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Paternity analysis and pollen flow for open-pollination progenies of
Hippophae rhamnoides ssp. sinensis Rousi, a constructive
species of shrub from the upper reaches of Heihe River

Liu Ben-Li, Li Ni, Jia Ling-Yun, Zhang Hui, Su Xue, Hou Qin-Zheng, Sun Kun*

( College of Life Sciences, Northwest Normal University, Lanzhou 730070, China)

Abstract. To explore the paternal origin of offspring and the pollen dispersal pattern in natural
populations under open-pollination, we conducted paternity analysis for seeds of H.
rhamnoides ssp. sinensis using SSR markers. Results showed that in 104 seedlings of 193
open-pollinated offspring, the pollen source was identified at an 80% confidence level. In 20
male parents deduced, 16 were H. rhamnoides ssp. sinensis and four were H. neurocarpa S.
W. Liu et T. N. He. Pollination pattern analysis showed that the effective distance of H.
rhamnoides ssp. sinensis pollen dispersal was in the range of 3-71 m, with an average
distance of 20.4 m. Furthermore, 87.23% and 78.95% of the effective pollen received by the
two respective female parents examined came from a distance range of 30 m. These results
indicate that the natural populations of H. rhamnoides ssp. sinensis are mainly pollinated within
a close range. In addition, in the seabuckthorn hybrid zone of the upper reaches of Heihe
River, the average pollen contribution from H. neurocarpa to the offspring of H. rhamnoides
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ssp. sinensis reaches 14.84%, indicating that H. rhamnoides ssp. sinensis and H. neurocarpa
possess a relatively high frequency of contemporary interspecific pollen flow.
Key words: Hippophae rhamnoides ssp. sinensis; Paternity analysis; Pollination pattern;

Interspecific pollen flow; SSR markers
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Table 1 Sequences of SSR primers
LB S HHERIT L )l At
Primer name Repeat motif Primer sequence (5'-3") Band size (bp)
F. CAACAAAATACAATTCGGAAAC
Hr-06 CA(9) R: AATAGGAGACACAGAGGCTTC 70-90
F. CAATTGTTCAATACTAAATG
HTP-06 A(B) CAAACA(3) R: ATCCTAATCAAAAGAAATC 113~125
F. CCCCCTTCTTTTTCAGATAGT
HTP-08 AC10) R: GAGAGTTGCATTTTTGCCCTTT 135~140
F. TGCCAGAAGATTAGACTTTTAC
HTP-12 A8) R: GGAGCAGCTTATACCCATTAC 70~85
F. GACGCTTGGCGACAATATAACA
HTI-01 A(8)--T(6) R: CAAACCCATAGCCTCTACCTCC 125~145
F. AACCACAGCAAAACAAAAAAC
NHTP-27 TGA(8) R: TAAAAATACACCTCCAACTCA 230~250
*2 HEDPHREER1 BHERFROIEKSH
Table 2 Paternity analysis for open-pollinated seeds of maternal 1
AT FhFE(> B0%EFE)  FhTH(< 80%EIFHE) TER TTIRFE (%) PEAEAPEES (m)
Paternit No. of seeds No. of seeds Contribution rate Distance to
Y (Significance level> 80%) (Significance level < 80%) of pollen maternal tree
S3 4(#), 5(+) 4 19.15 19
514 1(#), 6(+) 3 14.89 18
39 5(+) 1 10.64 19
S13 4(+) 2 8.51 16
S12 3(+) 1 6.38 15
b P A AR TR S4 3(+) 1 6.38 17
Paternal origin inside plot S21 2(+) 6 4.26 71
S10 1(+) 2 2.13 7
S11 1(+) 1 2.13
N10 7(+) 4 14.89 21
N5 1(+) 0 2.13 10
/N 5( #), 38(+) 25 91.49
Y . 2521 3(+) 0 6.38
FRIRIMSCAR IR 2N19 1(+) 0 2.13
Paternal origin outside plot .
It 4(+) 0 8.51
T REM AL A S 2
A REMIAL
Paternal candidate S? 4
/J\rf‘ o
ASBEHI W AR 6
Paternity unknown N 6

He T AR RIFRIRTE 80% (2T P < 0.2) F195% (M4 F P < 0.05) i EfFEKF., T,
Notes: “+” and “ *” mean 80% (P < 0.2) and 95% (P < 0.05) confidence level, respectively. Same below.



52 W XA A PRI 1 Y AR o DB P B0 AR S T AR B it 167
*3 HEDPHEA2 BEEHFROXIESH
Table 3 Paternity analysis for open-pollinated seeds of maternal 2
2 AR T (> 80%EAFE) T (< B0%EAFE) M TTIRAS (%) FEREAREE (m)
Paternity No. of seeds No. of seeds Contribution rate Distance to
(80% significance level) (80% significance level) of pollen maternal tree
S17 9(+) 5 15.79 26
S13 6(+) 0 10.53 6
S10 5(+) 1 8.77 12
S12 5(+) 0 8.77 6
S9 1), 3(+) 0 7.02 18
S11 4(+) 1 7.02 14
S19 4(+) 0 7.02 23
TRl A A AR S5 10#), 2(+) 0 5.26 27
Paternal origin inside plot S21 3(+) 3 5.26 53
S1 1), 1(#) 6 3.51 32
S3 1( %) 3 1.75 31
S4 1(*) 2 1.75 32
N10 2(+) 1 3.51 3
N7 2(+) 0 3.51 10
N5 1(+) 0 1.75 21
it 5(*), 47(+) 22 9123
2521 2(#) 0 3.51
) ) 2510 1(+) 1 1.75
#i{ﬁ&l\ﬁ&ﬂiﬂé{ﬁ 485 1(+) 1 1.75
Paternal origin outside plot
2N19 1(+) 3 1.75
/it 2( %), 3(+) 5 8.77
S2 2
S6 2
QNN S8 1
Paternal candidate S15 4
S18 4
N 13
ANREH BT A A SR Y 12
Paternity unknown /N 12
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#| 53.19%, W EVPEEEA 2 1Y) 109 Kifh g 57
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Fi1ikF] 43.86%,
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Lines indicate pollen flow to female tree, line thickness is proportional to number of effective pollen grains contributed by corre-

sponding male tree.

& 1
Fig. 1

B 2 AN EDREA B BN FRBERSRIEEZAR 1(A) Fi2A 2(B)

Pollen origin of maternal 1 (A) and maternal 2 (B) under open-pollination
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Table 4 Dispersal distance and pollen contribution rate

KA BT (m) LRI (m) FERTIRAR (%) (< 30 m)  FIEIAEHR BTHRHE (%)
Maternal Effective range Average distance Pollen contribution Interspecific pollen
of dispersion of dispersion rate contribution rate
1 5~ 71 19.8 87.23 19.15
2 3 ~53 20.9 78.95 10.53
-4 Mean 20.4 83.09 14.84
JLAL Total 3~71
501 [ ] Intraspec!f!c poll!nat!on 14.84%, ﬁﬁiﬁ*ﬁﬁﬁ?ﬁﬂﬁ%ﬂﬂ 3~21m, EiZﬂJIT‘E
éC’ sl [ Interspecific pollination F’%j{] 15.7 m.
o
[oX
£5 4 itig
A
=5, UGB 1 — R QISR I, T LA
53 TIN5 5 22 A i A ) IR B 1 3 L RE 0, AL
§10 S I KB A 2 B R 27 B | ] R AR A
W DA SR | Hb PR B SR A M I R (5
0

10~20 20~30 >30

1% Distance (m)

B2 BAREHHBMES

Fig. 2 Dispersal distance of effective pollen grains
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8.77%; S13 /351 8.51%F1 10.53%,
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19.6 m, TWitEAR 2 FENM LR BN, 848k
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[ SR AP S I U ki e S ot S|

M2t WFFERREA R S KR AL s AR ) DA B S
ek 3, A — e XU rT LA B 25 AL 4% 1L
Ry 12227200 vl ] e S 1 XU R
eSO R T PR A 3 R A A
W b (= VDR 43 46K 0 A 7E 10~20 m Ak, {H
FE— S T ALk o LUERE 2] 100 m DA L, SEEt
EFE BNy, TE R L E AR E X, R E YD
TR o LUV A R BB A SR AE X 2 Bk
T EVD A BB TR T AR T R B,
BRAEM AT N 3~71 m, ARBAER R 5B
AR A 20.4 m; £ 83.09% A SAE K
H 30 m LN IERE, H S HEHRTE 15 m A&
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8.65% TR T HEHbAN, B H AN 1 VD Tl I ik B 85 3K 1
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