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Phenotypic Identification and Genetic Analysis of df31,a Novel
Mutant with Short Stature of Gossypium hirsutum
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Abstract: Dwarf cotton has the advantage in lodging resistance and suitable for dense planting, which is
conducive to shaping ideotype of cotton plant architecture, optimizing population performance, improving
photosynthetic productivity and increasing yield per unit area. A plant architecture mutant was found in the distant
hybrid line N31. Following continuous self-crossing for multiple generations, a stable homozygous mutant was
obtained and named as df3/. Phenotypic investigation showed that df3/ decreased in plant height, branch angle,
internode length, while elongated the growth period than N31. Genetic analysis showed that the segregation of
mutant phenotype and normal phenotype present in a ratio of 1: 3 in an F, population, which indicated that the
short stature mutation was controlled by a single recessive gene. The cytological observation showed that
compared with N31, the number of parenchyma cells in a unit area in petiole, hypocotyl and stem of df3/
increased, accompanying with more vascular bundles and less developed cambium. Along the vegetative growth,
the content of endogenous GA, and BR in df3/ showed an obvious decreasing, the content of IAA was not
affected, and its growth rate was slow. Through this study, the comprehensive phenotypic identification of the
dwarf mutant df3 7 and the genetic basis of dwarf gene underneath were analyzed, furthermore the dwarf mutations

were analyzed at the cellular and physiological levels, which laid the foundation for further studies on gene
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mapping and cloning.

Key words: Gossypium hirsutum ;short stature mutant; phenotypic identification ; genetic analysis
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Table 1 Comparison of agronomic traits between mutant df31 and wild type N31
df3l N31
AR Z AR Agronomic traits A bR I3 PR I3

Mean+SD Grade scale Mean+SD Grade scale
Fk 5 (cm) Plant height 78.7+2.65%* th 102.142.43 =3
A% 32411 (°) Angle of boll-bearing branch 44.8+2.80** N 62.8+3.10 N
JR 1 (em) Fruit branch length 25.3+1.01%* / 39.0£1.72 /
45 [B]#E (cm) Internode spacing 7.6+0.46%* / 9.7+0.98 /
HLA 543 Boll-bearing branch location 8.4+0.44%* = 6.3£0.36 o8]
55— R BE (cm) Height of first fruit branch 30.1£0.80 =2 27.7+0.38 h
FI3J2 £ (°) Angle of cotyledons 14.3+0.92%* / 56.9£1.03 /
M-8 1 (cm”) Leaf area 85.8+6.32%* / 140.5+4.21 /
% Number of bells 14.8+1.72% / 20.0+2.19 /
# i (g) Boll weight 4.1£0.30% % 5.7+0.20 Gy
A7 (d) Growth stage 138.0+£0.82%* 22 125.0+0.71 Hh L2
443 (%) Gin turnout 34.5+0.60% R 37.1£0.67 ik
AR B (mm) HVI length 27.7+0.78* Ll 30.0+1.16 gk
WWr524 HE 3 JEE (cN/tex )H VI strength 30.4+0.72% Gl 27.4+0.98 GRE
T 5 BE(E Micronaire value 5.8+0.09 C2 5.8+0.06 C2

*HRTPIZIRTE P < 0.05 P < 0.01 K- BEZESR, Tl s/ iz RIEAE NY/T2323-2013 AT AE S0
*and * * respectively represent significant differences at the P<0.05 and P<0.01 levels, the same as below ;/ represent no grading in NY/T2323-2013
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AT BB Co A8 DAL B b 22 F AR EL . 220 af31, 472 N31
A:Leaf ;B:Boll-bearing branch; C:Flower;D:Boll; E:Opening of a boll; F : Morphological characters.The left is df37, the right is N31
1 df31 5EN31BIRBILLE
Fig.1 Morphology comparison of the mutant plant df3/ and the normal plant N31

®2 REEABIFTFERNI L F,HBHRARN
Table 2 Chi-square detection of F, segregation between mutant df31 and wild-type N31

A A FAY IEH RS SN »

Number of plants Mutant phenotype Normal phenotype Total

S2BREL Actual number 149 508 657

FIEHX Theoretical number 164 493 657

v 0.94 0.36
Loos=3-84

-~ 500 um § R e 5300 Y

Y SO e P B L & 09
A~B:df31 THMH ;B A KR Crdf31 B AR ; D~E N3 1T -4 B D, ORI F N3 1EUH A s 2 FEEAN I
A-B:In cross section of df3/;B:Enlarged of A ;C:In cross section of df37;D-E:In cross section of N31; E:Enlarged of D, ; F:In cross section of
N31;a:Parenchyma cells
B2 df31FAN31MiREYIE Rt
Fig.2 Comparison of petiole of df31 and N31
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A~B:df31 TR B A OKE ; C~D:N31 F R4 ; D: C CRE s a: RS b: TE AU s 0 B HH
A-B:In cross section of df31;B:Enlarged of A, ; C-D:In cross section of N31;D:Enlarged of C,; a:Xylem;b:Cambium;c: Phloem
3 df31FAN31 TERRETIE YTt

Fig.3 Comparison of hypocotyl of df31 and N31

? Tk 50,‘;' i
> lig LRLEIET RSO Tl TS
A:df3I BV B df3190U); C:N31EY) s D N3V ;2 ARG ;b TR UZ s o FIR T d: S 2k s e THRELH A
A': The cross section of df31;B: The longitudinal section of df3/;C: The cross section of N31;D: The longitudinal section of N31;a: Xylem vessel;
b: Vascular cambium;c:Phloem;d:Ray parenchyma;e: Parenchyma fibers
4 df31FAN31ZERTEE
Fig4 Comparison of main stem internodes of df31 and N31

R3 REEIBITMFLEENIAREHESR

Table 3 Differences in cell structure between df31 and N31
PEIR Traits ari N31
B A B 4% (mm) Diameter of petiole 1.4+0.38% 2.3+0.24
T4 EH A% (mm) Hypocotyledonary axis 2.4+0.53* 4.0+0.69
FEZEAMAE (um) Cell length of main stem 25.0+1.25%* 38.5+2.02
ZEAEE T U2 ANAE)Z 4L Cell layers of vascular cambium in stem 3~4 57

RFHE P RS, TR

The data in the table are the mean =+ standard deviation, the same as below
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a:Stomata;b:Guard cell;c: Epidermic cell
E5 df31(A)FIN31(B)rtH_ ERREXTEE
Fig.5 Microscopic observation on leaf upper epidermis of df31(A)and N31(B)
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Table 4 Comparison of hormone contents between df31 and N31

A MBI TR % (nglg) T B (ng/g) HKE(ng/g) W75 (ng/g)
Growth stage Test materials GA, BR IAA ABA
= df3l 9.50+0.09™ 9.07+0.14™ 31.26+4.69™ 67.50+14.86
Trefoil stage N31 6.91+0.01 6.49+0.25 40.96+5.73 68.55+22.62
HIAEM a3l 2.58+0.04" 5.52+0.18 30.27+3.40 65.49+10.72
Early flowering stage N31 3.89+0.12 6.17+£0.16 27.17+3.66 64.79+26.04
L or . B df31 X IR U, — i R 2 11 GA T BR X 5
S 80 e N = N .
~ 54 EN31 AERKEAMEIER . ke PR 2 p
IS . y =) ) A
;ﬁ 60 W AR AR BRSO BRI A R R
= E "N
2250 A AL R AR AR AE K R R 22—
%%m
£ £ 30 3
M = 120 j'f‘@?GA%
Hg 20 M2 BR
S 10 100 -
0
1 52 £33 80 - Sk %
2w

Stems elongation

6 MWEHMEXEETEZIG
Fig.6 Effect of endogenous hormones on stems elongation
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Fig.7 Effect of exogenous hormones on plant height of df31
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Fig.8 Effect of exogenous hormones on stems elongation of df31
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