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Application of Cassava MNP Markersin Variety Identification
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Abstract: MNP (multiple nucleotide polymorphism, MNP) is a new molecular marker technology emerged with the
development of molecular marker technology. While genotyping by target sequencing (GBTS) amplifies only one SNP
site in one amplicon, MNP can amplify multiple SNP sites simultaneously in one amplicon based on GBTS. This tech-
nology has the features of low cost, high detection efficiency, flexible application and wide adaptability, Compared with
SNP, MNP has better ability to differentiate varieties. In order to establish a rapid, accurate and efficient method for
cassava variety identification and to screen MNP molecular markers suitable for cassava variety identification, this
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study screened highly polymorphic regions and designed primers in the whole genome range, and finally obtained 623
cassava MNP marker loci in the whole genome range, the cassava MNP markers were evaluated using 28 cassava varie-
ties. The results showed that the MNP marker typing reproducibility was up to 100%. 4.07+1.68 alleles were detected in
28 cassava varieties, with a maximum of 12 alleles. When all cassava varieties were compared one by a one, 99.47%
(376/378) of the differences between pairs were greater than 46%, with the proportion ranging from 0.3% to 81.0%, with
a mean value of 71.78%. Meanwhile, MNP markers can be used for identification in the breeding process. In conclusion,
the cassava MNP molecular markers developed in this study have high reproducibility, polymorphism and variety dif-
ferentiation ability, and could be widely used for research on germplasm diversity, new variety breeding and variety

identification of cassava.

Keywords: cassava; molecular marker; MNP; variety identification
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A2 ( Manihot esculenta Crantz ) X2,
KAl ( Buphorbiaceae ) A2 J& (Manihot ), 7E#A
W A DT AR . AR AR =R E
Yz —, WEEAKREEY, B/ “EhnZzE”
et RERHRIER )2, — A
NAETRZAR, R AT 8 AL AR R
5, AREE AT LI T A [/l Tolk ™ i
FIANTEAR AT, & RV 1 B R RETRAE ) .

KE NG AEY), SN AW,
v 2%, WA TG Fhid B IF & RN o
TEVAERBE g, BT ARE R 53 FhRicHoR 3
FAHMXF Y 1 Z 8% (sequence-related am-
plified polymorphism, SRAP ) P9 & & 551

( simple sequence repeat, SSR ) 7'M 5 Fr B i
[ 25 amplified fragment length polymorphism,
AFLP) P H bR #2585 1 2 54 ( start codon
targeted polymorphism, SCoT ) ' HB R L2
£ ( single nucleotide polymorphism, SNP ) (81316
XL FARICH RTE S AR IC ) 2280 . Ky
FRic B8 LA SR A3 55— AN B A 7 AR TEAS
o QNEEME HL VK& AFLP R SSR f5c i FH v kil 7
e, XA MELLR T, e N TR
R it AR D RN 43 78 5 B AR S it A v 1
HOR T SSR Y eyl A DU AN 4 B i il , (H 2
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LAY T B ARG 2 AT SRS — e TSNP
B —A BHrEE i FAsicZ—, W T SNP
ZoE AR, BRI PRIC AR 2 A,
T LRI R i SNP o A VR AMX — BB o H A 22
o 0 - B AT e 3 S RS ok 2 Bh, 3 2 Fhos
TGN o8 AR TR 0 235 SR 1 o M RN A A L
AR, —BIERE 4] XN i £24~ SNP i 5 6
M4 G — e BT B T BoR , B MNP

PRCEoAR, e TR TR Cr 28N MY
S0 P 7 i A B v 0 P R D[R] e SRR AR
A, SEBE T HER PR ARG B XU . I BORE B
JERR I T RRE . FoK . FRAESE 16 Ry i
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FFERIRIE o AT AR A T 4 5 R 21 3 i A A e
MNP 7 FhRichis, FA ARSI 28 A
dn RN I B ARS8 MNP ARICHEATPEAf

1 #MR57EE
1.1 et

By 28 Iy ARESRR S A ok B b
Fb B E B A E Y A RRPT R BT, SRR
AR5 W3R 1.
1.2 Ak
1.2.1 MNPz &R FET AR 241 fir K
ALY SNP 15 B, 75 4> L K 41 0 Bl 1 i 8 MNP
brie s . E Sl Bowite 2 B F 241 K2
R 4 DR 2 500 LU X B R B 1 2 % SE 4] Mes-
culenta 305 v6 ( F#Huik & ftp://cassavabase.org/
Manihot v6.1/) I, HXSE04HR HEMME.
FEX5E R . SR H] samtools sort B4 He )25 1
HEF IF 5 47 bam A% XS0, Ed “-@ 6-m 2G”
SHEHETF R 6 N4, NAFTE 2 2 Gb.
FIH] samtools mpile #F %55 i Fir A 1) SNP 47 55,
SR E N EONEUE . RIS 230 SNP i s )5,
SEBURIRR S il gaw e oo N E SN I B s A v
ARG o BARERAE R 3 —1 125 bp 3
R X5, Gtz X B SNP 194, DL A%
XA 241 Oy KRE WX 43 F (discriminative
power, DP), XA HJ5 A DP=n/N, n
6 P A AR P LA AT DL IX A3 B RE oA, N
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Tab. 1 Number and name of 28 cassava varieties
45 No. £, %% Name 45 No. £ FK Name 45 No. £ FR Name
Pl SC5 P11 Bk 048 P21 Ok 45
P2 SC6 P12 4 5 P22 EpJe b
P3 SC11 P13 H# s 5 P23 M 15
P4 SC12 P14 SC101(Hfifi) P24 it N13
P5 SC13 P15 7R Fh P25 B 5 5 (G 1H)
P6 SC205 P16 i 15 P26 E7 10 5
P7 SC124 P17 It 188 P27 18R
P8 SC60608 P18 Ml 199 P28 BRAI183
P9 SC8013 P19 e AR
P10 SC8002 P20 25
SNP {3 s, H X 43 BE>0.2, Wiz X34 Ak MNP SUEAE WS BRME A BRA A 52
PRI st o SRS AT 2 20 bp, FFIHA FikdE 1.2.4 W5 kR EwsE MNP ARieo R TR

Fro XA SRASAETE MNP FRic A7 S 217 Fh s
SR A, ORI R S B A AR S R A
MNP FRic v s . MNP 5|9 i A7 50 1 S A= 4
HEARARAFE .

122 A HZ DNA #9425 shib B4 5 Fb
HATEAD 10 A kRt RiR A BRI A 785
TFF 8 B K I R FH CTAB 42 3E [H 41 DNA, F)
HIAZIR % f2: 4 Qubit Kzl DNA ¥ EE , B HR HiEE i
HL KRG DNA Jii& .

123 %% PCR #¥ ¥ 5 X AEME HELMit
PCR ¥4 (1 Jr vE A il e 7 S0, 5 —%h
ZHE PCRY M, HWEEEHRR B, Hy ik
2N 51 YRAY 4 uL( 10 umol/L ), DNA #i4( 20~
200 ng ) x uL, GenoPlexs 3xT Master Mix 10 L,
ddH,0 (16-x)uL., PCR JZ W #E/5: 95 C WAL
5min; 95 ‘C7A8ME 20 s, 60 ‘CiE KIE(H 4 min, 7§
15 % 72 CheJa #EAH 10 min, 10 CLRIREEH
R A FHREER AT PCR =4t fralifk, ks iR
VLS. 55 5 PCR HAUXT PCR =48 il 4%
S, HYBAZRS: #3L5I% F (5umol/L) 2 uL,
$:3551% R (5 umol/L ) 2 pL, DNA #ifz (45—
% PCR 4lifb /=% ) 16 uL, GenoPlexs 3xT Master
Mix 10 uL, PCR W25 : 95 ‘CHUZEYE 3 min;
95°C 15s, 58°C 15s, 70 °C 30s, fEH 8 ¥K;
72 CHJG M 5 min, 10 CIRIRGS R . H
Qubit A SCZE AR, S M A U5 M Gk ) SC I Joit
o IEW SCEWEAE 10 ng/ul UL F, HHE K&
H— R/NFE 300 bp Z£47. >R NovaSeq 6000
HATRCR S 7, Bzt 150 bp, WF kA

BrbExt . MNP ARic o BS54 i ] LL 22 UL FANG
S g, HARR R R . X a—
fm RN P s, B SR Bowtie 2 ((version 2.1.0 )
BARRI T B B e X B S5 B A L xR
MNP 37 55, Geitize Ao s LA I 21 i BT A7 464 3 [
YL S R S FE R R Iy e B g H , B
S BRI RN 2B o T B e e Y A PR R X
(A=NiOE S v SN iy B e o Ve S S BTN E S N
T 20, WIDAAZA, SRR o 5 32 A Rk PR A
M FRE LR T 0.2 Ay Ho A 5545 KL PR A 3490 R ]
R AL AL X T8 —4 MNP fiigi, # 2 4
i (8] 0 S B RUAR A, IUSA 3 2 MR TR
% MNP FRICO s I 25 5% o %77 — MNP ARICHL A
E 2 WEE PRI RTZES, WA RIS
ARIZE IR AT EI, HIE REm/M, mig AT EH
(1) MNP Fric iS5k, M 88 5 [ ) MNP
MbRICA B RE HERRTE A=1-(1-R)/2. R perl
JAIARGETH RS MNP A B S FE R AR B
W24 AT T di tE% (observed heterozygosity, Ho )
PR IXA3BE, i T 4TS SNP BoR BT I, #
H beftools ( Version 1.5 ) .5 M P &3 4k B
BAFEAEY SNP ARG TIZER . 732 T MNP
FSNP S RIZE I, PR LLEHE S Ia], GeitdL [mas
7 15 DA R 22 S o7 s B (R IRUAEAE 25 57 B Do

2 ZERE55H
21 AKZE MNP i &%

FIFHE AT 241 3 AKE ) SNP {5 B, W)
BT 623 A~ MNP bric b . aniE 1A Frs, fr
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B S5 20 a0 A e 18 etk | (B 1A) .
MNP Fric £ L H7E 186~274 bp Z 1] (& 1B ),
Y R ZHAL R (427 1) WKL T 270~274 bp
Z M. HA MNP fiS4 5 2~26 &Ml SNP
(MAF>5%, “FJ9.061~, Kl 1C) .
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Fig. 1 Characteristics cassava MNP markers
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A~ MNP HRiCAH 900.68 £ MBI WG IR E . Jy 1 VP4l
MNP FRic /e A 2 py it b A e B, 400l L
BT B AR EE SR AE R (£ 2) .
4t 15 644 4~ MNP A7 3007 S 7 2 T & ke il |
H T w15 644 A, EIEN 100%,

S TAERR TR 100%
23 ARE MNP RHZ MBS EE

TE 28 AR Z A, B4~ MNP fric o Sk
WS SRR EE 1~12 ZE], P
(4.071.68)F 4G FERI Y, Forfr 237 MU A S
PRI ESE LA (/] 2) o FEAMFH, MNP
BRI 22 G (Ho ) 7E 0~96.43%Z 1], T3
H°H 50.61%, #5462 W R A R IR A 1Y
B SR RNTZ,

R T VA MNP ARIC R A ZERE 5 X 4
PRSI TP EL RS, GETT P PR (] 43 7R &5
HZESH MNP fric S e, i 3 Bis. 1
AWMLY 28 A AP, AR 2 2 AN A a2 57
I FEBIAE 0.3%~81.0%22 18] (HI{E KR 71.78% ) ,
99.47% (1376/378 ) AN [H] ) 22 57 K T 46%;
BA~ MNP ARICHF3 X430 0.68, Hidr 5 4~
7 5 ( MSHO0091 . MSH0338 . MSH0470 . MSH0498
I MSHO0557 ) HA MR X B, el 95%LL L
BEAR X 0 FF o
24 MNPIRZEAFTAZEEMIRELERE

T ] 9 A oy o = 5 1o 5 | 0 A0 o o
TR IR T A AT . WK ZE 5 Fp SCS il
i1 SC8013 il ZM8625 Mz fF At & ma ™. He
BEPHRE AL MNP 2 BUZ5 5L & 3L, SCS5 i SC8013
L [EAS ) 534 ASALeL, Hir 532 M7 (199.63% )
FAA MR SRR A, XS5 2R R R & T
FE—E
25 EF SNPHRIZHEI N M X 4 88

h T A SNP HARTEA YR Bl A E 5 il 8] 1Y
XArRE ST, I BE T 00 3 Hdhe b R BURE A L 1)
SNP #RicsrBIgE e, 28 PR SFPILA H 6189
A~ SNP i 5 FEF X848 SNP v 5 Fb i 42 S
Hh ] — B A B SR — Bk, DA OR R RE 5 (R
(25 S He . el 4 Fros, AHFERES: 2 IRE
S22 F AR 2.23%~5.34%, IR THRiC
IEBR A 96.53%; AFIEESLH SNP 25547 45
FL I TE 2.72%~50.05% 22 18], ~F-H4{E K 43.19%.

3 it

AW IRAEARE T MNP 43 FhRic$:
Rk, AT 623 4~ MNP Fricfisf, XLk
DS IS AT AE AR B 18 S Lo fk |, PR B e
SN (1 S ) O o B o v o (| O -
T 28 NAZE R IEAN 25 SRR, XA AR
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Tab. 2  Accuracy and reproducibility of MNP method in 28 cassava samples

RIS AT S F . . Jete g N . e b L f2n
SEUHRIMLEH oy pmme st SOER SRR SRRRER R N
s r‘ggn ?ire(t)ecctgcrin- Number of MNPs with TP %5  Number of common  Number of MNPs with U P
No. MNPs of both different genotypes be- Reproducibil- | No.  detected MNPs of different genotypes Reproducibil-
replicates tween replicates ity/% both replicates between replicates ity/%
P1 573 0 100 P15 573 0 100
P2 581 0 100 P16 568 0 100
P3 573 0 100 P17 583 0 100
P4 573 0 100 P18 566 0 100
P5 592 0 100 P19 581 0 100
P6 582 0 100 P20 577 0 100
P7 582 0 100 P21 576 0 100
P8 570 0 100 P22 566 0 100
P9 476 0 100 P23 576 0 100
P10 570 0 100 P24 590 0 100
P11 588 0 100 P25 575 0 100
P12 568 0 100 P26 573 0 100
P13 590 0 100 P27 575 0 100
P14 174 0 100 P28 573 0 100
? 1 160 -
I - 2 140L
(<3 A N} B 120+
Q‘ -
o 2 e 5 § g 100
2, g it J:: 80+
) ® # S 60F
25 28
“ g 40+
T2, 1n4 2 20t
25 0 11 L1 | 11 | - L1 L1 1 L1 L
NP2 T2NRRTRILRARYERTRY

Q%
Q
17

K -
~

10

A: LR AFR; B: SAEENREH, @5k s UL
C: 8%, D: XK4HE,
A: MNP ID; B: Number of alleles (Na) per MNP, red indicates
Na>5; C: Heterozygosity; D: Discriminative power (DP).

B2 AKEMNPARTE 28 N AREHA LRGN

Fig. 2 Genetic characteristics of cassava MNP
markers in 28 cultivars
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Fig. 3 Distribution of genetic distance between
28 cassava samples
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FRICH 2 . 0 R4, 5 5 PE DL S R X 43
TEREPRRB T RAFp g vEme. Mk, RA
Z T PCR 48w 38 o I P AR 45 & 10 i S Bt
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