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[ Abstract | Objective: To breed high artemisinin content varieties to reduce the extraction cost and guarantee
China’s dominant position in supply of artemisinin. Methods: A high artemisinin content variety,” Yanqing No. 1”, was
obtained through mixed breeding methods and its specificity, consistency, and stability was evaluated. After genomic
resequencing, the special insertion deletion mutations of ”Yanqing No. 1” were screened compared with other 14 samples.
Global geographic information system for medicinal plant( GMPGIS) was also used to predict its global suitable planting areas.
Results; The "Yanqging No. 1”7 ( YQ 1) variety is a round tower type, short, compact, large in leaves, and has a growth
period of 240-250 days. The thousand seeds weight is (34.98 +1.74) g, and the dry leaf yield per plant is (211.90 +
48.07) g The average content of artemisinin is (2. 11 £0.38) % , and the highest is 2. 70%. Two pairs specific primers of
Aaln101 and Aalnl10 were screened to distinguish YQ1 and other 14 samples. The global suitable planting area of ”"Yanging
No. 1” is mainly in China. The suitable planting areas in China is mainly concentrated in the southeast, with the largest in
Guangxi, reaching 211 656.27 km’. Conclusion: The "Yanqing No. 1” plant has specific morphological characteristics and

high artemisinin content with specificity, consistency and stability and is suitable for planting in the southeast of China.

[ Keywords]  "Yanqing No. 1”; Artemisia annua; artemisinin; standardized cultivation
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7R R AR A DA B AR A A R AR I O i
B T F AR o X Ah ARy DX ) B A
hEE R TEHEE 0.2% LLF, A HRA RN
{7 ARSEHETE ™ R, WAL AT R L W)
B LTPHRRHOE EAE G FEPC, DU AR AR T AR
Mo DX B AR S DU RO B R A WK FEm . e
B, SRR SR R R e 8, Y
AREEE RS RE S AT, BB EEKEEA
TR, AEEASR ™ M AN [R] Bl i 28 8 R
TR 25, AR BOR A B HLE 5 B0k
BB B RIS A 50, Wl WA HIR.
B LR B R A AR TR R
HHZSZHFREGER, ARHTEAITERDE
2. 1% fgan f “HFH—5" (YQ), JFXIH#ER
SRR BTEAT T BN E, T E I O e L
Indel 73FARIC, RIS FHAE Y 4 BR ™ M A= 24508 B
5 ARG (GMPCIS) Tl 1 Hod B AETE L, I A2
THVEARIE LR R, N FEARIEOR A . 35 &
il ST 8 2R JEURHE LR e

1 #R57FE

L1 B —5" MHEESRHE

I EMEAE YOI DL Aok A iR AR (HQL) |
WA PR B Rl (HUN ) DA S e 19 2 AP A Flt(HINT
HN3) . 7ERUGH (8 H o bA)) I LI pk e . i
M B2 R RO EE L R TE AR A SRR T
Wi, i T AR T Image J 500X B4 e AL AR —
Gora B R AT AT, A R & 30 Bk

FERDFIEI, SRR AP BER LA R 30 R TIE
SWEE, EARR T E TP IR A (5 em x 10 cm)
I, 7 TOUPCAM & 58 4 £5 9L T~ W%, i1
Toup View {4 I 30 Rifp ¥ 1yt . FR & If
s BEA AR B M RS I R O S S 2=
SN [ O 715 < Y ST T AR 0 = L s B A
BAHEREEHLANIN 100 K Fh ¥, A+ —K
ERRE TR, T 6 MEE ., AKX (D) (2) XARR

A

B

1 mm

. A.HUN; B.HNI; C. HQ1; D.HN3; E. YQI,

N

A AR BT R R R SRR AT INE, H
100 73 A8 & Bl 7~ 3 )N 7R S g 4K b, 2 AR FF
WA, ERACRRAL 3 KE A RZFARME: HE 20 C,
HHXHEEE 40% , 20% SLIE8 ho IRARSFh 125 K BUA
K, 2 B P RITENIER &gt #S:3 d
AN ZFRN K ZFAE R
KA = AT A AR T B < 100%
(1)
R =S d BRI E Y AR SR < 100%
(2)

L2 HHAXRSYSEIE

T H
R HHERABUE T &R & e, AR
D7E 30 4~ Hbk,

SR FH 8 5 280 A 8 33 - £ B T 3% A ) 75 ( UPLC-
QQO-MS) T H W RRXMEGY ST HIME, HHE
(#it*5: CFS201801, ZliJE=99% ). W& &M (Hit
5 CFS201801, 4fi ¥ = 98% ). #H & W (4t 5.
CFS201702, #fi ff = 99% ). H & & & (#t 5.
CFN98807, #liJif =98.0% ) 340y F i DK AE A Y 4%
RAEBRAT; FEE. CHEREELL (£E Fisher 24
Hl) s SRR (Hral, dbaifb T ) B, Wik
(ilal, PR T AR R ARAR) ; &
MGG 2l K (BTN Bk a e 2 A A PR A F] ) o Eclipse
Plus Cig (2.1 mm x50 mm, 1.8 pm) fa i, 3€H
Agilent UPLC-MS Z 4t [ 1290 F 51 i i RO AH 4 3%
1, 6470 I = F PUAR AT IS (R FER B A R A
A]) 15 XS105 #7543 Z — W 540 K F- (METTLER
TOLEDO A ] ) ; 3% KQ-S00DE # %42 i 7 I i 1k
R (TH 100 W, BRI E A RAR) 5 BS210S
BT 2 —BF iR (HEEEZRIHAF) .

WEEBR., HE8CK. WAHER., FEmRxTH
iR, SRR, 0 SO B . B
TEPIRE fhIG i, e, REBFREO. 1 g, # T 50 mL
BLOAET, IMAREE 10 mL, 84230 min, %

o

lmm. lmn..

D * E

1 FERBEHRESTHFTERBREETHRS
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Je WIS T W R BE 1000 £, B Ak, BRAS AR A
T

HHR . HECRWM: 0.1% R 10 mmol -1L~'-
RS /KIFIR (A) = 5 (B) 5 BREEUEE (0 ~5 min,
5% ~100% B; 5 ~7 min, 100% B), JEiZ47 2 min,
FEIR: 30 °C, pEMER: 1 ul, . 0.3 mLemin~',
B RS R IR (ESD) , HT a0 IR TR
X, MRM BEXHATRI , SR REWRE, HiER
8 1. 283.2, T B . 265.1, 247.1, H k.
135V, fEfE: 5; HHEORBEF: 249.1, 75
T 1891, fight: 9, TR 143.1, fEfE: 24,
. 130 V,

H R, BUAH &R 0.05% SRKT
W(A) - HEE(B); ZEREVEL (0 ~3 min, 85%B),
E:@;ﬁz min, Tf%%'l: 30 OC, ﬁ“ﬁ% 1 ML, {ﬁ‘i@
0.3 ml-min ™', BFIR: HIWES B TR (ESD), F4
T BRI, SIM B S TR I, 7 8 IR B
B 233.2, MR 140 V; XA T SRR T
235.2, HJE: 140 V,

DAV T AR AR AR bR (), Xk B o 2 A
JE (ng-mL ™) BEAKR (X)), ShilbrmELk, #&
. Y=729.95X +10 575, r=0.999 9; HE LK.
Y=2327.8X +421.24, r=1; HER: Y =16 362X +
23.033, r=0.999 6; WA #EM: ¥ =4907.8X -
7124.6, r=0.999 8, LM XRRL, KEE. &
V. RUEMERE G .

1.3 BT ENF A InDel 43 FHric it

1.3.1 InDel bric iy %@ kg ikit A Burrows-
Wheeler Alignmet ( BWA) 5 15 4~k & e Xt 2 FE H 4H
EEAMAR2 ~3 AEE, 34 AEMTFEA),
SRIG ] GATK SR 7E L X f % 31 0 A A v e
R R R SR ARG S (TnDel ) o 64 YQI 5 &
13 NEEFEA RS4, RS17 L) J RS30 14y 7 k26
RAZ, W InDel fi f PHEL A 500 bp i < B2, 2L
1000 bp R BB H] Primer 5. 0 #4753t b
WBCHHAE 1 ~500 bp, FFEITAE 500 ~ 1000 bp, i
TE YQU FRAEPE Y i 2R 5 A8 137 A o

1.3.2 PCR Y HgAIHLIK AREA T 7 i PR R
S A AR R BT R, A4S YQL, HQI, HNI,
HN3 | HUN, GZ( 5tJ) . XZ (Ui Ak 2 KAk E),
2018 AEME T AL U IR S g Bkt . RIS I
FKHFE R 2H DNA #2805 & ( TIANGEN Hi-DNAsecure
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Plant Kit DP350) , PCR [ WA %} 25 ul, i DNA
i (15 ng-p,L_l) 2 pl, 2 xTaq Mix Bf§(2.5 U-ML_I)
8.5 wk, #5191 (10 wmol - L™") 1-pL, FiE51%9
(10 pmol -L.™") 1 ul, ddH,0 12.5 pl, PCR FZJWFEF:
94 °C 5 min; 94 C 30 s, 56 C 30 s, 72 C 1 min,
35 MEFF; 72 °C 10 min; 4 CARAFE. 6% 5N 1
e LYK, LR 120 'V, HLPKEA]20 min, @5
HEARORAE
L4 “HHE—57 &b mrE st

iz [l GMPGIS R4 x} “fftlE—5" arGE A
PRI T, RAE ST 2R ZFER
PR, K. EmIRTW. WA, A B
B 132 N IRAR AL BT A GMPGIS 258, A
shape SCIF, 7EHEAlHDIRAE SRR 4 . AR 12
PEAEADCBIR PER S HF T, AT “HE —57 14k
A FAE M B B M3 B 507

2 HBREHMW

2.1 EHIR

2013 413 3 e P 4 e S A T Y A R o
PR 523y, RBUORAT PR R 1 R R
EEROGRRE, >2.0%, [FRHECER42
B, SHzah R IR EE | BRIk R TR
B, PEIREER, 2543 FLHEARIREG®RTE, K
PR R E ik 2 % W LA s —57,
FFF 2017, 2018 AFAEPU)I4A BT . BT B FH A
TRATE T, SPEE R R IR AR de
MFE | LB T T 2 850 .
2.2 MBRIESFHE

“WHE 5T MAREBEIRRAE Oy -2, FEE
BT AR, PR E A (124.0 £25.5) om, I
P BT R B AR R, AR 240 ~ 250 d; HLRRAY
Bk, PHEiE N (93.4 £14.0) em, FHEIELSRE,
R RS K, SFRIE R AU (11,2 £3.2) em’,
MR B2 B, ORVRAR, SE ARkt T
F(211.9 £48.1) g, FiFRMEN, Akir6ANE
or, FEE WA, Ko 2.0 £0.1, T H K&
(35.0+1.7) mg, “BHE—5" 76553 FIsE 4 XU
KA, FEEPFHEAIRELE 6 KR, 7 RKAE8 KG
RAFFRIFIEBEAN, K HFHE R (79.0 £10.5)% . F I,
“WFE—5" MERREREIERL, B/, B HAEK,
ARIHS, A8 S HALMFPHE T X (IR 1),
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1 “HE—S EHUERBERSEREE=(v+s, n=30)
N YOI (JH57) HOI (S5 HUN(Jet370) HNI (S5 HN3 (S5

TR T CV T oV T oY T v TV

FREY em 124.0 £25.5 0.21 180.9 +18.6 0.10 175.2+22.2 0.13 163.0 £10.8 0.07 181.7+16.7 0.09

T/ cm 93.4 £14.0 0.15 128.2 £8.7 0.07 131.7+13.2 0.10 134.8 £14.3 0.11 135.4+11.8  0.09

b 25K/ em 2.9+0.4 0.14 3.3x0.5 0.15 3.2+0.4 0.13 3.6+0.7 0.19 3.5+0.5 0.14

— B 55.3+7.0 0.13 62.6+5.2 0.08 53.2+6.4 0.12 60.2 £5.4 0.09 60.1+4.1 0.07

SRR 36.6 £6.7 0.18 45.5 £5.1 0.11 55.9%6.5 0.12 50.8 £5.1 0.10 47.3 +4.6 0.10

TR B 656.3 £217.0 0.33 1056.5+175.3 0.17 918.8 £176.4 0.19 1039.8+195.7 0.19 1173.4+227.0 0.19

axswilia 41.2 £6.7 0.16 53.7+6.3 0.12 55.1+6.4 0.12 51.5+6.8 0.13 51.9+7.0 0.13

A ARy em? 11.2£3.2 0.29 10.1£3.1 0.31 10.9£2.0 0.18 10.6 £2.6 0.25 12.8+£3.0 0.23

kT iE/g 211.9+48.1 0.23 184.2 +34.6 0.19 193.9+42.2 0.22 205.0 +£46.5 0.23 238.2 +40.8 0.17

Fhr K/ m 715.3 £47.1 0.07 885.0+143.9 0.16 734.6+59.2 0.08 645.3 +77.2 0.12 692.6 +50. 1 0.07

T/ um 362.6 £26.7 0.07 389.6 +46.5 0.12 370.0+30.9 0.08 326.9 +37.4 0.11 378.2+32.8 0.09

K/ 5 2.0£0.1 0.05 2.3x0.2 0.09 2.0+0.2 0.10 2.0+0.3 0.15 1.8 0.1 0.06

TR/ mg  35.0+1.7 0.05 35.0+2.4 0.07 20.6 1.1 0.04 22.8£3.0 0.13 28.4+3.8 0.13

R % 79.0£10.5 0.13 74.0 £7.9 0. 11 76.3 £9.1 0.12 4.0+21.4 0.33 91.0+7.2 0.08

HEESRH/% 2104 0.19 1.6 +0.3 0.19 1.5+0.3 0.20 1.2+0.3 0.25 1.5+0.3 0.20

HEHFH/d 240 ~250 210 ~220 220 ~230 210 ~220 210 ~220

2.3 HEEXMMESYSRIE HIE S AR K. XTIR SRR 4 Rk &9
M2 T, 54 AR LE, YOI Faxs EAREHEA—I 33%??5%HX1§§%?;§@&€?§§$§
HRE, (211 £0.38)%, k2 70%; TSR O R R, RHER
[i) s} X & T A%‘%ﬂ;%%, SEH R (0.33 + Ko HNI HELEMEH f‘ﬁ%ﬁ?ﬁ, é%%"J‘ (0.06 +

0.07)% , Eik0.3%; HFEZLEMEFER S =

3.0 A

251

g
=
R15F
i
B 1.0 |
0.5}
0

NI YQI HUN
EIIJ%EF

nh

HQ1 HNI  YQlI HUN
m

A FHEFE; B HHELE; C WATHR

B2 TR#AKETEEE.

045
040}
035f

< 030f

025)

ig 020

B 0.15F
0.10f
0.05

0

T

HN3

0.03) % F1(0.02 =0.01)% , 54 0.06% .

0121

0.10 F
< 0.08f
&
& 0.06F
J
@(m4

0.02 F il

0
N3  HQI HNI  YQl HUN
DD*EP

040 p

035}

030}
£ 025
£ 020F
R 0.15¢
B o.10f
B 005

ol -

-0.05

-0.010
HN3  HQ! HNI  YQlI HUN
A
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W RAR MR 5 75 8 R b G W & AT A G
ST, HEHETRESNATFEREEIEMEL, r=
0.6257, HEMRMEHE RSB EILMR, r=
0.834 8, HHE. WA & MRS i 5K M 1E FH
BIEMDE, St dlig. b B2EH B8 4
A BETAE G, (EAHCRBOF A B3, bk RE M
ARG R =R PR 2 4t e, A AR S = S Kk
L R MR ZER R AR EE L IR A
BRIEA G, oo i 5 i 1 A e i, o=
0.613 5, 255 HE R & M B0, ANTH
BB AR T B A AR s, RS, L
B, nHEBERIIER .

2.4 FRESME, —EME. RSt

Festk: “BHE—57 54 DRETRME AR R &
R, e, Mtk 2SR, Rk EE.
BN, — B XM oy N, EEBK,
ERANEE EHIRS s, FESN (2,11 +
0.38) % F1(0.33 0. 07) % .

—FhE: X HE— 57 REMRIERAE SRR
B o by, HEWES, @, e, firiie
S, Mem. aiE, ML — % M
TSR, PR, P TRI R
FEE . AN B RSN S RBERF S
L

RoEt: “ME—57 T 2017, 2018 4E4EPY )1
BHEN., ERWEME. BEAEam, s
BB WM A AR R JLE AR AL
By T T 2500 . BRACET TR 2 B A R
T RO A FEARAE, A B AR PR R SR B AR
E, BEEGENE2 0%, BEERT.

2.5 FLFILHATENFR Indel 43FHRic ik

F T ST LTS R RN, s R
BRI 2 A B ol 76 971 ~ 114 174 4>, “WfH —5"
3ANFILRESS RS4. RS17 LUK RS30 Ay S e ok 58 72
AR 91 288 . 96 812, 99 827 4, FEMLIF 1% HY InDel
Pric 45 5%, HAA 16 2507511 Indel Bt >590 bp,
XX 16 Z P AT i, it g4 32 X,
PL7 By AL E MRS 4] DNA Syt , F PCR J5 i
Rl 32 %t 5| ¥4 &k, Hoh Aalnl01 (AalnlO1F;
GACTATGTTTAGCGCGGAGC, Aalnl01R: TGGCAC-
TACTTTATCATATCAAATC) F1 Aalnl110 ( AaIn110F1 .
GTTCTAGACTCGGGCCTTAGC, Aalnl10R1: CTGGC-
- 1076 -

TGTGCCATGTTTCTG) "] LUTE “Wi—57 HhHB4E
SOk, MAEHAD 6 AR R JC A (LRI 3), AT
R “HE—%" BRRSFiRid, HTFX4a ot
T A b B A

2000bp e

T500bp o e s

750bp S

500b

250bg -

TOODp ™= m s - w w oo o o o oo e

=

750bp &8
500bp ==
o) p -

TO0bp = we e

. A. Aalnl10; B. Aalnl01; 1.YQl; 2. GZ; 3.XZ; 4. HUN;
5. HQ1; 6. HN1; 7. HN3,
E3 3|4 AaInl0l #1 AaInll0 Xt 7 HELE
TRBFEMTEER

2.6 “HFE—57 RS T

WX “WE—57 FE AR GMPGIS 4347, 15
MR —57 FEOA XA SEFEER: &
BB A.5~18.9 C, i FEiiH 24.4 ~28.6 C,
AEHAIE 14.9 ~24.3 C, AEH MR 68.61% ~
77.35% , AE¥5 R K 5 987 ~ 1688 mm, 4F 35 H IR
124.96 ~145.47 W-m >, +HERRIPISBMHE L. &

drksmmR L. Bat . Aohd . B, B
Nz

MR L oA i 2 A= S R FEFE R, AR
R B AR 2] “BHE —5" BERAESAE R
BEIX I, (F5 HBLBE 99.9% ~ 100% [ X 3k 4 A [, T
K 4), “BFE—5" ZEWIMNAYE B A K X8 AL A
WK, AT W Z KN XU YR S e . He
Hh D BP0 AR XIS AR K, 3K 1 020 446. 59 km? |
HEE 38 609.57 km? . ELFG 5 8 006.91 km®, H A<
3 247.25 km*

WEE 5 e E R K AR S A A X,
FESMATRE AR, B % AR X,
ARG . YLVG . A, WAdE . Wivn. #mEE. v, 5t
ML EKR. RS, AR R KM% A
WBIX, 3B X I AL 211 656,27 km®, AR
it GMPGIS 7 A 45 SRl 15, 76 3% [ 7R e 7 b X 4538
H M5 4K
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HrRAET ) HfX

WA X

B 5 R E AR X 5,
(] B x5

0 312.5625 1250 1875

B oA nERS (R
[ Semix s

{7 0 18753750

7500 11250 15000 km K £

. #A%5 4 GS(2020)2680 5,
4

3 “HIE—S7 ZAFEMLURERAR

3.1 M8

311 e SEEM BRSS9 TGRSR,
i, M52 g K GMPGIS I3 Hrafi 2k, e
[E| AP AR TEAAAE 800 m LATR ARGk, Sicl, M ilite
WP, HEK R4, BAMACIR A VDSE 1, R bk

“HE—S" 99.9% ~100 % K ESHUER S5

KA TR AT o

FERIET, X0 PRI TR AR, A 4 s
THEF R, ARG DKM N E, RIFETE 1.2 m,
15 20 em [ZETHT, HEZKIEFE 30 em,
3.1.2 FEFpESE] MR AR MRS 11—12 J
HARH X AE 1—2 H 3B Fh A
313 RO R T S RS, B
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1 g Fi-J11 4000 ~ 5000 g T4y, KI5 501 K
T, FEFPOERUG, TE BRI — 2 R
K, DA AP BE, FEAE R 1w — 2 b
DIRFRREE, TR Fif k. &1 g fFali 15 m’,
Al Ff 2664 ~3996 m’
314 WREH FEF 7 dfE, EEEE R, W
LB ARG O, 38 o 4 53 XU A B i K (o 2 AR 4
PRI . MR E] S om ZE AT I DR R 2
DAE DR PR S S48, 300 e i 4 s A A A K A
HE T o

Prm AR S, AT 1.5 LKHEE 50 g JR
F 150 g 5245 NETC B 1 PR 28 /K 5L 28 30% #i B (1)
RFNEAHET, M AKNE S 7 g KRN 1R, B
10 ~ 15 em FZEAFRERT RN AT JEA TR HAS AL
3.2 BHoEM
3.2.1 A 3—4 Ho
3.2.2 hbAEHh  BERESCRIEBZIN A, HEK R AT,
B EIR VD, RIS, EFPE 1.2 m,
HZEGE0.6 m, 20.3m, HTE0.4~0.5m, Bt
Ja AT EAEAE, (B RN RN E AL 1 R 1 M b AL
FERR BB AR AT FEFEAR TS 4. 5 ~6 cm [t 100 g A HLALFN
30 ~40 R ANE (FRIRFH AL 15 + 15 + 15) IR A 1F
AL
3.2.3 Rk MK H 10 ~ 15 em B, BEFETE

R TFEBAREE 1 mx0.9 m [IFEFAR . KT

4, ANE KRR e fHak i, R R o8, oA IR
3 ~5 cem, MUEIG SNGEEERK, DRAERGEZ
3.3 HEEH

PGS, AI7E 40, 70 d A4 4K h ikt
2. H 3 W T A A, A 666 m® jifi il
2 kg, VEMEMOEIE DS HAZ . BB, 243 ~
4 em, WEGAEEHE KR SRR . AR SR A
TP B A7 TG 16 OL I AN, B8 AR W) I B i) 3 P e 2
JE W TAEMRAE R HERS , AT A B ER R R R, “ F
B9 TEHOKA Ry B K, T2
W ek, TR B . BimiHET
3.4 EMFEPIA

“PHE—57 WRFIFAE, HARELRE
T Y (RN W 7/ T 11— 3 S T
RESs B e T, FEWRFE NG . A8
. . R N PR A
3.4.1 JEFRG B SIRZ WA YRS K
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A, MRECE B RN R A W, AR K ) Y]
AT RABEIE 1% BB MR . 70% HIIEFTATHE 500 4%
W, a7 ~10 d WL IRBIA, BiA 2 ~3 WK

P R 2 AR AE 6—T7 H, FIA il A ek,
I )BT i A B, al Al R R B R 5K 500 ~
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