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Cloning, Characterization and Mapping of Two Genes GhSAMS and
GhNLP Related with Fiber Development in Gossypium hirsutum L.

ZHANG Yan-jie, ZHU Yi-chao, GUO Wang-zhen, ZHANG Tian-zhen

(National Key Laboratory of Corp Genetics & Germplasm Enhancement, Nanjing Agricultural University, Nanjing 210095)

Abstract: [ Objective] The objective of this study was to clone new genes related with fiber development in upland cotton.
[ Method] Genechips were performed with wild line lijli; and the Ligon lintless mutant line Li;li; segregated from the self-crossing
progenies of the Ligon lintless mutant line Li; to isolated genes preferentially expressed during elongating for providing the
mechanism of cotton fiber rapid elongation. Two cDNA clones differently expressed were separated from cotton fiber library of elite
quality material 7235 during fiber elongation and the second wall synthesis by genechips with probes of the 4 DPA ovule-fiber
compound from the wild line li;li; and the Ligon lintless mutant line Li;li;. [Result] RT-PCR analysis indicated that the expression
quantity of two genes which named GhSAMS (GenBank accession: EF643509) and GhNLP (GenBank accession: EF643508) were
less in the wild line lizli; than that in the Ligon lintless mutant line Lili; at 4 DPA. The result of Southern blotting indicated that there
are a few copies of both genes in the genome of upland cotton. The authors used the BC,; mapping population derived from the
hybridization between the upland cultivar TM-1 and the island cultivar Hai7124, further TM-1 as recurrent parent. GhSAMS and
GhNLP were localized on the chromosome D2 and D5, respectively. [Conclusion] Two genes related with fiber development in
upland cotton were cloned and characterizated with trancription level, genomic copies and genetic location. Future studies including
analyses of these proteins function may shed light on the puzzles about the mechanism of cell elongation and excellent quality
formation for cotton fibers.
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[T 70 SR A — PP Bk PE I L 5,
W I BRI YTRAYEAEY) . MALET 4R & A OCEE A
(e BRI D RE 43 AT, ALl o BOdb AT Hi 21 4 i o
MR IR0 R S5 EF4E R TIOR3 N, 7
Ko [AT AT Y HR£F 4 2 R ER SN2 Bl T A
KL MM A=A, HWREZZ MRS
s, HRerdiR ML 45~50d, 4 s
MRS G &G, MK AR
TR« UKAERETE R AL it . — AR T e AR
KA, —HABAAELMMTFE K (0 DPA,
day post anthesis) F] 16 DPA 7] 10~15 um iK%
2.5~3.0 cm, LA BE S e R & m, Xl
PR MR LT AR Fse by BIFFURE A7) 200 M oM 4 L 5 ke ) 3L
AR, JEfhit, MR & i T4
FNFRIL, HEBEHACA L, A DESE RN B
BB ORI S Y A1 4 SRR R AT £ 4
RE T HIERHFAR M RE . 2 R 4T 4E SR 14
(Liq lip) A& PR R R SRR, R ILA WA A5 AR BUE,
BRI AR E 6 mm, JFEM. ZER1E
MK BT, HRMAS ARG IER. [T
YRR B ) 5 ] ASAIE I8 FH ot M A 4= PG J 4 A AR
M Ligliy FIAS 5 25 J ARIE 4R 4R BT AR 7Y 1igliy 4= (GG
FLET eSS Liglis A4k, FIHZERS R, 51
WFFURAE LT A R B B B 22 e ik i e, A
BN G A OCIER, AR 4R B 1 TAEY)
SERIFFORIRG 21 4 1) b s R 4T T kit
1 #RIERZE
1.1 ##
111 AR 2005 4 PR 2 OB A 41 4E 58 A8
M Ligliy FIAS 0 25 JE AR IE & AR 4 B 2R A Nigliy FIER G
R AT AETEARAR Ligliy BPRET R AR 19 = o B
FiATEL 002,46 DPA [JIRERET4E 52 4 /451 8. 10 DPA
MEFYE: S BOCIRRE IR = P &5 10 d IIEH 4T
YERFAE TR GEARARIIAR . R IRE . i fEI. 2.
M4
1.1.2 @M KWFFE (Escherichia coli) DH5a 4
SEH TR S0 = ORAT
1.1.3 FRFECRFE i i gl s AR Ja kL 7235 I
165 5. 8+ 11 14, 17, 20, 23, 25d ZARH£F4E kK
A IN RS cDNA U, S BEHLEEE 10 000

AN TERE, 5" UL, W AETC AR T LA, 31T 1 436
> UniGenes o H4f L2 G IE i £ 4E 5 AR 7Y Nigliy A A
FYESAAA Liglip 4 DPA R ER4F 4 2 & (R 3 LT
mRNA PREFSERLS e M R, UL A
BLAST iR nlfe 544 & 5 ML cDNA i fE
(GhSAMS, GhNLP) HEAT20H7,

11,4 KA 58 T & A0 BRI ) DI )E 1| NEB
/N, PCR RN AT Taq i, RT-PCR A DNase |
73 TaKaRa A & 7= . M-MLV, RNase Inhibitor 24
BUEXAEYEARA AR P75 . Southern 448K H
Roche 22 7] f#) DIG High Prime DNA Labeling and
Detection Starter Kit I , ASFRET 4 2 M5 Roche 2 ]
PO, REF 4tk % ] QIAGEN A A QIAquick®
Nucleotide Removal Kit,

1.2 Ak

1.2.1 RT-PCR 2 A=k Wil S VRO A2 25 11 Bl
BRI, WEARAE S R AR RNA . BASESR B4
I P I DAy 5 | DAY S s A B B cDNA. i —
AIER cDNA 41t RT-PCR 514). GhSAMS:
5TCGGAGTCTGTGAACGAGGGA3'# 5 TCAGTGA
GGCGAGCACCAAGC3'. GhNLP: 5TGAACAAAGC
GAAGCCATAC3' #Il 5*CAGGCACTTAGGTCACGAA
C3'W#H% EFla HIX 5144 SAGACCACCAAGTAC
TACTGCAC3'f1 55CCACCAATCTTGTACACATC C3',
Y1944 % 25 ul, £145: cDNA 1.0 ul, PrimerF(10 pmol-L™)
1.0 ul, PrimerR(10 pmol-L™")1.0 pl, 10 X PCR Buffer2.5
ul, MgCl, (25 pmol-L™") 1.5 ul, dNTP (10 pmol-L™)
0.5 ul, rTaq f§ (5 U-pl™) 0.1 pl, ddH,O %2 % 25 pl.
P NFR EFlo LR A : 94°C 3 min; 94°C 455, 55°C
45',72°C 1 min, 28 ME¥F; 72°C 7 min. HAAK[K) cDNA
SRR G 25 AR . B A SRR R TR R
OB KR, 75l GhSAMS  62°C; GhNLP
55°Co L 1% IR R L bk %02 o

1.2.2 IR ELE ZH DNA F0 Southern blotting 2=
G TE 3 2T 4 BFZE T lifliy JEHIZL DNA (199985 55 ik
I CTAB 7P, 20 pg DNA 4 EcoR [ . HindIll. Xba
[ . BamH I 528D, AR W F: DNA 20 ug, W)
fitg (20 U-pl™) 10 pl, 10Xbuffer 10 pl, ddH,O #ME
2100 plo BED)SER2 KRS 24k . HIk o 25,
R R e ML L, 80CHEME 2 h, 4°CLRAF. FHTIH) T3:
5’ATTAACCCTCACTAAAG3' Hl T7 : 5'TAATA
CGACTCACTATAGGG3', MBI 3 H#FE K GhNLP
1] cDNA A KAE R FRIC BREF IR, PCR F2J7 24 94°C
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FRAEEE: AL YRR T AN A Y GhSAMS,

2 min #ASE; 94°C 30s, 55°C 1 min, 72°C 1.5 min,
30 MEFF: 72°C 10 min. GhSAMS H] RT-PCR 7|4,
XIR PT-PCR F&/79 1 1 2540 DNA, JiR[H[I PCR
P, BEALG ik bRl AN R ER, QIAGEN A ]
QIAquick® Nucleotide Removal Kit Zlifl,. 37°CHiZAZ
0.5~6 h, IIA#E, 37CHAT 17~20 h. % Roche
4~ F 1) DIG High Prime DNA Labeling and Detection
Starter Kit I Y5,

1.2.3 AL FEF S 5 R Bl b R 5 A% b UE R
TM-1 FIfE BRI 7124 926 A, Fi 5 TM-1 MISSH A
(17 140 /> BC, 1E FIREAA, T T AH DGR 14 B el 116
DL TM-1. #§-7124, F; BRI LN 4] DNA 4 #tR,
¥ B A 2 &AL S A S A Mapmaker/EXP
version 3.0b 3AFHEA B K |, ] MapDraw £: il
PO ARER . AR cDNA P4 %A T ORF il
1514, GhSAMS JEKX N 51 #12h 5'CGTTCCCTT
TGAGGTTTTAG3' I 5’AACATGGCAGTACATCC
TTTC3'. GhNLP X[ 5144 5'CTTCAGAGC
AAGTAGTGGA3' fl 5’GAGGGGTGGGTTACATAG
3’ PCR ¥ # [ WifA % : DNA Bl 1 ul, 10X buffer 2
ul, MgCl, (25 pmol-L™") 1.2 ul, dNTP (10 pmol-L™)
0.4 pl, Primer F (10 wmol-L™") 1 pl, Primer R (10
pumol-L™") 1 pl, rTaq f§ (5 U-pl™) 0.2 pl, ddH,O %k
JEZ 20 ul. GhSAMS f) PCR ¥ H4FE/F: 95°C 3 min,
94°C 4555, 54°C 30s, 72°C 1.5 min, 30 MEH, 72°C
7 min. GhNLP R K EEA 47°Co 45 HI R
PEW DIEEEED]), 20 pl BED)AR (Pst 1) : PCR ™4 15
ul, 10XNEB buffer 2 ul, Pst] (20 U-nl™) 0.2 pl,
100XBSA 0.2 pl, ddH,0 #ME%E 20 ul. BEDIF=P4
AL ZRE A I IO M B e LK S 0

GhNLP f5e . %5 e 2583
2 HERESH
2.1 GhSAMS BYFHI D th 5 RIEHR

2.1.1  ChSAMS 8hFF | #7 4 DPA B /04 R ik
7N, G5 GOAZHIIA W se RN ML, Bl
FER A B A R R ER RN AT 4IRS W Hp () Rk B TR AR
iRk R LA E AR BOlY, 1951547
bp F14K cDNA /741, 47 1182 bp [ ORF, %ifid
393 MR IR, it BLAST C(http: //www.ncbi.nlm.
nih.gov/blast) LX), ¥ HAr 44 GhSAMS (Gossypium
hirsutum S-adenosylmethionine synthetase) . %/F51/&
R B R ILEIFE R, GenBank 355 4 EF643509. /1]
pI/Mw (http: //ca.expasy.org/tools/pi_tool.html) F%J¥
X GhSAMS #EHAT T —H &M, e B pl
=5.65, Mw=43.0 kD. fR¥i NetPhos2.0 (http: //www.
cbs.dtu.dk/services/NetPhos) TiIILF 16 AMEFRILAL
o #i NetNGlycl.0 Chtp: //www.cbs.dtu.dk/services/
NetNGlyc) il GhSAMS 7& 158 1 233 {745 N-Jiis i
FEALAT Ao ] NCBI CDS (http: //www.ncbi.nlm.nih.
org/structure/cdd) Tl GhNSAMS 5 F A1l R [X 45«

S- IR F R A R 2 O T O R ST G S- IR AR
SR A U C- AR PR AT &5 3 S-IRTT R R & ik
ity N-R s R S7 A A3 S-MRT FH R 28 15 U OR ST X
o U=AS S-IRTT HBR 2R A G R ST 45 R 3 £, 75
FAR otp 477 -

2.1.2 ChSAMSH] RT-PCR 74 X} GhSAMS JE[A [ 3%
AT, AR WK 1 Prac. RT-PCR 45K,

GhSAMS JERIAT Rt RIA, AHJCIRAE IE s £F 4 B A= 7Y
ligliy 35 2 368 6 T 4 AR A4 Ligliy I IRERET 45 A4 7h 0
DPA [MFRIAEIIA B & TG K E &AW 1%

A B C
L e
4 — — —

FIKIERION A il IR FIRSE. T 04 2. 4. 6. 8. 10 DPA JIREREFHESE 444 B: Ligli 904 2. 4. 6. 8. 10 DPA JIRERAF 45 &14; C:
Liglis AR NRAL. 7k fEE. =25, HESS: EF-la 3P0 IR

Each lane shows A: root, hypocotyl, cotyledon, ovple-fiber compound at 0, 2, 4, 6, 8, 10 DPA of li1li;, B: ovule-fiber compound of Lisli; at 0, 2, 4, 6, 8, 10 DPA,
C: root, hypocotyls, cotyledon, petal, sepal, stamen of Lijli;; EF-1a is inner-check

B 1  GhSAMS, GHNLP &I RT-PCR 44

Fig. 1 The RT-PCR analysis of GhSAMS and GhNLP
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SRR A Ligli; 4 DPA [RIA R (B 1-A) IEK T
FHLT A Ligli, 4 DPA [MRIEE (B 1-B) , JEF
WRL, HEAERNTE . BB, A, f&
M RSP RIAE S T (8 1-0) .
2.1.3 GhSAMS B Southern 223X 9 #f

GhSAMS 5l cDNA 41 1 547 bp, 7F 183 bp 4t
H— BamH [ B¥I47 55, Southern Z%AZ 434745 Sl
Kl 2 7. EcoR I . HindIll. Xba I f1 BamH I XJ i
VKBS A 6+ 2+ 4+ 8 4547 o HindIIDW M vkiE A P
ST o HEDN M I DRI E DR 2 A7 7E /D £ L. EcoR 1
Al Xba T 2 VIR 1w b, v ReERER N & 1
RSP FI— AN, BN BIRKE S 6 F 4 4
ir. BamH [ 7 cDNA FAH A — MDA AL AlRE
TEEER N &1 A AN D) T, S AN LA B D) ) 7
A 8 S AT AMNKIE LIS —LEggE, NI RS
EI 5 RIE PR o ) 3 K2 81 2428 IR A 5
2.1.4  GhSAMS BERBIEBIKENL

F¥ 4% GhSAMS LK ORF [R5 55144 s A
S = 1) BC) AEEIBFAAR T SR A TM-1. i§ 7124 FI F,
(2N 4] DNA, TM-1 F1 F, (G 887~ e 2 5. FHIR
T A DI Pst T BEDIZIE A TM-1.3f§ 7124 FI1F, [¥) PCR

bp
2000

— 1000

A

W B 414
GhSAMS GhNLP
B X H E B X H E

B. X. H. E4f03& BamH I , Xbal, HindIIl, EcoR I
B,X,H,EareBamH I, Xba I, HindIIl, EcoR I, respectively

Bl 2 GhSAMS F0 GANLP B9 Southern %+ 35 43 4t
Fig. 2 Southern blotting analysis of GhSAMS and GhNLP

Y1, TM-1 #F IBEY) =4 e (8 3-A) .
RUEH 193 SGE EIEAR & PR H Y DNA B, PCR
FEYINGY) S AT R NG RL Tk, g5 4 PR
GhSAMS LR T Efhk 14 (D2) I, 4554k 6 fr

A: GhSAMS BFI ™ #It 2 5: B: GhNLP iM% 5; M: DNA marker; 1~3: RE§Y) TM-1. #§ 7124, F, ] PCR /4¥); 4~6 & TM-1. i

7124, F, [f) PCR Wl 174

A: The difference of enzyme digestion products of GhSAMS; B: The difference of enzyme digestion products of GhNLP; M: DNA markers; 1-3: PCR products
of TM-1, hai7124 and F, without enzyme digestion; 4-6: PCR products of TM-1, hai7124 and F, with enzyme digestion

3 GhSAMS. GANLPEBYIF=YIMIER
Fig. 3 The difference of enzyme digestion product of GhSAMS and GhNLP

2.2 GWMLPHIFSIN TS RIEMR

2.2.1 GhNLP )7 BI04 %) 4 DPA B fr o drdh
Hidts 9 GO26DOSA (17 i AN A A B e, 13
1418 bp &K ¢cDNA /741, f47 1158 bp ] ORF, %
fih 385 MNEIERR ., Wit BLAST tuxf, ¥4 h

GhNLP (Gossypium hirsutum nodulin-like protein) o 1%
J¥ 4 b B K L FE R, GenBank %3k 5 N
EF643508. pI/Mw &)X GhNLP F#iill, it L)
pI=9.26, Mw=41.8 kD. NetPhos2.0 Tl GANLP Jt47
10 MERRALAT 5. M3 NCBICDS Fitiill, GhNLP {3
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T i#fHai F, 1 2 3 4 5 6 7

10 112 13 14 15 16 17 18 19

TV R P PRI B PR S B S N s ey

WA BRI TM-1. #7124 M Fy, 1~19 Rtk

From left to right the lanes show TM-1, hai7124 and F,, 1-19 are partial population

Bl 4  GhSAMS 7£ BC, BHAT M9 B
Fig. 4 The separation of GhSAMS in BC, population

B AL R [ AR ST 45 R AN 29 AR ) s 1B 2R K
TP P R ST

2.2.2  GANLP#] RT-PCR 4 % GhNLP JE[H [k 1A
HEAT o0 bT, 45 B 1 7R .RT-PCR 45 J& W], GhNLP
FENAERARR., N, P LT ARE, B
CRYERT AR Nigliy IR ER AT 4ETIR A T 3R IE 2 1F 0 DPA
W G e N, M 2 DPA 11 S REL AN LTt
(P, 10 DPA I NEEARWIE (& 1-A) « @A 4E
AR Ligliy (IRERET 4R &4 b R I8 BB R & I3
(HEG LTSRS, (H)EF] 10 DPA I XIEH
o 1 AT 4EET A=Y ligli, 4 DPA )R8 m K T8 50
LFYEZRARAA Ligli 4 DPA [RIAE (B 1-AL B) « &
AL B, ARy rh Rk v TR (&
1-C) .

2.2.3 GHNLP#j Southern 25 /047 GhNLP JE[KI#R
EFK: 706 bp, H—A HindIIIM )47 /5. Southern 2448
SFTEE AP 3 fizn. EcoRI, HindIll, Xbal, BamHI
X FRIVKAEZM A 64 64 24 2 47417, DUHENKTREpR 4
AR/ K DL HindIIZEERER 6 B [ 1 BE A — AN
A, TTREFEFEINA]L DNA W& TR — Ik, i
6 N4kt EcoR T &V s 2 (M T, n e
YL PN DL A & R R PN DD R ORI
VKB I 6 4007 ANKIE LA — L5y, TTRERE
PREF 5 S0 [RIVR M o 1) DR 201 5 910 2% A8 HH R P Ay
S .

2.2.4 ChANLP A FEREL ] GhNLP SR
RT-PCR 5|94 Hi AL %14 BC, 1F BB AT oA
TM-1. i} 7124 F1 F, R4 DNA, TM-1 Ff1F, 194"
Sz S . HIREIE N DI Pst T V) 3 A~ PCR /™~
Y TM-1 FF, DI =043 22 5%, 22 5% 7 Beii T 1,000
bp Aifi (W 3-B fian) « FULS 4 B E B REA,
PCR g )= R AR Ik e riL ok, &5 SRl s iow.
SERLEE AN 6 Bz, GANLP DAL T e i 4k 19(D5)
o

5
THaiF, 1 2 3 4 5 6 7 & 910 1112 1314 15 16 17

NUUuUHUuuUuﬁuUUu”uuw
ANRAREARARORRRRE AR EE

AT B ZEARYC TM-1, I 7124 FUFy, 1~17 N5 Bk
From left to right the lanes show TM-1, Hai7124 and F,, 1-17 are partial
population

5 GANLPTE BC BHATR IS B
Fig. 5 The seperation of GhNLP in BC, population

3 g
3.1 S-REEmEMASRBEEMIKREAEEE
FBYRTRETHRE 4

S-IRH iR %R (S-adenosylmethionine, SAM)
Z 5 T furh 3 MR B AEMREHER: AR
I B E IR 2 6 i Ca 8 T AR TR
S-JR I R A MM (EC 2.5 1.6,
S-adenosylmethionine synthetase, SAMS) J&—FF| [
FIf 2R AT ATP & i SAM [l . SAMS JE[R (1334
AKX SAM 25 1 1 52 i HL A s = 2 (R

FREFAE G U5 K B R4 B U 40 1) oAb 2 48 I
PR A o3 AT AT 4 B AR 20 M PR R, e A
TFAERT 0~3 d e £F4E )5 ah 4l Mo fE F4E T 3 d 2
FEAERT 2 d B T-52 TAA A1 GAs FURISOS N R4S T 40
JROSE AR (1) A BERE ) o AHTFAERT 24 h, £F4EJR AR 40 1)
A% A0SR A B B AR, JT e
Wi 24 h ROHAE M RRAE T — RAVED A RN, KE
YR . WRTHTE, SAM 761 (/s . DNA.
RNA I 53 F LA 5 I 1K DR 2 08 v B A1k R RE R
A1), TR AR A S A AOE SR A 57, SAM
#Z 5T — RIS AR TR — M
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Fig. 6 The cotton genetic linkage map of GhSAMS and GhNLP
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T SAM 1E— RAU RN [P E AR T ATPHY,
BT L, HEN M — RSN FOK S U %, SAM I
SRR, 465 SAMS 1) SAMS HE [ [y ik 7K
X SAM EIRE A AR L MEM, Wt LR
Z WK, RT 455 o8 GhSAMS TCiB7E e IF 3 £F 4
B AR Ligliy 3BT 2T 4 SR AA Nigliy (AR ERAN £ 4
10 DPA [k 34 12w T 2R 4R AP B L e it
W, Xy ERHERT A

EADAED IF T R, 4 AE AR AR BT i 2|
RS AINEZN RS 1) S I (NS We SN PR e W < e R Ry el
BRGNS T, s E A g, &
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