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Molecular Classification and Introduction of Kosteletzkya pentacarpos
Germplasm at Streamside of the Yellow River in Zhengzhou

XU Ai-hua, TIAN Zeng-yuan,CUI Wei-ling, LI Jiao,GUO Yu-qi
( Bioengineering Department ,Zhengzhou University , Zhengzhou 450001 )

Abstract : To rich the biodiversity of seashore mallow in China and develop new cultivars with high-quality and
high-yielding, 15 populations were introduced from its native 9 states of America in 2011 ,and planted together with
Labl and Lab2 in barren soil along with the Yellow River at Zhengzhou, Henan Province. Traits of 17 groups of ma-
terials and phylogenetic relationship among them were analyzed. The results showed that these populations adapted
to the local climate and soil conditions with high seed yields in the experimental field. According to the significant
different characters and phylogenetic tree,15 populations are divided into two groups,the early-maturing group and
the late-maturing group. Yields of populations of South Carolina and Texas are the highest, which are up to
2.4 t/hm*. These results provide the base for artificial hybridizations between populations.
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Table 1 List of accessions with native states and abbreviation

ERE) RI(HS) i K ()
Code Origin( Abbr. ) Code Origin( Abbr. )
1 Alabama( AL) 10 Louisiana( LA)
2 Delaware ( DE-a) 11 North Carolina( NC)
3 Delaware ( DE-b) 12 South Carolina(SC)
4 Delaware ( Frank ) 13 Texas( TX)
5 Florida( FL) 14 Virginia( VA)
6 Delaware ( Freed) 15 Delaware( WC)
7 Delaware ( Freeman-a ) 16 Fﬁ}%’?j{'ﬁ\'g( Labl)
8 Delaware ( Freeman-b ) 17 Labl B A (Lab2)
9 Georgia( GA)
WA VT NH
MT  ND N
OR MN MA
ID SD WI NY < ¢
wYy MI N2
NV NE OH ~NJ |4
UT o IL N Ly
CA KS MO KY C &
14
OK TN
AZ  NM AR E 1
MS AL 12
TX o £ L \9
AK I- 1 FI\
| 10 5

2 13 -%
1 15 MGRMEMBHS Mt R B E TR E
Fig. 1 Native states of 15 populations of K. pentacarpos
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M TTACRBE RN, A Hb X 8 6 IR AT KB 22 AR
fige AESEYRIE 14,4 °C S BE TR R 640. 9 mm
EAXS AR 1T % ~23% , TR, R F 2
EHERES, MR ELE 60% ~75% Z 10,
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PCR 50 pL AR F K : Tag B 2.5 U, 10 x
PCR Buffer 5 wL, 5% 1 pl.,20 ng/pl #EA DNA
1 wL,dNTP Mix 2.5 wmol/L each dNTP 4 uL, # 1%
PEIAFEFF .95 C WAL PE 2 min, 94°C 28 % 20 s,
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A, Al —> RAPD i s BAT Y HEHAFEm R 1,75
UTRAEL 0, #F 0, 1 HE R, FIH NTSYSpe2. 10e #fF Y
A DAL 44735 (UPGMA) #i SRR P

2 HRE5SH
2.1 AEMBEEESRBEEREEEHELER, &
HAER B A [E

PRV S5 T 15 NI B S R RE (] 1 &2
PRIRAFEE I W25 5, BRAY, B BB, 548,
WS TAE Hd B A Y 3 A, &
AHR AR AR VIR, $ B A KA 2 o, A
P45 2 Bt A B ) O R R /N R DX 5 48
TR () 2 S o B W R R AR TR AE K (R 2) . 51 A
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Table 2 Florescence and growth period of 15 populations of K. pentacarpos

45 Code 11 4 2 6 7

3 14 12 15 1 10 5 13 9

MAEHB(A. H)

First flowering date
AW (d) Florescence 43 37 44 43 44 42

A HW (d) Growth period 188 185 190 186 187 187

7.26  7.27 7.28 7.28 7.28 7.28 7.29 7.29 7.29 8.3

8.12 8.12 814 814 9.8

45 46 46 36 59 58 62 59 55

187 192 194 189 209 207 208 208 211

K S AT 4 JH B0 bR EL A L A A B
B AR R HOR 2R 5 A HLARE 5 i ok
FI SRR S5 AR bR DU T 28 1 B 6, Tl i

Rk R8N R S MAEOEI, PRZLADRIATE
RZEEFVEILAR 3, MRS L4 A MR 22 51 )R 15
ANFIEEST g 2 21, L FRALE DLIE 1T PR
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Table 3 Trait comparisons of two groups of K. pentacarpos

(ERIN

Trait

5 1 41(3k A DE,SC,NC,VA)
Group I( From DE,SC,NC,VA)

2 443k H GA,FL,LA,AL,TX)
Group II( From GA,FL,LA AL, TX)

¥ Leaf shapes
#E7Y Plant type
#T Pubescence
#4'E Organs

FFAERT [E] First flowering date

£ Florescence
K3 Growth period
FA Capsule

¥ Seed

£ 3 B G PEI IR I A7 42 R —Hibk
PRALEIN BT R
LI N &2 EY Sy
RS TR LR
7 A 28 HEFGZIFiL

Z J e
PRI, AT B
M ZE RAECE KT
PSR A E LR

9 H 8 HEE 9 FhBERGLLFFIL,
HAFRES A 12 BAS IR bREEZE T 7%

50 d ifi 60 d Z2Ai
190 d 2247 210 d A4
WA 5 MEOTE WA 5 MR
[LSEON [ESRUN

2.2 AEAMBEEBEEKEKRER

WL 3 T, 7 0 T e X8 T R A U 8 % A K 3
29185 ~210 d , A[RIFPHE LA FAE K 22 R Ak,
R o A% BT H AT IR . 7Eie | R T 4
H P a#E R, 10 ~ 14 d 571 ,5 H haERETT iR 7
(B)., 51 dpk7 A FRHFESES2,8 H LAIE9
H AR 8 A TaIZE 10 H AR T i
150 2 AR F B e A R L, 8 R AE
SHSL bR A BV R A L AL P AT RMER
HEA R 119 em AT 180 em , BB (43 51k
31 FI3S A, HARMAMZE 20 d 24, R RH

x4 BEBELEKE

Table 4 Growth period of two groups of K. pentacarpos

WItH22 20 ~30 d, 11 HIF4G, R Wikt o g,
S IR E , T LA PR AR H T BRI
A, S8 2 AR R T R R . T 2R R A I
e 4,
2.3 AEMESREBEHNEERSEITRBXTE
7o
R TR Pl B Vi 3 25 AR MR ) TR A R L2
5. %5.10,12.13 .16 17 FEEFD 7 7= & HL A BAR
Biad 2 vhm® o Horf 55 12 FOEER A B R 2 3EGN
MBS 1 AU BT, HAB AR s KAk, A 322550
F K B AR AR A B K, FE T Rl R Rl

AR
Growth period

H#(H. H)Date

EE( cm) Plant height A K AEM Growth situation

14 Group I 524 Groupll 551 41 Group I 552 4 Group Il

%51 4 Group I %2 4 Group Il

12 F Soaking seeds

HEFh Sowing

W First seedling

F5Hi Emerging of all seedlings
U414 First branch
53Kk Shooting

WIFE First flower bud
75 Majority flower buds
WIAE First blossom

BEAE Full-blossom

7 i Seed maturation
T 7KL Harvesting seed

b FYSE] Reaping aboveground plant  10. 24 ~ 10. 28

4.16
4.17
4.23
4.29
5.16
6.11
7.9
7.13
7.26
8.5~9.5
8.25~10.8
9.3 ~10.18

4.16 AT RAKEF

4.17 Ak Ak

4.24

5.3 3~6 3~6 60% ~80% 60% ~80%

5.17 10 ~17 10 ~17 K3 ~5 i3 ~5

6. 11 20 ~45 20 ~44 1 953A 5 ~ 11 1 953k 5 ~ 11

7.23 50 ~70 50 ~74 2435 20% 2475 20%

7.27 60 ~ 80 70 ~90 257 > 60% 257 > 60%

8. 12 70 ~ 110 80 ~ 140 1 953 17 ~27 1 %545 18 ~31
8.18~9.18 75 ~ 140 90 ~216 1R 23 ~35 1 ki 24 ~38
8.25 ~11.12 80 ~ 145 120 ~220 1 e53A% 25 ~37 1 53K 28 ~43
9.3~11.13 80 ~ 145 140 ~220 1 ok 25 ~37 1 K534 28 ~43
10.24 ~11. 14 80 ~ 155 150 ~220 1 HH 25 ~37 1 9453k 28 ~43
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Y AN DR G TR) A R A R AR R R R, AR T 2R e A
BN W AR RN AR R R R EOR,
RS 10 FRRE , oA 50 B AR b B0 T

£5 17 HBEREZHHEMERK

FIBECT A 15 5 18 ST BRI A9 B 7 Bt
AN 2.4 vhm® DL, SR TR ERIPE . 517
FIIRERL S 00 56 SR VRS 6 25 M TR0 AT T B T HE A
b L A R R R X IR (5 16
R ) ISRl 45 T 299% , HHA o MRy
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Table 5 Quantitation traits of 15 populations and of K. pentacarpos and Labl and Lab2

4’5 FhFreh (v/hm?) R (em) HuA% (em)

% kAT AR TRLH (g)

Code Seed yield Plant height Collar diameter No. of branches No. of seeds 1000-seed weight
1 1.39 0. 12 166. 10 0. 17 2.58 +0.13 32.12 £0. 16 2490. 12 +0. 11 18. 19 0. 04
2 1.83 +0.10 146.34 +0.23 2.28 +0.08 29.10 £0.22 1960. 42 +0. 18 18. 67 0. 03
3 1.74 £0.13 147.96 +0. 29 2.22+0.13 31.08 £0. 18 1879. 16 +0. 09 18.56 +0. 06
4 1.68 £0. 12 142.94 +0.26 2.26 0. 15 28.10 +£0.22 1730. 12 +0. 08 19.39 +0. 02
5 2.26 +0.09 183.34 £0.23 2.64 +£0.17 33.62 +0. 16 4540.24 +0. 15 16. 17 £0. 06
6 1.52 +0. 11 145.90 £0.22 2.22 +0.08 27.56 0. 13 1750. 06 0. 13 17.34 +0. 04
7 1.60 0. 08 156.77 £0.25 2.17 £0.21 31.08 0. 11 1865. 10 £0. 14 17.08 0. 09
8 1.58 0. 15 142.22 +0. 18 2.22+0.13 31.08 +0. 18 1910. 18 +0. 16 16.48 +0. 10
9 1.88 +0. 11 175.00 0. 14 2.66 +0. 11 33.94 +0.13 3845.94 +0. 17 17.56 +0. 04
10 2.30 +0. 09 181.12 +0. 13 3.94+0.11 35.30 +0.27 7560. 10 0. 12 16.32 +0. 09
11 1.97 £0. 06 143.06 +0. 13 2.24 £0.11 28.94 +0.13 3210.52 +0. 15 19.93 £0. 05
12 2.42 +0. 14 174.04 +0. 05 2.96 0. 11 30.96 +0. 09 3275.30 £0. 16 24.08 +0.07
13 2.46 0. 14 193. 06 +0. 09 2.56 +0.05 34.88 +0. 11 4365.24 +0. 11 18.31 +£0. 02
14 1.77 £0. 11 151.02 +0. 15 2.34 £0.11 29.58 +0. 18 1735.28 £0. 19 20. 46 +0. 05
15 1.38 £0. 14 139.02 +0. 04 2.05 +0.07 30.54 +0.05 1610. 08 +0. 13 17.19 +£0. 08
16 2.07 £0.05 154.12 0. 08 2.33 +£0.08 30.30 +0. 16 2124.10 £0. 10 19. 45 +0. 06
17 2.66 +0.08 175.08 +0. 13 2.67 +£0.12 34.16 0. 11 3862.70 £0. 19 22.41 +£0.04

2.3.1 XML WIRITE B S EE R
AR IAHSE R ZR RN RIERIR AT TAHSC T (3 6) o
o, B AR B AR TR BRI E
WS Ah T i 5 IR ARG, bR SRR TR
ol e B AR O I8 AR i 2 K BT 6 Bl
ERINIDEE PN SR I L S <OE T Y N RS
OISR RRRA TR AEIIAA: T HIAE 6 SRR I

Fo6 BERENEIEZHEMHKENEXRY

MR FE R, EAERR S, TR E S A
MRRIKEFMR, PRI M7 5 R
DR AR 5 -5 FRR 1 R A 5 1) e B i Vi
S B BT A BRI e . TR S )
BRI A DORSG, DR RE T 308 77 1 77 i ol 22
AR S DU — 22 9 0, A i E H —Ja K
H— TR EFE

Table 6 Phenotypic correlations among quantitative traits of K. pentacarpos

e M i SR HBRFFEL ThiE T
Seed yield  Plant height  Collar diameter ~ No. of branches  No. of seeds 1000-seed weight Florescence

Fk7 Plant height 0.735*

4% Collar diameter 0.578 % 0. 689 **

SHEL No. of branches 0.589 " 0.861 ** 0. 657 **

BARRFPTHL No. of seeds 0. 680 ** 0.779 ** 0.904 ** 0.783 *

T-RiE 1000-seed weight 0. 461 0.057 0. 029 -0.162 -0.123

16 Florescence 0.517* 0. 885 * 0.619 0. 809 ** 0.724* -0.168

EEHE W Growth period 0.498* 0.874* 0. 625 * 0. 850 ** 0.718* -0. 106 0.931*

e SRR RERAE P =0.05 P =0. 01 KPAGIHHEX

# and ** represent different significance at 0.05 and 0.01 level , respectively
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X7 e B B R O R TR] R 0 | LA 5 0 2
RN X e S ik A 7 BB 7 A5
MR T, SRS TER I, B ik
MIEZS I3, ATLAHEAT [E 3B, 7 BAR O 2R % Tl
BEREL W EEERBI) TR T, Kb, BRR T
B TR 2 DECREER ST il S T iR
PR T HAl A2 RO IE(E 3 AR Bl 7=
A BRI R SRR TR AR RO, HaR
O TRLEE T M A X ol 7 e A B R A O TA(EL

R7 BEBEIEZEHEERHF BRI

XERRF P R B OR, TRIE R, PRI, e 5
AR IS L AR TIEZR S 20 A5 4 B A 1 JOR TR EE
PR ST . HAR B A2 REON TUE, N 7E %
JE R R BRI, 7R TR SRR T TR EE O %
RN Ry AZIS IR S/ G VA A e S0 - e
INERINGI RGN S = P S E R NP D
W ARARBCE I AR H 7B b A N
e =0.394 UL AT — LR Fh 57 B AT R W 1 [ R
KRB BIEN A TFE— 20

Table 7 Coefficients of direct path and indirect path of seed yield components to seed yield

5y BTSRRI SC R R AR BB ( R )

[B]HE3E 2 2R EL ([a]#E 5200 ) Indirect path coefficients

F kit

= Simple correlation Direct path Hif% PR Rk Tk E At
Independent variables o o

coefficients coefficients Collar diameter ~ No. of seeds 1000-seed weight Total

A% Collar diameter 0.578 -0.771 - 1. 266 0.019 1.285

FLBRAPFEL No. of seeds 0. 680 1.400 0. 639 0. 081 -0.720

TRiHE 1000-seed weight 0. 461 0. 653 0. 020 0.172 -0.192

2.4 17 Rl B X &R

2.4.1 S|¥IFFIE  2EFE Labl 1Y DNA K AERHR,
PEATBERLS W TR 28, L 20 4> 10 bp 314 3Lk
T8 METEWI T (E2) , FHAMAE 28
X5 A A I A TR , TR 15 X ik i i 5|
YA, ¥ 8 ARSI A 1S XS A H T rE
LN DNA BRSO 38

2.4.2 RAPD # & 8 MHGIYHN 15 XI5 A G
XY 17 3V e 80 25 M0 38 1 23 5K DNA 4§
SrEE IR 213 45 DNA 1547, Hoh 2 8Pk 400
143 45, 58P B RN 67. 1% , A4S 1Y

WETE 4 ~ 16 2522 [0) P340 9. 3 45,9715 119 DNA
A BEK/IME 250 ~ 5000 bp 208, K3 M5 IHA
OPA-11 x OPA-18 f) RAPD ¥ 14 &3, % 8 Jy 45|
S/ INE/

2.4.3 BESW PSRN 17 HigiE
HRSEPATERIS SRR 4 Fon, SRR 2R BUR
0. 607 M H S, 17 i 2E k)l 2 KRR,
551 BBEALHE AL LA TX FL.GA, M LA 1 TX
P R BT, o AL FL GA RBENBEL S &R
55 b HRA S T A — B, UL UL S BE N 5 R
HEZE YA 53 0T e M PR B AN [RZEBE T [ ARk 4

2 OPA01-20 B 5| #fmik i 184 R

Fig. 2 Amplification result for screening single primers
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2000bp
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3 S|¥4H4E OPA-11,OPA-18 B &R

Fig. 3 DNA amplifications of seventeen accessions of materials using the primer couple OPA-11 and OPA-18

x8 THRIESIMRSIMAEI 17 BEHS BRI IBE R

Table 8 Total number of bands,number of polymorphic bands and percentage of polymorphic bands of primers screened

519 A Z AL ZAVETEL 519 R Z AL Z AL
Primers TNB NPB I ( % )PPB || Primers TNB NPB B (% ) PPB
OPA-01 9 5 55.6 OPA-03 x 13 13 13 100. 0
OPA-02 4 2 50. 0 OPA-03 x 16 8 4 50.0
OPA-11 10 7 70.0 OPA-03 x 18 8 7 87.5
OPA-16 7 7 100. 0 OPA-03 x20 9 7 77.8
OPA-03 12 5 41.7 OPA-11 x 13 10 3 30.0
OPA-13 11 6 54.5 OPA-11 x 16 5 4 80.0
OPA-18 16 11 68.8 OPA-11 x 18 10 6 60. 0
OPA-20 7 6 85.7 OPA-13 x 16 16 13 81.3
OPA-01 x 18 11 10 90.9 OPA-13 x 18 11 3 27.3
OPA-02 x03 6 2 33.3 OPA-13 x20 6 83.3
OPA-02 x 13 12 9 75.0 OPA-16 x 18 8 6 75.0
OPA-02 x20 4 2 50.0 A Total 213 143 67.1

TNB NPB Fll PPB 73|87 651N | a5 20 D 35 ) iy B 2 AV BRI 2 25 s B e a1

TNB,NPB and PPB refer to total number of bands,number of polymorphic bands and percentage of polymorphic bands,respectively
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Fig. 4 Phylogenetic tree of 15 populations of K. pentacarpos and Labl and Lab2 based on mean similarity matrix
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