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Seed Germination Characteristics and Chromosome
Karyotype of Different Provenances of Artemisia hedinii
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Abstract The botanical characteristics and germination traits of Artemisia hedinii seeds from two natural popu-
lations in Tanggula Town (TGL) and Yuegai Town(YG) of Qinghai Province were investigated, and functional
traits such as morphological characteristics, seed viability, water absorption rate, and water content were deter-
mined, and the effects of constant temperature, alternating temperature, and gibberellin (GA,) treatments on
seed germination traits were studied using germination rate, germination energy, and germination index as indi-
cators. Additionally, conventional chromosome squashing technique and karyotype analysis were employed to
reveal differences in chromosome karyotype characteristics between the two populations. The results showed that
A. hedinii seeds were flat and slender, with 1 000-seed mass of 0.121 2 ¢(YG) and 0.090 1 g(TGL), respec-
tively, and seeds reached water saturation after 24 hours of imbibition. Temperature was a critical factor affect-
ing seed germination, under the optimum germination temperature (25 °C ), the germination rate exceeded

85%; a low temperature (5 ‘C) led to no seed germination, while a high temperature (35 °C) reduced the germi-
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nation rate to the values less than 72%, the appropriate temperature and GA,treatments significantly improved
germination indices. GA,could alleviate the inhibitory effect of high temperature on germination to a certain ex-
tent but had no effect on inhibition of low temperature. The chromosome number of A. hedinii was 18, with a ba-
sic chromosome number of 9, and the karyotype formula was 2n=2x=18m, karyotype type was 1A, and chromo-
some was symmetrical. The chromosome length ratio, average arm ratio, and karyotype asymmetry index of the
Tanggula Town population were all higher than those of the Yuegai Town population. In conclusion, temperature
was an important factor regulating A. hedinii seed germination. The optimal germination temperatures for both
populations were constant 25 “C and variable temperature 25 ‘C/15 °C, and GA, could effectively promote seed
germination under high-temperature conditions. A. hedinii was a diploid plant with 18 stable and symmetric chro-

mosomes, and heterogeneous environment might play a significant role in the chromosomes evolutionary direc-

tion of A. hedinii, driving the chromosome karyotype evolution in specific directions.
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GEL7/ b Uy R R e I S uR N S RS E BNy i
DX 38 110 S 25 B A A R B S A O, AR R
T AR A B A N 5 AR, 38 OC R B4
A FPREY K A 2 REPE R B R TR R R
PR, 22 G0 TF i b 14 ) 2 R A Rl & e P AT 5
HAEBREZ L, B (Artemisia) YA E L 4
BIERNME) 2 R RS R SR I 2 Y
PRI b A EEAMED . B NINE 2 E R
T AR ) B R B g e R A R AT T AR
AR T TR B R T R BRI
WY &R, % B JE A AT AR 3 Rl A, BT
WIS W28 AR Soh R AT S 2% . I A W
SR P AR AR T 90T 9 20 Fifr i T A 0 ) e £ 1
BH JEAMZA 250 BoR BRI A 2 Y
IR LR (x=8 Fl x=9) , 7F-7E 2n=16 .2n=18 ) {51k
1 2n=36 F DUAEAA 12 2n=50 IR AHA ; Zarifi %5 0
S 3 oy SEHT A A o3 240 G o Rk & AR LA A
A T A AR o, e IR S AR H 2=8 2
1 x=9 AL MK , 7] J AL 1 e (o MR B i 5 A AR ]
REAFFEZE ST

B8 (A. hedinii) J& 18 8 VAF £ RAKEY) , X4
AR s, B T D)1 R A
A XK 2 000~4 800 m XI5, & UL T-150 00 B 4y o]
W BRI bl P B SE MRSK . SLES I R T L
ARG BRI KE BT AR
FEIA] rp B 2 LBl (R ERAR )™ (AR )|
(AP ) A0 3, LR e e A
BT JRIETE Z 80, 7T IR T AR BV AE e
O i AL M 45 . BAT, 4T R 5
2 45 RYEBT 9 U BRI IG  S HL Jo d 4  45 J ThT of
KT A= 2= 5L il 5 0 R RR PRI T Bk D

SUE R G OB MORERE . RO R R AR
KAEH W EZEIREE N T, AR eI AR 26 1F
22 5 1] BE - BRI A [R] B8 1R 5 o
W HE T, AR ST 2 AR AT B SR i A
Fift 5, 0 5 B T ol (0 B AR W) A R AR B 5
g AL BRE RS Rl RE R BT RO B AR B
ff 5 R R I R L RE TR SR R LR AR
J R BRFAZ R A 97 %, FFEAS TR Ja ey e (5
PRBCH BT RT T A ) S (PR R RRAE 22 57
AHIFFE n] 5 ST RS R A B LA, DS
Jri SR B AR B IR AR AP A R 4 e S S — 2 Y
MU S

1 MRS

1.1 ke

T 1A e B AU (YG) FIas IR R T
FE A PLILAE (TCL) R A B AR+ (R 1), il E
TESLE 2 (25 CO) T 15 d 4 L iR I T rh E Rl
B PA It v St A A A 5 T v D A 3 oy 5 AR R
SEU E AT FEUEARASAE BT o R A B v L
T AR I BT R e D A AR AR
1.2 REMFEREYFEHFERR
1.2.1 #&FFXD.FTERETAUNE

A A BEHLE 1 000K A 140,334,
FHAMT T R (LS120A , Hig -+ ) Bt Fii, 505
B o bR IR 22 o

Bt ML 3 2% 100 35 b1 30 OISR AP IR B
SRR, IR E IR . AR A 2R 2% Thomp-
son 5 I VE  FHERTRIE R X LE A IR AR, B8
R B 5, HEbs < (DL1150, ) il i
P =4 (K 98 =) RS IR =407 22 (o)



900 Uik

L7/ 45 45

®1 REMTER

Table 1 Seed collection information of Artemisia hedinii

. EIEAR AR S - " " .

T L ¥ T A b L st ik
Population code numier Material name Collection site Habitat Latitude Longitude Elevation/m

YG QTPGB507 KL A, hedinii PR B 2 i B&HTEAT 34131 18°N 95811 27°E 4376

TGL YF2024566 R A hedinii FIRATIRE N PO MIOMA 34.23182°N 92447 97°E 4547

o’ = [3(96% +al+ x%) - (xl +x, + 5\@)1/32 (D
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BEVEE R 1, S R e e 4 o 1 B 0 LA, SRS il
S I R RO TR T I = 4k 22, B R A R
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TIRRMEAE T BRIE 5 7 22 80K, B IR MR8 e T 5
gk .
1.2.2 #FFRHEEMNZ

VEI Al /NS BRI B AT (0 4 i 7Y
K 4375 B AL (Labmaster-awneo , B ) 76 15 ‘C&{F
T BRI K S B 3 IR
1.2.3 FFFERAEMNZ

TE15 CHRAMFTN  BEPLEE 1 000 k7 5L & FP+,
FH AT ROV AR B 0 Je O T 2 mL BSOS, gk
K I B iR i B, K 408 T Fh - R mik
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Fig.1 Seed morphology of A. hedinii in two populations
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Table 2 Seed mass and shape of A. hedinii

R g TR =Yk % A= 3% J1 K3 BE
Population code 1000-seed mass/g Three-dimensional variance Seed viability/% Water activity/%
YG 0.121 240.003 9™ 0.119 6+0.002 7° 86.00+4.00 40.12+1.22°
TGL 0.090 1+0.001 6™ 0.106 7+0.002 2" 88.00+2.00 44.42+4.76

2k B PEADE (P<0.05) , B R A1 56 (P<0.01) .

Note: * represented significant correlation (P<0.05); ** represented extremely significant correlation (P<0.01).
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Fig.2 Changes of water absorption rate of A. hedinii with
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01. Chromosome 1; 02. Chromosome 2; 03. Chromosome 3; 04. Chromosome 4; 05. Chromosome 5; 06. Chromosome 6; 07. Chromosome 7; 08.

Chromosome 8; 09. Chromosome 9.
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Fig.3 Metaphase chromosomes of A. hedinii from two populations
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Table 3 Characterization of germination of A. hedinii seeds in two populations
JE B L b3 = $ﬁ]7iﬁ? . $ﬁ37i§§" . kﬁ%ﬁ
Population code ~ Temperature/°C Treatment method Average germination Average ge?mmatlon Germmatlon
rate/% potential/% index
5 _ _ _ _
CK1 86.00+1.15% 66.67+6.36° 8.54+0.38"
100 mg-L™" GAs 86.67+2.67™ 69.33+5.81™ 8.81:+0.44°"
. 200 mg-L™' GAs 91.33+1.76™ 81.33+4.67" 9.76+0.23%
800 mg-L™' GAs 86.67+1.76" 72.00+2.31% 8.89:+0.23°"
CK2 89.33+3.06™ 68.67+8.33™ 9.3120.14°
100 mg-L™' GAs 92.67+1.76™ 72.00+4.16™ 10.58+0.39
2 200 mg-L™' GAs 97.33+1.33" 86.67+1.76" 12.91£0.10°
ot 800 mg-L™' GAs 91.33+0.67"* 74.00+3.46™ 11.35+0.23"
CK3 71.33+1.76° 48.00+5.29¢ 6.38+0.36°
100 mg-L™" GAs 86.00+2.00% 62.00+1.15° 10.42+0.24
35 200 mg-L™ GAs 89.33+1.76"¢ 70.00+5.77" 11.65+0.48"
800 mg-L™' GAs 84.67+4.06" 68.00+6.11" 11.29+0.56"
25/5 — 89.33+0.67" 67.32+2.40° 8.68+0.20°
25/15 — 90.00+2.31% 71.33£1.76™ 10.58+0.78
35/15 — 84.00+4.16" 64.67+4.37° 8.59+0.38"
5 _ _ _ _
CK4 85.33+2.40™ 65.33+5.46™ 7.35+0.33¢
100 mg-L™" GAs 86.67+2.40™ 66.00+2.00™ 9.08+0.35%
P 200 mg-L™' GAs 88.00+2.31%° 72.00+4.00™ 9.71+0.61¢
800 mg-L™' GAs 87.33+1.33%° 70.00+5.77" 9.18+0.65%
CK5 86.67+1.76™ 66.67+3.53™ 8.66+0.25%
100 mg-L™" GAs 90.67+0.67" 68.67+2.40™ 10.55+0.16"
» 200 mg-L™' GAs 93.33+1.76° 80.67+2.91° 11.78+0.49°
e 800 mg-L™' GAs 89.33+1.76™* 71.33+3.71® 11.28+0.42
CK6 69.33+5.46" 49.33+4.06" 6.57+0.75¢
100 mg-L™" GAs 84.00+1.15¢ 62.67+3.71™ 10.73+0.17%
? 200 mg-L™' GAs 86.67+1.76™ 68.67+4.67" 11.39+0.49®
800 mg-L™' GAs 85.33+0.67™ 67.33+3.71™ 11.12+0.27"*
25/5 — 86.00+1.15™ 67.33+1.76™ 8.88+0.06"
25/15 — 88.67+1.76™ 68.67+0.67™ 9.7420.63°*
35/15 — 81.33+0.67° 59.33+1.76% 8.41£0.09°"

W 2 R GR [N 2R 38 7 S ) b B 6] 22 5 3 (P<0.05) . CK1. 15 °C R FHE i hr LA Fp /K Zb B ; CK2. 25 °CF R iy 7 1L s 17Kk 4b
P CK3. 35 °C R FE i Pl RN F oK AR FE s CK4. 15 °CF LBl Fp T /K Ab 3 ; CKS. 25 °C T LYt Al oK AR #E s CK6. 35 °C T LBl AP 17K

AbF .

Note: Different lower case letters within the same column indicated significant difference among different treatments (P<0.05). CK1. Water
treatment of seeds from Tanggula Town at 15 °C; CK2. Water treatment of seeds from Tanggula Town at 25 °C; CK3. Water treatment of seeds
from Tanggula Town at 35 °C; CK4. Water treatment of seeds from Yuegai Town at 15 °C; CKS. Water treatment of seeds from Yuegai Town at
25 °C; CK6. Water treatment of seeds from Yuegai Town at 35 °C.
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Table 4 Chromosomal parameters of A. hedinii from two populations
e/ A S URINE Ko e i 2 I S AR RE R R B INETi S
Population Code of Lengt});um St'an.dard Arm ratio ?;; Relative Relative l.ength Léngth'
code chromosome deviation/um length coefficient classification
1 2.2142.05=4.26 0.35 1.09 m 14.49 1.30 L
2 2.01+1.84=3.85 0.32 1.10 m 13.08 1.17 M2
3 1.86+1.74=3.60 0.31 1.07 m 12.18 1.10 M2
4 1.77+1.64=3.41 0.29 1.08 m 11.49 1.04 M2
YG 5 1.70+1.55=3.25 0.28 1.09 m 10.97 0.99 Ml
6 1.61+1.49=3.10 0.26 1.08 m 10.49 0.95 Ml
7 1.52+1.39=2.91 0.24 1.10 m 9.86 0.89 M1
8 1.40+1.32=2.72 0.23 1.07 m 9.22 0.83 Ml
9 1.29+1.12=2.41 0.20 1.14 m 8.22 0.74 S
1 2.49+2.15=4.18 0.35 1.16 m 14.35 1.29 L
2 2.26+2.04=3.81 0.34 1.11 m 13.21 1.19 M2
3 2.15+1.89=3.53 0.30 1.15 m 12.50 1.13 M2
4 1.99+1.78=3.32 0.28 1.13 m 11.68 1.05 M2
TGL 5 1.89+1.65=3.14 0.27 1.16 m 10.99 0.99 Ml
6 1.79+1.58=2.95 0.25 1.12 m 10.45 0.94 Ml
7 1.69+1.47=2.85 0.23 1.16 m 9.83 0.88 M1
8 1.54+1.36=2.62 0.22 1.13 m 8.94 0.80 Ml
9 1.38+1.20=2.40 0.19 1.17 m 8.05 0.72 S

R =K m. PR R O LR G R M2, R G A ML P g A S e fafAk
Note: Long arm+Short arm=Total length; m. Central mitotic chromosome; L. Long chromosome; M2. Medium-length chromosome ;

M1. Short-middle chromosome; S. Short chromosome.

rEEESHIESER
MR 0 AR B R, S Y A mT S 4y
g e e A (LR, >1.25) | K e 4k (M2 8,
(1.00~1.25]) . HRE gL A (M1 7Y, (0.75~1.00]) Al

2.4

e iR (ST, <0.75)4FpRI(F 4) . S Ytk
RIHLJ 1A B RXTRR I AR LR 2 e
Mo RIS, JE LR A A B P35 L A
KRR BRI K T AR (4 3£ 5),

RS T EHHNRELBERELLR

Table 5 Chromsomes karyotype comparison of A. hedinii from two populations

ERGS  BAAR KRl B> M kil BERE TWER TMELZN R BEAX BN BeNES MakRE

Population  Karyotype Len ; atio Chromosomes proportion of ~ Karyotype ~ Averagearm  AXTRAKL MAHRE  WEE  HEN BREN BREN
code formula ¢ arm ratio excess to 2/% type ratio MCA AsK/% A Syi CVCI CVCL
YG 2n=2x=18m 1.83 0 1A 1.09 433 52.15 0.04 91.79 2.64 18.10
TGL 2n=2x=18m 191 0 1A 1.14 6.65 5331 0.07 87.64 3.84 18.89
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Fig.4 Chromsomes karyotype pattern diagrams of A. hedinii from two populations
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