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Abstract: Potato starch composition (amylose/amylopectin, AM/AP) influences functional
characteristics for food and other industrial applications. The determination of AM/AP ratio is of great
significance for rational utilization of starch and breeding special varieties with specific starch components.
The dual-wavelength method for determination of AM and AP contents was established in a 96-well plate
format firstly. It was identified that the AM contents was dramatically overestimated when the AM/AP
ratio of tested samples exceeded the AM/AP ratio (33.3%) of the standard curve. Furthermore, the new

standard curve of potato AM/AP ratio and wavelength under the maximum absorption peak were
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established: y = 601.88x"%"*, R*=0.9999. This method further improves the accuracy and is applicable
over large ranges of AM/AP ratio needed for screening. This method was used to determine the AM/AP
ratio from 198 potato varieties (lines) and a few transgenic tubers with high amylose contents. The result
revealed that the range of AM contents in our potato genetic resources is 17.4% - 33.3%. In conclusion, a
simple and efficient method for the accurate estimation of the potato starch composition was established
which is especially suitable for the detection of genetic breeding materials and improvement starch
composition lines.

Keywords: potato; starch component; detection system; amylose; amylopectin

TERMAEREYIF . R, MAMEEHARR, SEDCAAEFRN M EERA, M2 AKRE,
SRR Tk JFURE G B B SR UE (Schirmer et al., 2013). ¥EM M2 745 0 B 0] 2 8 B 4E e F
(Amylose, AM) FISZEEUEHRT (amylopectin, AP) PRI, AM/AP LU 3% e e et 11 i A IE I
BHEAR, AFENER ARSI A TS BAA R . AM 2582 520 0 TR i) =22
K2, RIS 1 ANEESESR (Delwiche etal.,, 1995); AP & &8 hnfE ety & Fs& ki, T
YERDL R FUAb7). B R SEAIm ) Z S H T8 &4t 9185 Tl (BFRM 4,
20070 FERIRVER T, AM A AP H)& & STEk BRIEA <, K2 HUR b & ELEEVEH 20% ~ 30%.
SCHEVER 70% ~ 80%. Tk Il R AN FEM T 25085 AM F1 AP BIUAE =48 4 e 4 ¥ v FL 8 Y [
{E7= S AR = AR R, T H S BU™ EKTE B BEFTN D3R R SR SR AR Bl DR 4 A i e AN B i 17—
RYNVAFER 3 AEY) SR R, dne AM Bs AP & B 7K (Sunetal., 2017; Feietal.,
2019). KK (Guanetal., 2011; Zhao etal., 2015). 4% (Schwall et al., 2000; Hofvander et al.,
2004; FEE 2, 2008) AIHZE (Kitahara et al., 2007) %5, AM/AP bR INEXHEM KAEMIN&
BN, JEMPIEERIA, AolEF RS SR BA HEE L.

KEMFRE RS T Z2MMIE AM/AP & &M, BRI FIEE (K-AMYL, Megazyme
International, Ireland), T IXLLT RN 2y H A&, EREMEEE ERIHZR. BT R
o SR BRI R R KL A B A T E 1IR3 (Zhu et al., 2008), ZFET N FAFREY+, He
mifli AM &8 (Kaufman et al., 2015). BT AFR/EVRIERTERFFIEAR, SWE&FE—EE
Ft . VR AR HE S ARV PR RIEA — BT e 2 R BU IR ZE I R R 2 — G %, 2008). 5
b, AR U8 53 25 )V b 1l 22 (0D R 4H 70t T R S BUR IR 2 (Willims et al., 19700
PRI, ) FH AR P Ao 6 i A o A ot VR A A B 2, 6 e O PR Bl A 23R 22

FALH) S AM F1 AP ARdE St 3R =il E S5 AM/AP EERAERITESUE | R AT AR
AW TR BN D5 AM AP bRt in, @ A B A R AR, @SR T 96 FLAR )
WU E B B A A 0 R DU AR 2R 5 BH A 12 07 V2 0 45 SR PR R Tl i B JH G e 47 2L 43 R 0 ) 3 7 Y
[ B SR 2R A N — o By VAR L S A S VG LT S AR B R L R DR AR R, D e S AR O i
AL B FIRL DL R G A SR A A B 3 R A 5 R E A 2H 70 R SR A L 17 B o K T v
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LS 198 ML AN (R, LRI ZE 80 [E T3 SBE [ #1 SBE [T B2 R . &Mk
TEHOTC U E R ZE 3 ~ 5 ANMUIHE, 80 CHETEHIEE T 60 Hifi (3K, 2018) & H.

IXER 5N JA2003A BT RF CEEERS R L FAXER A R A 7)), Sorvall ST16R il H & 2B L
Bl (Thermo Scientific, USA). HWS-24 1Hif /KA ( 55 iRRBHEAER AR A FD . Infinite 200 PRO
Z DEEIMFLAR S M A (Tecan, Swiss) Fll RVC 2-18 CD plus B 2544 550 451 2% (Christ, Germany )

1.2 B FILUR B HEE 19 A0 32 SEE AR A R O B

FR 5 g BUALERAT 50 mL Z5080K, SRJEHE 2.5 g By TR AMIE Rt 780 k)5 B o 75 IR
W, A ETE L B RN O My Al K F . B E AM FI AP FR#E AT Sigma-Aldrich 2 &) . A
FRE: 100 mg (1 AM F1 AP A54E 5, I 10 mL KOH ¥ (1 mol - L™) #B7K¥# 60 min, HE)4+HE L
WA SEAVEMR, A AE MK ERS 100 mL, EIECA 1 mg - mL™' AM 1 AP Fr#EW .

1.3 ET 96 FLIRMIRUE AN D E B ST M TN 2 SR ERIZ&HI&

3 SV AM FRUETR 50 uL A1 AP FRUETR 150 uL, MIAZE/KZE 1 mL, 7€ 96 FLA 2 Hm A
10 uL FRFE. 90 pL BER ER 2 e MR (pH 3.5) A1 100 uL FOMHRF, BL 10 uL 47K, 90 uL EEAR £k
MR (pH 3.5) A1 100 pL FIRRTI R 2 (A 06 BETE 22 Th RERALARAS I ] WG BEWORRE, 14
WAKIEF] 400 ~ 900 nm, (A 1 nm 5240, LA E] AM A AP RIS EIRE, AR SO AL S )
VR, SRAMEENEEE AM MERK A1 ISR A2, L& AP K A3 Sk K 24,

23 HVEL AM FRUEW 0 20, 40. 60. 80. 100. 120. 140. 160. 180 1200 pL T 2 mL B0
o, S HINAZEKZE 1000 pL. FEAAREESS HIEL 10 pL A3 5 90 pL BERE £h22 % (pH 3.5) & 100 pL
AR A B, LA 100 uL BEFR Sh g v I B (pH 3.5) 1 100 pL HAFIE & R BN R, 78
2 IR FLARAS ISR I A1 A0 A2 WOGAE, HIE AM & EhniE 2. 43 AIE AP FRUEW 0. 50, 100
150, 200. 250, 300. 350. 400. 450 A1500 F 2 mL B0 &, MIAZEEKE 1000 pL, F%HEA1
AM F il #2800 5900 5E A3 F0 A4 WOGAE,  HIE AP bRUERTZR.
1.4 BURACTEXT A ELER A 75 4 o E RN

Sk AM R AP ARIERIEZ IR AM + AP CAAZIS ul) 2 0+ 1004 5+ 95, 10+90. 20 + 80.
30 +70. 40+ 60+ 50 +50, 60 +40, 70+30- 80 +20, 90+ 10 Al 100 + 0 &4 A& 100 pg - mL™" {3
MR FERE S, H MBS K TR M IR AT A1 ~ A4 WO E o« BFMRERLPAT 3 IREE RS, FANIE
B3 WHEAREL, HEFHMEME, PR RERCE.,
1.5 SEMAES LS R AIRIIE R K c RESL

FERE il 3 0 AE 22 Dy e S LA ST USRS G mT L BOROG S, %I Y 400 ~ 900 nm, 4 [A]
B 1 nm B2 0 B RIS K . BA AMYAP EUAE 5 B RIS PRI KeA0h & R B, S iE 4
o3 HE AR e i 2 .
1.6 SHEBHRIZJHMITHES MR

B 10 ~ 30 mg HZEFHF 2 mL E0%8, A 90%Z 8 85 ‘C/K# 30 min, Z:f LikW, EH 2
W, VIERSET . PUEMA 1 mLKOH ¥ (1 mol - L™, WKW 60 min, HAIEHESE JLdH 7
IR, R EN)E 8 000 x g B0 2 min, MRI EIEWR 100 uL 3 1.5 mL .08, FIIA 900 pL 4i7K
FERAFIR . BEAFES 3 IRAE S ET, W E AR5 hn ik i 280 e — 2.
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2.1 SHEFEHNTHEEMN S ENCHICERNEREL

# 0.05mg - mL™" ) AM 1 0.15 mg - mL™ i) AP 7£ % DI RE AL A% _E3#E4T T 400 ~ 900 nm
IR R e, R AEENER E AM BIIIE K 4 = 620 nm, Z K 1, =507 nm; AP [l
WK A3 =560 nm, K A, =727nm (F 1 .
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Fig.1 Potato dual-wavelength reference wavelength

FE A1 122 PREACAL 73 510 8 AM—BUE SYIIBOGIE 4, DLy = Ay - Ap NHRER, AM Fii
WL AREARR (), 2eHIIR K AM ARdEZE (B2, A) , AMWKIEFE 0~0.10mg - mL™' JEE A,
)95 RE 4 y = 1.2318x + 0.0004, R’ =0.9995. 7 A3 Fl A4 PIIK AL 53 50 2 AP—HE SRt
B A, Lhy=An- A APDR, AP JREIRFE MR (0 , 60K AP frdEfh 2k, &2, B,
AP JFEWKIELE 0~ 03 mg - mL” (TSN, [BIHTFE y = 0.7576x - 0.0026, R®=0.9992, ittt
WAL A SN AR AE 22, FritE 2 i) vk E RECSEEIE 1 0.999, AR F K, BB .

B
A _
015 1 3= 1.2318.x +0.0004 0.25 22 70(')7;;;’“ 0.0026
— R?=0.9995 —~ 090 e
g 0.12 F .
s ® g =
8 = 5 0.15
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Fig.2 The standard curve of amylose (A) and amylopectin (B) content in potato
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2.2 FURKEN T E DR EEM A S mAERE N

FIFHFRAE AM + AP £ 5 R G347 [FISCRAT I . 45 502K 1 R, 24 AM BIEB] < 20%0, AM
AT AP [EISCR 23508 102.1% ~ 104.5%A1 95.9% ~ 100.1%, 5B 7EXLERE il AM FI AP & & il g
As bR e B, WA FE R = o R i AML T BB 7E 30% ~ 60%, AM I [ETICRAE 118.2% ~ 129.3%,
AP F[EIWERTLE 102.2% ~ 103.4%, Ui IXLEFE S AM IR B s TSR e, IUAKAE i P AN =
AP S EIRE 5 SLBRE VR, MR . 2 AM [ ELBIZE 70% L B, AM Rl AP [a]IiR
73 TE 109.8% ~ 121.3%F1 114.0% ~ 210.0%2 [8], $iEA7EIXLERE S AM fl AP & & IHES & T
SERRE,  MAKHER B . 2% b, 107 VR 8 VE R AL 23 I X RE A Ve R LS B PR e VE L, e
M AM & B 30%, I v B e S R

=1 DHEFEEMXERHSEEYE

Table 1 Recycling rate of potato amylose and amylopectin

AM + AP FRAERE /UL BEAE/ (ug - mlD EW;—?/%
Standard AM + AP Measured value Recycling rate
AM AP TS AM AP TS

5.0 +95.0 52+0.1 932+0.2 98.4+0.2 104.1 98.1 98.8
10.0 +90.0 10.2+0.1 86.4+0.5 96.6 = 0.4 102.1 95.9 96.6
20.0 +80.0 20.9+0.2 80.1+0.2 101.0+0.3 104.5 100.1 101.0
30.0 +70.0 355+0.4 71.5+0.2 107.0+ 0.1 118.2 102.2 107.0
40.0 +60.0 51.7+£0.2 61.4+0.2 113.1+0.2 129.3 102.3 113.1
50.0 +50.0 63.2+0.1 51.7+0.1 1149+0.2 126.4 103.4 114.9
60.0 +40.0 71.6+£0.2 41.1+0.1 112.7+0.2 119.3 102.8 112.7
70.0 +30.0 84.9+04 342+0.1 119.1+0.3 1213 114.0 119.1
80.0 +20.0 933+0.3 245+0.2 117.8+0.2 116.6 1225 117.8
90.0 +10.0 98.8+0.4 21.0+0.5 119.8+04 109.8 210.0 119.8

i AM: HEERER: AP: SCEEVER): TS: SiER. WEEEHRSNTHME £ AR, R

Note: AM: Amylose; AP: Amylopectin; TS: Total starch. Measured value data were shown as mean + standard error. The same below.

23 OHEEEMITIETEHAEMRS R RKRTIERXHR
PR HLA AM + AP JERRE S, 333 400 ~ 900 nm FWOGAE, TiE 7 & H g KAE (% 2).

&2 FRIEMLES HR AR K

Table 2 The wavelength with maximum absorption value of different starch components

RIS 1K /nm B/ ORISR K /mm

AM + AP AR#ERER /UL B/ AM+AP HR#ERE /UL

Maximum absorption peak b Maximum absorption

Standard AM + AP AM/AP wavelength Standard AM + AP AM/AP peak wavelength

0.0 +100.0 0 560 50.0 +50.0 1.000 602

5.0+95.0 0.053 565 60.0 +40.0 1.500 607
10.0 +90.0 0.111 574 70.0 +30.0 2.333 613
20.0 +80.0 0.250 584 80.0 +20.0 4.000 620
30.0 +70.0 0.429 591 90.0 +10.0 9.000 620
40.0 +60.0 0.677 597 100.0 + 0.0 +oo 620

AL EHH K, AM/AP EEZAE 0.053 ~ 4.000 JaE R, AM/AP HCEFE KIBOGE K2
AR EOR £ y=601.88x""", R*=0.9999 (/& 3), #iHIT LLEEN 5 L-KI KN KK
WAL U AR 4D 9 K TN 5 4% e K th AMY/AP EER
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T B T R VA BRE R A i i 4 e KRSV R R KA 2, X 10 40, 80, 160, 200 A
300 pg - mL™ JERRE T AM/AP 4 0.25 F10.50 FIRE L2 BIEAT RIRE B9 04T, H e AR g e 1y e
K> Bk EALE 584 nm A1 602 nm, 6B E/FE 10 ~ 300 pg - mL™ (VSRR TG, e E A
Mol AM/AP b2 5 i KRS K 2 TR R BOR R, RINZTE B AR ZiE MR T N AM/AP
bl 2 A IUTE T

3 = 601.88 x00215
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Fig. 3 The functional relationship between starch composition and wavelength with the maximum absorbance value

2.4 DHRERRERENS BT L RO N A

EHCT 198 N A (R LU H RNAIL #)VE k4 KL R SBE 1 F1 SBE I18# 115 AM
TREM 12 ANERER R RPN, &R (B4 B8R, 198 MNSREMF (R) PHREEHRN
B RIS 38 KV FRIE 582 ~ 593 nm 2 []. AKHE I 3 FH IR EOC RITFEXT BT AM & 8= AE 17.4% ~
33.3% [0, P38 24.4%. FHorb i KRS TE I 7E 585 ~ 591 nm (HP AM & & 1E 20% ~ 30%)
Z T AR 5 AR S 86.4%, ORI /N T 585 nm (AM EFEKT 20%) KRk L
11.1%, KRR K KT 591 nm (AM & &85 30%) AR HE 2.5%.

WIELS FioR, 12 AN EFERIPR R ek SRR e K 3b TP AR Y, B AM & dem, H
4 ANEEFE R RIER S KIS KT 594 nm, B AM & & 35%. X St sl B B 1% 07 R e N
FTE S e A o i

25 1

20.20

20 +
16.16 16.67
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51 4.04 >0 354 5.

101 152 I I I -
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Fig. 4 Determination of AM/AP ratio in 198 potato varieties (lines)
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Fig. 5 Determination of AM/AP ratio in transgenic lines

3 Wi

HHABER CnEKTER . REVEH) M, SREFVEH RAMLIREIR. FEs. &R,
TR B R AR 5T, #EAL AT ML BRI R R A 0 (Singh & Kaur, 2016). HT AM B ME4F |
JR BRI AR A S AR R, R, BT 98, EAR. AR, A, MR, DB |
KB BRI ZE B AR N 78 S T B & 2 HIN . SR AP fEfaeE e M. KimE. &
PR Gt TR K, T2 N T &EaR. gid. ESATa i Lok, fEEmITIE R
BENHME. H TR SR ERIT M AP SR NSIER S EMN 70% ~ 80%, AM & &AL
TEREEN 20% ~ 30% (2500 %%, 2017; Ngobese et al., 2017). 435 Mg H14r 2 AM A1 AP
PIr= G MR, T HAE, BRI o A T E R 2H 4y 25 St RS e Ry AN [R] AR 1 R
RiYE (Copeland et al., 2009). BHRfiGETIEMUERm A, NEHAMHARARIEN . HEF
FUER A SR LR ER A, TR DR E ek R U, (R SR E R R MRS A
Gr e 7N B BB S PRI A 1 S A S R 2 0 RS I 7 v e DR R B R VA DA SN R S e R
Hor it MR L B BERE SR S HROR 3 .

TE K& E A EHE R AP R AR AR TR i R b, B S FH A IR 77 vk 08 O 7 2 e B
JA T R R O R AR RS IR H . K-AMYL RDVBEE A G AM/AP #ERA B2 iy, (H#RAE I T2
W B I A R, W T KPR E R AL T b ik B R4 srtE, oF ki
IS AM R AP [ KRS R R OB EUAE PR PE A AM/AP LUE 7%, (B iike s
i AM & & (Hovenkamp-Hermelink et al., 1988; Fajardo et al., 2013). FFAR PR KL TR T 5
WA SR PR, B8 KR B2 32 =il 5E 1) R L e B E AV 2 (Zhu et al., 2008; e 45, 2015),
FERUBE AL R IE Ry 253 16, 385 R FH KOH VA e ¥y A, (HiEM — I S W07E pH 3 ~ 5 Ju N
FesE, BRI AT 75 ZENHE R A SV OEAT pH TA%E, AR5 P B AR, 1 HW s 25 FH 4
JEOCFETEHEAT AR A, DR P BB, AR K. A T AR R I R DL AR A R
R, AT —J7 T AEAE I AT 4 — H2 B 4 A R AN R Eh 22 PR (pHL 3.5) ARBIEL 1:9 &,
DB S WAk 2 pH A8 A E L2 M ZE R (Va5 —J7 M F AT R IR I 96 AN i 11 22 Th e S FL AR
For MASCOR B = A I 25 % . R 96 FLIR A &, it 200 pL MHKAAF, 737008 10 pL #F ¥ 90 uL
PR SR 22 PR (pH 3.5) A1 100 pL L-KI VN SOBAA ZR, R il SN Je B 22 D e A FLAsORs: 43
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HHRZ Th REREA TR A1 AR B AR e 1R, RN IR B IR AR R 4 SR sg e, g — 2D b
PERRATFEFE mk il o AssE v, 1 BLgb TR R, 3940 7 s .

F R 27 1R AN TR E Ky 453 B S R P AT IR, R IR it o 2 00 25 1A o o Y 28 1)
A, B TR R ZE, JUHORXNTE AM B RMRE R ZEEOR, S2m 7R i Ea PE A R H YE
Bl D2 TR R L AM/AP EEZAE 0.053 ~ 4.000 I, RO (E 3K S AM/AP LR LR R
KR (y=601.88x""", R*=0.9999), M ] LU M5 L-KI S (1 B A A 068 A1 385 K v
TR 52 AM/AP Lo AN [A) R 5 e 2 i 1A A5 e i A 2 2 (RO et BB A7 K, R BUAH ) £
5 L-KU NSRRI KRR e, DUl ik oA m ks o e, K7
XPUE R R YE . TV 198 N B FEE MM (R SHIREHT TR, FHoRIR i)k
KAE 582 ~593 nm BN, B AM &8N 17.54% ~ 33.35%, “F¥) 24.4%, %45 R 52 AiRIE M 5%
BHEMAAM (R) AM SEEE (5 €K 2%, 2006; % fLiE %%, 2012; Simkovaaetal., 2013) 3
AK—F. 54T RNAI RT3 SBE [ #1 SBE II1¥) 12 NMEFERIE R ZERAT T 08T, RIVEEIER
YRR RPCZE VN B RS K 3 TP AR Y, B sy AM B, ST A A AE (SRER 4§, 2008)
FEA—F, BHNZTENT R AM SRR RS .

WIS T —FpIET 96 FLAR 0 15 B s RCHE R A D B0 45 v M AL O ik, VR T
MARERE, TR EER AR & A K, SR TR ER SR, 5 TR
FEs R 7RSS TE R, JCHOE B RS AR DA K SRAS AR 15 A A i SR R RHE K 20 7 1)
e I R

i
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