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Heterosisand Gene Action of Boll W eight and L 'rgt Percentage n High
Qual ity Fiber Property Var ieties n Upland Cotton
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Abstract Twenty F: combinations crossed anong 5 varieties and strains different in fiber properties according
to complete diallel crossing design w ere used to evaluate the heterosis and gene action of boll weight and lint
percentage in high quality fiber property varieties in U pland Cotton in 1998 1999 for wo year successively at
N anjing Itwas indicated that there existed snall interactionsw ith the envirormental factorsw ithout m aternal
effects and the additive gene effectw as in chief, attaining to 51 2% and 65 4% regectively for bollw eight and
lint percentage T he dominant effect was al® in higher rate, 32 6% and 16 8% regpectively. T he population
mean heterosisof bollw eight and lint percentage over them id-parental m ean w ere relatively prominent 13 3%
and 3 5% regectively in extrene significance However, boll weight showed no significantly surpassing
parental F1 heterosis over the better parent based on population mean (2 0%); while the lint percentage
expresed significant negative heterosis value (- 2 1%). The gene actions were in conformity with the
heterosis expresson It was shown clearly that the F1 combinations crossed betw een parentsw ith smilar
performances had relatively high dom inant effects and significant positive F1 surpassing parental heterosis (F1
heterosisover the better parent); w hile no F1 combination crossed betw een the parentsw ith prom inent mutual
difference surpassed the higher parent in yield components w hich indicated that anong those parentsw ith less
difference and close relationships, there still existed sufficient genetic variation or certain mechanisn for creating
variation and achieving greater advances in breeding Correlation analyses al® indicated that there still existed
severely undesirable negative correlation betw een yield and fiber properties asw ell as the difficulties for their
smultaneous mprovements
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Up to date, theyield increase in ordinary cotton
varieties seeam s not very prominent, w hereas hybrid
ootton showed rather promising potential for yield
increasing!* *, egecially the commercial cultivation
of trangenic Bt
promoted the utilization of cotton heterosis to a nev
stage'®.

In the wake of auccesses in breeding large
anount of materialsw ith excellent fiber quality'”’, to

realize the genetic eciality of thesem aterialsand the

insect-resistant hybrid cootton

potentiality of their hybrid vigor may be conducive to
enforcing the tactics for breeding desirable varieties
and hybrid combinations In this research, complete
diallel-crossing combinations anong U pland ootton
varietiesw ith different fiber strength were analyzed
to realize the inheritance of the high quality fiber
properties and the potentiality for mproving yield
and fiber properties smultaneously.
that the boll weight and lint percentage of these
parentsw ere all diversified from each other, besides

It was found

the inheritance and heterosisfor these wo characters
were significantly different from
properties In thispaper, the reaultsof studying the
boll weight and lint percentage of these materials
w ere discussed more enphatically.

those of fiber

1 M ater alsandM ethods

11 Materal

Five varieties or strains TM-1 (TM-1),
PD6992 (PD69), MD51ne (MD51), HS427-10
(HS42) and 7235 different in fiber strength from
each other (Table 1) were used 7235w as supp lied
by Industrial Crop Institute, Jiangsu A cademy of
A gricultural Sciences and was further pedigree-
selected after being introduced in our laboratory.
™ -1, PD6992, MD51ne, and HS427-10 w ere all
applied by Dr Kohel in the Southern Plain
A gricultural Research Center, College Station,
Texas USA. The genes relevant to the excellent

fibers in the parental materials used w ere different
fron each other Twenty ocombinations were
produced according to the complete diallel-crossing
model in theW ild Cotton Planting Garden of Cotton
Institute (CR1), CAAS,
province in thew inter 1997 and w ere planted at the
Jiangpu Cotton Breeding
A gricultural U niversity (NAU )
1998 For <ientific analyses the cross combinations
w ere divided into different typesas highx high (H x

H), highx low (Hx L), and lov x low (L x L)
acoording to fiber strength Theparentsw ere all lf-
pollinated for keeping their genetic purity.

1 2 Exper mental method

Resarch in Hainan

Station, N anjing
in the summer

Five parents and 20 F: combinations were
planted in Jiangpu Cotton B reeding Station of NAU
in 1998 and 1999 in randomized blocks with 3
replications double row s in aplot, each row as long
as5m, Q 8m gpart between two adjoining row s,
and 15 plants in each ron. Seedswere wvn in the
nursery on April 15 and April 11, and the seedlings
tranglanted to the experimental field onM ay 13 and
M ay 17 in 1998 and 1999 Other field manipulations
were sane as thos exercised in the commercial
fields The clmatic conditionsw ere nomal in 1998,
but with more rainy days and lower temperature
during later developmental stage in 1999, w hich
caused adverse influences on the fiber development
The 50 nomally opened bolls were picked for
assaying the boll weight (grams of seed ootton per
boll), lint percentage and fiber property characters
1 3 Statistical method

T he average values per plant w ere used as units
for Statistical analyses
maternal genetic model

The additive-dom inance-
(ADM ) and additiver
dom inance genetic model (AD) were analyzed by
M NQUE (1) method® * for estimating variance
and covariance aswell as for further calculating the
ratios of genetic variance ( Vg ) over phenotypic
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Table1l The fiber propertiesof five parents
Fiber strength M icronaire Fiber length U nifomity Elongation

Parents (N /tex) (mm) (%) (%)
1998 1999 1998 1999 1998 1999 1998 1999 1998 1999
™ -1 20 77 20 83 513 4 53 30 33 30 37 49 30 48 20 597 5 33
PD 6992 23 63 23 57 477 383 33 43 32 97 47. 00 45 87 527 523
MD51ne 21 80 20 07 4 90 4 00 30 93 30 23 49 07 46 00 5 83 5 23
H$427-10 26 20 25 80 4 90 4 57 31 97 33 10 49 17 48 77 5 07 4 30
7235 28 50 29 50 413 370 34 03 35 50 45 77 46 70 5 13 4 20

variance (Vp). The adjusted unbiased prediction
method (AU P) ® w as adopted to estimate the genetic
effects genotypic values heterosis over the mid-
parents or better parent (BP) based on population
mean The Jackknife re-smpling method™” was
used to calculate the standard errorsof the estimated
t-test to assay

differences anong properties

values for the significance of
The methods for
calculating heterosisw ere as follow s

H eterosis over mid-parent based on population
mean (m id-parent population mean heterosis):

Hpm (F1)= (Fi- M P) /i

H eterosisover better parent based on population
mean (surpassing parental heterosis):

Hpb(F1) = (Fi- BP)/k;

In above formulas F: was represented as F1
genotypic value, M P as the average of both parent's
genotypic values BP as the better parents genotypic
value, and u as the arithmeticmean of all the parents
and Fis in the diallel-crossing

2 Realts

2 1 The variance analysis of boll weight and Int
percentage

The boll weight and lint percentage of parents
and F: combinations in the diallel-crossing design
experiment for 1998 and 1999w ere listed in Table 2
Except the PD69, (7235x PD69) F1, (TM -1x
MD51) F1, the boll weight of other parents and F:
combinations in 1999 was heavier by Q 43 g on
average than those in 1998 at extremely significant
level (t-test, P= 2 07x 10 ®). The boll weight of
™ -1, PD-69 and MD51 was relatively heavier,
5929, 5 71 gand 5 88 g, regpectively; while that

of HS42 and 7235w as relatively lighter, 4 01 g and
4 12 g, repectively. Ten F1 combinationsobviously
sumpassed the better parent in boll weight, show ing
prominent surpassing parental heterosis The lint
percentages of all the parents and Fis in 1999 w ere
lower than in 1998 by 2 42% on the average at
extranely significant difference level (t-test, P= 1 6
x 10 ). Among 5 parents HS42 had the highest
lint percentage, 38%; w hile those of 7235 and PD 69
were the next 33 16% and 32 98%, regectively,
those of TM -1 and MD-51 were relatively low,
31 26% and 3Q 67% regpectively The
percentages of most Fi1 combinations were
goproximate to those of the higher valued parent Fis

lint

from the reciprocal crosses shoved snall difference
both in bollw eight and lint percentage

A coording to the reaults analyzed by ADM and
AD genetic model®, the residual variances of boll
w eight and lint percentagew ere 11 8% and 15 5%
repectively, the interaction variancesof the additive
and dominance effect with environrmental factors
only Q3% 2 7%, which
indicated that both boll weight and lint percentage
w eremainly controlled by genetic factors Both boll

were very gnall,

weight and lint percentage showed no maternal
effects but additive genetic effect was in chief,
amounting to 51 2% and 65 4%, regectively. Both
boll weight and lint percentage show ed, how ever,
relatively high dominance effects at 32 6% and
16 8% regectively, both at extramely significant
level by T-test (T able 3). In general, both bollw eight
and lint percentage, sane asfiber strength and length
show ed high heritability and additive genetic effects
in themain and less interaction w ith environm ental
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Table2 The boll weight and I nt percentage of parentsand 20 F1 canbhations
Parent ™ 1° PD 69° MD51P Hs42° 7235°
aren
1998 1999 1998 1999 1998 1999 1998 1999 1998 1999
Boll ™ 12 577 6 07 6 10 6 83 570 5 58 5 57 5 87 5 37 5 99
w eight PD 69% 6 17 6 67 577 5 65 6 10 6 68 510 5 76 4 93 5 54
(9 M D512 573 6 34 6 13 6 84 5 87 590 573 6 26 5 47 5 99
Hs422 570 6 43 5 37 5 48 577 6 23 3 60 4 43 4 53 514
72352 5 50 5 92 5 50 5 49 5 67 5 93 4 57 4 92 383 4 40
L int ™ 12 32 17 30 36 33 63 31 18 32 51 31 43 34 63 32 99 35 07 32 44
percentage PD 692 33 69 3Q 70 34 84 31 12 33 64 30 50 39 08 37 13 37 15 34 55
(%) M D512 31 90 31 07 34 25 31 63 31 89 29 45 35 48 33 17 35 16 32 88
Hs422 35 03 32 80 38 09 3778 35 46 32 04 39 09 36 91 38 80 36 13
72352 34 59 30 94 36 75 33 68 33 98 31 64 39 02 35 96 34 49 31 82
Note amaternal parent;, b-paternal parent
Table 3 The ratios between estimated var ance and phenotypic var iance for boll weight and | int percentage

Character VaA/p VoA/e VaeAp VoeA/ p Vm A/ VmMeA B Residual

Bollw eight (g) Q 512+ Q 326+ Q 017+ Q 027+ Q 003+ Q 034+ Q 118+

Q 053" " Q 045" " Q 005" Q 013" Q 002 Q 019 Q032" "

L int percentage, Q 654+ 0 168+ Q 003+ Q 020+ Q 036+ 0 Q 155+

(%) Q046" " Q 038" " Q 001" Q 013 Q 026 Q 038" "

Notes aADM model analysis V p-phenotypic variance V a -additive variance; V p-dominance variance V ae-interaction variance betw een additive

and envirormental effects Vpe-interaction variance betw een dominance and environrmental effects Vm -maternal genetic variance Vme-

interaction variance betw een maternal and envirormental effects Residual-proportion of the residual variance

*, * * -ggnificance at P= Q 05 and P= Q 01 level repectively.

Table 4 The dan hance genetic effect of boll weight and |nt percentage

Boll w eight (g)

L int percentage(%)

Cross
D DE1 DE2 D DE1 DE2
™ 1x PD69 Q 44+ Q 117 - Q02+ Q05 Q 28+ Q 12 - Q56+ Q30 - Q13+ Q16 - 124+ 096
T™ 1x MD51 - Q36£0Q20 - Q04+ Q11 - Q22+ Q24 Q 40t Q 29 - 031050 1 68+ Q 63"
™ 1x H$42 Q52+ Q06" Q 13+ Q 07 Q19+ Q04"" - 100+£0Q31 - Q42+ 0Q 33 - Q21+ Q27
™ 1x 7235 Q30+ 006" " Q 04+ Q 06 -Q013tQ21 Q 32+ Q 18 Q 35+ Q 42 - Q42£0Q23
PD69x M D51 Q41+ Q05" " - Q 06% Q 03 Q 52+ Q 19" - Q24+ Q23 Q 07+ Q 14 - 181168
PD 69x HS42 Q 06+ Q 08 Q 03+ Q 04 - Q03 Q05 240+Q44° " Q 24+ Q 14 2 67+ 1 09
PD69x 7235 Q 01+ Q 07 Q 04+ Q 03 - Q19+ Q18 123+ Q55 Q 51+ Q 55 101+ Q 85
MD51x HS42 Q62+ 006" " Q 11+ Q 09 Q 20+ Q 05° - Q69+ Q26" Q 06+ Q 21 - 158t Q 68
MD51x 7235 Q 40+ Q 10° Q 06+ Q 09 Q 02+ Q 08 Q 77+ Q 46 - Q36+0Q 33 150+ 1 02
HS42x 7235 Q 10+ Q 04 Q 03+ Q 06 - Q02+ Q04 1324022 " Q 70+ Q 48 Q 22+ Q 36
Note D-dominance effect; DEl-interaction effect betw een dominance and environrment 1,
D E2-interaction effect betw een dominance and envirorment 2
factors but they were characterized as rather high level, while lint percentage showed negative
positive dom inant effectsformost of Fis (Table 4) as aurmassing parental heterosis at significant level
compared w ith fiber strength (published elsav here). (- 21%). As regards to the different Fu

2 2 Heterosis Analysis of Boll W eight and L nt
Percentage

From Table 5, bollweight and lint percentage
show ed relatively high mid-parent population mean
13 3% and 3 5% reypectively at
extramely significant level Boll weight <howed
aurpassing parental heterosis 2%,

heterosis,

at insignificant

combinations excgpt TM -1x M D51, all the other
nine F1 combinations showed significantly positive
m id-parent population mean heterosis for boll w eight
(8 9% 21 8%), which might be relevant to the
highly positive dom inant effect (Table 4); three F1
combinations (TM -1x PD69, PD69x MD51 and
H S42x 7235) show ed significantly positive surpassing
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parent heterosis for bollweight (11 1% 13 8%);
w hile the difference betw een both parents of these
the ratios of both
parents in each combinatonwerel 02 1 04 The
combination of TM -1x 7235 showed significantly
negative surpassing parental heterosis(- 3%) for boll

ocombinations were all snall,

L, andMHxMH. However, the combinationsw ith
parentsw ith polarized values, i e both parents had
large difference from each other, such as TM 1x
7235 for boll weight, TM 1x HS42 and M D 51 x
HS42 for lint percentage, the parental ratios in each

combinations were larger as 1 22 1 44, the

weight, the ratio of boll weights between both population sumpassing parental heterisosw ere all w ith
parents was 1 44, much higher than that above extranely significant negative values (Table 6).
mentioned Therefore, as regards yielding traits the F:

Six F1 combinations show ed significantly positive combination  wi ith both  parents mutually
mid-parent population mean heterosis for lint oorreponding in  values showed rather high

8 8%),
smilarly relevant to the high positive dom inance
effects (Table 5). Three Fi1 combinations show ed
amassing parental heterosis The surpassing
parental heterosis of TM -1 x HS42 and M D51 x
HS42 were with significantly negative values
- 13 7% and - 13 1%, repectively, while PD69
x 7235 Show ed significantly positive value 7. 8%.

In the 4 F: combinations anong w hich the boll
weight or lint percentage all showed significantly
positive surpassing parental heterosis the parental

percentage (2 5% which might be

values in each oombination were mutually
correponding, the ratios betw een two parent in each
combinationw ere in the rangeof 1 01 1 04, these

com binations consisted of auch typesasH x H, L X

heterozygous dominance and significantly positive
urmassing parental
combination w ith mutually polarized parents (w ith
large difference in values between them) showed
surpassing parental heterosis (with heterosis higher
than the better parent).

heterosis whereas no F:

2 3 The correlations between boll weight, Int
percentage and f iber properties

Correlation analyses(T able 7) indicated that boll
weight dowed extranely
oorrelation with fiber length and strength, with
genotypic - Q47 and
- Q 74, reypectively, whereas the lint percentage,
just on the contrary, showed extramely significant
positive correlationw ith these fiber properties, w hich

significant  negative

oorrelation  ooefficients

Table5 M id-parent population mean heterosisand surpassig parental heterosis of boll weight and I int percentage

Hpm (F1) Hpb (F1)
Character
A verage Range +N - N A verage Range +N - N
Bollweight (g) Q133" - Q007 Q 218 9(9) 1 Q 02 - Q057 Q138 5(3) 5(1)
L int percentage(%) Q035" " - Q028 Q 088 8(6) 2 - 0021 - Q137 Q078 5(1) 5(2

Note Hpm (F1): A verage mid-parent population mean heterosis in F;
+ N: number of combinationsw ith positive heterosis
- N: number of combinationsw ith negative heterosis

Hpb(F1): surpassing parental heterosis in Fi;
(): number of combinations attaining to positive and negative heterosis

Table 6 The parental difference and dam hance effectsof canbinationswith sign if icant
heter osis over m id-parent or the better parent based on population mean

Character Combination Type Pi- P2 P./P2 Dij Hpm (F1) Hpb (F1)
Bollw eight T™ 1x 7235 Hx L 180 1 44 Q30" Q137" " - Q030"
[o} PD69% M D51 Hx H Q17 1 03 Q41" Q133" " Q116" "
™ 1x PD69 Hx H Q21 104 Q 44" Q131" " Q111" "
HS42x 7235 LXL Q11 1 02 Q10 Q154" " Q138" "
L int percentage% T™ 1x HS42 LxH 6 74 122 - 100" - 0 028 - Q137"
MD51x HS42 LxH 7 33 124 - Q69" - Q010 - Q131"
PD69%x 7235 MHXMH Q 18 101 123 Q 079" Q 078"
™™ 1x MD51 LXxL Q 59 1 02 Q 40 Q 028 Q 017

Dij; dominance effect
© 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.
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Table 7 The correlation between boll weight, Int percentageand f iber properties

Character L ength U nifomiity Strength Elongation M icronaire Boll w eight
Bollweight -039+t0Q003""2 -004+tQ09 -Q65+tQ04"" Q49tQ06"" Q 18+ Q 07" -
-Q47+Q04"°° - Q11012 -Q74+0Q05°° Q63+t0Q07 " Q 23+ Q 09" -
L int percentage % Q43+ Q04" Q21+ Q11 Q55+Q04"" - Q49+Q06"" Q 17+ Q 07 - Q53004
Q 55+ Q 05" " Q 34+ Q 17 Q65£tQ06"" - Q61+010"" Q 13+ Q 09 - 059+ Q04" "
Note aphenotypic correlation; b-genotypic correlation
kept in oconfomity with the extramely negative resarches

oorrelation heterosis between boll weight and lint
percentage (- Q 59). In this experment, we found
that boll weight showed significant heterosis
expresson, which suggested there still existed
sverely negative oorrelation betw een fiber property

and yields
3 D isussion

31 The nheritance of boll weight and Int
percentage of excellent f iber var ieties

A Ithough the five parents used in this research
project w ere significantly different in fiber properties
(length, strength and micronaire) and yielding
components (boll weight and lint percentage), yet
the inheritance patterns of yield component were
goparently different from those of fiber properties
Boll weight and lint percentage did not show
maternal effect, w hile additive genetic effectsw ere in
chief with rate as high as 51 2% and 65 4%,
repectively, which was in confomity with the
inheritance of fiber length and strength How ever,
the rate of dom inance genetic effect of boll w eight
and lint percentage were as high as 32 6% and
16 8%, regpectively, while that of strength and
length were only 3 8% and 6 0%, regectively,
that of micronaire was al® as low as 11 5%
(published elsav here).
reault that the inheritance of fiber properties was
chiefly oontrolled by additive effects less by
dominance effects anong Yyielding
components, boll weight and lint percentage w ere
oontrolled by additive genetic effects in chief and by

It confimed our previous

w hereas

relatively high dominance effects as well The
interaction effect with the envirormental factor w as
Thes reaults were in

reaults by

less on both agects

acoordance  with  majority fomer

3 2 Heterosis performance of yieldng perfor-
mances under different f iber property backgrounds

Boll weight and lint percentage showed rather
prominent mid-parent population mean heterosis
13 3% and 3 5%, regectively,
extranely positive significant  level in
combinations The surpassing parental heterosis of
bollw eightw as insignificant 2 0%; w hile that of lint
- 2 1%.
Thes realts of this experment were al in
oonform ity with those in current researches In this
experment, boll weight and lint percentage show ed
significant mid-parent population mean heterosis
while fiber

attaining to
most

percentage was negative significantly

properties showed less mid-parent
population mean heterosis, only micronaire show ed
relatively high value (3 2%).
m id-parent population mean heterosismay keegp close
relationship w ith the dom inance effect of these traits
and w as in confom ity w ith the fomerly mentioned
genetic analytical reaults

T here existed rather large difference anong fiber
properties and yielding ocomponent
parental varieties used in this research The hybrids
oould be divided into different types of crossing
com binations such ashighx high, highx low and lov
X low etc In 15 Fis (HX L) with the maximum
difference betw een wo parents for yield components
and fiber properties negatively surpassing parental
heterosisw ere produced, in 12 of them the heterosis

The significance in

anong the

attained to extremely significant level, w hich meant
that none of the F: combinations with significant
parental differences gave positive surpassing parental
heterosis Eight F: combinations with insignificant
difference betw een wo parents(Hx H, L X L, and
MH x MH) for the fiber properties showed no

significant mid-parent population mean and
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armpassing parental heterosis However, for boll
w eight and lint percentage, 5 F1 combinationsw ith
insignificant difference betw een wo parents (Hx H,
LxL, andMHxMH) showed positive dom inance
effect,
sumassing parental heterosis 4 of them attaining to
significant or extremely significant levels These
results indicated apparently that F1 combinationsw ith
smilar parental values usually produced relatively
strong heterosis for yield components The reaults
were in confom ity w ith those of heterosis expressed
in F2 reported by Tang et al  (1993).
Currently with regard to the
betw een parental diversity and F1 heterosisM eredith
(1998) ooncluded that parental coefficients and
molecular markers ocould scarcely be utilized in
distinguishing the parents of
combinations The oorrelation ooefficient betw een

positive mid-parent population mean and

relationship

excellent F:

genetic distance (calculated from RFL P data) and
heterosis was Q 08, while that between parental
oefficient and heterosiswas al® lov @ 05 only, all
shoved very insignificant oorrelation'®, Van
Esbroeck (1998) considered that genetic distance did
not contribute much to the varietal mproveanent,
w hile excellent varietiesm ight be originated from the
parentsw ith close relationships™.

It was indicated by all these researches that
among parentsw ith less diversitiesw hile w ith close
relationships  there still
variation or certain mechanisn

exist aufficient genetic
that may be
oconductive to creating variation for the advances in
breeding Present QTL
anong morphologically alike parents do exist large

amount of QTL w ith diversified effects and opposite
[20]

ressarches revealed that

in direction
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