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Identification and Analysis of Partial Phenotypic Traits on Diploidy

and Homologous Tetraploid of 8 Cassava Resources
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Abstract: Polyploid breeding is an important way to innovate cassava germplasms. In order to explore the effects of cassava
polyploidization on plant phenotype, plant growth potential, and photosynthesis-related physiological indicators, we analyzed 27 quality
traits and 19 quantitative traits of 8 cassava varieties and their corresponding induced autotetraploid resources. The results showed that 8
cassava varieties showed differences in 40 phenotypic traits. The "leaf center leaflet shape" traits were significantly different between the
diploid varieties and their autotetraploid resources., The majority of autotetraploid resources shows reduced proportion of split leaves,
shortened,plant heights, and reduced number of root tubers compared with corresponding diploids . Only the root tuber yield of X048 and
SC12 autotetraploids increased, and the dry matter content of NZ199 and SC14 autotetraploids increased. A survey of plant growth
potential indicators found that most of the tetraploid varieties have lower plant heights than diploids; leaf retention of tetraploid lower than
diploids,and reach the highest leaf holdings from late August to early October. The effect of chromosome doubling on the stem diameter of
each variety is not obvious; the net photosynthetic rate of 8 varieties all shows significantly higher rate in tetraploidsthan diploids. This
study clarified the phenotypic differences and growth and development characteristics of diploids and autotetraploids of 8 varieties,
analyzed the impact and occurrence rules of chromosome doubling on plants, and provided materials and theoretical basis for cassava

polyploidy research.
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Table. 2 Comparison of Quality trait between diploids and its homologous tetraploids of cassava resources
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CAL: Color of apical leaves; PAL: Pubescence apical leaves; SCL: Shape of central leaflet; NL: Number of leaf; PC:Petiole color; CLV: Color of leaf vein; OPG:
Oriention of the Petiole growth; CSC: Color of stem cortex; CSERS: Color of stem epidermis reverse side; CSE: Color of stem epidermis; CYS: Color of young stem;
SP: Shape of plant; LB: Levels of branching; BH: Branching habit; FLO: Flowering; FRU: Fruiting; COT: Concentration of tubers; RS: Root Shape ; ECSR: External

color of storage root; CRC:Color of root cortex; CRP: Color of root pulp; RRE: Roughness of root epidermis
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Table 2 Comparison of quantitative trait between diploids and its homologous tetraploids of cassava resources



A AL R R ko i e He ] KR RME MR WREI LR HJEIEE IL HObE 5% (cm) PH

Varieties (cm)LLL (cm) WLL RLL (cm)PL (cm)LSPL SL

Guill-2x 182+0.8 2.8+0.4 6.4+0.5% 31.0£0.9* 12£0.1 1.7£0.1 4 19.7£0.6 398.0+6.6*
Guill-4x 12.1£2.1 5.0+0.2% 2.4+03 255+1.2 12£0.1 22+0.1% 2 19.7£0.6 32724129
X048-2x 23.0+2.4 59402 3.9+0.5% 35.0%0.6 1.0£0.1 1.8+0.1 5 22.7+1.5 404.0£5.3*
X048-4x 19.1£0.6 74+03% 2.6+0.0 38.0%2.2 0.8+0.1 1.7£03 5 20.7£3.1 321.7+£10.4
Y-2x 16.6+1.2 4.8+0.2 35403 33.5%1.5 0.9+0.1 1.1£0.2 5 25.742.0 237.0£9.8
Y-4x 21.0£1.3 6.7+0.4 3.1£0.1 32.5%1.0 0.9+0.1 1.1£0.1 5 23.7£1.0 2493+3.1%
SC205-2x 23.5+1.5% 2.6+0.2 9.1+0.4* 35.8+1.1 0.8+0.1 1.3+0.2 5 32.7+2.1 363.3+12.6
SC205-4x 192+1.0 3.9+0.5% 49404 34.4+0.4 1.0£0.1 1.3+0.2 5 30.7+1.5 351.7+20.2
NZ199-2x 16.9+0.6 53+04 32+0.3% 37.0+1.4 13£0.1 1.0£0.1 5 32.7+1.5 3183+12.6%
NZ199-4x 142+0.9 6.5+0.3% 22+0.1 38.6+0.8 12£0.1 0.9+0.2 5 32.0£2.0 273.0%13.1
SC12-2x 18.6+£1.3* 57405 33+0.1% 31.4+1.0 0.8+0.1 1.5%0.1* 4 20.7£1.5 329.7+17.6*
SC12-4x 153+1.4 6.6+0.8 23+0.1 33.3+0.5 0.9+0.1 1.4%£0.1 3 23.0£1.0 289.7+7.5
M9-2x 155+1.1 5.1+0.3 3.0+0.1% 29.4+1.9 1.0£0.1 1.7£0.1* 2 20.7£3.1 290.0+15.6*
M9-4x 14.0%1.1 6.7+0.2% 2.1£0.1 28.9+0.8 0.8+0.1 1.1£0.1 3 243+1.5 2277425
SC14-2x 24.6+0.9* 3.9+04 6.3+0.4* 43.743.0% 1.1£0.1* 2.1£0.2% 5 25.0%1.0 330.3+6.8%
SC14-4x 18.4+1.4 6.6+0.2% 28402 34.1+0.8 0.8+0.1 1.3+0.2 4 23.0£2.6 241.7£7.6
i 2 7 Tﬁiﬁ AXEE EESHM BURECR O NREE EEE WTHE  WER TRRSE (W)
Varieties D (cm)HB [%(°) AB NSR J&% (mm)CT (kg)SW (kg)RW HI DMC
Guill-2x 36401195  92.0%11.5 25-30 9.3+0.6* 1.42£0.04  494F0.17% 5443066  0.5240.03 233+0.2%
Guil l-4x 33.97+£034  119.7£123 25-30 6.7+0.6 1.57£0.06*  345+0.16  5.66+026  0.62%0.00% 21.5+0.2
X048-2x 38.10£1.06 / 0 10.7£1.2 1.34£0.04  584%028  528+021  0.47%0.00 29.0+0.3*
X048-4x 38.01+2.28 / 0 123£0.6 1.33£0.03  5.02£033  5.53%£0.25%  0.52%0.02 27.6%0.1
Y-2x 33514218 115.0%72 45-50 8.0+1.0 1.75£0.06  547£021  3.50%£0.33  0.39%0.02 28.2+0.2%
Y-4x 38.98+1.88*  106.2%15.1 45-50 7306 1.76£0.05  5.70£0.20*  338%038  0.37%0.03 27.7£0.2
SC205-2x  44.84+1.04 / 0 103£0.6% 1924006  620+042  441+£025  0.42+0.03 32.0+0.1%
SC205-4x  46.34+1.95 / 0 73+0.6 1.80£0.10 5224038  3.95+£027  0.43%0.00 292+0.1
NZ199-2x  35.74%2.13* / 0 11.0£1.0 1.35£0.03  5.09£0.32*  632%£035  0.55%0.01 29.0+0.2
NZ199-4x  32.05%0.91 / 0 8.0+1.0 1.794£0.20% 4061045  474+034  0.5430.03 32.8+0.1%
SC12-2x 3337+1.54  296.7+23.6 3 83+1.5 1.65£0.04  528+041  543%£032  0.51%0.03 34.140.3*
SC12-4x 4391+ 1.16% 224096 3 6.7+0.6  240%0.19* 5211046  5.88%0.32*  0.53%0.01 32.0+02
M9-2x 32.63+£2.01% / 0 103£0.6 L.72£0.15 3572030  5.69%0.18*  0.61%0.03 26.5+0.2
M9-4x 28.52+1.25 / 0 80+1.0  261+£0.12% 2474042 4542025  0.65%0.03 26.1%0.2
SC14-2x 42974096  245.0+8.2% 45-50 77+1.2% 1.72£0.04  5.08%0.13*  6.32£0.07%  0.55%0.01 27.6%0.1
SC14-4x 30.56+£1.06  206.7%6.0 45-50 53+0.6  249+0.17* 2671030  441+0.16  0.62%0.03* 32.0+0.2%
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* after diploidy and its homologous tetraploid represent signigicant different at 5% level; LLL: Length of leaf lobe; WLL: Width of leaf lobe; RLL: Ratio of lobe length
to lobe width of central leaf lobe; PL: Petiole length; LSPL: Leaf scar protrusion length; SL: Stipule length; LR: Leaf retention; IL: Internode length; PH: Plant height;
SD: Stem diameter; HB: Height of branching; AB: Angle of branching; NSR: Number of storage roots per plant; CT: Cortex thickness; SW: Shoot weight per plant;

RW: Roots weight per plant; HI: Harvest index; DMC: Dry matter content; The same as below
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Fig.1 Differences of leaf morphology between diploids and its homologous tetraploids of cassava resources
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Fig. 2 Changes of plant height between diploids and its homologous tetraploids of cassava resources from July to December
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Fig. 3 Changes of stem diameter between diploids and its homologous tetraploids of cassava resources from July to December

MR B R E R KB M E B br e —, W RME— @R EIRBE MR 3% Pt tEAHT0 3 e
FIRERFAE o AN [F) S 8] O BE FOVR P B K 22 S e A R A L RIS DD 54k BRI R I R B 17 0 0L ] 4.
Guill. X048. SC205. NZ199. SC14. SC12. M9 it fi G A RN R it i 85 2 T R DA 1K,
HrSC12. M9 1E 7-12 AR B A5 it 7 BB 2 2 T FURDU A5 Y Sl 8-10 A Uik 8 B35 %
TH A5k, RME—RIUH DU g m T AR I Fl: Guill. SCI2. SC14 i fh —f5A7E 11 A4



KB RIIHARE; Guill. SC205. NZ199. SC12. M9. SC14 fFh i RV ALE 8 B RSk B #gis
P, X048, Y 1E 10 AWNERIRE A, 25 A B EIZHRD .

5 %
150.0 | 7 " 900 | Z
3! é % 7! é
Agg 100.0 / / g‘g 60.0 | /
Ler . 77 =T s
5 5 7 7 IR %
"55 50.0 / / / té 30.0-/ / /
aldla.
AAA D . JAAAA -
July August October ~ November December July August October ~ November December
i R
EE 1200 gé
55 £
£5 ao £§
o July August g)dclo‘l;lcr November December July August g{ﬂ;lbhﬂ November December
At At
: ]
750 | /I 00 * V7 }/ /
2 ; 7 7 7
8ol 5. 7
%‘E 500 . . }’5.—3 600 | / / / %
517 Y ) 5|7 -
£E L0l Z = T %
5 250 v/ 2 300 V/ /
i3 i
asol . e . 1200 | }
2y Y% L L L7
%E 300 | Z % é ’I/ é g% 800} * > Z %
4 AL iy Ta %
Eg 150 / % ég 400-/ / % I
B a1 A
i i3

4 REZRBHERERIRNEEREIR 7-12 BIpERH F 5K

Fig. 4 Changes of leaf retention between diploids and its homologous tetraploids of cassava resources from July to December
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Table 3 The analysis of variance on photosynthetic characteristics of diploid and homologous tetraploid of cassava resources

o AR ol AL B (mol/ms) e R
Varicties (lines) net photo(sI}J/nt)hetlc rate stomatal(c(c})n;iuctance Intercellular CO, (mmol/m s)
n s concentration (Ci) transpiration rate (E)

Guill-2x 22.91£0.50 0.40%0.02 " 285.41£2.86 " 11.75+1.15°
Guill-4x 27.934+0.71 " 0.32£0.01 238.421+3.40 9.48+0.39
X048-2x 26.481+0.29 0.23£0.01 200.65+12.85 4.70+0.25
X048-4x 29.66+0.16 * 0.27£0.01 " 207.04+5.51 5.09+0.10 "
Y-2x 36.41£0.42 0.67£0.01 292.8310.13 12.33£0.74
Y-4x 41.094+0.51" 0.80£0.06 295.5618.46 14.16£1.20
SC205-2x 22.62+0.56 0.26+0.03 244.1614.06 7.19£0.11
SC205-4x 28.23+0.97" 0.3940.04 " 263.32+2.77" 9.87+0.52 "
NZ199-2x 34.081+0.41 0.834+0.02 " 314.304+0.05 " 14.374£0.47"
NZ199-4x 37.58+0.13 " 0.77£0.02 302.05+2.28 13.40%0.11
SC12-2x 19.99+0.69 0.2240.01 233.19+4.18 5.2740.33
SC12-4x 23.19£0.09 " 0.284+0.01 " 251.57£2.69 " 6.12+0.10
M9-2x 31.46£0.76 0.46+0.03 279.6514.14 8.35+0.41
MO9-4x 34.86+0.80 " 0.534+0.02 " 291.944+2.42" 9.76+0.32 "
SC14-2x 35.554+0.33 0.86+0.06 313.24+3.41 14.88+1.31
SC14-4x 38.36+0.98 " 0.91£0.10 311.60£2.03 14.06+1.00

3 tig
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IR R, BIRE T A R R 4 AR T B . AR SRR A S R A A, X
TERRMEARIG T “RHTAR”  “TURHBIE” MRS « <4t ERBULZES. Bk, T g
R 0 25 5 RS B 1 B P 2 IO A, O T 2 P e T80 i 1 T 4L P

ARSI, 75 B R TS AR A R ARSI . B, 5 A R B AR 16 O 27
Pl . (HJE, ZAALEIRD SEOEMEMIUE L, AR SR, 5B Rk AR T B T4 ot
51, SR T A K A AN H . BRI R, R G R RO 2 B R H O — R SR A, T
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