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Development of Pima Cotton Chromosome Segment Substitution
Lines with Gossypium hirsutum Background
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Abstract : Chromosome segment substitution lines( CSSLs) consist of a battery of near-isogenic lines and cover
the entire genome of some crops. With the exception of one or a few homozygous chromosome segment transferred
from a donor parent,the remaining genome of each CSSL line is the same as the recipient parent. It is an ideal mate-
rial for QTL mapping. In the present study,we developed a set of CSSLs that constituted of 182 lines, using G. hirsu-
tum CCRIS as the recipient parent and G. barbadense Pima90-53 as the donor parent, through molecular assisted-se-
lection in BC,S, ; generations. The genetic length of the substituted segments covered 19957.8 ¢M with an average
segment of 21.0 ¢cM,4.7 times the total genetic length of upland cotton(4168.7 ¢M). The substituted segments of
each line varied in length,ranging from 0.7 ¢M in the shortest segment to 83.2 ¢M in the longest. The number of
substituted segments ranged from 1 to 11. Fiber quality of the CSSLs was nearly normally distributed,and a part of
the lines have been obviously improved in fober properties compared to CCRI8. These materials provide new genetic
resources for further QTL mapping,as well as upland cotton fiber quality improvement.
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Fig.1 The process for developing CSSLs



116 Mo om " W % i 17 %
1.3 #RIEEFEZE DNA R EHRZEFE S TR ER 3%  H AR 6.0% . 7551

AL FE R 20 DNA $2 HU LA A. H. Paterson
SFVHY CTAB WL LR, WG VR, SRR =
W EE TR 1Y PCR A 22 13 T s T e 5 A L Tk v
AL 5 BB B A R 25 S . R GGT 2.0 (hi-
tp://www. dpw. wau. nl/pv/pub/ggt/ ) 73 B & e R B

IR AU A B, 4 v BORC B2 2 I NL DL Young
ST,
1.4 SFHERENE

2014 4F  FELRE 7 UBCEA AL (iR 1 B i
B R RAR LRSS, B PR DT 8 A T E
EPYE N T, B AT AR SR By pE A R AR A
BEFERE 5 AMEAR . EF 4 b 5 2 Fh AL AR A6 i 5T
B I e R

2 FERE5HMH

2.1 SFrRiCHIERE

ARSI = H I LA AR BT 8 5 Fl Pima 90-53
TERIEART ST —5Ka & 579 Mric i a6,
DA SSR ARic Ay 32 ik (& 1% ) 7 a6 A A6 35 PR 4 5t
fEHEES 4168.72 M ARicEPEIIIERN 7.2 M, A
5% LA B A 2 ml, 5% 10 ~20 oM 247 e —
A~ SSR Arid, LEHE T 170 4~ SSR ARic, BL 7T 184
MBS (F 2) , Horb, AS QLK EhRid i
Z A 13 Mhrid, A2 (A13 D3 e fk Fhnid i,
HA 4 Mrid, SSR Fridlali/MEE A 1. 41 M,
e REEB N 55.79 oM, FHEEES 18.54 M,

2.2 FBEREERRBEEHEBSN

it 3 AR SR IC R Bk R ik
182 P EARRZH LAY —2 Pima T I AR YL (0 4K F BEE
R (E3), XEEHRANES BB TR
A 96. 2% MFER 2, Hrft A7 (A12 D2 D7 D12 K
RESE 4 35, CSSLs 3 A F BLE K JE N 19957. 8
cM, MR AL L 4 B 4168.7 M 19 4.7 5, R
MRARFARBEEREO0.7 oM, K JE83.2 cM,
FERKEE21.0 M, FARBRKEMT 20 M 1H
BRA 23 A, i 12.6% UH 18 1~(9.9% ) bk T A
A BT 60 cM(E14),

AR BB 931 A, AR B b 1A,
W 1A FE R AR BES A, Hd sy B
MRECR R 6 1, 15 3.3% ,2 ~4 A B bR B 2
774,15 42.5% 338 50% AR S H RIS
AR B (E 4) o BB R BT 505 R Ry
PRIEFN91. 9% RN FEA (A 11 DRI T3S

R AR E 255 99. 6% , A V-5 5t &
HRIKF]96.3% , Ui AR B & e RN RN A
R B L 2R AR

2.3 REEAFBEERRFELZFRERSH

TELT4E S BEAR | Pima 90-53 L K 58 |
AN FEAE, sPAR BT 8 547 4k S R 4 sy i R
CSSLs 4 5 ™74 b BT bR 43 A3 28 B0 A AR X 34 22 1)
EIERS i (K5) .

Yo iR A B e R R LT 4 MR 0 B A
BOR, FR o BRRR B 45 4 5 BT R CCRI8 45 21 W i 4
1, LR S R TR MR AR AT 52 B, B 1935 3
33.48 mm, # it T Pima 90-53 BYLF 4K B, £ 4ios
PRI AR NI R A B AT 109 A%, fe s A 2 40. 13 N/
tex, 5 Pima 90-53 MYZF4EiR A Y, i (ETE
3.7 ~4. 2 Z IR BARRAT 39 # , HorpiB o BARR 4T 4t 5
FEFHK BRI T CCRIS(FK 1)

3 itip

YEY QTL & (i AIF % 75 2 gy Se A H A Mtk i
AYESTEA . B HEAT QTL BF5T A 1T A 0 40 B 1
T, a0 F,/Fy BC BEIARAE, X Seb Ry T, (HA
REfE 22 T EE Y, AR AN AR,
BT KA B, 40 DH BEARFN RIL B4 X 6
PR A B 5 AR L R RS | BEAS 7 o0 B R AR
PR AT, SR TIAR AR QTL a2 7 A M L (X i A
FIIR AL TS S LR 2%, X TR 2= B B MR A T kG
YsE i 25 AR AR R BT, ek BB R
(CSSLs) HAy B i Br 5 2 R e AR Z M A TE 2 7,
AT LA bR HAthast %« 22 5 B s2 ), B CSSLs B #
FRaetE, FIH CSSLs #47 QTL B 75 v] DL
QTL E N A HERGPE , 17 EL— 654 0 858/ QTL g
PRGN L | ST QTL A5 (0 BRAR ALK

AR R B R AR SRR BE R
TOEE, REERBERE T R E R BRI ER,
FRAE B LA () CSSLs 385 (1 A B4 M F 2,
— IR DARE AR 3 AL BRUE R TM-1 A Z AR g
SR M AR S AR 1) e o iR R B i R 0 P
Wang 2 DL TM-1 N2 KSEAR VG B K31 7124 K
PHACEAME T HEMAE R aR R Brgih R, 2k
B R RS BT AT AL 5T, ZRCEA
AR R K E R AR Z R
B AR B RSB ], 59— 2RI
il AR AR SRRy SZ B A Vg S A O I A E AR



E M5 . Rl AR 509 Pima A3 Y (004 R B 40 R Q0]

117

139
Al A2
0.0—A~TMFI8  0.0—A~NAU3189%a 0.0
S
) 236
29.0—T~NAU3533 3977-9~NBRI_Gh B109
47.9—H-BNL3090 44.9
61.1—-H-NAU51070 644
74.2—H-DPL0051 74.7
82.7--NAU5107a
96.6
1059
108.4
154.8
167.7
A6 A7

0.0 DPL0035 0.0
17.5 NAU5234

389 DPLO153

59.9 NAU]%SS

NBRI_Gh_Al112

50.7 NAUI121

19.
29.7 NAU1043 MGHESS8b37

A3 A4
NAU1068 0.0
NAU972 1
NAU5035 20.8 NAU7182 20
CER0028
56.4 NAU6672
NAU3479

AS

NAUI214  0.0-A~NAUI1288
0.7-TT"NAU3450

S—TT-NAU7067
44.5—1-NAU3828

65.0—T1-NAU786

BNL3408 74.7=1-DOW046 oo L1 1oy

NAU1167¢ 90.27F—DOW027

NAU1167a

NAUL167b 115.8—-NAU1015
149.2H-NAU2140a

NAU3839b 1525 ~NAU2140b

NAU3839a 170.9-H-NAU3569
185 3=H-NAU3402
219.3-H-NAU2121
255 8——NAU6966

A8 A9 A10

0.0 NAU7114
7.3 NAU1209

9.9 BNL3627
1 NAU1322

0.0 -A—NAU2215

20.9 +NAU2211

4.4 ~H-NAU858b
TS hrone 388 —HBNL389S

0.0 NAUI1236
4.2 NAU2082a

28.7 -NAU6667

56.2 NAU1066¢

68.0 NAUI1110 67.7 STV023b 67.6 T1T-NAU2395 9.3 DOW095
365 NAL500 86.7 —H-NAU1079
) DOW017 86.9 ~“~NAU4900 86.7 1
384 F= NAU 1037 96.0 =H~DPL0541
111.1 NAUS5247
151.8——NAU6101
All Al2 Al3 DI D2 D3
0.0 NAU4962  0.0-A—STVI33 0.0 AU7130  0.0-ANAUS5107b  0.0-A~DOW055 9'?%%?8%%3
10:33G~DOW091
15.0=1~ DPLO338 18 o-DOWO045 17.4 AU3468 19 6—H-NAU2094 s NAU998a 17.07S~CER0076
206" NAUI3ES 55 o AU3570 ki NAU998b
46.5—HDPL0528a  47.0-H-NAU2251 DOWO089  44.9—H-NAU9206
69.1 L CER0035b 568 PLO249
70.8 T~ CER0035a 77 7-H-NAU3713 71.1-H-NAU6474
89.1-H-NAU1103 87.4<LLNAU6952b
) 97.4—H-NAU2615 914 T-NAU6952a 94.0—H—STV118
104.1 DPL0675 : 105. NAU7049
113.4 DOWO80  116. NAU2176 114.9-NAU2190
133.4-H-BNL3816 126.3-9=CIR009 128 7--NAU3820
147.4H-NAU1274 .
163.04H-NAU6659 : 5TV031
171.8-5-DOW047
D4 Ds D6 D7 D8 D9
0.0A-NAU9I3  0.0-ANAU2157b 0.0—-F—NAUI204  0.0—FJESPR297  0.0—ANAUI369a 0.0—F~NAU5494
19.2-H-STV023 . AUI369b 23. NAUG986b
299H-SIV A, 278 NAU21S7a. 2427 CERO042 a 202 33 I KNAUCOR6,
381 HENAUS046 393 CER00S 458 1L 1ypy 0519 ;‘6’ 11:11282222
S12TEENAUGT2 615H-NAUTSS  $9.1=FPNAUSGT6 61 a-HNAuess T T B0
70.3-H~NAU3372 6. crrovor 67
83. NAU7209 84 8=H-MGHES58a
93.4—HFNAU2152  94.2-G-NAU1133
111.2—HNAU2380 113.35L-CERO112
FINAU3486b
127.8—H-NAU3497 116.07] 122.1-5-STV188
143.04H-NAU5237
162,44 CER0090 158.5—-NAU3486a
179.644-NAU2273
186,54~ JESPR204
202.8—H-NAU1102
216.4—I-NAU3652
D10 DIl DI2 DI3
0.0-A-NAU7053b 0, DPL0228  0.0——NAU3860 0.0op-NAU1141
62 ~NAUIO66s  ° 147N NAU3447
24.14H-DPL0528b  22.7-H-NAUS243 222~ NAU4871
38.8—TT-NAU1066b 42.6-H-NAU2170  42. BNL3479
NAUSO0S oI A 5ay 4871~ CEROI45a
59.7-H-NAU7053a : 61 8- NAU3SS
NAU3265

733-H-DPLO225 095
95.7—~NAU1280

Fig.2 SSR markers and linkage map used for genotype analysis during the CSSLs developing procedure

87.1 STV069

75.5=1DPL0770
96.111-NAU3189b

83.2 CERO0145b

111.9=1~CIR167

120. NAU1039

149.1—=9—NAU4925

2 ATHEReEdRERERRA SSR HRIC K E B EE



118 oy o WO o 17 %

sensteniags AHTTEH |

F i R G bk g s R BT REE R R 4T, B B 7B RS2 TR Y Al (AR A S N 0 A 5 A Y
The left number of the figure represents a chromosome,the bottom number represents the CSSLs
Il B represent genotypes of recipient parent, homozygous donor parent,and heterozygous donor parent,respectively
B3 SEEERRFETE
Fig.3 Graphical genotypes of CSSLs
&
A
[y
X
Ja
W&
£
i
Sl
1 2~4  5~7 >84 0~20.0 20.1~40.0 40.1~60.0 >60.0
B HEAEE (eM)
Number of segment Length of segment
B4 FBEEFRERREBRFBHBAIKEST
Fig.4 The statistics for the number of sbustituted segment and the length of substituted segment in CSSLs
60 30
50 25
’é <2»40 ;\; ? 20
2530 2515
%gm ﬁgm
S% 10 =R
0
26 27 28 29 30 31 32 33 262728293031323334353637383940
A4EKSE (mm ) Fiber length LFHERIE (cN/tex ) Fiber strength
40
50 60
40
~ ~ ~ =
S Q S Q S
S5 < 5% £ 540
%3 5 220 ¥ 3
B& 10 g gfial
10
0 0
0 35 38 41 44 47 5 53 56 59 82 8 8 85 8 87 8 6.00 6.40 6.80 7.20 7.60 8.00 8.40
5B Micronaire S5 (% ) Uniformity M (% ) Elongation

Bs5 FeE4aRRERRFERREITSHE
Fig.5 Frequency distribution of fiber quality in CSSLs



14 E M5 Rl AR5 510 Pima A% (04 R B 40 22 Q) 119

&1 FERRMRA CSSLs
Table 1 CSSLs with good fiber quality
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R g )
G () (cN/tex) STl E (%) KE(%)
mm
CSSL Fiber Micronaire Fiber Fiber
Fiber length

code strength uniformity elongation
CSSL3 32.80 33.81 3.86 83.10 6.72
CSS146 32.46 33.18 4.25 84.21 6.68
CSSL78 33.48 34.72 3.70 85.94 6.72
CSSL133 31.59 37.35 4.29 88.53 7.54
CSSL156 31.75 33.59 3.96 87.24 6.76
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