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Marker-trait association analysis for weight of first and second fleshy root in 126
diverse lines of Aconitum carmichaelii

YU Ma, HOU Da-bin, SHU Xiao-yan, HUANG lJing, LIU Xia, LIU Dan
School of Life Science and Engineering, Southwest University of Science and Technology, Mianyang 621010, China

Abstract: Objective To identify molecular markers associated with weight of fleshy root of Aconitum carmichaelii, and provide
technologic basis to A. carmichaelii breeding. Methods The marker-trait association (MTA) analysis for the weight of first and
second fleshy root was conducted in association mapping panel comprised 126 diverse lines based on 280 AFLP loci. Results The
population structure analysis of all lines conducted using STRUCTURE indicated that the likely number of subgroups was 2 based on
the change in k. A total of 19 loci were identified to associate with 0.87%—6.69% of phenotypic variance for objective trait. The loci of
P1IM1-27, P3M3-30, and P1M1-20 were identified under all analysis modes of GLM, MLM, GLM + K, and GLM + Q. Conclusion
These loci should be compatible to marker assistance selection during 4. carmichaelii breeding.
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Table 1 Investigated population of A. carmichaelii

Tk MRS P S
P-1 H1~HS3 7L
P-2 H54~H61 i
P-3 H62~H97 7
P-4 H98~H107 R
P-5 H108~H116 URAS
P-6 HI117~H126 el

1.2 HEgITRFREES

126 1y AARBEAARI LT 2013~2014 SEFHETVT
M2 ER, FARRMIEATE 1.5 m, HFRAIE 0.1 m,
1TIAIEE 0.3 m, HFRERFIAL S AT, LA B A0
HEER G RAEIRLER, MR RER 10 BRR
FNERERE, BRSO 2 SR e T .
1.3 AFLP 434k

FEAR DNA (1136146 0 4F 250 ng ZE K21 DNA i 5
U Msel }% 10 U EcoRI FR#IVEN VIR AL )5, 7F
et DNA F Bt Fi#E#: 5 pmol EcoRI 423k A1 50
pmol Msel #:3k . B 2 puL (B V)-3E8 = WI1E AR
DNA ZEATH 3G . i 945 20 mL 1) S Wik &
BT, T WA R R DNA BRAN, B4 0.8 pL
EcoRI-A 5%, 0.8 uL Msel+C 514, 0.4 uL dNTPs
(10 pmmol/L), 0.4 U Taq DNA R4, K 2 uL
10XPCR (+Mg™") ZEphifi. T 1 PCR #IEHF 4
£ 95 ‘CAME305s, 55 CHME30s, 72 C &
1 min, 25 MEH. H0Y 88 ~Y)H TE #oke 50 £
JifEJ AFLP #5iA DNA BT BEMEY 8. Pk
A R AEE 2 uL A DNA, 30 ng SEFEMERT. )5

P54 0.4 uL ANTPs (10 pmmol/L), 0.4 U Taq
DNA 241, 0.4 U Tag DNA B4, M2 ul 10X
PCR (+Mg™") ZEpi. dEBEMEY 1 PCR 4t N
94 C. 5min; 94 ‘C. 30s, 65 ‘C. 30s (F4
PEE PR 0.7 °C), 72 "C. 1 min, 12 MEIH;
94 C. 30s, 56 C. 30s, 72 C. 1min, 24 4
PE¥; 72 'C. 6 min; 4 CAIR¥L. ¥ 3G~y it
6% 2% T I Tk i 458 JI HL AL I 2 e P o % K R )
DNA £ 225 KM “0” “17 krid, M “0” 4
Zalr iR, “17 R . ABFFUIERA 10 X)
RS, Bl NER 2, 515 A
PIMI1.P2M1.P2M2. P3M3. P4M3. P4M4. P4M5.
P4M6. P5M5 J2 P6M6.

#T 2 AFLP 5|4 F5|

Table 2 Oligonucleotide sequences used in AFLP analysis

519 R 75 (5°—3)
EcoRAAC P1 GACTGCGTACCAATTCAAC
EcoRACA P2 GACTGCGTACCAATTCACA
EcoRACT P3 GACTGCGTACCAATTCACT
EcoRACC P4 GACTGCGTACCAATTCACC
EcoRAGC P5 GACTGCGTACCAATTCAGC
EcoRAGG P6 GACTGCGTACCAATTCAGG
MseCAA M1 GATGAGTCCTGAGTAACAA
MseCAG M2 GATGAGTCCTGAGTAACAG
MseCAT M3 GATGAGTCCTGAGTAACAT
MseCTC M4 GATGAGTCCTGAGTAACTC
MseCTG M5 GATGAGTCCTGAGTAACTG
MseCTT M6 GATGAGTCCTGAGTAACTT

1.4 FRig-TRIR KBRS R

FEAR L5 /4 1] STRUCTURE %18 SR 2
B, 100 000 YH A JE4E4E 150 000 J7IX MCMC
EEULE 1~15 WHESFHIEFM £ {H. R HTR
JHI TASSEL V2.1 S3#r A, A3 HoR A 4
e (1) AL FERFA G B SR 2 C Z I8 2 M A5
B O(GLMD 3l (2) EHERZ AN GLM+K
B (3) FHIBHAG RN GLM+Q Bisk; (4) 1B
B (MLM) #i3,
2 ERE5HH
2.1 BHRFER

PR F AR, SR R TARE 1~ 13 MAREE(E
D, HE— PR 15.0~602 g, ik
TR FHERE—. TR EER B,
FEPRIADN HARIEARZE e il i 2 5 (P<<0.05).
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a-126 U5 SLBEARTEIE b2 TARBRR 2 TR
a-126 diverse genotypes in genetic resources nursery of Aconitum

carmichaelii  b-single fleshy root line c-multiple fleshy roots line

1 SLBARTFIR

Fig. 1 Investigated population and fleshy root of A.

carmichaelii
2.2 ERFEBNE KBRS

10 XFEHEVE AFLP 5140358 14t 327 4~ AFLP
gcitt, i 280 ANARTTTE 126 1R R AR R AL
FERPEZ A, TR 85.6%, AN Pt
TG H IR RS B O 12~45 (8] 2).

M H1

FEARGER) 20 Hrh, STRUCTURE & T & {284k
WP HBAEWREECY 2. b 49 3T Huft 7
(H1~HI2. H14~H22. H24~H31. H33~H45.
H47~H53). 7 WAt~ v (H54. H55. H57~
H61)\ 4 2z B = ot 7 (H62. H63. H66. H82).
Fo VAR DR =B (H100) #25R 54— AN HE
oAy 4 b=t (H13. H23. H32. H46).
1 AT HL B 1 (H56) 32 45322 7= H b1 (H64,
H65. H67~HS81. H83~H97). 9 il = Hufft 1
(H98. H99. HI01~107). 9 7% 5 7= i jfy 1
(H108~H116) [ 10 446 )11 b 5 (H117~126)
BRK N 2 ANHE (K 3D,

2.3 FRiC-MER KB

IR B v SE TR B 19 AN H ks MR 6 AL
Ao i GLM R3] 13 A H bs R ST A,
XLCAT A R T 1.54%~6.69%I1 % AL AF
K (P<0.05, % 3). MLM BiUiRm5] 12 M H
FRAEIRICIRAL 5, 20 I RE T 0.87%~4.24%111 3%

> H63

El2 P2M2 3|43 R9EFK PCR 184 R
Fig. 2 Amplifications of P2M2 in A. carmichaelii population
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Population structure for 126 lines of A.

Fig. 3

carmichaelii

AR R Z (P<0.05). GLM+Q #E iR 5] 4 A
H bR PEROCHEAT 5, 2l R T 2.90%~6.33%
f R MAF R (P<0.05), GLM+K =X 11 51 5
5 A HERPEARSCHRAL £, BB T 2.91%~
6.69%1 F AT T Z (P<0.05). 4 FifE =35
B 3 ANIL[EA 5, 40504 PIM1-27. P3M3-30 %
PIM1-20. B4k, GLM £, GLM+K #ix &
GLM+Q #E N #8510 2] PSMS-7 5 H br kAR i
FM K P6M6-16 ££ GLM Eix & MLM #i = 4
PO 25 H AR R W25 A OC; PSMS-16 /£ GLM
PG . MLM A5 50 K GLM 4K A28 5 H xRk B
EY P
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Table 3 Result of MTA
o GLM+K GLM+Q
RIKELR P R*% P R*% P R*1% P R*1%
PIM1-15 0.029 6 1.82
P1M1-20 0.000 0 6.69 0.0103 3.22 0.000 0 6.69 0.000 0 6.33
PIM1-27 0.000 0 6.69 0.0103 3.22 0.000 0 6.69 0.000 0 6.33
PIM1-36 0.006 7 2.68
P1M1-40 0.025 3 2.37
P2M2-16 0.038 5 1.67 0.028 4 2.26
P3M3-1 0.038 2 1.67
P3M3-3 0.001 3 0.87
P3M3-9 0.0142 2.26
P3M3-30 0.000 0 6.69 0.0103 3.22 0.000 0 6.69 0.000 0 6.33
P4M3-3 0.047 8 1.81
P4M3-21 0.047 3 1.54
P4M4-12 0.027 1 2.30
P5M5-7 0.002 4 1.99 0.002 4 3.25 0.004 5 2.90
P5M5-12 0.0170 2.74
P5M5-16 0.004 5 291 0.004 0 4.24 0.004 5 291
P6M6-9 0.028 3 1.85
P6M6-12 0.041 9 1.92
P6M6-16 0.020 3 2.05 0.0152 2.84

POV, R WAL R T A SRR 2
P significance probability; R’ phenotypic variation explained by markers
3 i1ie
3.1 BHARRE

2 TE M 2 AR AR AR L ol T
e ORI R B Ty KRG A
W0 A SRR R Bk BT 2 RAT AR = R
FIEAEL, SRR T 5T, H&E
RE—. STWRVHREREREE, XRWAT Ik
ENY AN Uttt O e = 7 el e FA B o '8
SR Re ik BT A PRGNSR, X i
T8 LAk e 2R R (R R MR 5 AR
3.2 BAeEH

FEARGERI AT, TR — 7= Hh YRR 2R 22 B Rl o
F[El— A, AHAEA TR ERI 25— . X
ARG K ZHAR IS SL 2 A R 3, [
AN IRAS L, AT1S 2 50 N IR R R O R IR
WP geAh, DR H RTACTE FRA R, 45 i) S R
GALBAER N, R o ROk Rl RS AL
AV AR HR D2 S B0 ARG PRI AL, XK
I SR FH 24 24 M T R P o DRI R 4
R PR S BT 0T 5 Sk BT AR i B PP A B

3.3 FRig-MER KRB

H i F AR BRI AR id- PO A, 34T 6
RS PP AR 25 M) S 20 Ok RN R R PR 1R 5 1)
WM ARWFTRE R T A 4 R 3k 548
AR R HEAT 700, S MR U 21 H FRtk
WA RAL HZE R B, XA ARA D IR 5845
FA—3. 3L 5 Mrsdeeb 3 P A U
5 HARPEIRA G, IX L7 5 H AR IR ) SR
PR ILABAT f S BB  (HA T A X LB A7 2
RIRFLSE M IRV, AL SE 2 NS N
FIKIGUFIEH BB RIS HIE S H N T/ K1)
Pk, Ok f b R N RO R 5/ R H
LA, WAMERIER R AR =2 H et
PPN FARE R a8 B SRR 5 %
B SR IEAEREA T AW 211 B ARt
RISk b i 4 Bh B A 2 AT S22
B2 3Lk
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