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5Bt % K€ & PCR (RT-qPCR) #4975 skAb 2 A B TAR . 2| ob. 85 4 MR LB L T 69 T BARB, M0 T o9 R
AKX, [#R] &% L% GhGDPD1 1B, 4 AEEAFIKEH 1149 bp, k%A 302 AR LEH, BT GDPD £
#, AP HEE—AMEFTL MK, % GDPD GDES like 1 plant, ¥ & % RT-PCR #» RT-qPCR X 3b 4 £ 3 2 7+ .
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Abstract: [Objective] Based on the analysis of differential expression sequence data of genome-wide
expression profile of Gossypium hirsutum * Xinluzao 19  seedlings under low phosphorus stress in our
previous research, this study aims to explore the related genes, and to clone and analyze their expression, so as
to provide a scientific reference for further research on the biological functions of GAGDPD1 gene and the
cultivation of new cotton germplasm with the efficient utilization of phosphorus. [Method] GhGDPDI1 gene
was cloned from ‘Xinluzao 19’ . Genomic DNA and cDNA sequence of the gene were performed, and the
genetic structure and evolutionary relationship of GAGDPD1 were analyzed by bioinformatics method. Semi-
quantitative RT-PCR and fluorescence quantitative PCR (RT-qPCR) were used to detect the changes of gene
expression in root, stem, leaf and flower tissues, as well as the expression pattern under low phosphorus stress.

[Result] The GAGDPDI1 gene was cloned, with an open reading frame sequence length of 1 149 bp, encoding
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382 amino acids. This gene sequence belonged to the GDPD family, with a conservative structure domain
named GDPD GDES like 1 plant. Semi-quantitative RT-PCR and RT-qPCR showed that GRGDPD1 gene
was mainly expressed in roots, moderately expressed in flowers and stems, and slightly expressed in leaves.
After being stimulated by low phosphorus stress, the gene would immediately respond to low phosphorus stress
and its expression level reached the highest value after 4 hours of stress. [Conclusion] The GhGDPD]1 gene of
‘Xinluzao 19’ is successfully cloned for the first time. The tissue expression of GAGDPD]1 and its expression
pattern under low phosphorus stress are obtained. [Ch, 7 fig. 1 tab. 18 ref.]
Key words: Gossypium hirsutum; low phosphorus stress; gene cloning; bioinformatics analysis; expression

analysis
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B AL A R oA AT OGS, 26 1 > GDPD 4aft ik N FE R IR A TR Escherichia coli HHY%EE , BN
Z 5 H AT H 0 -3-BE R SR RS, PR RROK A B DA RN A5 4 & b R A EZAE P, A%
% GDPD ) N 25 41 XF 8¢ /010 GDPD 1 S 76 W LBk 51 %8 N Daucus carota var. sativa. 3% [E ¥ #li
Platanus occidentalis FN1HNFG It Arabidopsis thaliana 4 MB35 37 9 (1) W 300 RN 48 e g 2 00O, i g
ARG TR 2 5 G AT AL Y — 02—, DRl FESRBESSIE T DR AR b P Al T LB A B8 i il )
FHRCR ) EE R

H E AR AL Gossypium ARFNG TRICIH], 835 [ S8 A AP 4T T —Fh XAk . R T AR A AL
PR, S ARW G ARSI . SEE LA, B T RE RGeS T, PR TR EAR AR A
PR AR o 1978—2019 4P [E AR AEFAR T AUZ AR WD, [ RO AR ESR B S m ™ . B, B
ast. RN BT AR AL SRl $RFHRRAESL BT, TR R AR A IR EE R 2 — AR
S VAR HUAR  HBE 197 Gossypium hirsutum  “Xinluzao 19° ARIGAF KL, FEfE T GhGDPD1 J&[H . R
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1.1 A

K FH B3 B 5 0 3 O 0% W8 v 2k Bl b A S A ORRBE R 197 SR IR M RE, 7T R R 4 R AR A A B
(34°59'N, 112°42'E) A7 KBS, HEPCKREA A HREF 197 MRRER . £, of, 440, H
T8t GhGDPD1 H:HNFE 4 P2 YRR R D o

B CBrRERE 197 MR AR TS T ERE AP R SR N, 28 C fEIRIGIRA OLME 14 h JREF 10 h)
ERFR AR =, RBRK AR H -S04 2ok, 12 Hoagland 3R EGFR 1 A5 400
2K F, BPAE #5403 (SP: 1.00 mmol- L") FIAIK @ 40 2 (LP: 0.01 mmol- L), i @ iR — & 81
(KH,PO,)o APRIE KB —2, DL 1.0 mmol-L™' AAR#E, (KBS IR T LLSLHE (KCI) #h5F K, H
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3 F2 5 %A 2.0 mmol- L' Ca(NO;),* 4H,0, 2.5 mmol- L'KNO;. 0.5 mmol-L"'NH,NO;, 1.4 mmol-L"™
MgSO,* 7H,0. 1.0x107° mmol-L™" ZnSO,*7H,0. 1.0x107° mmol-L'MnSO,-H,0. 1.0x10™* mmol-L™"
CuSO,-SH,0. 1.0x10 mmol-L'H;BO;. 0.5%107° mmol-L™" (NH,){MO;0,,-4H,0. 0.1 mmol-LEDTA-
FeNa'lo J3Jil4b# 0. 4, 12, 24, 72hJ5, #H 3 BRAEK S0 R 197 Ritk, JHES BOLHRE
M, RFHHEE THREAT, —80 CIRAF&H . B HIWEIRW , i pHRREE 6.5 &£4, & 3dE#H
1 EFRM
12 7k
1.2.1 3143t MR Bl A AR APl 10 i PR 2 8 1t 22 S 3Rk L R P A ke A7 o pr, AR
FAWHAAE B A0 (NCBI) Wik i) EST £54 i i R 22 S R IAH P4, 152022 AR RUT S . F
I A3 AR AULAE 3 81 (BT 35 R > 50%, FH UL > 90%) fili il DNASTAR K Seqman i 17 Bf #% #15 21| # & #if
(conting), FFrfH /7 HN kLA R 5 D L 2 WA F AT I H I, Iris s &5 R 75 &S0, FIH
ORFfinder 7E4F- 5 A4k IT L I BEAE,  HEAT HARKEDN GhGDPD1 B SERES 347 .

HR4E ORFfinder 7E4: - 5 A HR A FF ik bl 2 AE , {1 Primer 5.0 #4315, WE T AY THEAR
AR (R 1),

®1 KBFAASIYER

Table 1  Primers used in the study

519 ST (5'—3") 514 SIMIFI(5'—3)
Sense primer ATTTTTCCCTCTCTTACTCTATCCC GhActin-F ATCCTCCGTCTTGACCTTG
Anti-sense primer GTAGGGACAAGTTAGTGGTGTATCA GhActin-R TGTCCGTCAGGCAACTCAT
5 YMI3F TGTAAAACGACGGCCAGT GhGDPD1-F TTCTCTGTCTCTCTACTCGTCTCGT
W5 YMI3R CAGGAAACAGCTATGACC GhGDPD1-R TCTATGCCCTATTACCAAAAACTTC

122 AR DNA tiE5al s BORGGEVREM RS 197 HMRAEDTER b Vs BT sk AR 5 76 2 5
DA, FIH CTAB BEARHC FBG R 197 AUEERIZH DNA, [ H A ER A0 200 uL 19 TE 28 ik % i 5 & 120
C FRAFEH

DL BBl A 197 A9 REDI 41 DNA S BEARBEHI PCR &8 S B AK &R (20.0 pL). oK F#AE: 2xM5
HiPer plus Tag HiFi PCR mix (with blue dye) 10.0 puL, Sense primer (10.0 pmol-L™") 0.5 pL, Anti-sense
primer (10.0 umol-L™") 0.5 uL, Template DNA 0.5 pL, Nuclease-free ddH,0 8.5 uL. W F2/F H: 95 C
3min; 94 °C 255, 55°C25s, 72 °C 50s, 35 MEEF; 72 °C 5 min; —4 CREMRS. 120V, 25 min, [
IMCN 1% BRREREGERE H vk A I

¥ H () DNA A Bk A7 1o Y 264k )5 3% 3% pTOPO-T #844, EAIAZ N (5.0 uL): M5 HiPer pTOPO-
TA Vector 0.5 pL, 10xEnhancer 0.5 pL, #ZifLJ5 9 PCR 724 1.8 uL, KE K 2.2 uL. HL 5.0 uL iE 7=y
54k 50.0 uL KW AW Escherichia coli DHSQEAZ AN, K IR AE & &'~ 5 5 2= 19 LB [k 57
BE b, 37 C R BENLPRIREARE T . ¥ RIESR 4 ho LIFTS ERVERIREST W PCR SO, MR &0
N (20.0 uL): 2x MS HiPer plus Tag HiFi PCR mix (with blue dye) 10.0 uL, i 514 MI13F 0.5 uL, i 5]
¥ MI13R 0.5 uL, Template DNA 0.5 pL, Nuclease-free ddH,0 8.5 pL. JXWAEFA: 95 °C 3min; 94 °C 25s,
55°C25s, 72 °C 50s, 35 MMEFh; 72 C 5min; —4 CRRRAT . KT G /AR BETAY TRARA
AT
123 % RNA #93 % cDNA stfe5ml 5 BORREREN GBbliR 197 AERRAEBT B b 7870 B
WA, SRS AR R AT R & B B AT, 150V, 15 min, FUREECN 19 BUISAHEE I B ik AR
SERF E VB EIR cDNA BI5IK, —20 C RA7E .

PL BB S 197 B9 cDNA MR TR PCR 734 J2 W /& & (20.0 uL). vK #/E . 2xMS5 HiPer
plus Tag HiFi PCR mix (with blue dye) 10.0 uL, Sense primer (10.0 umol-L™") 0.5 pL, Anti-sense primer (10.0
pumol-L™") 0.5 pL, c¢DNA 1.0 pL, Nuclease-free ddH,0 8.0 pL, PCR Z Wi 2 ¥ K : 95 °C 3 min; 94 °C
2555, 56 C25s, 72 °C45s, 35EH; 72 °C 5 min; —4 CARERMRAT. 120 V, 25 min, FUE2%CHN
1% IR B GE M FL DA M
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B H (1) DNA Fr BEgE A7 i el 4l Ak ) % 3% pTOPO-T #i 4K, KRR WK (5.0 uL): M5 HiPer pTOPO-TA
Vector 0.5 uL, 10xEnhancer 0.5 pL, ZlifkJ5 9 PCR =4 1.5 uL, K&K 2.5 uL. fiIlA 50.0 pL KR4
P DHSa/BRAZ 840 i b, PREAHEAT R PCR [N o HLUKRE AT & )5 3% 228 TR TR A IRA Rl 1T
T
124 AR EFHH HHEL TG MM B E AT EY G B2e b, Bl st LN . M
JriE .

12,5 F#Z & RT-PCR FIF5E & RT-PCRELAR, 434 GhGDPD1 JERIAEM . 25 M {6 4 DHH
MR L Bkl 197 #4210 cDNA AR, Ghdctin fEINS LR, BTGP L3 1. Bitin
T PCR ¥ 14 L Wi fK £ (20.0 uL). ¥K I-354F . 2xMS5 HiPer plus Tag HiFi PCR mix (with blue dye) 10.0 pL,
Sense primer (10.0 pmol-L™") 0.5 uL, Anti-sense primer (10.0 umol-L™") 0.5 uL, ¢cDNA 1.0 uL, Nuclease-free
ddH,0 8.0 uL, PCR LW FEF K : 95 C 3 min; 94 C25s, 60 °C25s, 72 C 10s, 35 PMEH; 72 C
5min; —4 °C IRIRMRAF. 120V, 25 min, FEEDECN 1% BIERHEERS B kAR

1.2.6 9B % %€ % PCR (RT-qPCR) K RT-qPCR £ R GRGDPD1 FE P AE AR 20 21 AR #E Wt
PR B FRIIEX . LL GhActin RS BN, BTS04 1. R SYBR® Green Pro Tag HS FiliE #!
qPCR X Gt fToe e i, Rt E B PCR AXAF I 5JE CFX96, HUIE/#r R 2744 2.

2 HREHAAHM

2.1 {REERME = R RIEF FIE M
DLSE g 2 m AR B 0 22 R R B F A N IRE, RERLIIFTER T 10 XML T 5, FH
DNASTAR ¥ i3 )7 5 i PHE A 215 S8, XA 2 0PI R TR R, 65 1 IR
FERI LGN T 1 ZREA, 11 SRR eE, 88T 1A ESRE, FAIKESN 1462 bp.
2.2 GhGDPD1 ERAHEE
WIEE RN TSR, WS GhGDPDIIEH (44575 (coding sequence, CDS) X it45 55|
Y, LA OCHTBE R 197 M KK A9 DNA Fil cDNA by £ M 12
Me, FokEfSE] GhGDPD1 3£y CDS (K 1), H%k
WA BRSO 8 JosE s bk 48] pTOPO-T

PR F L BRI B EE SR FE . K753 9 DNA 91k oo o
F2000bp (K 1, ki 2), SESEIFHIA—IE 750 bp

BEr, YRTF 89%. 45 cDNA #5311 200 bp (K 1,
VKIE 1), SEBSFETEH T —8 N 99%., T

BEHEN BN 1149 bp, HGit 382 DLW . % M. Marker 20005 1. cDNA ff) PCR §/" 4} £
% fih X 25 GDPD_GDES _like 1 _plant 45 ¥4 1 , 2. DNA §§ PCR #7387 Bt

Il GhGDPD1 . J& GDPD FJGE K 5% B 1 GhGDPDI1 # B %755 4 F. 1%
23 E%#ﬁ]ﬁ’*ﬁ Figure 1  Cloning of GhGDPD1 CDS

¥ DNA P45 587 515 cDNA I 77 45 5 0 fie KT BB EHE ¥ 51 5 A Gene Structure Display Server
2.0, XHZEERA TIN5 g oS T 08T, RIIZERRETFIEE 55 3d:miL)re, 45 5 M
¥+, 6 MANE T (Kl 2),

0 500 1000 1500 2000

TR B EEAE A FE /bp
HEZIIX - T NET

B2 GhGDPD1 AR % #1547
Figure 2 GhGDPDI gene structure analysis
24 EYERZESW
2.4.1 GhGDPD1 3 R %% & 9 ALK B A G RN 458 A S A ExPASy-ProtParam tool 7E 4%
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PR, g ZER SRR T 382 NEERR, g A H 23 TR Cro30H3030N5060580812. MR
TIETRAR RN 94.84, 7311y 42 987.05 Da, FEHLAN 517, WTMRMEER . HoS&RAAXE 5
K, H102%, 3394 7EZE i BT B IR A 38 1, MM iyA 54 1>, AEERRA 5
SHBSEWMEAMNGER KM, SSEKETPHRECH-0.179, ARERECH 41,79, REEKEATREEMA.
ProtScale analysis 7EZREMF o~ . MR A PR 2R SR K M, FR/KFE 50N —4.500 0, SF 2R /K M
SR, SRKIEECN 4.500 0

242 GhGDPD1 A B 4 % G o) — R 4 M TR & T 40 e €45 1F NPS@:SOPMA secondary structure
prediction X FUMZ A 1 0454, Horb 5 LKA o-BRIE &7 40.84%, (175 156 D EERR, HUGET
FLIW A A7 LRy 38.22%, fL % 146 A EERR . HLAh, IR FUA & A AT 6 (extended strand) FiI B-% £y
(beta turn), H A SEMIEE N LR L, H 15.18%, A S8 AEELMR, B-HMAUAH 22 DEIER, LI
5.76%, Jed/V . RN 0 98548 th o-BRBEFTIC RN i o5 98 R B 2 A, A S TE &
IR AR 5] d TIER il & e 2, TN HAs ) LR A A

iz 1l TMHMM-2.0 73 M A 8. ik R i 8 A & A RS IR A, TR THRESIRE F, 382 D&%
FRY0 T AN R, IR ARIE R IR HEX . 383 SignalP-5.0 #4715 5 B4 #T, Wl GhGDPD1 3[H
2 i A A (55 IR REAR 0.000 3, AR AT BEVE N @k 0.999 7. 382 AR LR H A B 1915 =
K, RNZE A AFEE T,

£ Plant-mPLoc 752k [ 3 P i A PR 2 5 7 91 1A 7 35 PR S ) 28 10 %) STV A0 oL 67 30000, o 00 5 7 7 240
JfLJEE (Cell membrane). 45 5 55 15 B 25 4 S50 S AFr 45 SR AR, XoRZ B V0L TSN, HED 2 K ] R
LT R A5 H
243 GhGDPD1 A& B % % G o9 Z R & M Foml & g gk 45 5 FAwl i iF SWISS-MODEL Interactive
Workspace #EA7 [ IR AL, FUNE 1 =204548 (1 3). PHN TR (QMEAN) 45284 0.57, 4k
J R (GMQE) {4 0.44, TN &4 H g iz
T REER MR, 5508 RGN Thermoanaerobacter
tengcongensis MB4 11 H Il B R — T8 B R — TR 1 1Y)
RGN =R 5 ZREEM i 4 R
—3, LI o BRI RN TC AL I A A

K A AT 00 I8 25 1% 2 571) i 22 1) STRING 11.0 7
APl , FINZIE AT RE R BAE R 2% . S iT AR
7N . GhGDPDI K& [ 4 % 15 1 6E % T 381 28 1 BT i)
HIIARIES , T GhGDPD IR TRERIE g 3 GhGDPDI % @ 49 =48 25 A F 4047 25 R
2N EAEAEH T Figure 3 Predicted three-dimension structure of GhGDPDI protein

N-#EREA R R R S D I8 257 A A He
FISEIT o FEARAS 2 K 25 7 51 4 58 21 NetNGlye 1.0 ZELREME, AIHNZE FIAFAE 3 INIEAE R N-BEIRIL 17
HOPAET 7~10, 21~24, 116~119 Z IR X B), BEMRILA A 5 HAMIIEE . AR KM KR
i 52 NetPhos 3.1 7EZ [l 43 AT R IGER 1 b o Ll e R 9 2 22 208 FN o Z R W IR Ak A7 % . GhGDPD 4
FIBR T AT LA TS LAAh , TR (E S5 bt 4 T B
244 ARE BRI FREXT R SA A NCBI R <7 45 85 4 (CDD-search) £ £
GhGDPD1 ZE MR 7 9 Y IR SF&5 5k, T R o . GhGDPD1 JEPH i 4 35 & A 1 M4 UL e,
) GDPD_GDES5 _like 1 plant, PC fif J& ()8 K i & PI-PLCc_GDPD_SF J:[HFK % . GhGDPD1 F:[H 5 H:
fb ¥y Fh i) GDPD1 Z AL MR e 91 AT Z2 J LU XS 0 b, RIS v, Wb i) GDPD 4 H 2 AR RR 1K AR —
B, FIVEIES 84.129%(51 4),

F£ NCBI 48 52 #1] H BLASTp i 2 2 212 )7 9 i R R 7 51, B 2% 1 18 3% Durio zibethinues. KFE
Hibiscus syriacus. V] B] B Theobroma cacao. & L% %% Herrania umbratica. 3 ¥ Bk Corchorus
olitorius . WP Jatropha curcas . P Mangifera indica . ik Populus euphratica, FF 0> Pistacia vera .
S Pyrus bretschneideri . SR Citrus clementina %5 11 AR YR E A FF . #ad8F MEGA 514
HRGHR (E5), kR 19" AP SRR RS R RIT, KR SRR 38 A2
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Figure 4 Multi-alignment of GhGDPD1 amino acid sequence with other GDPD family in different plants
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