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Genotype x Environment Interaction and Stability Analysis for Potato Performance and
Glycoalkaloid Content in Korea

Su Jeong Kim'™, Hwang Bae Sohn', Yu Young Lee?, Min Woo Park®, Dong Chil Chang', Oh Keun Kwon*, Young Eun Park’,
Su Young Hong', Jong Taek Suh', Jung Hwan Nam', Jin Cheol Jeong®, Bon Cheol Koo', and Yul Ho Kim"'

ABSTRACT The potato tuber is known as a rich source of essential nutrients, used throughout the world. Although potato-
breeding programs share some priorities, the major objective is to increase the genetic potential for yield through breeding or to
eliminate hazards that reduce yield. Glycoalkaloids, which are considered a serious hazard to human health, accumulate naturally
in potatoes during growth, harvesting, transportation, and storage. Here, we used the AMMI (additive main effects and
multiplicative interaction) and GGE (Genotype main effect and genotype by environment interaction) biplot model, to evaluate
tuber yield stability and glycoalkaloid content in six potato cultivars across three locations during 2012/2013. The environment on
tuber yield had the greatest effect and accounted for 33.0% of the total sum squares; genotypes accounted for 3.8% and GXE
interaction accounted for 11.1% which is the nest highest contribution. Conversely, the genotype on glycoalkaloid had the greatest
effect and accounted for 82.4% of the total sum squares), whereas environment and GXE effects on this trait accounted for only
0.4% and 3.7%, respectively. Furthermore, potato genotype ‘Superior’, which covers most of the cultivated area, exhibited high
yield performance with stability. ‘Goun’, which showed lower glycoalkaloid content, was the most suitable and desirable
genotype. Results showed that, while tuber yield was more affected by the environment, glycoalkaloid content was more
dependent on genotype. Further, the use of the AMMI and GGE biplot model generated more interactive visuals, facilitated the
identification of superior genotypes, and suggested decisions on a variety of recommendations for specific environments.
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FakA] 7P} & Wk o, ZEo Ao H st
Hol| &= 243}t Choi et al. 2008;
014). Leith, A Aol B4l ol Felm
o2 o] =(Potato glycoalkaloid, PGA) A& 831
9lo] SHE HFFL 20 mg/l00gFW o]3h2 Akt ek
(FAO/WHO, 1999, Machado et al., 2007).

e E, A, drAs 5o BAA 43 B
T & A4 8ol wet 4= PGA FHgollA ohget
Hol| & H Itk Morris & Petermann, 1985; Grunenfelder et
al., 2006; Kim et al., 2016). We}A], ot 2ol AL 3}
wahEA PGA Bfol W 7abE AAkelr] SisiAE 7

A} AT PGA Sl oigt 87, $0% Az 9 AE
g 7ue Bl WAl E5 ANIAE Aot
o] Zaalt}.
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FS 0HEAS BeeA B Ro] we Sl
(Nam er al., 2004). B73slo] ket 2] 14 W o)
gt x] = FARS 9 E(Genotype)t 27 (Environment) 2]
AT 2-8(Genotype x Environment Interaction, GxE)o]2};
1 gtcK(Nabavi et al., 2006; Yan & Hunt, 1998). GXE+=
s Wsto] gk A oheftt 8 Y RESo = Ao
(Vargas et al., 2001), &7 Qol(AujA g} Ax}7E ¥
oholl tat fAEel Wol E ALAS WA 4 ot
(Tolessa et al., 2013).

GxEE ZH3= B4 BP0 A7 el = gatet
thoFst Al Z-8(Additive Main Effects and Multiplicative
Interaction, AMMI) ®d-& T}oFst sl X AHoA a4
O 2 AFE 7}s3tcH(Zobel ef al., 1988; Yan et al., 2000;
Ezatollah et al., 2013; Park, 2017). Gaucho] 2J3}] 19884
AL AfE AMMI 2l _/;:Ek/d = okx A "yl &
2 AFgEtHGauch, 1992). EZ31} AujstH o] AMSAHE
RS o AT 4 E Ak A7 A
£ FA4E E A (Principal component analysis, PCA)S &
off st A sl o ks AR ol UthZobel er al,
1988; Reza et al., 2007). ®35t, 27 U Ax}7Ho] 4=7F ¥
ol AT APl F59 A4 B7HE S A9 &
Z Adbo] AFE-E 4= Qlti(Yan & Rajcan, 2002; Pourdad
& Moghaddam, 2013; Fehr, 1987). 43 59 aue} &
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Table 1. Characteristics of the six potato genotypes evaluated in this study.
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Genotype (Abb.)

Pedigree

Maturity

Preferential use

Tuber shape”

Superior (SP)

Atlantic (AT)

Haryoung (HR)

Goun (GU)

Hongyoung (HY)

Jayoung (JY)

B96-56 x M59-44

B5141-6 x Wauseon

Atlantic x Superior

Lemhi Russet x Chubaek

Atlantic x AG34314

Atlantic x AG34314

Early

Medium

Early-medium

Early-medium

Medium

Late

Table food, Potato chip

Potato chip

Table food

Potato chip

Table food, Potato chip

Table food, Potato chip

*Kim, 2016.
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Fig. 1. Test environments for potato cultivation in Korea. Environments are indicated within black dots by abbreviation in yellow.
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Table 2. Meteorological data from the three environments where potato was cultivated in 2012 and 2013.

. Maximum Minimum Average  Accumulated Accumulated . .
Region o . Planting Harvesting
(masly’ Year teznp. teznp. teznp. precipitation precipitation period® period”
©) (©) (©) (mm) (days)

El (20 m) 2012 20.7 12.2 16.3 345.2 30.0 Mar. 21. Jul. 11.
2013 20.9 11.7 16.2 260.3 47.0
Y 20.8 11.9 16.3 302.8 385

E2 (560 m) 2012 24.1 12.6 18.1 445.0 27.0 Apr. 15. Aug. 5.
2013 23.6 12.7 17.6 832.5 48.0
M 23.9 12.7 17.9 638.8 37.5

E3 (800 m) 2012 22.6 13.6 17.7 856.8 46.0 May 14. Sep. 3.
2013 23.2 14.2 18.4 661.1 59.0
M 22.9 13.9 18.0 759.0 52.5

All data values obtained from nearest Korea Meteorological Administration of Database. (website: http://www.kma.go.kr).
“Region (masl) represented abbreviation of region and altitude in meters above sea level (Fig. 1. Reference).
YMean represented 2012-2013 climate average for cultivation period, including temperature and precipitation.

*Planting period represented 2012-2013 after last frost date.
YHarvesting period represented 2012-2013 before first frost
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7ol tigt AlEdol Atk= AL Aufjgh o] el nlA
= FFol A9, GxE 42289 anrt Yets] AT
QﬂlﬁFE}(Fufa 2013; Shim et al., 2015). %EIL}E} FA /IR
A 1052 8A oA A5/4dS B7hstkels of &7 &
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Table 3. Total tuber yield (kg-10a™") of six potato genotypes across three environments during (2012-2013) main cropping season.

Genotype” Environment’ Mean+S.D." C.V.
El E2 E3

SP 3,755 3,957 2,330 3,348+748 0.22
AT 3,761% 4,181 2,064 3,335+£775 0.23
HR 3,266 3,526 3,227 3,340+738 0.22
GU 3,536 4,236 2,230 3,334+646 0.19
HY 2,928 3,272 2,530 2,910+£711 0.24
Y 3,051 3,420 2,563 3,011+431 0.14

Mean 3,383 3,765 2,491 - -
S.D. 357 412 406 -

C.v. 0.11 0.11 0.16

“SP, Superior; AT, Atlantic; HR, Haryoung; GU, Goun; HY, Hongyoung; JY, Jayoung.

YE1, Gangneung; E2, Jinbu; E3, Daegwallyeong.

*Values underlined are the highest yields in each test environment.
YAverage data for the three environments considered (El, E2, and E3) + standard deviation.
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Table 4. AMMI analysis of variance for total tuber yield (kg-10a™) of six potato genotypes grown in three environments in

2012-2013.
Source of variation af SS MS F-value® Explained (%)”
Genotype (G) 5 3,531,905 706,381 1.935™ 3.8
Environment (E) 2 30,308,167 15,404,083 10.894" 33.0
G x E 10 10,328,137 1,032,814 2.829" 11.1
Rep(E) 15 21,210,115 1,414,008 3.873"" 7.1
Residuals 72 27,380,615 365,075
Total 107 93,258,939
AMMI PCI 6 9,966,207 1,661,035 4.550 96.5
AMMI PC2 4 361,930 90,482 0.250 3.5
Total 10,328,137

Abbreviations: df, degree of freedom; SS, sum of squares; MS, mean sum of squares.

“Values for the variables in each factor: “*Non-significant,
p<0.001.

"Significant at p<0.05,

“Significant at p<0.01, or ~Significant at

YValues within brackets indicate the portion of the E, G and GXE SS with respect to total yield variation.

Table 5. Mean tuber yield, scores for AMMI and rank of six potato genotypes tested for 2 years in three environments in Korea.

Yield” AMMI model*
Genotype”
kg/10a rYSI IPCA1 IPCA2 ASV rASV
SP 3347.556 1 -9.660592 -10.3475414 51.73928 2
AT 3335.389 3 -18.708195 -2.5187211 98.20363 5
HR 3339.667 2 20.927442 -0.8188480 109.81989 6
GU 3333.778 4 -13.567052 11.3374427 72.09025 4
HY 2909.889 6 11.684995 0.8382961 61.32279 3
Y 3011.444 5 9.323402 1.5093717 48.94787 1

’SP, Superior; AT, Atlantic; HR, Haryoung; GU, Goun; HY, Hongyoung; JY, Jayoung.

YYield, Total tuber production (kg/10a); rYSI, rank of yield stability index.

*AMMI model, Additive Main Effects and Multiplicative Interaction model, IPCAI1, Interaction principal axes 1; IPCA2,
Interaction principal axes 2; ASV, AMMI stability value; rASV, rank of AMMI stability value.
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Table 6. Potato glycoalkaloid content (mg-100 g') in six potato genotypes across three environments during (2012-2013) main

cropping season.

Environment” y
Genotypes” El E2 E3 Mean=5.D.
CHA SOL PGA CHA SOL PGA CHA SOL PGA CHA SOL PGA

SP 062 0.12 0.66 1.03  0.17 1.12 1.59 039 1.88 1.08£0.60  0.23+0.11  1.22+0.70
AT 037 0.12 043 0.69 0.12 0.76 0.63 0.13 0.70 0.56+£0.23  0.13+£0.01  0.63+0.25
HR 447° 233 6.53 3.88 1.83 5.39 343 1.81 531 3.93£0.62 1.99+0.90 5.74+1.00
GU 0.57 015 0.67 0.65 0.14 0.73 0.87 022 1.03 0.70£0.24  0.17+£0.08 0.81+0.28
HY 1.81 0.16 1.90 0.88 0.12 095 1.56 0.12 1.62 1.42+0.49 0.14+0.02 1.49+0.51
Y 217 090 3.01 205 058 257 1.70 047 2.10 1.97+0.80 0.65+0.27 2.56+0.97

Mean 1.67 0.63 2.20 1.53 050 1.92 1.63 052 2.11

S.D. 1.55 0.88 2.34 1.26 0.68 1.84 098 0.65 1.65

CV 093 140 1.06 082 137 0.96 060 123 0.78

“SP, Superior; AT, Atlantic; HR, Haryoung; GU, Goun; HY, Hongyoung; JY, Jayoung.

YE1, Gangnueng; E2, Jinbu; E3, Daegwallyeong; CHA, a-Chaconine; SOL, a-Solanine; PGA, potato glycoalkaloid.
*Values underlined represent the highest glycoalkaloid content in each test environment.

YAverage data for three environments (El, E2, and E3) + standard deviation.
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ol AR, rtASVZE 1912 71 P A de A
ACR ZAE .

Xt E32| 2ol ME PGA &2 Ho|

A 6EES QO SpTE Aol thE 37
oA PGA 32 w413k A}, s1g(HR)©| H4t a-chaconine,
a-solanine @ PGA $FaFof| A 22+ 3.93, 1.99, 5.74 mg/100g
o= Vg w9, BREAE AN Bl vl g
Ho|7} Z1ti(Table 6). HJA(AT)= a-chaconine, a-solanine
4 PGA o] 2z 0.56, 0.13, 0.63 mg/100go. =2 714
w$eton, RFEHAE 7 Aot g wstol thsf ok ¥
o7k 27 gty EEWA EEHAG] 2 AL 14
Zpel 232te] g Zpolofl A 7]QIR Aow weEich
Kim ef al. (2014)S 3FJ(HR)T #+AY)olA PGA ek
o] %E‘Rl%tﬂ 2 Aol E 2 AaE Uerfgich E3,
PGA Q] A& = a-chaconine®] a-solanine HefFRc} 2-74) ¢

=%k 1(Friedman, 2006; Bejarano ef al., 2000; Friedman
& McDonald, 1997), £ AFoA = & Adko|Qith

PGA 2 #F 179 44 aQlat 4, 2%, A,
S e @ el o5 & FFe nA= Alor o
#] 9lthGrunenfelder 2005). & Ao A= zufje ol w}
£ PGA T2 #5 2 Aol et 2pol& EleT,
Z432(E1) A4 H a-chaconine, a-solanine I PGA
sheko] 7H2F 1.67, 0.63, 2.20 mg/100 g0 2 7}AF =9kT,
AR(E2)O) A ZH2F 1.53, 0.50, 1.92 mg/100 g o8 7}AF oF
AUtk 2 Aol PGA ke At EE = 2ozt Al
Ak, BE A 2to] A FDA H747]E<] 20 mg/100 g o]}
2 Yehd kAol 2 A7 glslth

Sanford et al. (1995)2} Kim ef al. (2014)-2 PGA 9]

T Zol= FF LAY FAF ZoloA FHiE S

7}%"301 Eoha shgih & Aol A= PGA FHegol =2
F5¢ sHEHR)Y W2 F53¢ A(AT)7F PGA 3F=F
o|7} A oFol A QRlETt M4 8lo] T %312
2 e Slch

d

|

rE r]

(Table 7). a-solanine-> %XJ%‘QJ [0k

Agel 8

a-chaconine® %
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Table 7. AMMI analysis of variance for potato glycoalkaloid (mg-100 g) in six potato genotypes grown at three environments.

o a-Solanine a-Chaconine PGA
Source of variation df - ; ;
F-value®  Explained (%) F-value  Explained (%) F-value  Explained (%)
Genotype (G) 5 63.94™ 75.2 7737 77.4 100.50™" 82.4
Environment (E) 2 0.99™% 0.6 0.78N8 0.2 2.26™ 0.4
G x E 10 1.02 2.4 2.717 5.4 2.24" 3.7
Rep (E) 15 1.21M 43 0.66™ 2.0 0.50N 1.2
Residuals 72
AMMI PC1 6 1.62 95.4 3.40 75.2 3.14 84.1
AMMI PC2I 4 0.12 4.6 1.68 24.8 0.89 15.9

Abbreviations; df: degree of freedom.

“Values for the variables in each factor:"*Non-significant, “Significant at p<0.05,

0.001.

“Significant at p<0.01, or ~Significant at p<

YValues within brackets indicate the portion of the E, G and GXE SS with respect to the total yield variation.

(p<0.001), GxE AEALE §ol4o] FaiA Agaielrt
(p<0.01). PGA 3F2 %4 o] 847} ZshA 2853
H(p<0.001), GXE .91 245 2H8(p<0.05)0] k57| 28
steic.

a-solanine &=F WMol 752% =2 A Fo| 713 £ o
o QI9Lom, 1 TS0 R GE ABASL 24%5 LR}
1, 37 8¢ 0.6%°l E15}%ltt. a-chaconine 5F W
o] 77.4% 2 9AHF o] 7Y L Qg u|Fon, 1 e
o2 GxXE ASZEL8 54%=2 Ve, 34 291L 0.2%
of B35ttt PGA g o= 82.4%E AA|5te] &
ol ol 74 AT & 5 UYOT, GE ATAE
3.7%, 87 2908 04v%o] Bae Aol ulHlgHs o
A3t GXE A5 A8 JaFe 5430 H]3)| a-solanine,
a-chaconine 9 PGA7} Z+z+ 31.3u}, 14.3uf 9l 2231 t]
agron, ol 4o e §43 WMol viusioct
AMMI 24 23}, wE 74 8204 f430] 27 24§
stol, 4% B35l whet PGA B o]t 918 & 4
23]

E o

-l> flo

WA SE, 44w, ARAS SO B4He 2w &
ol et S PGA o] Aolst e el
G+t (Bejarano et al., 2000; Grunenfelder et al., 2006;
Kim ef al., 2016), 2 ALol|A 7-212] PGA 3heke 317
ol Qoldch gAA el Q9lo] 746t H9ge u]x]‘_ 2o

2 BIE Yt thebd PGA Tkl RS 7S Al
sl A= PGA o] w2 #59] 7ido] Hashm, iy
-2 A 5 SA 27IDANARE AAA] A
o] dasirta HHE I

rﬁ

-l>

1A 20| AMMIZI GGE ZHE 0|25 GXE ASEt
£ biplot —E—&*.
=94 P Hrlsliad] AMMI B4<S Z3 oo of

4 g el AT, S S
F2-5 biploto. 2 A| 236l TtHZobel et al., 1988;
Gauch & Zobel, 1996; Tolessa et al., 2013). AMMI biplot
o A 1 FAE AEAE(PC D)} A 2 FAEPC 2) GE
Azakgol ofs) A7 oR tehis AR fere Al
87 2olo] 4e AP HYon, GrE AT HE
B ke 2. A4 pEe AEED A
40|(SP), FF(E2) A%19] IL&GU), ThEH(E3) X9
SFP(HR) FFollA & Ao vetget E3 %’“7:‘4
AFAY)o] Fo] oA thefRt s zzdoll A uHlgh
Tk u(SP)= 7] o
A IS FSEDT FE2-g avrh ZEglod, ey
Agkell A4 vlwd g Al A4S et v
[

A e AEAGol Bstel Bl wret Sapvolst Al
sfgon, of Feld 714 e fAFe SEHRY
Aoz Tys ek

77 FAel 2AAste] BaE SolXg olgste] A

GGE biplot& AE3} 73 Alo]o] UAS 45 4= 9
o, o]A-& G+GE (Genotype + Genotype and Environment)
7} A ) 97%E Aol GAHI AEA T 2o 4
Foll Y& FUHFig. 3). Qe vehdl= + e 7t
o] w7t FE45 Aol Ash, Auiehd HE et QI
3l 9]0 9= EZFL GXE AT AR o‘I‘J(Kroonenburg,
1995; Yan & Tinker, 2006). <, 7F5(E1)1} AE(E2) A Y
& Aol Zshe, 4=m|(SP), LHGU), EH’\i(AT) 59

SA Sel ke Folch e EEED)S e
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Fig. 2. AMMI biplot showing the mean (main effect) vs. stability
(PC1) view of both genotypes and environments on
potato tuber yield. Abbreviations of genotypes and
environments are as given in Table 1 and Fig. 1.
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Fig. 3. Vector view of GGE biplot of environment-focused
scaling of average tuber yield for 6 potato genotypes
across three environments.

E1, Gangneung; E2, Jinbu; E3, Daegwallyeong; SP, Superior;

AT, Atlantic; HR, Haryoung; GU, Goun; HY, Hongyoung;

JY, Jayoung.

5 BT o2 Zo] WS ABE, FASA o
YA Brolu, E(HR) E3 b2 SEFRE e 5
29l A% o|glet.

S fAPT AR A ko] BHG HHBAS
Hato] §AHAo0) AYTRE 2 5 9lo] AT RS
=0 4= QIthal B 313} =g|(Choukan, 2010), ZS(E1)
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Method=svd, center=TRUE, scale=FALSE, missing: 0%
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Fig. 4. Polygon view of the GGE biplot of potato tuber yield
for 6 genotypes over three environments.

E1, Gangneung; E2, Jinbu; E3, Daegwallyeong; SP, Superior;

AT, Atlantic; HR, Haryoung; GU, Goun; HY, Hongyoung;

JY, Jayoung.
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249.& biplot A A2 We| WolH §43
& Hog o] JlEE BE $AE0] o2k Yo
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2 AAETh 7 BE e 87 Tgolx A3 4o
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Fig. 5. AMMI biplot showing the mean (main effect) vs. stability
(PC1) view of both, genotypes and environments on potato
a-solanine (A), a-chaconine (B), PGA (C). Abbreviations
of genotypes and environments are as given in Table 1
and Fig. 1.
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