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Gle2 is a mutant gene that controls glandless trait in cotton plants and seeds. It is an important gene 
resource to gossypol-free cottonseed breeding. The objective of this research was to develop SSR 
markers tightly linked with Gle2 by using the F2 segregating population containing 1599 plants derived 
from the cross of G. hirsutum genetic standard line TM-1 and G. barbadense glandless mutant line Hai-1. 
Genetic analysis suggested that the Gle2 was an incomplete dominant gene. Based on the backbone of 
genetic linkage map from G. hirsutum × G. barbadense BC1 published by our laboratory, Gle2 was lo-
cated between CIR362 and NAU2251b, NAU3860b, STV033, with a genetic distance 9.27 and 0.96 cM, 
respectively. This result is useful for cloning Gle2 gene by map-based cloning method. 
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Cotton (Gossypium spp.) is one of the most important 
economic crops in China. It is not only the leading natu-
ral fiber resource, but also an excellent source of oil and 
protein. Dark-colored glands are a special organ in all 
Gossypium plants[1]. These glands contain high levels of 
gossypol and related terpenoids, which are toxic to hu-
man beings and monogastric animals[2]. So a large num-
ber of nutrient-rich resources cannot be sufficiently ap-
plied because of the presence of toxic gossypol within 
seed glands; however, other plant tissues such as shoot 
and root containing toxic gossypol in nature can increase 
the resistance of cotton to pests and pathogens. There-
fore, gossypol and gland have long been a hot topic. Be-
sides, how to develop glandless cotton varieties, espe-
cially those with low gossypol such as the glanded-co-    
tton with glandless-cottonseeds, has been a more impor-
tant problem confronting cotton breeders[1]. 

Afifi et al.[3] found a glandless mutant in Sea-island 
cotton (G. barbadence L.) by 32P irradiation, named 
‘Bahtim 110’. Genetic analysis demonstrated that this 
character was controlled by a single dominant gene, 
named Gl2

e, which could efficiently inhibit the forma-

tion of cotton gland[4]. Cotton Research Institute (CRI) 
of Chinese Academy of Agricultural Sciences (CAAS) 
handed out the G. barbadense glandless mutant Hai-1 in 
1986. According to genetic analysis, Tang et al.[5] also 
showed that glandless trait in Hai-1 was controlled by 
Gl2

e. This provided a new germplasm for low gossypol 
cotton breeding. Compared with glandless line con-
trolled by duplicate recessive genes gl2gl3, natural 
crossing did not happen easily and resulted in immin-
gled variety for Hai-1 line controlled by Gl2

e. Addition-
ally, Gl2

e gene could be transferred into the excellent 
upland cotton background by backcross and 
dramatically accelerate breeding efficiency[5]. The 
glandless trait could also serve as an excellent marker 
character for cotton heterosis utilization[6]. 

Classical genetic analysis suggested that Gl2 and Gl3 
were located respectively on the chromosomes 12 and 26  
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in cotton[7]; therefore Gl2
e as its multiple alleles is also 

located on the chromosome 12. Yu et al.[8] identified an 
SSR marker with a 1.9 cM genetic distance of Gl2

e gene 
by Bulk-segregant analysis (BSA) using F2 population 
derived from the cross of G. hirsutum genetic standard 
line TM-1 and the isogenic line ESP. Recently, devel-
opment of the cotton genomic research and saturation of 
genetic linkage map facilitate the gene fine mapping. In 
this study, we constructed an F2 segregating population 
derived from the cross of G. hirsutum genetic standard 
line TM-1 and G. barbadense glandless mutant line 
Hai-1. By analyzing genetic linkage map from G. hirsu-
tum × G. barbadense BC1 published by our laboratory[9], 
we found linked markers closely linked with gene Gl2

e 
by molecular markers technique. The objectives were to 
provide a foundation for map-based cloning and further 
cultivation of the glanded-cotton plants with glandless 
cottonseeds varieties via gene engineering. 

1  Materials and methods 

1.1  Plant materials 

The upland cotton genetic standard stock, “Texas 
Marker-1” (TM-1) was kindly made available from the 
Southern Plains Agricultural Research Center, USDA-    
ARS[10]. Hai-1, a G. barbadense glandless mutant, was 
provided by CRI, CAAS in 1986[5]. All materials were 
stored by self-crossing for several years in our lab. 

TM-1 was crossed with Hai-1 in Jiangpu Experimen-
tal Station, Nanjing Agricultural University. The F1 hy-
brid plants were self-pollinated to produce F2 seeds in 
winter at Hainan Province in 2005. 1599 F2 individuals 
derived from a single F1 hybrid were planted in Nanjing 
in 2006. The gland traits of different positions of plants 
were investigated, including cotyledon, hypocotyls, the 
first leaf, stripe, bract, bud and calyx in the seedling 
stage, bud stage and florescence. 

1.2  DNA extraction 

Genomic DNAs from 1599 F2 individuals, F1 and two 
parents were extracted as described by Paterson et al.[11]. 

1.3  SSR analysis 

SSR primers were separately obtained from the follow-
ing sources: BNL primers from Research Genetics Co. 
(Huntsville, AL, USA, http://www.resgen.com); JESPR 
from Reddy et al.[12]; CIR from Nguyen et al.[13]; STV 
from Scheffler et al.[14]; NAU developed from EST-SSR 

in our lab[15,16]. All primers information could be 
downloaded from http://www.genome.clemson.edu/ 
projects/cotton. To name the markers, the letter in each 
marker describes the origin of marker, followed by the 
primer number, and “a” or “b” describes the polymor-
phism locations of marker in two parents.  

Taq polymerase, dNTPs and other reagents came 
from Tiangen Biotech (Beijing) Co., Ltd. Polymerase 
chain reaction (PCR) product electrophoresis and pro-
tocol for SSR analysis were the same as reported by 
Zhang et al.[17].  

1.4  Data analysis  

Chi-square test was used to check if the normal segrega-
tion occurred by SPSS13.0 software[18]. Joinmap 3.0[19] 

was employed to construct the linkage map (LOD>6.0, 
recombination fraction 50 cM). The Kosambi mapping 
function was used to convert recombination frequencies 
into map distances (centiMorgans, cM). 

2  Results and analysis 

2.1  Genetic analysis of glands traits 

A large quantity of glands emerged in main organs of 
TM-1 plants; almost no glands could be observed in 
Hai-1 plants; and a few glands distributed in F1 plants. 
To determine the genetic characters of Gl2

e gene, we 
investigated the different positions and stages of 1599 F2 
segregating plants. The results showed that 441 plants 
had dark-colored glands, 761 plants with low-glands, 
and 427 glandless plants respectively (Figure 1). The 
data by χ2 were consistent with a segregation ratio 
1:2:1 (χ2 = 4.028 < χ2

0.05,2 = 5.99), which further con-
firmed that glandless character was controlled by an in-
complete dominance gene, Gl2

e. 

2.2  Fine mapping of Gl2
e 

SSR markers each with a 5-cM interval were selected on 
the genetic linkage map of chromosome 12 in our lab 
(Figure 2(a)) to screen the parent plants. The markers 
with the polymorphism were used to amplify the DNA 
of 210 F2 segregating plants selected randomly and the 
marker genotypes were recorded. After eliminating the 
segregation distortion markers by χ2 test, other SSR 
markers were detected by linkage analysis. The results 
showed that Gl2

e was located between CIR362 and 
NAU5079. Further analysis was performed using the 
markers between CIR362 and NAU5079. Ultimately,  
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Figure 1  Phenotypes of the mutated glandless gene Gl2

e investigated in the different tissues. (a)―(d) indicate cotyledon, stripe, bud and seed, respec-
tively. 1―3 indicate TM-1(gland), F1 (low-gland) and Hai 1(glandless), respectively. 

 
Gl2

e was located between CIR362 and NAU2251b, 
NAU3860b, STV033 with genetic distance 11.03 and 
1.19 cM, respectively (Figure 2(b)). 

According to the preliminary results above, 1599 
plants of the F2 segregating population were further 
screened using the markers highly linked with Gl2

e. Four 
markers of the above together with 3 markers linked 
with Gl2

e on both sides of the interval were selected. The 
results showed that NAU3778 and CIR362 were located 
on the same side of Gl2

e with genetic distance 11.25 and 
9.27 cM respectively; NAU2251b (NAU3860b, STV033 
with the same position), NAU445 and CIR302 were lo-
cated on the other side with genetic distance 0.96, 5.29 
and 7.11 cM, respectively (Figure 2(c)). Amplified po-
lymorphic bands of primer NAU2251 are given in Fig-
ure 3. 

3  Discussion 

G. bickii, as well as other Australian diploid wild species,  
has a special trait of delayed pigment gland morpho- 
genesis[20]. It is glandless in the seeds but glanded in all  
other plant parts including cotyledon, hypocotyls and  

other organs and tissues after seedling emerged. By the 
distant hybridization techniques, Zhu et al.[21] had ob-
tained successfully a fertile upland cotton germplasm 
that possessed characteristics of delayed pigment gland 
morphogenesis. However, the upland cotton cultivars 
have never been developed. At present, researchers have 
cloned a number of genes related to gossypol biosynthe-
sis[22―28] and further provided useful information for the 
mechanism of gossypol biosynthesis. Recently, Suni-     
lkumar et al.[29] have successfully used RNAi in combi-
nation with seed special promoter to disrupt gossypol 
biosynthesis in cottonseed tissue by interfering with the 
expression of the δ-cadinene synthase gene (CAD1) 
during seed development. As a result, cottonseed gos-
sypol levels were reduced in a stable and heritable man-
ner and the plant-gossypol levels were not diminished. 
This result laid a foundation for controlling gene expres-
sion artificially by molecular techniques and for the 
regulation of gossypol synthesis. In this study, Gl2

e is a 
qualatative trait gene and is not impacted by environ-
ment. Map-based cloning of the gene and study of gos-
sypol regulation mechanism are of great theoretical and  
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Figure 2  Genetic linkage map of Gl2

e. (a) The genetic linkage map of chromosome 12 from G. hirsutum × G. barbadense BC1 published by our laboratory, 
the underlined marker indicates segregation distortion marker; (b) mapping of Gl2

e in chromosome 12; (c) fine mapping of Gl2
e in chromosome 12. 

 

 
Figure 3  Amplified polymorphic bands of primer NAU2251 in the F2 population of TM-1 with Hai1. Arrowhead indicates polymorphic bands of 
NAU2251b tagged in chromosome 12. M, Marker; P1, TM-1; P2, Hai-1; F1, (TM-1×Hai-1)F1; others lanes (1―33) are F2 individuals. 
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practical significance, not only in clarifying the mecha-
nism of gossypol biosynthesis in depth, but also in 
breeding cotton varieties of the glanded-plants with 
glandless cottonseeds by genetic engineering. 

The objective of gene mapping is to tag the interest 
gene in a very small region. In this case, it is possible to 
predict physical distance by genetic distance if the map-
ping population is large enough. Preliminary mapping can- 
not precisely measure the genetic distance between gene 
and marker due to the small mapping population. Geneti-
cally, the larger the mapping population is, the smaller 
candidate region of interest gene is[30]. In this study, 210 
F2 segregating plants were selected randomly and Gl2e 
gene was located in an interval of 12.22 cM. Further, Gl2e 
gene was located in the interval of 10.23 cM after 1599 
plants were examined. The result dramatically increased 

the accuracy of the location and provided a reliable guar-
antee for further map-based cloning of the gene. 

Yu et al.[8] identified an SSR marker with 1.9 cM ge-
netic distance apart from Gl2

e gene. And physical analy-
sis of “ESP” Bacterial Artificial chromosome (BAC) 
libraries has yielded contigs consisting of putatively 
positive BAC clones. However, this BAC library was 
not applied widely due to long genetic distance and 
small mapping population. In this study, NAU2251b, 
NAU3860b and STV033 with 0.96 cM genetic distance 
screened can be regarded as a probe to screen positive 
clones from BAC library and new and more closely 
linked markers can be exploited by BAC positive clones 
terminal sequencing. The study laid a good foundation 
for further cloning of the gene. At present, further re-
search on this gene is in progress. 
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