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Abstract

To increase the evaluation accuracy of stability and adaptability of soybean protein content in
multiple environments, GGE-biplot method was used to analyze and evaluate the recombinant in-
bred lines (RILs) dataset including 147 F1o-19 RILs and their parents Charleston (2 ) and Dongnong
594 ($) planted in Harbin from 2002 to 2011 year. The results showed that the first principal
component explained 37.7% effect, the second principal components explained 15.3% effect, and
PC1 and PC2 were explained totally 53.0% on interaction effects. Ten environments could be di-
vided into four groups, 2003HRB was in the first group, and Line No. 80 was the best inside the
group; 2002HRB, 2004HRB, 2006HRB and 2008HRB were in the second group, and Line No. 24
was the best inside the group; 2011HRB was in the third group, and Line No. 10 was the best inside
the group. 2007HRB, 2009HRB and 2010HRB were in the second group, and Line No. 23 was the
best inside the group. Based on discrimination ability and environmental representativeness,
2008HRB was the best representative environment and 2002HRB was the best discriminating
ability environment. Based 10 years data in Harbin environment, environmental factors impacted
on the soybean protein content are sequenced as: Sunshine > precipitation > average temperature.
The results were important implications for guiding soybean cultivation in multiple environments
and evaluation of the suitable environmental factors.
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AEFITIN KEEARSEAEARFRFBRREERENE, A5 7R HGGEXUR EXF 20024320114
FAE T8 RIIRE R 147 M F101oREH B X RAE K H SE A Charleston ($#)RIHRK594 ()HI104
F4y (A E)E ABARBHT AR . B REW, 1RO T 37.7% MM, H2 X T 15.3%
FIRBL, FB1F RS ME2E R HEREGEGEE/ERRLMS3.0% ., 10T AN, BE—IPX
B, = EA2003HRBIE, Bk RSO EOR SERZNELF; £ -/ X 52002HRB. 2004HRB. 2006HRB
F2008HRBI:4ANMIHKIE, RAUNEARSERIRT; F=/XRFEEHF2011HRB, HKR10MWEH
FREBRIRITF. B4 X A2007HRB. 2009HRBF2010HRB, #AR23 T A, BEARSERI
BiF. EAHERARENERIEE O, BHH2008HRBE EHFAFME, 2002HRBLJfk 1\ iF. 7
FES10EWR/RIERET, FERFHEARSENERITTN: BREE > BKE > FHEE. 24
EXWNZH B THRIRERE MM EE[REFTFRMHMEEEEER L.
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1. 3]

KERFEHF WM, REEMRESEDZ —, KEMNEAREME T AEREANFERE. 57202
P AR R AETE R R, B MEILE S, SaMEAMIA S G IREEE, NRGHIRERRS, &
FKEAERA M, BEOAR, 800 5 LA AR S TR S Thak (1], K9 E AR & ERE
SR, BAENHIRE R, RAESZRMWRE . HIEAK > S/ R W, SRR R
SECE MR IR R 1) R0 7 sEFRIA TR B R AR AR AL, 3 T R0 B 1 O A i T R T % b R — S DAL
KB T 20 B TR EIERM AR ARG EMENE, NRTRREMEE 7.

HAT, & THEEETF5RM I T E D, KEHEE T QTL 5IHEEM HAE i 2,
FZ KM QTL SIEE HAEMI A HTEAR[2] [3], (HIXELHTE A H- A RE B ML £% A R e X 330 & Fh (R)
fmre st . I IR A SR A S X R E L. 1971 4E, BRI (Biplot) MM 4 Gabriel 2542 H LA
HKe[4], RZHF TN RbR B AT T SRR I8 10 X 4 [5] [6].

T EEAESR, GGE-Biplot XUbR B T 7 v iz o TE/NZE[ 7] #32 (8] K9]\ /NE[10]s B K[11]+
FRAE[12]F0H BE[ 135G T K B SR [ 140 B R X 10 AR AL 20 S S FP ek B A0 5 1 1 0
R RAT R e i e BHR[1515%F 5 AN AT 7 AN SR () B 7= B PRk A7 e e M G L 1 34T
Wik S 161 GGE RUbw B KSR & s B 2r & 0 Bt il PG /N2 i 7 SRR TRk o 5K 35 A 26 (171t H % 2 #r
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Jiid, X3 AN 10 AN EFP 19 AMREE SN G T e R e MERLE R A bT . BROEIGAEAE 2014 4
FIH GGE-Biplot 77723 5l % K G [ M FRIR [ 18R G 07 B[ 191 MR R ILHEAT 347

AHEFAFIH GGE XUz 73 BT #F(GGE biplot)£l X} LA Charleston F1ZR A< 594 NZEA 147 A Fio.po B
SRR, o HrHESE 10 £ 8 AR S EEWE . 78 RIL BHA 147 MR REZ IREL TSR IR
PR, RN PP IR X 7y 50N, ARt 0 K G A P fe g S A

2. MRIFIFTE
2.1. R

AW 5T LSS [E AT i A Charleston ()RR 594 (6 )HIZER) RIL BEAAZH1S 2K 147 4 Fio0 4R
HHEZRNRESE, FHb Charleston A& mylAr Rl Il & 88 22.7%; A 594 BEEAME, &
AR &N 44.3%.

2.2. PFRE

# Charleston ()FIZR AR 594 (8 )2 H 147 /> Froo RELH A RM B 2002 FFF] 2011 FF04E T 5200
LA AR BRAREE B OB M (W8 ZRIE, 126°38'E, 45°45'N). 2002~2006 E[HFHE MK EE, 2007~2011
SEIPAE =X E R, R B A K .

23, mERMREIFERFIE

Bt FOSS-1241 ZLAMER Y A RIL BEAE 147 A Froo REH AT RFTEASENE, B
PRABENLEC S PR, TRIERAEZ S E/KEGENNEEARSE, BOIMEERMZATHEARSE, =X
HE M MIEENZHS T EAR S EREE.

PR BEKEAH RS R B R TR K A A S RI E R R O E AR B
B E B EEIER ) Giitid S RIE 10 452002 £E~2011 4E) KRB R T F4IR B . Bk B A H 1A
SRR .

2.4. DFGE

KH GGE-Biplot B F[51# AT RS H & &= T 238N GGE-Biplot 734, FIFH AR E il
IR, 708t G 5 GE IR, G: FoREME LM, GE Fon: RMESHETHAERN, s &l
A EE R TP B2 B A R ALE IR PR E AR

GGE XUbr R F P 1 3055 AL bR (Average environment coordinate, ACE)yZ%BE#L 4 5 In) EdE & 1 1915 B
TEW . MRt K. AEC 2 M B B R RIS 5ME, AEC B PC1 Fl PC2 1553 73 56 T I fa b
K] PC1 F1 PC2 HI°F¥34). AEA (Average-environment axis)El AEC FIH&4H, #id 55 A1 AEC, AEC Y
Pt 2B R AT AEA IWEZ. GGE XUbr B IR 25 th 8 A BT R AN IR S AR, m) 5 B b gk
ITEEER S 8T, ABA R KERFHEHE, Sk hRAE, SHRRE AEA EREREZBE
H, HEEPMFEE, AR THRARNREN, ki RIRREEZE, AEA FELHKE DR
RO TERI RN, KRR, Foe Mlr .

¥ GGE Xbr 45 R b Bom B B & R € MR BEERE R, TE— A 2 LR a5 .
DU T ) 53 O, AR i e 4ok B0 s X, B8 5 AR T2 X, S8 AU
PRAX AT AR B, T “Ta” PrR IR RS Z X IBN R NSRRI &R . @I KRS
B S BTERS /R 10 RS2 3 BB K 7 CF IR 2« PR/ ERT H BRI O RS20, #8 HH 52 mi K
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TR AR SRR BN T
3. ZBRE5 2
3.1. MERTFHIT I

XTRG RV 10 4(2002~2011 4F) 18] )R R E s g AT o #fr, Horb, KA E R &2 1) 2 Ta B
356.9 mm~529.2 mm, HH 2002 W FEREEE, HREMIE TR AE 0 H RN SRR ES
1104 h~1439.5 h, 2003 4E H fEH 25/ 1104 ho 2002 £ 2004 4 H B $ofisr, 7F 1400 h /247, HA
SEMFRELE 1300 h 2475 A2 B BRSPS RIRECN AR, 72 17°C R 18°C2 ), BENEEHZIL T 1°C (% 1).

3.2. RIL B9 RBG i 5340

I A R E AR E R M 51 T 2 . BEZR Charleston (8 )5 & B AR TG I E 38.06%
B 42.38%2 8], ALK 594 WA SR VERETE 41.80%2) 43.94% 2 (8] . BEARAT A0 Y0 Bl TR
36.24%3] 42.24% 2 0] o AZBERTIE S FEA /AR I ARIEEROR, &AM QE 7 #T.

3.3. RIL #FEAMRERREMR 10 FHRRIH
I TR 10 4 10 NIABIAFE] GGE XUbr i, AR R AUE G K AT 170, 1) A2 b

Table 1. Environment factors of Harbin from 2002 to 2011
= 1. FAIGE 2002~2011 SEIREEF

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

A H #ARE R = GP (mm) 529.2 466.6 447.8 408.6 454.6 356.9 368 441.3 455.5 401
EHBHBE S ASH (h) 13773 1104 1439.5 1233 1347.9 13859  1318.2 1316.1 1308.6 1298

A H AR AT (C) 16.9 17.4 18.1 17.5 17.8 18.1 18.2 17.4 18.3 17.9

Table 2. Summary of RIL and parents protein content

=2 EHBAXRARRKEEAEASERS

SEA Parent RIL # 4 H% & RIL population
E28: HAK 594 Charleston  ¥J{f pRilEE ARAH WE BE BME BKE RRE
Environment dongnong594  Charleston  Average SD cv Steve Kurt Min Max Range
2002HRB 42.38 40.35 39.30 1.56 0.04 0.52 0.80 35775 4445 8.71
2003HRB 42.95 41.21 36.24 2.52 0.07 0.04 0.52 29.86  43.55 13.69
2004HRB 43.94 42.38 36.31 1.61 0.04 0.70 1.40 31.48  42.09 10.61
2005HRB 42.68 41.21 39.66 1.48 0.04 0.74 0.38 36.84 4471 7.87
2006HRB 41.80 40.20 39.02 1.50 0.04 0.42 —0.06 35.82  43.06 7.24
2007HRB 42.93 3843 42.24 1.62 0.04 0.09 —043 3843 4642 7.99
2008HRB 43.04 38.06 39.17 1.57 0.04 0.42 —043 3590  43.06 7.16
2009HRB 43.37 38.78 41.60 1.10 0.03 -0.02 —0.55 3898 4436 5.38
2010HRB 42.42 40.72 41.90 0.95 0.02 -024 -038 3974  44.00 429
2011HRB 42.13 40.80 4135 0.99 0.02 -0.09 -0.26 3897 43.63 4.66

DOI: 10.12677/hjas.2018.87118 804 b k=


https://doi.org/10.12677/hjas.2018.87118

HE 5

NEEARBIE I, RN ZERIE 2040, Hoh ABA REMRE QRS XM, LSk ER
EJ71, BB R RN AEA il B85, S ANPPRI R 2R BRI # Sk 07  Ron AR (Ul i R, R
ZORR. W 1 FTR, FR&R 24 FIRER 10 #ALT AEC AN, HEASETZ K TYHE. %A 10
kR 24 MLCE BT REAL RS, FTUARK R 10 (08 (A& R4 TR i Ae e Mo

3.4. MERNFMIENAME

LIRS @ MM, AL Tl S bk RAR AL S B ER, TER—ANEEANZ A, N
JE R S AR R L, BT 10 NIRRT 4 MK, §AEIL ﬁmmﬁﬁm%A% PREE 1)
585 Sk BT TE 1) 52 9 A KRR RSB ARER MR 55 o B FH 2 oy 0T, o sE 1 R T 37.7% 1800
52 FRA R T 15.3%M%08, PCL F1 PC2 ik G 5 GE HAERUN 53.0%, HHEWT HA BRI A5
PE(E 2, E3).

[PCT =37.7%, PC2 = 153%, Sum = 53%
O.S_Transform 0 Scaling = 1;5Centering = 2, SVP =1
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Figure 1. Protein content of RIL population distribution in HRB 10 environments

1. RIL BHAZE QIR HRB 10 MAERE S A E

4 3 2
[PC1=37.7%, PC2 = 15.3%, Sum %
1.2 {Transform = 0 Scaling =1, Cenlerm*Z SvpP=2
1
0.67 /
2003HRB 2002HRB
2004HRB
200SHRB
0.0 2006HRB
P
(62
2 -
-0.6
12]]
2011HRB
| 2007HRB
-1.8 200G
3
1= - |
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Figure 2. Group classification of protein content of RIL population in HRB 10 environments

2. IL B#HAZE B MR HRB 10 SRERI5T4H
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3.5. BMMERFRIZE

Wil 4 7w, SUNSHINE a5 B br ) & % f /)y, HO 8 B i 52 iR RAINFALL (1%
Fl% KT SUNSHINE, 15 B H XS & T S2AR KT BN s AT SR LR EEIA i/ o KRG RV 10 4F 13R85 R
W, PREE DR 00 R R s T s E R R > BRKE > SPIIREE. 2B 1 FR R T 55.8%I1
RS, 552 EMRE T 31%M3R, PC1 Al PC2 SLARBEIREE N 52 UL 1) 86.8%, ik, HET /-7

AT SEMEROR .
PC1 =377 %, PC2 = 15.3%, Sum = 53%..-="" -
ransform = 0, Scaling = 1, Centering-=2, SVP =2
084/ A~ S
0.0
P B
C
2
2 S N
-1.6 -

PC1

Figure 3. Identification and representativeness biplot of protein content of soybean in HRB 10 environments

3. RIL #AEAMIRE HRB 10 MEHNX S HFREREE

16 _|PC1=55.8%, PC2 = 31%, Sum = 86.8 % "--_
-9 ~|Transtorm = 6, Scaling = f, Centering = 2, SVP=\‘2

-0.8-.

PC1
vE: SUNSHINE {3 KRG AEF W 1) H T4, RAINFALL REREEH
HINHIPRKE, AT RERTAET NI TFERE.

Figure 4. Environment factors GGE biplot analysis in HRB
[& 4. HRB BRI EE FH GGE-biplot 534
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4. ¥Wig

ROEARGERBEMWIR, SRR KR RERS, GRG0l R EIRS
FAMBERIR R, 171 GGE XUbr A rT 8 8 M55 R 3% 5 MR 2 [ 1 B 44 00 R BRI K . % 2 3055 &
Z P EAT BT VE AT, BRI B S IR I v S BRI R S R, D B AR X A K
SRR LS KR, R AUBUR e A R TR SRR

TEP 2 s B0 (AR I8 ) 2 AR Y S 36 1) JE A, 2 B 28 5 8 P R S B B i o AN T IR VB 5 B30 14
S H S F PRI F A R AT S FAAEY) AR, B R AR AR, JEid e . H
TAAAE AR 2 B A EAEF(GE), DRItk 2 faRa 2 A L) o XUbR BV AS FH G AR R ) 368 7 1 55 i)
B, 0] LT B LRGT R R E M . R B N BB 2 2 T (R GRELTRD 7 ot Pt S P A K8 1), T
SEBRIAVEE R 2 NP4, Gl SRR — T, E A T R [20].

KWFFAT GGE bR EERESE 10 460 147 A RIL BHARIH 2 & B HEE AT 00, ik & AR
TREEI S MERERR 5. KR 100 HRR 24, FER 80 FItk R 102, HHHkR 5 Rtk R 10 Fifae ik
WG, Xk R REGE T REE, o LUK G SRR B et & BB Ak, TRl —25
ZHPH . KESAA 1) 2008HRB KR LT, 2010HRB fRF M/ % 2002HRB 11455 68 71 &%
4F, 2011HRB %068 F 52 . P85 [R5 oK W 2 1 o 48 0 5000 PR s mm I oy H BRI 20 > Bk
B> PR, Bz E A S ERGE R YL, ST T H RO e L, S R A,
SRR A SR8 J1 50 BT, TEESE 10 ARG JRVEIAIE N, PREE R X0 20 & RIS IS 2y - H IR >
KR > FHEE, SACRENRARLS RTS8 21, B4, EEHFEL220F FECK K E R T
MR A/NEEF P78 > AR > B > EiAE, X500 B X E A5 5 m R — 2
GGE XUty 13 B B 17 B 46 AN GRFE Hh b S MR U, R Ve KGR R, 4R & % B R R LA (R B 5
I HARREBARRIL, DO FERER 7O RS E AR S ENEN, it SR G4 e R 22 ki
AR S HF o

5. &g

1E RIL BRI 2B TR, BRE 100 23, 24 5 80 B AR, WA 10 B8
FifasetE. M IERARRME S, 2008HRB &, HESHIEIEE /12 2002HRB flf. 7EMRIERSE T,
PRI ER 1 i R B B SR . HRI %L > BOKE > FIEE.
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