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ABSTRACT

The present work was camied out at Etay-Elbaroud Agriculture Research
Station Behera governorate during four seasons from 2007/ 2008 to 2010/2011. Three
crosses were made among four parents, namely Gemmiza 9 = lrena, Sids 1x Sakha
93 and Sids 1» Irena. Five populations (P4, P2, F1, F2 and bulk of F3) for each cross
were used in this investigation. Highly Significant positive heterotic effect was found in
the 2™ cross for grain yield and its attributes i.e., number of spikes/plant, number of
kernels/spike and 1000-kemel weight and grain yield/plant, being 8.69%, 9.78%,
8.71% and 9.78% in the same respectwe order. Meanwhile, Negative significant
heterotic effects were obtained in the 3™ cross for both number of spikes/plant (-
17.45%) and number of kernels/spike -3.08% led to a reduction in grain yield/plant
with a value being (-10.37%). Complete dominance was found for number of spikes/
plant and 100-kernel weight in the first cross whereas overdominance (p>1) was
detected for grain yield and its attributes in the 2™ cross. The other types of
dominance were also found.

Inbreeding depression estimates were significant with a positive value for
number of spikes/ plant in the first and third cross, number of kernels/ spike and grain
yield/ plant in all crosses. On the other side, inbreeding depression was negatively
significant for number of spikes/ plant in the second cross and for 100-kernel weight in
the second and third cross. Additive gene effects were positive and significant for
number of kemels/ spike in the second and third cross and 100-kernel weight in the
first cross. Dominance gene effects were found to be significant for all studied
characters with the exception of number of kernels/ spike in the first and second cross
indicating that dominance played a major role in the inheritance of such characters.
Significant and positive (E1) values were found for 100-kemel weight in the studied
crosses. While, negative values were obtained for number of spikes/ plant in the third
cross, numnber of kernels/ spike in all crosses, and grain yieid/ plant in the second and
third cross. Moreover, (Ez) values were found to be positive and significant for 100-
kernel weight in the third cross only. On the other hand, significant negative (Ez)
values were detected for number of spikes/ plant and number of kernels/ spike in the
three crosses, for 100-kemnel weight in the second cross, and grain yield/ plant in both
the second and third cross. Narrow sense heritability estimates were ranged from
39.35% for number of spikes/ plant in the third cross to 94.32% for grain yield/ plant in
the second one. The parent-off spring regression heritability estimates were high and
ranged from 58.85% for number of spikes/ plant in the third cross to 95.65% for grain
yield/ plant in the second one. The expected genetic advance (Ag) for number of
spikes/ plant was ranged from 3.87 to 10.17 for the selected 5% of F2 compared with
the actual genetic gain which was ranged from 5.07 1o 9.37 in the studied crosses.
Meanwhile, the expected gain for grain yield/plant was ranged from 21.05 to 36.26
gm.whereas, the actual gain was ranged from 18.46 to 26.81 gm.

INTRODUCTION

Wheat is the most important cereal crop, it is a staple diet for more
than one third of the world population and contributes more calories and
protein to the world diet than any other cereal crop.
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The wheat hreeders are concentrating to improve the yield by
developing new varieties with desirable genetic make up in order to
overcome the consumption pressure of ever increasing population {Memon et
al., 2005 and 2007). High grain yield has been the main objective in wheat
breeding program. The inheritance of grain yield in wheat has been the
subject of intensive studies (Sharma et al, 2002; Heidari et al, 2005 and
Rebetzke &t ai., 2006). Wheat grain yield in a complex character determined
by several attribute traits. The true knowledge of the gene action for various
bread wheat traits is useful in making decision with regard to appropriate
breeding system. Abd-Allah Soheir and Abd EL-Dayem (2008), found that
there were positive and significant additive gene effects for number of spikes/
plant, number of kernels/ spike and grain yield/ plant. The additive gene
effects played a major role in controlling the genefic variation for number of
spikes/ plant. In a study conducted by Amein (2007),. Meanwhile, the
dominance gene effects played a major role in controlling the genetic
variations for 1000-grain weight and grain yield/ plant. Sallam (2008) pointed
out the importance of both additive and dominance gene effects in the
inheritance of 1000-grain weight, however the dominance gene effect was
more in magnitude than in a favorable conditions. Conversely, Fethi and
Mohamed (2010), reported that dominance and dominancex dominance
epistatic effects were more important than additive effects and other epistatic
components for the grain yield.

Heritability estimate plays an important roie for planning the breeding
strategy. The heritability of a character determines the extent to which it is
transmitted from one generation to the next and it is a valuable tool when
used with other parameters in prediciting genetic gain that follows in selection
for that character (Afiah ef al., 2000; Baloch et al., 2003 and Ansari et al.,
2004 and 2005). The heritability values become a measure of the genetic
relationship between parents and progeny, hence considerable research
work has been carried out to incorporate the desirable genes in the present
wheat varieties to increase the productivity of the crep (Memon ef al., 2007).
Low, medium, and high narrow sense heritability estimates have been
reported for yield and yield components in wheat by many researchers
among whom were {(Moustafa, 2002; Hendawy, 2003; EL-Sayed, 2004;
Abdel-Nour Nadya ef al., 2005 and Abd Allah, Soheir and Abd EL-Dayem,
2008).

The present study was carried out to obtain information about genetic
variance, gene action, heritability, actual and expected genetic gain from
selection in three bread wheat crosses to elucidate the breeding value of
these crosses that could be utilized for improving wheat yield in the breeding
programs .

MATERIALS AND METHODS

Four bread wheat genotypes were chosen to form three crosses, viz.,
Gemmeiza 9 x Irena, Sids 1 * Sakha 93, Sids 1 x Irena.Table (1) shows
names, pedigree and the origin of the parental genotypes.
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Table 1: Names, pedigree and origin of parental cultivars and lines.

Parent edigree Origin

Gemmeiza 9 Ald *S" 1 Huac "S"/f CMHT74A.630/ Sx Eqypt
CGM4583-5GM -5GM-1GM-0GM

Sids 1 HD 2172/ PAVON "'/ 1158.57/MAYAT4"S" Egypt
SD46-4SD-1SD-0SD

{Sakha 3 [Sakha 92/ TR310323 Egypt
58871-15-25-15-08

frena BUC/FLKMYNA/NVuUL re:dco
ICM 91575

The experimental work of the present study was carried out at Efay
Elbaroud Agriculture Research Station Behera governorate during four
successive seasons from 2007/ 2008 to 2010/ 2011. In the first season
{2007/ 2008), the parental genotypes were crossed to obtained F, seeds for
the three studied crosses. In the second season (2008/ 2009), the hybrid
seeds of the three crosses were sown to give the F, plants. These plants
were selfed to produce F, seeds. Moreover, the same parents were crossed
again to have enough F, seeds. The new hybrid seeds and part seeds
obtained from F, selfed plants (F, seeds) were kept in refrigerator to the final
experiment. In the third season (2009/ 2010), three F seeds were sown to
produce F; plants, which were selfed to produce F, seeds. In addition, the F,
and F, plants were selfed to produce F, and F, seeds, respectively. In the
fourth season {2010/ 2011) the obtained seeds of the five populations, Py, P,
Fi, F2 and F; of the three crosses were evaluated using a randomized
complete block design with three repiications. Rows were 3m long, spaced 20
cm apart, the plants within rows were spaced 10 cm apart. Two rows were
devoted for each parent and Fy progenies, five rows for F, generation and 20
rows for F; families for each cross. Data were recorded on individual guarded
piants for number of spikes/ plants, number of kernels/ spike, 100-kemnel
weight (g} and grain yield/ plant (g).

Various biometrical parameters in this study would only be calculated
if the F; genetic variance was found to be significant. Heterosis was
expressed as the percentage deviation of Fy mean performance from better
parent values (heterobeltiosis). Inbreeding depression was calculated as the
difference between the F, and F, means expressed as percentage of the F;
mean. The T-test was used to determine the significance of these deviations
where the standard error (S.E) values were calculated as follows:

-F_l -BP = J(VFI + VBP) (S.E for better parent heterosis)
Fi -F; = VE, + VE, (S.E for inbreeding depression)

Potance ratio (P) was also calculated according to Peter and Frey
{19686). In addition, F; deviation (E,) and F; deviation {E;} were measured as
suggested by Mather and Jinks (1971).
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Types of gene effects were estimated according to Hayman model
{1958) as described by Singh and Chaudhary (1885) as follows:

m=F2 (mean effect of Fy)

d" =Y Pi1- 4P, (additive effect)

h=J (4 F1+12F2-16 Ea) {dominance effect)

I= % (16 §3 -24 ?2 +8 i1) (dominance x dominance)

i=P1-F2+ Y (P1-P2+h)- %1 (additive x acitive)

The variance of these estimates were computed as follows:
vm = VF;

vd’ =%(VP1 +VP2)

Vh = ¥ (16 VF, +144 VE, + 256 VF,)
V1= Y (256 VF, +576 VF, + 64 VF,)
Vi=VP, + VE, + ¥ (VP, + VP, + Vh)+ ¥ V1

The standard errors of additive (d'), dominance (h), dominancex
dominance (1}, and additive » additive (i) were obtained by taking the square
root of respective variances. Also, "T" test values calculated by dividing the
effects of d, h, | and i by their respective standard errors.

Heritability was calculated in both broad and narrow senses
according to Mather (1949) and parent off-spring regression according to
Sakai (1960). Furthermore, the expected and actual genetic advance (Ag)
was computed according to Johanson et al. (1955).

Likewise, the genetic gain represented as percentage of the F; and
F3; mean performance (Ag %) was estimated using the method of Miller ef al.
(1958).

RESULTS AND DISCUSSION

Parental differences in response to their genetic background were
found to be significant in most studied characters. The F; genetic variances
were also significant for all characters in the three crosses. Means and
variances of the five populations (Py, P2, Fy, Fz and F3) for the studied
characters in the three crosses are presented in Table (2).

Heterobeltiosis, Potence ratio (P), inbreeding depression percentage,
E;. E; and different gene actions for yield and its attributes are given in Table

(3).
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Table 2: Means {x) and varlances (S‘) of the studied characters of the
five populations (P4, P2, F1, F2 and bulk F, families) in three

bread wheat crosses.
Characters Parameters | Py | P: | F | Fz | Fabulk
Gemmieza 9 x Irena

No. of spikes/ plant X 20.50 | 2480 | 24.70 | 2280 21.45
§* 284 | 399 | 425 | 2915 19.08

No. of kernels/ spike X 689 | 775 | 7405 ) 68.20 72.10
s’ 1571 | 166 | 2085 | 192.50 | 120.25

100-kornel weight (g) X 50 4.51 502 5.025 4.25

g 0.028 | 0.019 | 0025 | 0.216 0.135

Grain yleld/ plant (g) X 5140 | 61.75 | 68.40 63.32 59.92
st 16.56 | 27.57 | 3145 | 34245 | 194.09

Sids 1 x Sakha 93

No. of spikea/ plant x 1890 | 2260 | 24.75 | 22.10 18.20
gt 4,90 5,95 7.93 50.15 33.50

No. of kernels/ spike x 80.85 | 72.55 | 79.30 | 72.45 72.22
CH 14.35 { 10.95 | 20.85 | 259.50 | 159.50

100-karne! weight {g) x 448 | 447 | 477 524 418
s? 0.056 | 0.042 } 0,033 | 0.219 0.136

Grain yield/ piant (g} x 5§25 | 5950 | 6542 | 57.10 54 85

s® 7.20 | 1165 [ 1275 | 34820 | 185.

Sids 1 x lrena

No. of spikes/ plant X 18.25 | 6562 | 21.15 | 19.83 16.75

s 487 | 662 | 332 | 2282 17.52

No. of kernels/ spike 'S 7965 | 76.05 | 77.20 | 6854 589

gt 1405 | 21.35 | 2752 | 11225 { 75.0%

100-kernel weight (g) X 409 | 446 | 462 5.01 5.06
s? c025 | 002 | 0.026 0.22 0.123

Grain yleid/ plant {g) X 5280 | 846 579 52.52 50.7
st 1010 | 19.52 | 12.45 | 184.45 | 114.28

Table 3: Heterosis, potence ratio, inbreeding depression and gene
action parameters for the studied characters in three bread
wheat crosses. )

Gene action parameters
- ¥o es| 28
2 TR AR INES
B | 2|25 |5s|8ks _
515358 §§ £ %"’ mid | h L I O - -
[&) x Eq
No.of | 1 -0.40 10.953] 7.692* 122.8**|-2 151 4.867"" |-2.133|-1.483|-0.875|-4.45™
spikes/ | 2 | 8.69* | 2162 | -10.71** 22.10*-1.85"*[12.167-12.733"[ 4 467 |-0.650{-8.10**
plant | 3 |-17.45™]-0215] 624 [19.82*-2.685" 9,033 [-12.91[2 §1** [-1.743]-9.585""
No.of | 1 144510198 7.90™ B8.20"-4.30™ 6.5 [36.4*115.95"15.425"-3.05"
kermels/| 2 | 9.78" [ 2.645| 12.72* [72.45"4.15™| 518 [17.04(10.88 {3.6337)-11.785"
spike 3 ) -3.08" |-0.381 [11.218* |68.54*" 1.8"* | 31.48+ [-28.32" 35 7(*"}-8.985" -37.25"
100- 1 0,40 |1.082| -0.10 16.025"10.245"2.063*" {4.147" 12 289*"1),.138"]-1.275
kernel | 2 | 6.71** | 3.069 | -9.85* |5.24** -0.145"| 2 513 |-8.907" 1 778"*)).693*-0.735™
waight 3 3.59™ [ 1.865 | -8.44* {501 0.185"-0.393**(-0.773"-1.109 0.563"#1 225"
)
Graln 1 [10.77*+(2.285 [ 7.43 B3.32"-5.175"12.453%|-4 587|-9.722]| 0.833 [-5.135
yield/ 2 | 978" | 2.645 | 12.72" | 57.1%* |-3.5457111.547* 110.187] -4.919-3.635"[-11.765™
plant [g)| 3 [-10.37" [ -0.145 | 9.292* 152, 52*-5 B5"| 8.44* | 4.64 |-2 417*[5.805"|-15.25™
* and ** Indicate significant at 0.05 and 0.01 probability levels, respectively
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Highly significant positive heterotic effect was found in the 2™ cross
for grain vield and its attributes i.e , number of spikes/plant , number of
kemels/spike and 100-kemel weight and grain vyieid/plant  being
8.69%,9.78%,6.71% and 9.78% in the same respective order . Meanwhile,
100-keme! weight in the 3™ cross and grain yield/plant in the 1* one gave
aiso a highly significant heterobeltiosis being 3.59% and 10.77%,
respectively. Also, insignificant heterotic effect was found for number of
spikes/ plant in the negative direction and 100-kernel weight with a positive
value in the first cross. Similar trends were reported by Moustafa (2002),
Hendawy (2003}, EL-Sayed (2004), Abdel-Nour, Nadya et al. (2005), Abd-
Allah, Soheir (2007) and Abd-Allzh, Soheir and Abd EL-Dayem (2008).
Negative significant heterotic effects obtained in the 3™ cross for both number
of spikes/ plant (-17.45%) and number of kernels/ spike(-3.08%) led to a
reduction in grain yield/ piant with a value being (-10.37%). Absence of
heterotic effect in the Fy generation may be due to that some genes show
dominance effect in one direction, while the others work in the other side
{Singh and Narayanan, 1993). The pronounced heterotic effect recorded for
grain yield and its attributes in the 2" cross (Sids1 X Sakha%93) would be of
great interest in a breeding program for selecting a recombinants having high
vielding ability.

The potence ratic (P) indicated over dominance (p>1) towards the
higher parent for all studied fraits in the second cross , grain yield/ plant in the
first cross and 100-kernel weight in the 3™ cross. Nearly complete dominance
case P=1 was found for both number of spikes/ plant and 100-kemnel weight
in the first cross .Partial dominance towards the lower parent was found for
number of spikes/ plant, number of kemeis/ spike, and grain yield/ plant in the
third cross only. Moreover, partial dominance towards the higher parent was
recorded for number of kernels/ spike in the first cross. Over dominance was
obtained for number of spikes/ plant by Abdel-Nour, Nadya and Moshref
(2006); for number of kernels/ spike by Abd Allah, Soheir (2007), for 100-
kemel weight by Moustafa (2002), Abdel-Nour, Nadya and Moshref (2006);
for grain yield/ plant by Abd-Allah, Soheir and Abd EL-Dayem (2008). Partial
dominance towards the lower parent was reported for number of kernels/
spike by Moustafa (2002); while, partial dorminance towards the higher parent
was found for number of kernels/ spike by Abd-Allah, Scheir and Abd EL-
Dayem (2008).

Inbreeding depression measured the reduction in performance of F;
generation from their F1's due to inbreeding, Positive and highly significant
values were found for number of spikes/ plant in the first and third cross,
number of kemnels/ spike and grain yield/ plant in all studied crosses. The
obtained results for most studied crosses were in harmony with those
obtained by Khalifa ef al. (1997) and Abd-Allah, Soheir and Abd EL-Dayem
{2008). However, inbreeding depression was significantly negative in the
second cross for number of spikes/ plant and for 100-kemnel weight in the
second and third cross. Significant negative inbreeding depression values
were detected for grain yield and number of spikes/ plant by Farag (2009)
and Khattab ef al. (2010).
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Nature of gene action was determined using the five parameters
model Tabie 3. The eslimated mean effect of F, (m), which reflects the
contribution due to the overall mean plus the locus effect and interactions of
fixed loci, was found to be highly significant for ali studied characters in all
crosses. The additive gene effects (d) were found to be significant with a
positive values for number of kernels/ spike in the second and third cross. as
well as for 100-kermnei weignt in the first cross. Conversely, the remaining
characters in studied crosses which showed a significant and negative
additive effect (d").

Dominance gene effects (h) were found to be significant for all
studied characters in all crosses, except number of kemnels/ spike in the first
and secend cross indicating that dominance genes played a major role in the
inheritance of such characters. When dominance genes are present, it would
tend to be in favor of production hybrid wheat, while the existence of the
additive gene action in the gene pool encourages the improvement of
character by selection program. Dominance x dominance (1} types of gene
action were found to be negative and significant for number of spikes/ plant in
the second and third cross, number of kemels/ spike in the third cross and
100-kermnel weight in the three crosses.

A significant and positive additive » additive type of epistasis (i) was
detected for number of spikes/ plant and number of kemels/ spike in the third
cross, and for 100-kernel weight in the first and second crosses. A negative
and significant additive »x additive type of epistasis (i) was detected for
number of kemels/ spike and grain yield/ plant in the first and third cross,
respectively. The obtained resulis showed the importance of epistatic types of
gene effects in the inheritance of all traits studied, and cannot be ignored
when establishing a new breeding program to improve wheat populations for
economic traits. The inheritance of ail traits studied was controlled by additive
and non-additive genetic effects, with greater values of dominance gene
effect than the additive one in most cases. Farag (2009) reported that among
the epistatic components, the dominance x dominance was greater in
magnitudes than additivex additive in most studied traits. When additive
effects are larger than non-additive one, it is suggested that selection in early
segregating generations would be effective, while, if non-additive portion is
larger than additive, the improvement of the characters needs intensive
selection through later generations.

Significant and positive F, deviation (E,) was found for 100-kemel
weight in the three crosses and the first cross only for grain yield/ plant, while
negative values were obtained for number of spikes/ plant and number of
kernels/ spike in all crosses, and grain yield/ plant in the second and third
cross, On the other hand, insignificant F, deviations with negative values
were detected for number of spikes/ plant in the first and second cross. This
may indicate that the epistatic gene effects had a major contribution in the
inheritance of these traits.

F3 deviation (Ez) was found to be positive and significant for 100-
keme! weight in the third cross only, On the other hand, significant negative
(Ez) values were detected for number of spikes/ plant and number of kernels/
spike in the three crosses,and for 100-kernel weight in the second cross and
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grain yield/ plant in both second and third cross. While, insignificant (E;}
values were detected for 100-kerne! weight and grain yield/ plant in the first
cross. The F; deviation {E,) were accompanied by F; deviation (E;) in most
cases indicating the presence of epistasis and shouid require more attention
in wheat breeding programs. insignificance of (E; and E;) for grain yield/ plant
in the first cross indicating a presence of minor contribution of epistatic effects
in the inheritance of that trait.

Heritability in both broad and narrow senses, and between
generations {parent off-spring regression) are presented in Table (4). High
heritability estimates in broad sense were detected for all studied characters
and ranged from 81.32% for number of kemels/ spike to 96.34% for grain
yield/ piant, in the third and second cross, respectively.

Table 4: Heritability and expected genetic gain versus actual gain for all
studied characters in three bread wheat crosses .

Heritahility % Expected gain Actual gain |
Characters | Cross | Broad | Narrow | | 2rent off
sonse | sense spring Ag |%ofFa| Ag |%ofF;
regression
No. of 1 85.42 71.01 79.18 7.9 34.64 712 33.22
E)Ikesl plant 2 84.19 69.73 78.62 1017 | 46.03 | 9374 | 51.581
3 85.45 39.35 58.85 3.87 19.53 | 5074 | 30.28
0. of 1 89.17 76.69 83.74 21.919 | 32.14 18.97 | 26.24
ernels/ 2 91.97 79.18 86.63 26.276 | 36.27 | 22.538 | 31.207
plke 3 81.32 [ 72,113 76.71 15.739 | 22.963 | 13.69 | 23.24
4 60-xernel 1 8843 | 7546 82.18 0.722 | 14377 | 0622 | 14836
height (g) 2 34.93 76.91 75.48 0684 | 13.05 | 0573 | 13.72
3 88.18 80.14 84 55 0.774 | 1546 | 0.835 12.55
Grain  yiel 1 90.82 858.47 90.558 33.725 | 53.26 | 25.989 | 43.373
plant (g) 2 96.34 94.32 95.65 36.26 | 63.49 | 26.807 | 48.87
3 93.25 75.23 83.82 2105 | 4007 | 1846 | 36.41

Narrow sense heritability estimates ranged from 39.35% for number
of spikes/ plant in the third cross, to 94.32% for grain yield/ plant in the
second cross. The parent off-spring regression heritability was found to be of
kigh to moderate and ranged 58.85% for number of spikes/ plant in the third
cross to 95.65% for grain yield/ plant in the second cross. The differences in
magnitude of both narrow sense and parent off-spring regression heritability
estimates for all the studied characters would ascertain the presence of non-
additive genes and environmental effects in the inheritance of these
characters. The results obtained here are coincident with those reported by
ElL-Sayed (2004), Abdel-Nour, Nadya et al. (2005}, Abdel-Nour, Nadya and
Moshref (2006), EL-Sayed and EL-Shaarawy (2006), and Abd-Allah, Soheir
and Abd EL-Dayem (2008).

The expected genetic gain versus actual gain which are presented in
Table (4) showed the possible gain from selection as a percent increase in
the F3 over the F2 mean when the most desirable 5% of F2 plants were
selected. The results revealed that the expected genetic advance (Ag) for
number of spikes/plant was ranged from 3.87 to 10.17 for the selected 5% of
F2 compared with the actual genetic gain which was ranged from 5.07 to 9.37
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in the studied crosses .Meanwhile, the expected gain for grain yield /plant
was ranged from 21.05 to 36.26 gm. in the F2 .whereas , the actual gain was
ranged from 18.46 to 26.81 gm. In the three crosses. The highest estimates
of narrow sense heritability which was associated with the highest genetic
advance for number of spikes/ plant and number of kernels/ spike in the first
and second cross, and grain yield/ plant in all crosses indicate a presence of
sufficient improvement of their variabllity. These results indicate the possibility
of practicing selection in the eaﬂy generations and can obtain high yielding
genotypes.

Generally, the most biometrical parameters resulted from the first and
second cross which were higher in magnitude than those obtained from the
third one. Consequently, it could be concluded that the two crosses
(Gemmiza 9 x Irena) and (Sids 1x Sakha 93) would be of great interest in a
wheat breeding pregram for making a genetic improvement in grain yield.
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