
o, AR ODPA FI+3DPA HiA R, M7eE
MhREE—EHRm, TRel TR SR E T
REERHHR A B T OB E AL S, WS
B YABETEH X E . DR459646 1 DR461821 434
Ljflrg 7+ CSLD3 fl RHD2 & A A, 1X 2 AN AN
PR IFREEBRIESERAAEENEM, EREE
S AL I BRI & 220K, AtCSLD3 35 R 4 i 21 4
FOMED, ERREIRE R E A KR
BEVERT, % R S AR AR R MR AE UL B AR B 58 Ui 4y
IAGJE I EA KR, TR RHD2 2848 thm LS 3
F LB LA KLY, #E RT-PCR 4047, RILIX 2 A4
FERIFE+3DPA FEAR A FRIA SR NI, A AT REsEm
FYRMIER K E . 5 ES791383 [RIVAMLI R 7+ ZWI JE
gt E i, fEaR B B L A 41 i 734k
D5 EA R IR, ZWI R A T LA S R
B2 B4y SR AP BIR BT EE IR T KAK
MYB5, MYB23., TTG1. CSLD3, RHD2. ZWI 255L [
AMEXU R IR BRI R B A K, XHRLF4ER 1k
AR B A FEEE AR

—MERUF, cDNA WS H R, (HXT L
RIS, WR OB, MMERAEES, S
P TE I o ASBRE RS ] — A & I S 1 A 2 R 5
AR AHIE KRS A b, R RS T 8, H
B, 6 22 AN R I I A TR S AR R R B 1) 22
FERIHEAT U8R, AR T8 Se v B, sl G iR 2
EHMHTIBER O T B AR R RSB R Ak &
BRI (43DPA) , AR IE I 0 I A T 1
By LR RUFI AR R IR BRI ERT 7T, A AL E SR,
B IX iR 48 N RIE A LT /i, o n] AHERS:
SUN—AN I — N B R 8 H DR B, XAl
WnT DAk N R 22 . kAN, EH AT T ZANEN



436 hoOE R W B %

43 %

R B PCR, FHTERUE S A 4 B, AT
M Bk, ANREG BT LLUEE S cDNA S A EE
FEAE R BE M ), 85 R 4 IR LU T T

B REN AR M, LR EHYRE T
LR R BER 2% o A T8 B8 10 ek, AR XS K
EREKEAT—— 2 THUE, Rl REEs T A D 555K
SR EARIIFER . AWFFE R E] 8 AN nT g 55 WG
AR EMHRIEER, (USRI M I Caf
A D REIERE I 402 AN 22 e R BE N, i 1 377 A
RANDIREHE AW K, Hh g 5 HIRE2 55
YR BARIIER, ¥ T — P AR E AT,
BAR, e R B AERK R T I — NI R,
B IE R %, AREE B cDNA B 5H
A T EH A 45 A A % Hh /D B S AR AR 4R R
BAHKMIED, AR B EY) R B BB T 1
KO BN R & — R AT @A

4 g

AWFFCLL cDNA & B HEA, FRik it 8 M5
W5 A8 2 4 B R W) 46 kB A G AR B KAK
(DR461366) . MYB5(ES812048) . TTG1(ES811600)
MYB23 (DR453866) . CSLD3 (DR459646) . RHD2
(DR461821) . ZWI (ES79 1383) #1DR452709, %4
RT-PCR A1 QRT-PCR #2050l A7 5 AN SE A 0] g5 M7
R 2R B MI9C, MYB23 (DR453866) JE[K A fig
M, 1 TTG1 (ES811600) . CSLD3
(DR459646) . RHD2 (DR461821) . ZWI (ES791383)
4 AFEDRIU AT REAEBE T % SRR H
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