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Abstract: Cassava is an important food crop in tropical regions, and one of the main breeding goals is to cultivate new
lines with high B-carotene, low cyanogenic glucoside and waxy taste. In order to screen promising edible lines from
breeding materials, the study developed a MATE-SNAP marker based on a mutation of G—A in the coding region of
cyanogenic glucoside transporter gene MATE which resulted to amino acid change and affected its transmembrane
structure stability. Combining with the B-carotene PSY2-SNAP and waxy quality GBSS 7/ -SNAP markers, 12 parent
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lines, carrying 1-2 target alleles, were selected from 50 cassava germplasms, and totally hybridized 10 cross-combinations
according to flowering period among different years. Firstly, 134 erect or middle branched candidate lines were screen
out through seedling, transplanting and preliminary field trial. Secondly, 13 edible promising lines which aggregated
2-3 target alleles, were chosen by using MATE/PSY2/GBSS / -SNAP markers together. The content of of cyanogenic
glucoside in root flesh was determined by spectrophotometry, the value of SC9 was 49.24 pg/g, and those of 13 prom-
ising lines were in the range of 38.82-76.51 ng/g; the content of P-carotene in root flesh was determined by acetone
colorimetry, the value of SC9 was 184.75 pg/hg, and those of the six yellow-root lines were within the limits of
101.58-154.10 ng/hg; the content of amylopectin in root flesh was determined by dual wavelength spectrophotometry,
the values of P13-1 and V7-14, whose alleles were GG that genotyped by GBSS /-SNAP marker, was 82.46% and
83.79%, respectively. Based on this, 5 lines, A5-138, A2-213, P7-6, V4-8 and V4-19, were found to be the potential new
edible cassava varieties by taste grading. In conclusion, marker-assisted selection can quickly and accurately screen out

the target lines from breeding materials and improve the efficiency of cassava genetic improvement.
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PUREAZE T 2 1) GBSS /3L RAESS 6 Mg T A
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&1 FHARMAEFRER PSY2/MATE/GBSS /-SNAP
FRIZEFEE
Parents and genotypes based on PSY2/MATE/GBSS
/ -SNAP markers in this study

Tab. 1

PSY2  MATE GBSSL/
5 EA FERA FERm LR TP
Code Parent PSY2 MATE GBSS/ Characteristic
genotype genotype genotype

1 SC205 cc AG cc RN AT
2 SCl24 CC AG cc it S i A

3 SC8 cC AG CG ] P = 4
4 SCY AC AA cc FR
5 HB60 cC AG cC R R
6 ZMH588  AC AG CG B MR
7 CHI2 AC AA CG B bR
8 CHI6 cc AA CG 5 R T
9 CH20 cC AA CG EATAR B
10 18R AC AG CG B M E
11 GR3 cC AG cC TP e 7 R
12 GR6 cC AA cc T PG i SE &R
13 XX048" AC AG cC STV

T XX048" 2 SR A, @l A KRS 28 AR
SiHER

Note: XX048" is a self crossing parent, which obtained 28 self
crossing S; lines through one round of self crossing.

FH N T B ELERE R H 42 4d
G ke EAHBEEAEE, T 60d
LA . WAERIWOR bR, IR 3522
PR 7= AR A A, AR A 25 R O A B PR AR
Pl 1~2 A7hRFR, AR5 Rl o 7 4 AT o B A
DL NS

Bk 048 (XX048 ) M H 28 I~ H AL S U R
( XXS1-1~28 ) e T P4 AR ML B 22 0 52 Be B
b, WAL R
1.2 Hik
1.2.1 DNA 3% REARBEFER RS R
IR A ES BOFIR, SR R4l DNA 2 HGL
A (BB PR AE B ARG R F] ) AT 42
DNA , G i 3ot B M 6E e v Dk A i T &, 9
NanoDrop 5543t T ( Thermo, USA ) #5:ill]
DNA %, #ift £ 50 ng/uL, T—20 CUKFEIR-AT,
2= H.
1.2.2 SNAP 314t MNEEGRIEIEDFE
W ( www.phytozome.com ) | # MATE &A1Y
SEREFA, $RE G—A RARN A, RIE SNAP £
AWt ], A NCBI B3k ( www.nebi.nlm.
nih.gov/ ) H ) Primer BLAST R #E475 9111,
IER 519 3 B 3 DA YE SNAP 5
YRR A BEBC R T, DAMRIES | X)fE
R HLIX 5 2 SRR SR ER Y . ABESE TR
SIYFHI IR 2,

xR 2 KHEF MATE-SNAP 5| #1531

Tab. 2 Sequences of MATE-SNAP primer set used
in this study

514 FPa (5-3") SOEEN PRKE
Primer Sequence (5'-3") Allele  Product size/bp

MATE-Rl CGGAGACTGCTTTG A 355
GAAACTGT

MATE-R2 CGGAGACTGCTTTG G
GAAACTGC

MATE-F  GCATGACGATTTCC
GGATGG

1.23 PCRY ¥ A =4 % A MAem 381 %) 3K
ZH DNA & PCR 4" 318 KR EE | SE i A] A
TEAZ ML, B2 MATE-SNAP 5|41
A1 PCR ¥k 22 %. 100 ng DNA, 2xPCR
master mixture (Vazyme, CHN) 10 pL, #5514
0.5 pL, fInALZEAK % SARFR 20 uL; PCR U 451
J: 94 °C 3min; 94 °C 30s, 60.5°C 30s, 72 C
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1 min, 32 PMEH; 72 °C 5 min, PSY2/GBSS /
-SNAP 5I¥4H &1 PCR P 381K R S50 I8 Sk
[9-10]. FFA PCR F=¥I7E 1.5%Bi G WEEE e L 647
HLJK, I Tanon 4000 HEME HL 1% R 40 (LK HE
BHEARRA A ) #1748 . B4~ PCR [ /0
22K, DARAPR I 4 SR i — B A vE R
1.24 BARFAREFE, £WT £, ULy
L fe LA RN E ERABEOIAL . A
WA, BN PR R L 3 K F AN [A] SRR A B
R, BYE I EPAR B I B AR E RS A
B-THE AR N ER I (g
A H AR R R IR gk e ) (g R
B WRIRIE TR 255, B ICEWE, FHit
Ja IR R A 6B B ) REPRELY R H 40t
SRR R R R SR S BT R
FAXUM K B w2 ), A R A% 3 Uik
WEE, ACFYE AR
12,5 BABRAXERRIFS SR (PEY R
XA AR R A% ) (NY/T 2446—2013) [
HEATERIEMY, W&A . ANEHARIR YK,
PRI R E R kPR 2~3 P BEB, DI
0.5 cm JEERE 20 K A2 47, 7575 30 min, &HE
10 A NG G2, JERZERGE 7 WA . L it
JE OB ORI YR ATy, R
HAAERMLEA TS

2 ZER59H
2.1 MATE-SMAP #RiCHIS| it R E £/
ey

M5 MATE 5 A g S IE K28 4 NMMNE FIU G
—A AF . H¥ PSY2-SNAP Fric 5| ¥ iy ik it 5
B, ARG T —4 SNAP 519 (£ 2),

FEALAL PCR RN R G, BTk 048 K 28 4~
H 28 F, fCkE R HE1T MATE £ G—A 2848 (37 5 119
FEA RS e, R IKE (B 1) ATLLUREL, B
TE 048 TEIZNL S LA AG, 28 THA S IR
TEZNL ST B, o AA B 16 1~ AG B 9
AF GG #Y 34, BRI R 25 kam AA &L (7]
RESE AR R /NI BRI ) o R FHAE IR TR S €592 XoF
048 F1 28 1~ [ 28 Sy A MR HAR 5 R FU A & i ik
Pk, RIFAD & mAE A3 S RBHA T fETE
T, H AA BIHRRMERTAY S EE/NT
50 ng/g, GG HF AG HUkEZR B R T R s fk
s (R3).
22 FEXREFRTHASEHMLEEFRENR
R TR A R E R B MR
IR ORI SRR R VE M 1 B AR S R, AR
2 3 40 MATE/PSY2/GBSS / -SNAP Fric Xf it
50 At SR A B L P B T 8, I A rh i
12 A EARER AR 1) 12 D FEAT 2016—
2018 AFor Bt AT N T 2428, Hoirp 2016 4F V
251, 2017 4 P R4, 2018 4F A &%, it 10
PG WXL FHITE R . BRI
A, AR A W RO A, SRR LN AR
s AL R (1 IRGEGER A — = T 1.5 m) W+
FOMR R AT HE R Y 0 1% . B4 2B 1B 8 4~44 M
BERRR, BT 134 HER (F4),
23 EMHKEMNERBLETEMARMRIGE
T B R FR T i TR G s R 1) 5 ] AR
TS, RGPS p-HE R AR
B FRG B S R R A R &R, RIFERIA 3 4
MATE/PSY2/GBSS / -SNAP Fric X} 134 ik Rt
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A: G¥4H MATE-RI/MATE-F ) PCR 774, A (i B: 5#414 MATE-R2/MATE-F [J PCR 74, G % fiFEH .,
M: DL2000 marker; P: #iit 048; 1~28 /&H7ik 048 HZ S, LBk &,
A: PCR products with MATE-R1/MATE-F, A allele; B: PCR products with MATE-R2/MATE-F, G allele; M: DL2000 marker;
P: XX048; 1-28 are self-cross S; lines of XX048.
B 1 EHTF MATE-SNAP tRiZHI#TiE 048 REB X S, REFHNEREE
Fig. 1 Genotypes of XX048 and its self-cross S; lines based on MATE-SNAP markers



%12 VEFICEE - R SCEMER 70 7 b i il B 2 B 0 AR 50T i &R 2405
R3 LM FEAREBX S, KKRK MATE-SNAP EFBMERNTUNRE
Tab. 3 Genotypes based on MATE-SNAP and root flesh cyanide content of XX048 and its self-cross S; lines
P& FE R Y B S Era bl A& & bl B it
Line Genotype HCN content/(ug-g™") Line Genotype HCN content/(ug-g™") Line Genotype HCN content/(ug-g™")
XX048 AG 50~100 XXS1-10 AA <10 XXS1-20 AA 30~50
XXS1-1 AA 30~50 XXS1-11 AA 30~50 XXS1-21 AA <10
XXS1-2 AG 50~100 XXS1-12 AG 30~50 XXS1-22 AA 20~30
XXS1-3 AA 20~30 XXS1-13 AG 100~200 XXS1-23 AG 100~200
XXS1-4 GG 100~200 XXS1-14 AG 50~100 XXS1-24 AA 20~30
XXS1-5 AA 10~20 XXS1-15 AA 20~30 XXS1-25 GG 50~100
XXS1-6 AA <10 XXS1-16 AA 10~20 XXS1-26 AG 100~200
XXS1-7 AG 100~200 XXS1-17 GG 30~50 XXS1-27 AG 50~100
XXS1-8 AA 10~20 XXS1-18 AG 30~50 XXS1-28 AA 20~30
XXS1-9 AA 10~20 XXS1-19 AA 10~20
T B & BRI IR IR B R E
Note: Cyanide content is determined by the picric acid colorimetric method.
F4 RTAG. HEMERSE N DTeogo e W e
Tab. 4 Cross combinations, candidate lines and . E g @ .,<'~, Q'%', EE § E ;' <>'r 5} ,;' .:;' ;‘

promising lines

Fhy R Hiy otk & NEETER
Year Line Combination  Candidate line Promising line
2016 V1 CHI12xHB60 7 1
V2  SC9xSCl124 9 0
V4  SC9xSC8 22 2
V7  18RxSC205 4 3
2017 P7  CHI2xGR3 9 2
P9  CHI2xGR6 7 2
P13 CH20xZMHS588 12 1
2018 Al  SC205x18R 12 0
A2 SC205xHB60 8 1
A5 SC205xCHI16 44 2
st 10 134 13

AT A AA LA R 124, K GG
RS R T4 B p-E PR AC HEHA
AR SR AA ZZFALG R 6 15 BAMAER
BE AA JERAVFIRG T GG EFB TR 6 15 R
A B-TAE MR AC FEHA (R4 FHET AA S
RIAYFIRG Bt GG AL &R 14 (P7-6 ),
24 ARGBERERIREND. B-AZ ME. Xk
S ENEMRKRITES

TERGE 13 00 B 2R 3 X BE i 25 32 (R A
EERN |, T 2021 FFRIR AR B HAR , KB i
Ja X R AT EAC A B bR A EE (R
5). 15 MEAEFURF AA SRR R B 1 Ak
Y& M (38.82+0.57)~(77.37+2.14)uglg, FHI5

PSY2-SNAP  MATE-SNAP

GBSSI-SNAP

M: DL2000 marker.
EF MATE/PSY2/GBSS 1 -SNAP #RiEH)
ARBRERR
Fig. 2 Genotypes of promising lines based on
MATE/PSY2/GBSS / -SNAP markers

& 2

& ah 59.86 pg/g, o A5-079 Fl V1-6 1
AW G R TEAARE RS F SCo, p-il %
N2 il (45.72+6.67)~(198.15+15.64)ug/hg,
REERI R AA ) ZMC723 & & i, b (198.15+
15.64) pg/hg; FEHF AR AC [R5 & P SCO S i,
5| 15 AS-138 IRZ, T4 80 145.93 pg/hg;
EHEAN CC W ARET AS-079 SERE, N
(118.63+4.70)ug/hg, FH &K 79.94 pg/hg, B
A5-079 Ak, Al B-iH S N R EF KT 100.0 pg/hg
(14 LAt i 22 2 PR B 6 LA R IR B (0 RN
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Tab. 5 Genotypes of promising lines based on MATE/PSY2/GBSS / -SNAP and determination of
[-carotene and cyanide content in storage root
GBSS / 3
5 aE g EREE PSCEE pMBRESR e ww o gk
Code Line Plant type MATE Cyanide c?lntent B PSY2  p-carotene g?ntent Root color  GBSS / Score
/(ug-g) genotype /(ughg™)
genotype genotype
1 ZMC723 AL AA 51.94+0.99 AA 198.15+15.64 H cc 80.4
2 SC9 A 5B AA 49.24+1.42 AC 184.75+20.53 R cC 94.3
3 eI L ) 5 AA 70.17+1.77 AC 179.45+5.63 R cC 81.2
4 A5-138 E S AA 59.41+0.64 AC 154.10£12.53 IRBE CG 93.8
5 P7-1 B AA 76.51+3.49 AC 119.60+8.75 R cc 81.2
6 P7-6 HRAN oA AA 77.37+2.14 AC 116.30+£12.28 R GG 91.7
7 P9-6 ey AA 62.59+0.66 AC 134.10£3.35 R cC 90.3
8 V1-6 YA AA 44.41+1.51 AC 125.30+4.23 R cC 82.2
9 V7-7 Totst 53 B AA 53.73+1.13 AC 101.58+2.80 R ccC 83.6
10 A5-079 1o N A B AA 38.82+0.57 cC 118.63+4.70 H {1, GG 81.6
11 A2-213 1R N A B AA 70.10+0.93 cC 81.35+7.03 H {1, GG 91.0
12 P13-1 R oA AA 71.61£0.95 cC 89.63+6.88 F GG 80.4
13 V4-8 HAL A AA 56.06+2.65 cC 45.72+6.67 M GG 92.5
14 V4-19 B A AA 66.16+2.36 CcC 80.00+3.85 SR GG 92.7
15 V7-14 B A AA 49.86+0.91 CcC 68.63+2.60 SR GG 89.2
16 V7-16 FERRiL AG 64.81+3.16 CcC 75.65+1.70 SR cC 82.5
e FARY A RCR OB BRI E
Note: Cyanide content is determined by spectrophotometry.
MAGRBEEN RS GG Y R P IERC PI3-1 F1 3 §ig
V7-14 JEATEERE R SR, KBLHEERS 31 MATE-SNAP tRiZE—AE5BMMNER
TR 82.46%+0.42%F1 83.79%=1.40%, #i 4y FiRiD

FARE M L BRI i 75.55%+1.81% 7,

e, DPEHARZE SR SCo. Sl
m ARG 1SR B R N R ZMCT23 SR
B % 13 MR & R NSRS T3 (3£ 5,
Kl 3). ZiaRE, 13 A2l R&/MNLEE T
Yiiaid 80.0, b AS-138 UPEr A, M 93.8,
AT X5 B8 SC9 (194.3); fb & /Fh A2-213, P7-6,
P9-6. V4-8 Fll V4-19 WTEAAH#E5E 90.0, &M 1E
B FHARZE B &R

SC9

A5-138

ZEAT #EE T #EE
B3 SCOMINMIRBREAXRIAMEHHE
Fig. 3 Root flesh morphology of SC9 and three promising
lines before and after cooking

AW FEAMRIEAT A KA A ST s E A
MATE & [K (1) B 9848 67 s FF & T SNAP 43 Fh5
TR0 FEFFH— AN AR 1) [ A2 B A 06 U He T
P, RIRAN S AA LRI A 2 R AR AR
T B % MJE, A MATE-SNAP fRICXT &
FhAFRLEA T 8, KT MATE-SNAP J:H A AA
{14 it i/ 2R HRAR P X5 A OB 5k 59.86 pg/g,
BT EMAZE RS F SCI (49.24 pg/g), Hrp
A05-079 Fl V1-6 i Z LT SCI, (K., MATE-SNAP
FRiCA BT 5 R AR DA b (a4 R v i 328 A AE
FHE SRR, d/NEIRER, R EEROR,

32 ARELEBESRMEENHES, BF
RANAREBES KEER

AR g A OB A SRR A E AR
1, FEAATE R ZEFFRIEUR S, RRE KT
Yoo A ER, HA—E e, KEHE
TS EEIAREZER, S5mhE™, K
R AT REZORIE 0T B A 2 fHuR
8 A, ARFSEIT R R MATE-SNAP FRid
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T AT IZE AL MATE 4t X (1) 5
B IEAR S A — R A BT 28 R A OB T A
W [ AR G2 8 0 55 A SR o, (E A 2R v I 3L
by A SFOE T 72 B AR B 09 AR FORE T B
MTCEAS o ARG 12 M0 R HAE S &
BRI SR AA R (HH RSk
SHENEAEES, MH V7-16 (AG FEFED) bk
AT T ES AA RFAHZERK, BUREH
At PRI RT LS5 o) R 908 428 R S8 RO A UM 1 7
12 G 1 o AR P 35 DR G R R R AR S A SO
BRI A A L] MeCYP7D1 il MeCYP79D2, %
PSR RS MeCYPT79D2 1] LU ik & i /D Ak 4 Y
S0 HAE S F MebHLH72/114 7] DAJR] A
WA ZE M A MeCYP7D1/D2 #1 MeCYPT1E f%4
SETRIERY . A0, e AR AR B 5T R B,
bHLH %570 L@t 4% PACYP79D16,
PACYP71AN24 F1 LjCYP79D3 Fitj%% 5% ik 1 3k 5 i
A U TR R AL SV ER B N A eR PP
U, S A S A SR & R 32 TR ML 5%
RAEHE Z IR AR A m, B A b A
FURET A BUE B0 A FORET 1 R E Uiz, H
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