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Creation of the technique of interspecific hybridization for
breeding in cotton
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Abstract The new technique of interspecific hybridization was created in Gossypium, which could
remarkably overcome abortion of interspecific hybridization and hybrid sterility of F;. A large hum-
ber of germplasm resources were obtained from seventy cross combinations among the cultivated
species and between the cultivated and the 14 wild species, respectively. 8 varieties have been
developed, of which 4 were from the cross combination of G. hirsutumXG. arboretum and the
other are the first breed from the hybrids between G. hirsutum and 4 wild species, respectively. Of
them Shiyuan 321 (jimian 24) is a new variety which had the highest increase in the national Yel-
low River Valley Regional test, with planting area added up to 933333 ha in the recent three years.
The breeding system of interspecific hybridization was established.
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Intervarietal crossing and pedigree method have been mainly used in cotton breeding for a
long time. The closer relationship, narrow genetic base and poor germplasm result in the slightly
increased yields of varieties and the poor fiber strength and adversity resistance. Therefore, cotton
breeders consider that the technique of introgression of useful characteristics from wild species
into cultivars should be an important breeding method!*?.

1 Materialsand methods

1.1 Experimental materials
14 wild species and 4 cultivated species (including 52 varieties) were used.
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1.2 Experiment design and methods

Overall design included three steps: (i) The isolation mechanisms of interspecies were ap-
proached and the effective method for overcoming interspecific incompatibility was established.
(if) The advanced hybrid populations were obtained among cross combinations, and the peculiar
genetic law of breeding of interspecific hybridization was discovered. (iii) The new varieties and
new germplasms with excellent characteristics were devel oped.

2 Results

Three research goals in the above designs have been achieved through continuous experi-
ments in the past 27 years, and a new system of breeding of interspecific hybridization has been
established in Gossypium. The system consists of the following results.

2.1 Establishment of a new point of view on genetic isolation and a new technique system of
interspecific hybridization in Gossypium

On the basis of genetics, reproductive physiology and experiments for many years, a new
concept that the incompatibility of interspecific hybridization was, in essence, due to the distur-
bance of phytohormones metabolism in generative organ of the materna plant, was advanced.
Owing to disturbance of hormones, the high concentration of phytohormones and high activities
of enzymes could not be formed in the processes of fertilization. Therefore, the transport channel
of nutrients from maternal tissues (nucleus, integument ovary) to hybrid embryo was blocked.
Consequently, the endosperm degenerated and the embryo died at the early stage. By spraying or
dropping with phytohormones the metabolic function of hybrid endosperm and embryo could be
improved remarkably, which has been confirmed by a series of tests. The results showed that
compared with non-spraying group, the number of seeds with good developmental endosperm
increased 45-fold, and the number of large embryos increased 42-fold® .

Based on the above result, a new technique system was established, which combined the
phytohormones (GA3 and NAA) spraying trails with embryo culture in vitro and colchicine treat-
ment (7.5—10 mg/L) in test tube into a complete program. Compared with the previous methods,
this method had the following advantages: (i) The boll setting percentage was 30%— 100%, while
it was 0%—5% by the previous methods. (ii) In general, the number of large embryos per 100
pollinated flowers was 119—1600, while 0—15 by the previous methods. Both increased more
than 10—30-fold. (iii) The fertile F; plant was 25%—100%, which also increased significantly
compared with that by the previous methods. In addition, the procedure of the new technique was
single, and could be done in the same year when the cross was made, and the fertile F; plant could
be obtained in the winter in a green house’®® (see tables 1 and 2).

2.2 Successful crosses were made between G. hirsutum and 14 wild species, and high generation
hybrids (10—20 generations) were obtained.
In our serial experiments, we first made successful crosses in 70 combinations from the
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Tablel Comparison of percentage of boll setting and embryo devel opment between various combinations

of interspecific hybri

dization in Gossypium

C i No-of bg:lo;/\zfth Setting No. of Size of embryo (length No. of large embryc_)
ross combination flower | o Embryo ; per 100 flowers polli-
. arge  boll (%) x width, mm)
pollinated embryo arvested nated

Acalag-1 (AD); X G raimondii (Ds) 26 21 80.8 80  (7X25—(95x4) 3077
Acalag-1 (AD); X G turtianum (Cy) 2 2 1000 2 (7X2)—(7%3) 1600.0
Delfos184 (AD), X G sturtianum (Cy) 1 1 1000 14 (9X 4)—(10X 4) 1400.0
86-1 (AD), X G sturtianum (C;) 8 87.5 78 (6X2)—(8%3) 975.0
G herbaceum (A;) X G surtianum (C;) 15 12 80.0 56 (25X 15)—(4X3) 3733
Keyi 181 (AD), X G anomalum (Bx) 10 8 80.0 74 (5X15—(10X5) 740.0
Shan 401-1 (AD); X G. anomalum 4 1 250 7 (5% 2—(9x3) 175.0
Keyi 2 (AD), X G. anomalum 7 5 714 29 (5% 2)—(10X 4.5) 3286
86-1(AD); X G gossypioides (Ds) 6 3 50.0 46 (5X15)—(7X25) 766.6
Deffos 429 (AD), X G longicalyx (Fy) 49 3 6.1 4 35X25 8.2
86-1 (AD), X G stocksii (Ez) 74 16 216 34 (3X1)—(7.9X3.1) 459
Keyi 181 (AD): X G bickii (Gy) 54 8 148 11 (45X 1)—(11x6) 20.4
WantzuX G. bickii (Gy) 124 100 808 551 (25XL15)—(5X3) 444.4
Keyi 2 (AD); X G davidsonii (Ds.) 24 20 83.0 53 (38X 1)—(7X2.5) 220.8
Keyi 2 (AD); X G thurberi (D) 28 9 321 19 (3% 1)—(6x35) 68
Yunhai (AD),X G thurberi (Dy) 39 13 333 31 (3X2)—(6X3) 795
Gizad5 (AD), X G thurberi (Dy) 23 14 60.9 27 (65%X3.6—(8X5) 119.4
Keyi 181 (AD); X G trilobum (De) 80 4 5.0 24 10.1X55 30.0
Shan 1155 (AD); X G trilobum (Ds) 45 3 65 5 7.8X4.2 11.1
86-1(AD); X G. somalense(E») 30 12 40.0 43 (55%X2—(9.6%2.1) 1433
Keyi 2 (AD);X G arboreum (A2) 8 8 1000 29 (BX1)—(2.5X7) 3625

Table2 Advances of cotton breeding in cultivated speciesX wild species

Cross combinations H)t/ik())rrl]d(f:g%ra- Results of breeding
G. hirsutumX G anomalum [(AD); X B4] BC,F14, BCsFy13 new variety Jin. 21 and fine quality lines
G triphyllumX G hirsutum[B, X (AD),] F1 breeding material
G hirsutumX G sturtianum[(AD); X C4] BC,F1,, BCiFi3 new variety Qinyuan 4 and wilt resistance lines
G. herbaceumX G, sturtianum(A; X Cy) BCF breeding material
G. herbaceumX G, australe(A; X C3) BC,F, breeding materials
G. herbaceumX G. sturtianumX G. hirsutum ([A; X C; X (AD)4] BC:F1, new lines of frost resistance
G herbaceumX G, australe X G. hirsutum[A; X C3X (AD),] BC,Fs good fibre and Aphis resistances
G. barbadenseX G. thurberi [(AD),X D4] FBC, breeding material
. barbadenseX G thurberi X G. hirsutum [(AD),X D1 X (AD);]  BCsFio SSer;)/gsl'?; Shiyuan 321 and 6 types of new
G. barbadenseX G. klotzschianum[(AD), X D3] Fs breeding materials
G barbadenseX G. raimondii[(AD), X Ds] BCyF11, BCiFis long fiber and high lint percentage lines
G. barbadense X G. gossypioides[(AD), X Dg| BC,Fu new lines
G hirsutumX G trilobum[(AD); X Dg] BCF, high fiber strength lines
G. hirsutumX G stocksii[(AD); X E4] BC,F, high fiber strength and dry resistance lines
G hirsutumx G somalensg{(AD)s X E;] BCF,. BCiFs ﬂﬁ;stram Shiyuan 406 and specialy long fiber
G. barbosanumX G. hirsutum[Ez X (AD),] = breeding materials
G hirsutumX G. bickii[(AD)1 X G4] BCsF13 BCiF12 new variety Jin. 27 and new germplasms
G. herbaceumX G, bickii(A1 X G;) F1 breeding materials
G hirsutum G. hirsutum ssp. mexicanum BCyF1 new lines of dry resistance
G hirsutumX G. mustelinum[(AD)1 X (AD).,] BC:F; new lines of high fiber strength
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crosses of G. hirsutum and G. barbadense with G. arboreum and G. herbaceum, and then a lot of
hybrids were also obtained from 14 wild species crossed with the cultivated species. Then a great
number of new germplasms, new strains and new varieties derived from the hybrids involving 13
wild species were selected (see tables 2 and 3).

Table3 New varieties of interspecific hybrids in Gossypium
Superior to CK (%)?  Cumulative plant-

Varieties Cross combinations a?)ﬁ?)\?; regiona performance ingareaby 1999
test test (ha)”
“ Shiyuan 321’ (Ji 24) G barbadenseX G thurberi X G, hirsutum 19964 197 265 9333
Yuan 91406 (Qinyuan 4) G. hirsutumX G. sturtianum 1998.2 13.8 17.2 20.3
Yuan 820 (Jin 21) (G hirsutumX G anomalum) X (G hirsutumx 4597 4 493 171 167
G thurberi)
Yuan 2918 (Jin 27) (G hirsutum> G, bickii) X (G hirsuttumX 19995 97 15.0 03
G thurberi)
Yuan 394 (Yu 11) G hirsutumX G. arboreum 1994.4 10.2° 10.1 415.3
Yuan 2 (Qinli 514) G hirsutumx G arboreum 1990.12 189 20 555
Yuan 3 (Qinli 534) G hirsutumX G. arboreum 1990.12 220 23 38.7
Shiyuan 345 G hirsutumX G. arboreum
Total 1479.8

a) CK of Qinli 534, Qinyuan 4, Jin 21, Jin 27 are Liao 7, Zhongmiansuo 19, Jin 6, Jin 10, respectively, and the others are
Zhongmiansuo 12. b) Data from the national cotton variety joint test.

2.3 New germplasms with various extrafine traits were obtained

Those new germplasms were examined by appraisal committee, and possessed 1—2 extra
fine traits each.

They were (i) extra fiber strength (27.4—33.3 cN/tex); (ii) superior fiber length (36.5—40.6
mm); (iii) high lint percentage (47%—48.6%); (iv) fine fiber (micronaire reading 3.7—4.0);
(v) big boll (7.6—9.95 g); (vi) aphis resistance (degree |); (vii) bollworm resistance (degree |);
(viii) both Fusarium and Verticillium wilt resistance (disease index Fusarium wilt 0—8, Verticil-
lium wilt 8—25); (ix) drought resistance (degree |, superior to ck BPAgs); (X) red flower purple
spot G. hirsutum type new germplasm, of which those derived from the hybrid of G hirsutumX

G bickii and G. hirsutumXx G. somalense were selected for the first time" %,

2.4 Eight new varieties and eight new strains were bred

All of 8 new varieties possessed the characteristics of high yield, fine quality and
multi-adversity resistance, of which 4 varieties were derived from the hybrids of G hirsutumX
G arboreum, and the others were selected for the first time from the hybrids of G hirsutum, G
barbadense with 4 wild species, respectively!®*2.

Among those * Shiyuan 321’ is the best, of which lint yield was 19.7% higher than that of the
control ‘Zhongmiansuo 12', ranking first in the regional cotton variety test of the Yellow River
valley from 1993 to 1995, with cumulative planting area of 933333 ha, during 1997—1999. ‘ Shi-
yuan 321’ (together with ‘Qinyuan 4') set a new record of extremely high yield, 3790.5 kg/ha, in
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0.35 ha demonstration field at Cele County, Xinjiang autonomous region, which is rare in the
world cotton growing history.

Eight new strains had been approved by the cotton regional test in Henan, Hebei, Shaanxi
and Shanxi provinces respectively. They were: Yuan 406 (G. hirsutumX G, somalense), Yuan 1505
(G hirsutumXG. bickii), Yuan 159 (G hirsutumX G arboreum), Yuan 6926 (G hirsutumX
G barbadenseXX G. thurberi), Yuan 93089 (G. hirsutumX G, thurberi X G arboreum), Yuan 637
(G barbadense X G. thurberi X G. hissutum), Yuan 1062 (G. hissutumX G, thurberi X G. arboreum),
Yuan 809-3 (G hirsutumX G. hissutum ssp. maxianumXx G, bickii).

2.5 Discovery of new rulesinvolved in interspecific hybridization in Gossypium

Through a series of tests for many years, we found a number of important rules involved in
interspecific hybridization. They included the following: (i) the incompatibility of species cross
was, in essence, due to the metabolic disturbance of phytohormones in the processes of fertiliza-
tion; (ii) the crosses between the wild species and different varieties of the cultivated species pre-
sented evident selectivity of fertilization, in which the difference in a number of large embryos
among different cross combinations reached even more than 10—20-fold; (iii) effect of the female
parent on the improvement of hybrid characteristics in backcross; (iv) the segregation of posterity
could be shortened by using the cultivar as female parent in back-crossing, which was especially
important to some combinations which could hardly get hybridized, such as G hirsutumX

G somalense, G hisrtumX Gbickii.

2.6 Establishment of the breeding procedure for interspecific hybridization in Gossypium

On the basis of the new discovery as mentioned above, the new breeding system was estab-
lished. The essential procedures are:

(i) fertile hybrids are obtained fast by using the new technique of interspecific hybridization
(spraying GA3 and NAA on hybrid boll-embryo culture in vitro-colchicine treatment in test tube);

(ii) for the purpose of increasing the successful frequency of hybridization severa cultivars
as the female parent are crossed with the same wild species simultaneoudly;

(iii) the low generation hybrids are back-crossed with the mixed pollens of multiple cultivars
to increase the frequency of recombinants with fine traits;

(iv) for shortening the period of segregation of posterity the cultivars are used as female par-
ents in back-crossing at a good time;

(v) the experimental breeding lines are examined and identified in several places under dif-
ferent ecological conditions. Both high yield and fine quality as well as wide adaptability are se-
lected simultaneously.

This new system has the following advantages: the operative procedure is simple; the breed-
ing period is short; and it can be used in the numerous cross combinations between different spe-
cies. It isanew creation of breeding system for interspecific hybridization in Gossypium.
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